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Article’s History: Abstract. The relevance of this study lies in the use of the probiotic strain
Received: 10.07.2022 of the microorganism B. coagulans ALM 86 for the treatment of diarrhoea in
Revised: 11.08.2022 dairy calves and the reduction of the use of antibiotics in animal husbandry.
Accepted: 10.09.2022 The purpose of this paper was to establish the therapeutic effect in the

treatment of diarrhoea in calves, the composition of the microflora, physiological
Suggested Citation: indicators and metabolism using Bacillus coagulans ALM 86.The study used the

Shkromada O., Fotina, T., Berezovskyi,A., following methods: microbiological, microscopic, biochemical, physiological,
Dudchenko, Yu., & Fotin, 0.(2022). Deter-  statistical.Studies have shownthat the use of B.coagulans ALM 86 contributes
mination of the therapeutic effect of to a decrease in the number of opportunistic microflora E. coli - by 90.8%,
the use of bacillus coagulans in calf S.aureus - by 92.4%, S. enterica — by 88.01, an increase in Lactobacillus sp. by
dyspepsia. Scientific Horizons, 25(6), 130.8-151.58% and Bifidobacterium sp. by 272.7-469.8%. Administration of
9-20. B. coagulans ALM 86 at a concentration of 1x10°% CFU/g at a dose of 3-5 g
helped stop diarrhoea and accelerate the development of scar digestion for
four days in dairy calves, compared to the group where the antibiotic was
used.An increase in average daily growth and feed consumption was found
in the first experimental group by 19.7-15.0%, in the second - by 23.4-
19.9% (p=<0.05). A decrease in the level of total cholesterol with the use of
B.coagulans ALM 86, an increase in the level of total protein by 18.57-22.6%,
as a result of an increase in the content of total globulins by 49.3-57.37%,
respectively (p<0.05), were proven. Administration of B. coagulans ALM 86 at
a concentration of 1x10° CFU/g at a dose of 3-5 g helped stop diarrhoea
and accelerate the development of scar digestion for four days in dairy
calves, compared to the group where the antibiotic was used. The obtained
results of the study indicate the absence of toxic effects of the proposed
dose of B. coagulans ALM 86 for the treatment of dyspepsia in calves and
obtaining a positive effect. The practical value of the obtained results lies
in the possibility of using B. coagulans ALM 86 in the treatment of diarrhoea
in dairy calves without the use of antibiotics on animal farms of various
designation
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INTRODUCTION

Raising young cattle is a difficult and responsible task
for producers. New-born calves immediately encounter
an environment for which the body is not sufficiently
prepared or poorly prepared (Brar et al., 2017). The lack
of formed thermoregulation and immunity in calves
makes them very vulnerable to microbial associations.
The only protection for calves is the mother’s colos-
trum. One of the frequent diseases of calves up to one-
month-old is neonatal dyspepsia (Slanzon et al., 2022).
Sick calves suffer from body intoxication, dehydration
as a result of liquid stool, electrolyte imbalance and ac-
idosis (Feldmann et al., 2019). Neonatal dyspepsia has
various aetiologies of occurrence, which include virus-
es, bacteria, protozoa, and facts of violation of housing
conditions (Constable et al., 2021).

It has been proven (Lee et al., 2019; Goto et al.,
2021) that new-born calves are particularly susceptible
to enteropathogenic infections. Escherichia coli, rotavirus,
coronavirus, and Cryptosporidium parvum were isolated
from calves suffering from dyspepsia.

The study by (Puppel et al., 2020) proved that the
quality of colostrum directly affects the formation of in-
testinal microflora and daily weight gain of calves.

One of the causes of calf diseases is drinking milk
from cows with mastitis, where Staphylococcus aureus was
isolated in 22% of cases (Shkromada et al., 2022; Sha-
run et al., 2021), Streptococcus agalactiae in 20% (Shkro-
mada et al., 2019), in 18-25% - Streptococcus uberis and
Escherichia coli (Ashraf & Imran, 2020).

The spectrum of pathogenic microflora in differ-
ent dairy farms is different, and therefore there is a prob-
lem of prevention and treatment of diarrhoea in calves
(Conboy et al., 2022). Antibiotics and sulphonamides are
usually used for this purpose, which are included by the
World Health Organisation in the list of “highest priority”
agents due to their danger to animal and human health.
(World Health Organisation, 2017). Due to restrictions on
the use of antimicrobial agents, scientists (Wang et al.,
2020; Xu et al., 2021) are searching for alternative meth-
ods of treating infectious diseases in animals.

Scientists (Amin & Seifert, 2021) investigated in-
formation about a range of factors that affect the timing
of microbial colonisation of the gastrointestinal tract of
calves. The relationship between the animal and the mi-
crobiome in the formation of the intestine and the im-
mune system has been determined. Diarrhoea alters the
composition of the intestinal microbiome of calves. Re-
search (Yan etal.,2022) found changes in 14 genera,which
included Bacteroides, Shigella, Fournierella, Escherichia.

An antimicrobial peptide was tested and pro-
posed by researchers (Zhao et al., 2021) to destroy
pathogenic Escherichia coli 0157:H7. The study by (Kar-
pun et al., 2021) proved the antimicrobial effectiveness
of a new synthesised triazole-based compound against
strains of Salmonella pullorum, Escherichia coli 02, and
Salmonella enteritidis.
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Furthermore, as an alternative to antibiotics, sci-
entists (Zhou et al.,2020) suggest using probiotics for the
treatment of varied species and age groups of animals.

Studies (Cantor et al., 2019) have proven that the
use of probiotics based on lactic acid contributes to an
increase in average daily gains and a decrease in milk
consumption in young calves.

Probiotics are considered beneficial for the gas-
trointestinal tract as an alternative to antibiotics (Kha-
ziakhmetov et al., 2020). Intestinal microflora plays a
vital role in the assimilation of organic substances. Bac-
teria produce specific amino acids that regulate host
immunity, microflora composition, and metabolism. Recent
data (Chuang et al., 2022) show that synbiotics, probi-
otics, and phytochemicals promote the mobilisation of
amino acids by intestinal microflora. Scientists (Abdallah
et al.,2020) recognise probiotics as a live microbial feed
additive that benefits animal health.

Bacillus coagulans (B. coagulans) is used as a pro-
biotic strain that produces lactic acid in metabolism in
animal husbandry (Liu et al., 2019). B. coagulans spores
areveryhardy,are activated inthe stomach,and growand
multiply in the animal’s intestine (Xie et al.,2022).In the
study by (Aulitto et al.,2021) it was established that B. co-
agulans can replace lactic acid bacteria in the intestine.

In (Shinde et al., 2020) it was proven that synbiot-
ic supplements with B. coagulans reduced irritable bowel
syndrome in mice. The obtained result (Wang et al., 2022)
proves that Bacillus coagulans TL3 suppresses the repro-
duction of harmful bacteria in the intestine of rats. Re-
search (Zhang et al.,2021) proved that the administration
of B. coagulans to broilers contributed to an increase in
body weight, improved antioxidant status and immunity.

However, there are insufficient data on the effect
of B. coagulans on the intestinal microflora, physiological
parameters, metabolism,and rumen development in dairy
calves. In addition, different strains of B. coagulans have
certain differences in properties and effects on the animal
body.

The purpose of this study was to investigate the
microflora composition, metabolism, productivity and
therapeutic effect of the use of Bacillus coagulans ALM 86
for calf dyspepsia by adding it to the main diet.

The tasks of the study were as follows: the study
of the spectrum of the gastrointestinal microflora of calves
with dyspepsia, the determination of physiological in-
dicators and metabolism in calves using Bacillus coagulans
ALM 86.

MATERIALS AND METHODS

The research was carried out during March-May 2022
in the conditions of the farm of “Lan” agrofirm LLC of
the Sumy district of the Sumy Oblast, Ukraine for the
cultivation of dairy cattle. Animals with symptoms of di-
arrhoea were selected into two experimental and con-
trol groups, 10 heads each. In the control group, calves



were kept, which were given a colostrum substitute and
an antibiotic - ceftiokline, which was used according to
the instructions. Bacillus coagulans ALM 86 at a concen-
tration of 1x10° CFU/g at a dose of 3 g was drunk daily
in the first research group together with colostrum sub-
stitute, in the second - 5 g per animal, until the signs
of diarrhoea disappeared. The total number of animals
involved in the experiment was 30 heads. The duration
of the experiment was 21 days. During the experiment,
the clinical condition of the calves, the composition of
the gastrointestinal microflora, weight gain, feed con-
sumption, the frequency of diarrhoea and metabolic
changes in the blood were determined. The beginning
of the rumen in dairy calves of the experimental and
control groups was also recorded. Each animal was kept
separately in individual houses. An experimental sam-
ple of the strain Bacillus coagulans ALM 86, series No. 86
and batch number No. 75 (Kronos Agro) was used.

All research on animals was carried out accord-
ing to Directive 2010/63 and approved by the regula-
tions on ethics and bioethics of the Faculty of Veteri-
nary Medicine of the Sumy National Agrarian University
(Order No. 15 dated 13.08.2022).

Determination of the composition of the gastroin-
testinal microflora in calves. Faeces of calves with dys-
pepsia were collected in the control and experiment.
Samples of the material were examined by bacterio-
logical methods to establish the intestinal microbio-
cenosis in animals. The number of bacteria of the group
of Escherichia coli, sulphite-reducing clostridia, lacto-
bacteria, bifidobacteria, staphylococci, pseudomonas,
yeast-like fungi, salmonella, and other bacteria from
the Enterobacteriaceae family was determined. The
presence of microorganisms with pathogenicity factors,
including haemolysins, licitinase,and plasmacoagulase,
was established in the material.

Selective media for microorganisms, depending
on species characteristics, were used when examining
samples of calf faeces. For the cultivation of lactic acid
bacteria, Blaurokk’s medium was used, for intestinal
bacteria - bismuth-sulphite-agar, endo, staphylococci -
salt agar, microscopic fungi - Czapek, clostridia - Wil-
son-Blair agar. Based on the results of cultivation, col-
ony-forming units were counted in 1 g of pathological
material (CFU/g). Species membership of bacteria was
determined using Bergey’s Manual of Systematics Bac-
teriology tests, Himedia Laboratories Prv. Limited.

Determination of sensitivity of microflora to anti-
biotics. Previously isolated microorganisms were tested
for sensitivity to antibiotics by the method of disks on
agar in Petri dishes. 20 drugs from diverse groups were
investigated for maximum results.

Study of physiological indicators of calves. In control
and experimental group calves, weight gain, feed con-
sumption, frequency of diarrhoea, and the beginning of
scar digestion were determined from the first to the
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21t day of life. Live weight of calves was determined on
scales with an accuracy of 1 kg.

The average daily gain of calves was calculated
according to the formula:

W, + W,
ADG = ———= (1)

where Wtis live weight (diameter) at the end of observa-
tion; W is the value of the indicator at the beginning of
the observation; tis the time interval (days) between the
previous and the next weighing (by measuring) calves.

The frequency of diarrhoea was established by
visual observation of the animals. The beginning of scar
digestion was determined by the method of auscultation
and palpation of the scar, as well as the appearance of
belching and chewing in calves was noted by inspection.

Study of the effect of B. coagulans ALM 86 on the
biochemical parameters of the blood of calves. To find
the metabolic changes in the body of the calves, the
biochemical parameters of blood serum were studied
at the beginning and at the end of the study. The to-
tal number of animals involved in the experiment was
30 heads. The level of total cholesterol was determined
(SOP-BP-07-2017); total protein (SOP-BP-02-2017),
albumin (SOP-BP-25-2018), total globulin (calculated
method), alanine aminotransferase (ALT) (SOP-BP-09-2017),
aspartate aminotransferase (AST) (SOP -BP-08-2017),
urea (SOP-BP-03-2017), alkaline phosphatase (LF) (SOP-
BP-04-2017) using an automatic biochemical analyser
and appropriate diagnostic systems. Creatinine was
studied using a photoelectric colorimeter-nephelometer
FEK-56M, glucose - glucose-oxidase. Seromucoids were
found according to the method of Weimer and Moshin;
circulating immune complexes (CIC) by precipitation
with a 3.5% solution of polyethylene glycol PEG-test
OSH 280.

Statistical analysis. The analysis of experimental
studies was carried out using the Microsoft Excel 2010
program. The results obtained in this study were sta-
tistically calculated using the Fisher-Student method,
considering statistical errors and the probability of the
indicators compared. Indicators with a level above 95%
(p<0.05) were considered probable.

RESULTS AND DISCUSSION

Results of determining the spectrum of gastrointes-
tinal microflora in calves. Dairy calf diarrhoea has a
multi-vector aetiology, which also depends on the level
of resistance and pathogenicity of the pathogen (Mor-
rison et al., 2019). Enterohaemorrhagic Escherichia coli,
Staphylococcus aureus and Salmonella enterica are the
most frequent pathogens that cause dyspepsia in new-
born young animals (Coelho et al., 2022). The presence
of one or more of these microorganisms in the gastro-
intestinal tract can increase calf morbidity and mortality
(Vega et al., 2020).
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Since calves are highly dependent on a safe food
source of milk,a milk substitute was used in the study to
rule out contamination. In addition, the milk of each cow
has differences in the content of fats, proteins, vitamins,

and minerals. The spectrum of microflora of the gastro-
intestinal tract was determined in calves with diarrhoea
in the control and experimental groups (Hartung, 2010),
before the beginning and at the end of the study (Fig. 1).
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Figure 1. The results of the study of the spectrum of the microflora of calves with diarrhoea at the beginning of the study

Source: developed by the authors of this study

According to the results obtained during the ex-
periment, it was established that at the beginning of the
treatment, the level of enterohaemorrhagic E. coli was
isolated in the range of 21.08-28.06 CFU/g in the faeces
of calves suffering from dyspepsia in the control and
experimental groups. Haemolytic Staphylococcus aureus
and Salmonella enterica at the beginning of the calf
disease were isolated from the experimental material

in the amount of 16.18 and 22.52 CFU/g, respectively
(Caffarena et al., 2021). Yeast fungi accounted for 12.38-
15.21 CFU/g in the control and experimental groups.

Calves of the experimental group were treated
with Bacillus coagulans ALM 86 in different concentra-
tions (Garkavenko et al., 2021). In the control group, the
calvesreceived an antibioticto which theisolated patho-
genic microflora showed maximum sensitivity (Table 1).

Table 1. Sensitivity of isolated gastrointestinal opportunistic microflora to antibacterial drugs

Sensitivity of isolates

Azithromycin

Antibiotics .
S. aureus E. coli
%5 2 Ampicillin - +
32 Amoxicillin+clavulonic acid - -
e
[ I
©a Cloxacillin + +
g Gentamicin + +
58
a § Streptomycin - +
jn Jar)
(e =)] .
G2 Kanamycin + -
IS .
© Neomycin + ¥
(%) .
3 Tylosin - -
E
[}
©
1S

Group of

Spiramycin

Enrofloxacin

I+
+

Norfloxacin

I+
1

Quinolone

derivatives

Ciprofloxacin

I+
+

Levofloxacin

I+
+
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Table 1, Continued

Sensitivity of isolates

Antibiotics
S. aureus E. coli

Oxytetracycline + +
§ Levomycetin (Chloramphenicol) + +
o Co-Trimoxazole - +
g Ceftioclin + +
B Cephalexin + +
Novobiocin - +

Note: “+” - sensitive to the antibiotic, “+” - moderately sensitive to the antibiotic, " - not sensitive to the antibiotic

Source: developed by the authors of this study

According to the results of determining the sen-
sitivity of antibiotics to the isolated microflora of S. au-
reus and E. coli, it was established that of the twenty
drugs tested, maximum sensitivity was shown to seven
drugs. Among the antimicrobial agents, a broad-spectrum

antibiotic - ceftioclin was chosen for the treatment of
control group calves with diarrhoea symptoms.

After the end of the treatment, the composition
of the microbiome was determined in the calves of the
control and experimental groups (Fig. 2).
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Figure 2. Composition of the microbiome of the calves of the experimental and control groups after the end of the treatment

Source: developed by the authors of this study

In the control group, after the use of the antibiotic,
a reduction of Clostridium sp. by 65.3%, yeast-like fun-
gi — by 70.41%, Enterobacter - by 30.0% and Citrobacter
sp. — by 41.8%, compared to the beginning of treatment.
E. coli, S. aureus and S. enterica were not released after
treatment in calves of the control group with faeces,
which indicates a correctly selected antimicrobial drug.
However, the number of beneficial microflorae did not
significantly increase due to the inhibitory property
of the antibiotic (Hassan et al., 2021; Schrijver et al.,
2018). The amount of Lactobacillus sp. after treatment
increased by 9.8%, Bifidobacterium sp. - by 12.3%, which
is a low indicator compared to the experimental groups.

In the first experimental group of animals, at the
end of the study, less E.coli was isolated - by 90.8%, S. au-
reus - by 92.4%, S. enterica - by 88.01%. (Kawarizadeh
et al., 2019). The reduction in the release of pathogens
is associated with the properties of B. coagulans, which

upon metabolism releases bacteriocin - coagulin. In
addition, the probiotic strain Bacillus coagulans ALM 86
acts on the principle of bacterial antagonism, when the
bacterium in growth and development displaces other
microorganisms (Peterson et al., 2020). In the second ex-
perimental group of animals, E. coli, S. aureus and S. en-
terica were not isolated at the end of the experiment.

Furthermore, during the study, it was found that
the level of lactobacilli in the experimental group in-
creased during the treatment compared to the control
group of calves. Scientists (Mu & Cong, 2019) found that
the mechanism of action of Bacillus coagulans on the
intestinal microflora consists in replacing the functions
of lactobacilli in the gastrointestinal tract. Due to the
insufficient amount of Lactobacillus sp. and Bifidobacte-
rium sp. probiotic B. coagulans performed a bactericidal
function during treatment and took part in metabolism.
At the end of the study, the level of Lactobacillus sp.and

Scientific Horizons, 2022, Vol. 25, No. 6
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Bifidobacterium sp. increased in the first research group
by 130.8-469.8%, in the second - by 151.58-272.7%, re-
spectively, compared to the beginning of treatment. At
the same time, B.coagulans cannot colonise the intestine
and is there only for a brief time (Maity et al., 2021), it
must be constantly administered into the animal’s body
to support the required concentration (1x10° CFU/qg).

In vital activity, B. coagulans produces an antibacte-
rial peptide substance,as well as lactic acid, which is an in-
hibitor for microorganisms Enterobacter sp. and Citrobacter
sp. (Aulitto et al, 2022). After treatment, the number of
Enterobacter sp. decreased in the first research group - by
44.3%,; in the second - by 69.38%. The level of Citrobacter
sp. decreased by 62.18% in the group of calves that drank
B. coagulans in a dose of 3 g. In the second experimental
group, the number of Citrobacter sp. decreased by 75.97%.

Yeast-like fungi were found in the composition
of the gastrointestinal microflora of calves. They are

permanent representatives of normal microbiota, but
their number can significantly increase during inflam-
matory processes in the intestine. In the first experi-
mental group, at the end of the experiment, there was a
decrease in yeast-like fungi by 76.5%, in the second - by
95.16%, compared to the beginning of treatment.

Animal experiments (Acuff et al., 2021; Majeed
et al., 2018) demonstrate that B. coagulans is effective
in both the treatment and prevention of Clostridium di-
arrhoea. During the experiment, it was established that
the number of Clostridium sp. decreased with the addi-
tion of B. coagulans in the first experimental group by
73.7%, in the second - by 90.18%.

Results of the study of physiological parameters of
calves. During the study, it was found that the frequency
of dyspepsia in calves was significantly reduced, espe-
cially after 14 days of treatment (Table 2).

Table 2. Results of the study of physiological parameters of calves

Indicators Control group

| Experimental group Il Experimental group

0-7 days of research

Frequency of diarrhoea, % 8.56+0.10 10.35+0.12 6.22%0.15
Average daily increase, g 518.10£0.69 508.22%0.35 510.30+0.44
Average daily feed consumption, g 522.12%0.34 500.22%0.25 508.07£0.45
7-14 days of research
Frequency of diarrhoea, % 4.56%0.10 2.42%0.08 0.42%0.06
Average daily increase, g 600.25+0.59 605.17+0.45 607.50%0.59
Average daily feed consumption, g 1,003.27%0.56 905.20+0.46 908.34+0.72
14-21 days of research
The onset of the work of the scar 11.30%0.4 7.80+0.32* 7.50+0.18*
Frequency of diarrhoea, % Missing Missing Missing
Average daily increase, g 622.52+0.74 745.45%0.79* 768.34+0.38*

Average daily feed consumption, g 1,429.12%0.38

1,610.37%0.43* 1,680.12%0.75*

Note: "P<0.05 - results are probable compared to control
Source: developed by the authors of this study

The conducted study showed that the average
daily gain of week-old calves and feed consumption
were not equally high in all groups due to digestive
problems, which manifested themselves in the form of
diarrhoea (Ma et al.,2020; Medrano-Galarza et al., 2018).
In two-week-old calves, the frequency of diarrhoea de-
creased,compared to the beginning of the study. The av-
erage daily gain and feed consumption was practically
the same in calves of the control and experimental groups
and did not differ significantly.

On the twenty-first day of the experiment, no man-
ifestations of diarrhoea were observed in the control and
experimental groups of calves. Furthermore, the average
daily growth in the first experimental group increased by

Scientific Horizons, 2022, Vol. 25, No. 6

19.7%, in the second - by 23.4%, compared to the control.
Accordingly, feed consumption in the first experimental
group increased by 15.0%, in the second - by 19.9%.

In this study, it was proven that the introduction
of B.coagulans ALM 86 at a concentration of 1x10° CFU/g
at a dose of 3-5 g per animal reduces the frequency of
diarrhoea, contributes to an increase in average daily
growth and feed consumption (Gupta & Maity, 2021).
The study by (Ji et al., 2018) shows that the use of antibi-
otics in the diet of calves prevents rumen bacteria from
breaking down cellulose and producing volatile fatty ac-
ids. It was also established (Li et al., 2019) that the use of
antibiotics in calves increased fermentation processes
in the rumen and delayed the growth of scar tissue.



During the experiment, it was established that
the start of rumen work in experimental groups of
calves was earlier by four days, compared to the con-
trol group, which is confirmed by the results obtained
in the work (Chang et al., 2022). It was established that
B. coagulans ALM 86 accelerated the development of
cicatricial digestion in dairy calves. The results (Arshad
et al., 2021) confirm that the colonisation of the intes-
tines of animals with beneficial microflora accelerates
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the development of the scar. This became possible
thanks to the probiotic, which accelerates the settle-
ment of the microflora of the scar and the development
of scar digestion.

Results of the study of the effect of B.coagulans ALM
86 on the biochemical parameters of the blood of calves.
To establish the effect of B. coagulans ALM 86 on the me-
tabolism of calves, a biochemical study of blood serum
was performed at the end of the experiment (Table 3).

Table 3. Results of the influence of B. coagulans ALM 86 on biochemical parameters of calves (M*m), n=10

Il Experimental

Indicators | Experimental group group Control Reference level
Total proteins, g/l 71.74%0.24* 74.21£0.31* 60.50%0.20 55.0-76.0
Albumins, g/l 35.40%0.12 33.22+0.10 30.41£0.17 25.0-37.5
Total globulins, g/l 35.34%0.14" 37.25*0.20" 23.67%0.25 25.0-38.5
Urea, mmol/L 4.56+0.04 4.47+0.05 3.05%0.02 3.0-6.5
Total cholesterol, umol/L 2.02+0.03* 1.42+0.02* 3.46*0.02 1.3-4.0
Glucose, mmol/L 3.55%0.07 3.63%0.02 3.22+0.04 3.0-4.2
ALT, mmol/h L 0.70+0.04" 0.65+0.05" 1.76%0.02 0.6-1.8
AST, mmol/h 1.36%0.08" 1.20+0.03" 3.25%0.02 0.6-3.0
Creatinine, pmol/L 80.4+0.52" 75.5£0.45" 97.0%0.32 70-110
Circulating immune complexes, mg/ml 0.05%0.03 0.07x0.05 0.08%0.03 -
Seromucoids, mg/ml 0.14+0.04 0.15+0.05 0.16+0.02 -

Note: * - p<0.05 compared to the control
Source: developed by the authors of this study.

The obtained results (Table 3) prove that the level
of total protein was higher in the first experimental
group by 18.57%, in the second by 22.6%, compared to
the control, due to an increase in the content of total
globulins (Wenker et al., 2022). Since the nutrition of
the calves was high-quality and complete in all groups,
the albumin level was within the reference level. In
addition, the elevated level of protein metabolism in
the blood of calves is more evidence of the successful
treatment of diarrhoea in calves of the experimental
and control groups. However, the level of total globu-
lins was significantly higher in the first experimental
group by 49.3%, in the second by 57.37% (p<0.05), com-
pared to the control. Other researchers have also found
(Kober et al., 2022) that the use of probiotics in ani-
mals improves the microbial population by stimulating
the immune response and competitively crowding out
pathogens in the gastrointestinal tract.

The content of urea in the calves of the exper-
imental and control groups was within the physiolog-
ical norm, but the level of urea in the animals of the
control group approached the minimum values. A de-
crease in the level of urea (hypoazotemia) in animals
can be a consequence of nutritional depletion, impaired
liver function, or combined kidney and liver pathology
(Tsukano et al., 2018). We believe that the body of the
calves of the control group was more depleted because

of diarrhoea than the calves of the experimental groups
that received the probiotic (Gultekin et al., 2019).

Furthermore, because of the application of B. co-
agulans ALM 86 to calves, it was established that the level
of total cholesterol decreased by 41.61% in the first ex-
perimental group, and by 58.95% in the second, com-
pared to the control group (Wu et al., 2018). Cholesterol
levels in the body are associated with cardiovascular
disease (Papotti et al., 2021). An increase or decrease in
cholesterol can have a negative effect on the health of
animals. According to the results of the study, the creat-
inine level was within the biological norm in all groups
of calves. However, in the first research group, the con-
tent of creatinine in the blood was probably lower by
17.11%, in the second - by 22.16%, compared to the
control (p<0.05). The level of creatinine may increase
with dehydration of the body because of diarrhoea and
intoxication of the body.

The level of glucose in the animals of the experi-
mental and control groups was practically at the same
level within the physiological norm, which also indicates
normal metabolism in the body.

The activity of the enzyme alanine aminotransfer-
ase (ALT) in the control group of calves was at the maxi-
mum permissible limit of the reference level, which indi-
cates intoxication of the body as a result of dyspepsia. In
calves, thanks to the use of probiotic B. coagulans ALM 86,
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ALT was significantly lower in the first group by 60.22%,
in the second - by 63.06% (p<0.05), compared to the con-
trol group. Since the maximum concentration of alanine
aminotransferase is localised in the liver, the increased
level of the enzyme indicates organ damage and at the
same time the level of digested protein decreases (Trefz
etal.,2021),which can be seen from the obtained results.

The enzyme aspartate aminotransferase (AST) is
also an indicator of the functioning of the liver and muscle
organs (Maetal.,2022).An increase in AST indicates damage
to the liver and heart muscle. In the calves of the first experi-
mental group, the level of AST enzyme was lower by 58.15%,
in the second by 63.07% (p<0.05), compared to the control.

Circulating immune complexes and seromucoids
are indicators of the manifestation of toxic reactions and
inflammatory processes in the animal’s body. Based on
the results of the study, it was established that the level
of circulating immune complexes and seromucoids in
calves of the control and experimental groups was the
same within physiological limits. It was reported (Yin et al.,
2019) that calves given probiotics had up-regulation of
immune factors in serum, intestinal mucosa and mesen-
teric lymph nodes. This became possible thanks to the
activity of B. coagulans ALM 86.

According to the results of the conducted research,
a positive effect of B. coagulans ALM 86 on the metabo-
lism and physiological indicators of calves was estab-
lished. The work also proved the therapeutic effect of
B. coagulans ALM 86 for dyspepsia in dairy calves.

CONCLUSIONS

Research has established that the isolated microflora from
calves showed maximum sensitivity to seven antimicrobial
drugs out of twenty proposed.

It has been proven that B. coagulans ALM 86 re-
duces the number of conditionally pathogenic micro-
flora and contributes to the increase in beneficial micro-
flora in calves with the symptom of diarrhoea. At the end
of the study, in the first experimental group of animals,
less E. coli was isolated - by 90.8%, S. aureus — by 92.4%,
S. enterica - by 88.01%, Enterobacter sp. - by 44.3%,

Citrobacter sp. - by 62.18%, Clostridium sp. — by 73.7 %, for
yeast-like fungi - by 76.5%. In the second experimental
group of animals, E. coli, S. aureus and S. enterica were
not isolated at the end of the experiment; the level of
Enterobacter sp. decreased - by 69.38%, Citrobacter sp. -
by 75.97%, Clostridium sp. — by 90.18%, yeast-like fun-
gi — by 95.16%. The level of Lactobacillus sp. and Bifido-
bacterium sp. increased in the first research group by
130.8-469.8%, in the second - by 151.58-272.7%, re-
spectively, compared to the beginning of treatment.

Studies have shown that administration of B. co-
agulans ALM 86 at a concentration of 1x10°% CFU/g at a
dose of 3-5 g per animal reduces the frequency of diar-
rhea, improves physiological indicators,and accelerates
the onset of scar digestion in dairy calves for four days.
An increase in average daily growth and feed consump-
tion in the first experimental group by 19.7-15.0%, in
the second - by 23.4-19.9%, respectively, compared to
the control was established.

An increase in total protein was recorded in the
first experimental group by 18.57%, in the second by
22.6%.The level of total globulins was probably higher
in the first experimental group by 49.3%, in the second
by 57.37% (p<0.05). Creatinine content in the first ex-
perimental group was lower by 17.11%, in the second by
22.16%,comparedtothe control (p<0.05),whichindicates
intoxication of the body of calves that used antibiotics.

It was established that the level of total cholesterol
decreased by 41.61% in the first experimental group,
and by 58.95% in the second experimental group, com-
pared to the control group. The activity of the alanine
aminotransferase enzyme was significantly lower in the
first group by 60.22%, in the second group by 63.06%
(p<0.05).The level of the enzyme aspartate aminotrans-
ferase in the calves of the first experimental group was
lower by 58.15%, in the second by 63.07% (p<0.05),
compared to the control. The amount of circulating im-
mune complexes and seromucoids was within the phys-
iological norm, indicating no negative effect of the pro-
posed dose of B. coagulans ALM 86 for the treatment of
dyspepsia in calves.
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Bu3HaueHHs TepaneBTUYHOro edeKTy Bif 3acTocyBaHHA Bacillus coagulans
npy gucnencii TenaT

OkcaHa IBaHiBHa Lkpomapa, TeTaHa IBaHiBHa DoTiHa, AHApi Bonoaumuposuu bepesoscbkui,
HOnia AnppiisHa JyauyeHko, Onekcii Bonogumuposuy ®PoriH

CyMCbKMIM HaLiOHaNbHWI arpapHUi yHiBepcuteT
40021, Byn. . Kongpatbesa, 160, M. Cymu, YkpaiHa

AHoTauif. AKTYyanbHiCTb AOCNIAKEHHS NOASra€e y 3aCTOCYBaHHI NpobiOTMYHOrO WTaMy MikpoopraHiamy B. coagulans
ALM 86 nng nikyBaHHs fiapei y MONOYHMX TENST Ta 3MEHLLIEHHS BUKOPUCTAHHA aHTMBIOTHKIB y TBapMHHMLTBI. MeTot
po60TK 6yno BM3HAYEHHS TepaneBTUYHOro edeKTy Npu NiKyBaHHI Aiapei y Tenst, cknasy Mikpodnopu, disionorivyHmx
NMOKa3HWKIB Ta MeTaboniaMy 3a BUMKOpUCTaHHA Bacillus coagulans ALM 86. B pob0Ti BUKOPUCTOBYBANU METOAM:
MiKpO6ionoriYHMM, MiKpOCKOMIYHMI, BiOXiMIYHUIA, Di3ioNoriYHKUiA, CTaTUCTUYHMIA. [OCNiOKEHHSMU BCTAHOBNEHO, WO
BMKOPUCTaHHS B. coagulans ALM 86 cnpusie 3MeHLUEHHIO KiIbKOCTi YMOBHO-NaToreHHoi Mikpodnopw E. coli — Ha 90,8 %,
S.aureus - Ha 92,4 %, S. enterica - Ha 88,01, 36inblweHHto Lactobacillus sp.Ha 130,8-151,58 % Ta Bifidobacterium sp.
Ha 272,7-469,8 %.BeneHHs 3 B. coagulans ALM 86 B koHueHTpauii 1x10°, KYO/ry no3i 3-5 r cnpmsio NpuUnuHeHHo
fliapei Ta NPUCKOPEHHI0 PO3BUTKY pybLLEBOro TPaBAEHHS HA YOTUPU 06U Y MONIOYHMX TENST, MOPIBHSAHO 3 rpymnoto,
[le 3acTocoByBanu aHTMOiIOTMK. BctaHoBneHo 36inblueHHs cepeaHbof000BOr0 NPUPOCTY Ta CNOXMBAHHSA KOPMY Y
nepwin gocnigHin rpyni Ha 19,7-15,0 %,y apyrinn — Ha 23,4-19,9 % (p<0,05). [loBeaeHO 3HMXKEHHS PiBHS 3arafbHOro
XonectepuHy 3a BUKOpUCTaHHA B. coagulans ALM 86, 36inblueHHs piBHS 3aranbHOro npoteiHy Ha 18,57-22,6 %, 3a
paxyHOK 30i/bLUeHHS BMIiCTYy 3arasbHux rnobyniHie Ha 49,3-57,37 % BignosinHo (p<0,05). BBeaeHHs 3 B. coagulans
ALM 86 B koHUeHTpauii 1x10% KYO/ry nosi 3-5 rcnpusano npunuHEHHo Aiapei Ta NpUCKOPEHHI0 po3BUTKY pybLEeBoro
TPaBNIEHHS HA YOTUPWU [00M y MONOYHMX TENST, MOPIBHSHO 3 rPynoto, Ae 3aCTOCOBYBaNM aHTMBioTMK. OTpuMaHi
pe3ynbTaTv AOCNIAXEHHS BKa3yHTb Ha BiACYTHICTb TOKCMYHOrO BMNAMBY 3anNpONOHOBaHOI A03u B. coagulans ALM 86
0N NiKYBaHHA AMCNENcii y TeNsT Ta OTPUMAHHSA NO3UTUBHOTO edekTy. [pakTUYHA LiHHICTb OTPUMAHUX pe3ynbTTaTiB
NONsira€e y MOXMBOCTI 3aCTOCYBaHHA B. coagulans ALM 86 npw nikyBaHHi giapei y MONOYHUX Tenat 6e3 BUKOPCTaHHS
QHTMBIOTWKIB Ha TBAPUHHULIbKMX PepMax Pi3HOrO CNPSMYBaHHS

Kniouosi cnosa: giapes, npobioTmk, MikpobioMa LUNYHKOBO-KMLLKOBOMO TPaKTY, CEpefHbOA060BMIA NpUpICT Y TensT,
MOIOYHOKMCNi BakTepii

Scientific Horizons, 2022, Vol. 25, No. 6



SCIENTIFIC HORIZONS g

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 25(6), 21-31

UDC 616.9-091:636.8
DOI: 10.48077/scihor.25(6).2022.21-31

Pathomorphological Changes in Intestinal Yersiniosis in Cats
Hryhorii Zon, Olga Truba’, Lyudmyla Ivanovska, Ilya Zon, Roman Petrov

Sumy National Agrarian University
40021, 160 H. Kondratiev Srt., Sumy, Ukraine
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The purpose of this study was to clarify the main vectors of pathogenesis
of spontaneous feline intestinal yersiniosis by investigating changes in the
architectonics of parenchymal organs. The materials for the study were the
internal organs of cats that died as a result of spontaneous intestinal yersiniosis,
the diagnosis of which was established based on the clinical picture and the
determination of diagnostic titres of antibodies to standard yersiniosis antigens.
It was found that the feline disease is mostly asymptomatic, and due to the
affinity of many pathogens of yersiniosis in animals and humans, it becomes
both epizootological and epidemiological in nature. The most significant
pathomorphological changes were found in the organs of cats with intestinal
yersiniosis; in the organs of the gastrointestinal tract (stagnant phenomena,
uneven damage to intestinal villi, sometimes crypts of the submucosal layer
and vascular walls, active cell proliferation in desquamation areas); in the liver,
mainly protein dystrophy,local areas of necrobiosis and cytolysis of hepatocytes;
in the kidneys, congestive hyperaemia and the development of haemorrhagic
diathesis, signs of vascular fragility and diapedesis bleeding, and in the case
of chronisation of the process - a response to vascular endothelial damage in
the form of migration of mononuclears to the future focus of inflammation; in
the spleen and lymph nodes, delymphotisation of white pulp was observed,
in other cases, an increase in the number of secondary lymph nodes with the
formation of large reactive centres was detected in the spleen
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Pathomorphological Changes in Intestinal Yersiniosis in Cats

INTRODUCTION
Earlier studies have established that intestinal yersiniosis
is a zooanthroponotic disease caused by a gram-negative
bacterium from the Yersinia genus (Yagle-Munoz et al,
2019; Maliy, 2016).

The disease is characterised by damage to the
gastrointestinal tract, respiratory organs, arthritis, septi-
copyaemia, infertility in females, the birth of non-viable
offspring (Tuompo et al, 2017; Miyata et al., 2022). Most
reports indicate the dominance, prevalence, and in-
crease in pathogenicity of Y. enterocolitica, among other
Yersinia biovars (Orekhova, 2015; Razzuoli et al., 2020).

Therefore, when describing the pathoanatom-
ical picture, the greatest attention was paid to intes-
tinal yersiniosis. Furthermore, this is also conditioned
upon the important epidemiological significance of
the disease. Catarrhal-haemorrhagic gastroenterocoli-
tis, serous peritonitis, synovitis, hepatosis of lesions of
female genital organs, less often - other pathologies,
especially complications of the underlying disease, are
described in the published materials upon the autopsy
of the corpses of various animals for intestinal yersini-
osis (Remsty & Tennant, 2019). Scientific information
about feline yersiniosis is still Limited. The study of this
problem in cats was influenced by the opinion of scien-
tists J. Remsty and B. Tennant that Y. enterocolitica can
be a natural commensal of the autochthonous micro-
flora of this animal species (Remsty & Tennant, 2019).
The authors believe that there has recently been a
powerful impact on the ecosystem of many biotic and
abiotic factors, which adversely affected the environ-
ment and one of its components - sapronic microflora,
a representative of which is Yersinia. The biological
properties of these bacteria were also changed by their
pathogenic potential, which led to bacterial carrier and
bacteraemia in many animals.

Most of the published research on this issue con-
cerns the study of the biological properties of the patho-
gen, their contamination of products of animal and
plant origin, diseases of productive animals (Marsicano
et al.,, 2020; Nesbakken, 2021; McNally et al., 2004). But
there is a lack of information regarding the patholog-
ical manifestation of feline intestinal yersiniosis. Con-
sidering the recent trend to popularise the breeding of
small domestic animals prone to yersiniosis, or to being
bacterial carriers of pathogenic variants of pathogens,
the study of the problem of spread and transmission of
this disease is truly relevant. Yersiniosis is also danger-
ous for humans. This fact is confirmed by the estimates
of the Center for Disease Control and Prevention of the
United States, which were presented in 2016. (Chlebicz
& Slizewska, 2018).

The purpose of this study was to establish charac-
teristic pathoanatomic changes in cats with intestinal
yersiniosis, which occurred spontaneously and tended
to spread among other domestic animals, within the
same farm.
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LITERATURE REVIEW
According to existing information, Yersinia enterocoliti-
ca of biovars 2, 3,4 and serotypes 0:3 and O:9 are most
often isolated in cats, which, as pathogens, are also
common to humans (Marsicano et al., 2020; Shestakova
et al.,2005; Wang et al., 2013).

Y.enterocolitica produces an enterotoxin, the effect
of which is to activate adenylate cyclase of enterocytes,
as a result of which the permeability of membranes
increases and causes an active release of water and
electrolytes - this very process causes the occurrence
of diarrhoea and, as a result, causes dehydration. At the
same time, the above-mentioned enterotoxin is rather
difficult to distinguish from its counterparts (McNally et
al., 2000). It is also noted that during parasitocoenosis of
Y. enterocolitica, there is an increase in E prostaglandin,
which confirms the role of sensitisation of the body in
the development of the disease (Shestakova et al., 2005).

According to J. Remsty, B. Tennant, Y. enterocolitica
most often does not cause a disease with pronounced
clinical signs in cats and dogs (Remsty & Tennant, 2019).
There is even an assumption that feline Yersinia enteroco-
litica is a natural intestinal commensal and therefore does
not cause clinical manifestations of the disease and these
animals can be long-term carriers (Smith,2016; Cully, 2010).

The disease proceeds in the form of acute diarrhoea
with mesodenitis. The causative agent not only causes
inflammation of various parts of the intestine but is also
capable of affecting parenchymal organs. The pathogen
was isolated from cats with chronic peritonitis (Truba &
Zon, 2021). Feline intestinal yersiniosis also revealed in-
flammation of regional lymph nodes (mainly pharyngeal),
fever, arthritis, depression and apathy, anorexia and poly-
dipsia, shortness of breath resulting from pneumonia
(pulmonary form, rare), oedema, signs of septic shock,
blood clotting disorders (McNally et al., 2000). A rather
ambiguous signal about the disease is the presence of
reactive arthritis, which affects the wrists, knee joints,
and metatarsals and can turn into a chronic form and
worsen even a month after the first episode of short-
term diarrhoea (Bohn et al., 2019). The scientific litera-
ture describes the following changes, for spontaneous
canine intestinal yersiniosis, during autopsy: catarrh-
al-haemorrhagic gastroenterocolitis, serous peritonitis,
hepatosis, focal pneumonia, nephrosis, less often — other
pathologies, especially for complications of the under-
lying disease (Maliy, 2016). Premature births, abortions,
malformed foetuses, congenital anomalies, or infertility
may result from infection with Yersinia enterocolitica in
the first stage of pregnancy. The degree of severity of the
disease differs in animals of the same age group and
gender (Grahek-Ogden et al., 2007).

Areview of the literature on this issue indicates a
wide range of damage to organs and systems and does
not allow identifying pathognomonic signs of the dis-
ease in cats, which substantially reduces the probability
of a timely diagnosis.



MATERIALS AND METHODS
The study was conducted in 2017-2021 at the Depart-
ment of Virology, Pathological Anatomy and Poultry Dis-
eases of Sumy National Agrarian University, and during
2018-2021 - in private clinics of veterinary medicine in
the Chernihiv and Sumy Oblasts of Ukraine.

Experimental studies, the results of which are
presented in this paper, were based on the principles
of moral values and compliance with all bioethical re-
quirements defined by the Law of Ukraine No. 692 “On
Humane Treatment of Animals” of 2008.All studies were
conducted according to the bioethical requirements of
the “Declaration of universal norms of bioethics (UNE-
SCO, 2005) and Directive 2010/63/EU of the European
Parliament and of the Council of 22 September 2010 on
the protection of animals used for scientific purposes) and
designed per Order No. 624 “On Changes to the Com-
position of the Commission on Bioethical Expertise of
Scientific Research” of October 28, 2020.

In this paper, pathological material from the
corpses of cats was used, which during ex vivo diag-
nosis gave a positive indirect hemagglutination re-
action (IHAR) and an agglutination reaction (AR) with
yersiniosis antigens 0:3 and 0:9 produced by RAO “Bi-
opreparat” (St. Petersburg), and antigens 0:3, 0:6.30
and 0:9 of Ukrainian production, manufactured by the
State Enterprise “Veterinary Medicine” of the National
Research Centre “Institute of Experimental and Clinical
Veterinary Medicine” of the National Academy of Agrar-
ian Sciences of Ukraine (Kharkiv). The IHAR was estab-
lished according to the macro method, by adding equal
doses of antigen-sensitised erythrocytes to successive
two-fold dilutions of serum. The finished mixture was
left for 2-3 hours at room temperature. The results were
evaluated as follows: if the serum contains antibodies
to the pathogen that sensitised red blood cells, in this
case, antibodies to Y. enterocolitica, hemagglutination
will be noticeable, which is evaluated in crosses. The
highest serum dilution was taken as the serum anti-
body titre, which provided hemagglutination by at least
two crosses. According to the results of the study, a di-
lution of 1:200 was considered as the diagnostic titre.
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Pathological autopsy and selection of pathological
material was performed from four cat corpses accord-
ing to the general “Rules for the selection of samples of
pathological material, blood, feed, water, and their for-
warding for laboratory research”, which were approved
by the head of the veterinary medicine department of
the Ministry of Agriculture and Food of Ukraine P.P. Dos-
toevsky dated April 15,1997, No. 15-14/111. Different
clinical diagnoses were established in animals subjected
to autopsy, in vivo, but all of them were serologically
positive for intestinal yersiniosis.

Pathological material (pieces of the stomach, small
and large intestines, lymph nodes, liver, spleen, kidneys)
was fixed in a 10% aqueous neutral formalin solution for
up to 30 days, then washed in tap water and dehydrat-
ed with alcohol solutions of increasing concentration
from 40° to 96° for a day in each and double treatment
with absolute alcohol (100°) for 12 hours in each solu-
tion. The material was embedded in paraffin, forming
blocks, from which sections were made on a microtome,
which were subsequently stained with Carazzi’s haema-
toxylin for 10 min and with a 1% aqueous solution of
eosin for 30 sec. Stained and dried sections were placed
in a Canadian balm. The section was examined under a
Biolam R 15 light microscope with a primary magnifi-
cation of 100 and an added magnification of 400 times.
The photo was taken using a Digital Camera M 1000
PLAS series LEVENHUK Microscope using a Lenovo G 50-70
with Microsoft 10 software.

RESULTS AND DISCUSSION

Pathoanatomical examination of cats with spontaneous
yersiniosis revealed mainly catarrhal enteritis or entero-
colitis with single petechial haemorrhages. The mucous
membrane with local redness, swelling, without natural
shine, with manifestations of folding and loosening. An
excessive accumulation of mucus was found in the lu-
men of the intestine, sometimes with splashes of blood.
The vessels of the mesentery are excessively filled with
blood, the lymph nodes are enlarged, the features of
serous lymphadenitis with hyperaemic areas are visible
on the section (Fig. 1 a-d).

Figure 1. 1 a-d. Pathoanatomical manifestation of acute enterocolitis with petechial haemorrhages

Scientific Horizons, 2022, Vol. 25, No. 6
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Signs of serous peritonitis with polyserositis were  autopsy of one of the cat’s corpses revealed a changed
observed in the abdominal cavity, which indicated the  shape of an enlarged heart, a myocardium of flaccid
presence of fibrin flakes. In this case, parenchymatous consistency with thinned walls (Fig. 3 a-b).
organs showed signs of local maceration (Fig. 2 a-b). An

Figure 3. Changes in heart shape (a), thinning of the myocardial walls(b)

Pathoanatomically, blunted edges, discoloration,  on the section, the scraping is moderate. The gallbladder
and capsule tension were detected in the liver. The co-  was full of bile in all cases. The kidneys had signs of
lour is heterogeneous, it has a shade from dark cherry  hyperaemia and granular dystrophy (Fig. 4 a-b).
to clay, the consistency is loose, the pattern is smoothed

a b

Figure 4. Hyperaemia and granular dystrophy of the liver (a) and kidney (b) of a cat

Examination of the lungs revealed congestive increased, as a result of which the permeability of the
hyperaemia and petechial haemorrhages (Fig. 5 a-b), capillary walls increased, which led to irreversible
which occurred due to difficult outflow of blood from changes at the micro level. Furthermore, there was a
the organ due to compression of the heart and com-  growth of connective tissue in the interalveolar septa,
paction of the lungs themselves. Hypoxia occurred in  which led to compaction of the lungs and disruption of
the tissues and the hydrostatic pressure in the vessels  their functioning.

Scientific Horizons, 2022, Vol. 25, No. 6
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Figure 5. Congestive hyperaemia (b) and petechial haemorrhage (a) in the lungs of cats

At the microscopic level, signs of congestive pro-
cesses and catarrhal bronchopneumonia were found in
the affected areas of the lungs. Histological changes in

the liver were characterized by granular dystrophy, with
signs of focal necrosis of hepatocytes and liver beams
(Fig. 6).

Figure 6. Granular dystrophy and signs of liver necrosis, H+E, x400

Note: a - pyknosis, b - rhexis, ¢ - lysis of hepatocyte nuclei

Hyperaemia and perivascular oedema were observed
due to effusion of fluid from the liver vessels. A substan-
tial sign of the duration of this process is the pronounced

a, H+E, x100

reproduction and proliferation of various populations of
macrophages, which are located both in the vascular mem-
branes themselves and in their surrounding space (Fig. 7).

b, H+E, x400

Figure 7. Hyperaemia of the liver (a) and perivascular oedema (b)

A change in the morphological state of the endo-
thelium of vessels is quite noticeable, which can affect
their anatomical and physiological features, namely ri-
gidity, elasticity, plasticity, etc. Filled with blood, large

= &

vessels exert pressure on their smaller representatives
in the microcirculatory channel and on the bile ducts
of the liver, which provokes their further dysfunction
(Fig. 8 a-b).

b, H+E, x400

Figure 8. Perivascular proliferation (a) on the background of congestive hyperaemia in the liver

Scientific Horizons, 2022, Vol. 25, No. 6
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When assessing morphological changes in the
kidneys, it should be noted that the infectious process is
accompanied by congestive hyperaemia and the develop-
ment of haemorrhagic diathesis. Foremost, long-stand-
ing septic processes destroy the endothelial layer of
vessels and the basal membrane, thereby causing ves-
sel fragility and diapedesis bleeding (Fig. 9). However,
in the case of chronicity of the process, a response to

vascular endothelium damage was observed in the
form of migration of mononuclear cells to the future
focus of inflammation, which indicates the possible
permanent presence of microorganisms in these areas.
Furthermore, the limited number of polymorphonuclear
leukocytes in these sites indicates that the absence of
stimuli for the development of exudative-destructive
inflammation (Fig. 10).

Figure 10. Active cellular response in the structures of the brain layer of the kidneys, H+E, x400

In the lymph nodes, a general decrease in lym-
phocytes, cellular devastation of the reactive centres of
the follicles was observed, which can be a sign of both
the chronic course of the disease and the development

of secondary immunodeficiency (Fig. 11). Under these
conditions, the percentage ratio of stromal elements
increased relative to the parenchyma of the organ.

Figure 11. Lymph node delymphotisation, H+E, x400

Morphological changes in the spleen in some
cases were characterised by an increase in the number
of secondary lymph nodes with the formation of large
reactive centres, where numerous blast forms and cells

Scientific Horizons, 2022, Vol. 25, No. 6

are found in a state of mitosis. The periarterial zone
increased insubstantially against the background of a
substantial increase in the marginal zone of lymphatic
follicles (Fig. 12 a-b).
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Figure 12. Hyperplasia of the lymphoid nodule of the spleen (a) with an enlarged reactive centre (b), H+E, x200
In other cases, pronounced delymphotisation of  of reticulocytes in such cases were more poorly detect-

the white pulp of the organ was found, and in some ed against the background of an increase in the number
cases, the formation of small cystic cavities. The nuclei  of haemosiderophages (Fig. 13 a-b).

Figure 13. Delymphotisation (a) and formation of small cystic cavities (b), H+E, x400

Changes in the intestine: uneven damage to the is detected. Active cell proliferation is observed in the
villi, less often crypts of the submucosal layer. In cer-  foci of damage, especially against the background of
tain areas, the destruction of the walls of blood vessels  desquamative catarrh (Fig. 14).

Figure 14. Uneven damage to the villi of the small intestine

Goblet cells, mostly crypts, were filled with secre-  lymphoid elements towards the alterative areas; their
tions. Lymphoid nodules and Peyer’s patches are swollen  content was often depleted (Fig. 15 a-b).
in places, hyperplastic due to the active movement of

Figure 15. Hypersecretion of goblet cells (a) script of the small intestine (b), H + E, x200

Scientific Horizons, 2022, Vol. 25, No. 6
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Catarrhal desquamative processes were less pro-
nounced in the large intestine. A pronounced reaction

was mainly observed on the part of goblet cells, in which
mucus accumulated in excessive amounts (Fig. 16).

Figure 16. Reaction of goblet cells of the large intestine, H+E, x200

Pathoanatomical studies of cats with sponta-
neous yersiniosis revealed mainly catarrhal processes
on the mucous membranes of the gastrointestinal tract.
Petechial haemorrhages were found in the small in-
testine. Against this background, the intestinal vessels
were excessively blood-filled, lymphodenopathy was
observed, and the lymph nodes themselves, on the in-
cision, had signs of serous lymphadenitis. According to
the testimony of various researchers (Marsicano, et al.,
2020; Truba & Zon, 2021; Chebanyuk, 2013), catarrhal
and haemorrhagic processes with a desquamative ten-
dency are detected in various animals with intestinal
yersiniosis, less in the stomach, and mainly in the small
and large intestines. Cytoarchitectonic changes in the
intestine contained signs of catarrh with uneven villi
damage. In isolated cases, damage to the submucosal
crypt and vascular walls was found. A rather significant
cellular response was also recorded in places where
the submucosal layer is disturbed, especially against
the background of intense damage. The mucous mem-
branes were swollen and riddled with haemorrhages.

Histological changes in the liver were character-
ised by granular dystrophy, signs of focal cytolysis of hae-
patocytes and liver beams. Hyperaemia and perivascular
oedema were observed due to effusion of fluid from the
liver vessels. The duration of this process is indicated by
the pronounced reproduction and proliferation of var-
ious macrophage populations, both in the membranes
of blood vessels and in the surrounding space. The
studies covering intestinal yersiniosis in animals and
humans describe active dystrophic-necrotic processes,
especially during the pathogenic effect on the liver of
Yersinia enterocolitica serovars 0:9 and O:4 (Borysevich
et al., 2015; Ochoa & O'Ryan, 2018; Byun et al., 2011).
In the authors’ research, during spontaneous infection
of cats with Yersinia enterocolitica serovar O:9, similar
data were obtained, which indicates a pronounced effect
of this serovar on the gastrointestinal tract of animals.

Evaluating the detected morphological changes in
the kidneys, it should be noted that the disease causes
stagnant hyperaemia and the development of haem-
orrhagic diathesis. It is probable that bacteremia and
toxaemia destroy the vascular endothelial layer and
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basement membrane, causing vascular fragility and di-
apedesis bleeding. However, in the case of chronicity of
the process, a response to vascular endothelium dam-
age occurs in the form of migration of mononuclear
cells to the future focus of inflammation, which indi-
cates the possible permanent presence of microorgan-
isms in these areas. Furthermore, the limited number
of polymorphonuclear leukocytes in the specified areas
indicates the absence of stimuli for the development
of exudative-destructive inflammation. Studies of some
scientists describe mainly dystrophic, less often - in-
flammatory processes in these organs (Smith, 2016;
Chebanyuk, 2013; Maliy, 2016). According to the authors,
the expansion of the spectrum of lesions may be due
to many factors that, for certain reasons, may not be
considered due to the lack of anamnestic data and the
possibility of diagnostic studies.

In the lymph nodes, a general decrease in lym-
phocytes, cellular devastation of the reactive centres of
the follicles was observed, which can be a sign of both
the chronic course of the disease and the development
of secondary immunodeficiency.

Morphological changes in the spleen in some cases
were characterised by an increase in the number of sec-
ondary lymph nodes with the formation of large reactive
centres, where numerous blast forms and cells are found
in a state of mitosis. The periarterial zone increased insub-
stantially against the background of a substantial increase
in the marginal zone of lymphatic follicles. In other cases,
pronounced delymphotisation of the white pulp of the or-
gan was found, and in some cases, the formation of small
cystic cavities. The nuclei of reticulocytes in such cases
were worse against the background of an increase in the
number of haemosiderophages.

It is known that when a bacterial antigen enters
the body, a serous-fibrinous inflammation develops in
the local tissue, which is initially accompanied by a mi-
crophagic (neutrophil) reaction, which is later replaced
by a macrophage reaction. Under the conditions of anti-
genic stimulation (sensitisation), characteristic changes
in organs of the lymphoid tissue occur.

Antigenic irritation of any nature in infectious and
invasive diseases causes some morphological changes



in the organs of the central and peripheral immune sys-
tem (Shestakova et al., 2005; Razzuoli et al.,2020). There-
fore,the changes in the relevant organs detected by the
authors can be associated with the influence of Yersinia
enterocolitica on the body of cats.

Immunomorphological changes in the organs of
the immune system are known to be characterised by
the following reactions of the same type. The micro- and
macrophage reaction is accompanied by an increase in
the number of neutrophils and macrophages in the si-
nuses, blood vessels, organ parenchyma, antigen phago-
cytosis by them, the same changes are present during in-
fection in the lymph nodes, spleen, bone marrow, tonsils,
Peyer’s plaques, and lungs. That is why the authors chose
these organs for research, where active immunogenesis
occurs.

The so-called blast reaction of B-lymphocytes
(blast transformation) is characterised by an increase in
the number of secondary lymphoid follicles with large
reactive centres containing B-lymphoblasts in the lymph
nodes, spleen, tonsils, Peyer’s patches, and lungs. The au-
thors also determined signs of this reaction during path-
omorphological studies.

The authors also found the blast reaction of
T-lymphocytes, which is accompanied by the expansion
of the thymus-dependent zones of the paracortical layer
of lymph nodes and the periarterial zone of the lymphat-
ic follicles of the spleen due to the intensive prolifera-
tion of T-lymphoblasts, in the corresponding parts of the
organs. An increase in the number of secondary lymph
nodes in the spleen, tonsils, Peyer’s patches (aggregated
lymph nodes) was usually pronounced when bacterial
antigens were administered. However, the devastation of
the lymph nodes, revealed during the study, is considered
to be a consequence of impaired immunogenesis.

Thus, the identified changes in the peripheral
lymphoid tissue are most inherent in antigenic stimula-
tion (sensitisation) of the body and are manifested by a
macrophage reaction, hyperplasia of lymphocytes, with
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their successive plasmacytic transformation, increased
permeability of microvessels, and interstitial oedema.
Established changes in the intestine may indicate an
enzymopathy of the intestinal glands, and damage to
lymphoid nodes is one of the causes of impaired immune
response in general.

CONCLUSIONS

1. Intestinal yersiniosis of cats, during a spontaneous
course, is patho-anatomically characterised by pronounced
catarrhal changes mainly in the small intestine, inflam-
mation of abdominal lymph nodes, stagnant, dystrophic
processes in the liver and lungs. In the abdominal cavity,
in several cases, signs of serous peritonitis with polyse-
rositis were observed, and in the kidneys - signs of hy-
peraemia and protein dystrophy, in the lungs — stagnant
hyperaemia and petechial haemorrhages.

2. Histological changes in spontaneous intestinal
yersiniosis in cats were characterised by hyperaemia
and perivascular oedema, granular dystrophy with signs
of focal necrosis of hepatocytes and liver beams, in the
kidneys - stagnant hyperaemia and the development of
haemorrhagic diathesis, in the lymph nodes by lympho-
tisation, in the spleen, in some cases, an increase in the
number of secondary lymph nodes with the formation
of large reactive centres, and others with pronounced
devastation of the white pulp of the organ. Changes in
the intestine were defined as an uneven catarrhal in-
flammation with partial or complete damage to the villi,
sometimes the crypt and the endothelium of the vessels.

Further research will be aimed at developing di-
agnostic tests for intestinal yersiniosis in small animals
on a molecular genetic basis.
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MaTomMmopdonoriyHi 3MiHU 3a KULLKOBOIO iEPCUHIO3Y KOTIB
lpuropii AnatonitoBuu 30H, Onbra OnekciiBHa Tpy6a,
Jlwamuna bopucisHa IBaHoBcbKa, Innsa Npuropoeuy 3oH, PomaH Biktoposuu Metpos

CyMCbKMI HaLiOHaNnbHUIM arpapHuii yHiBepcuTeT
40021, Byn. . Kongpatbesa, 160, M. Cymu, YkpaiHa

AHoTauif. [EpCUHIO3M CCaBLIIB BUKNMKAKOTb 3aLLiKaBNEHICTb 4OCNIAHMKIB Pi3HUX KPAiH CBITY, Y 3B'A3KY 3 PO3LUMPEHHAM
apeany po3noBCOAKEHHS XBOpPOOW. MNepeBaxHa KinbKicTb NybnikaLid MUHYNUX POKIB CTOCYBanacb MpOAYKTUBHMX
TBAapWH Ta PO3MOBCHOLKEHHS 30yAHMKA B 0O€EKTAX AOBKINNS. B OCTaHHI poku novanu 39BASTMCS NOOAMHOKI NOBIAOMMNEHHS
npo BWAiNEHHS 36YAHWKIB, IEPCMHIO3IB, Bif, HEMPOAYKTUBHWMX TBApWH Ta OOCWUTb crneumdivyHuit nepebir xBopob.
3auikaBneHicTb bakTepionoris Ta enigemionorie 6a3yeTbCs Ha BCE YaCTiLOMY BUABNEHHI 30yaHuKa Y. Enterocolitica B
OpraHi3Mi Tak 3BaHWX TBAapMH-KOMMAHbMOHIB, SKi 4aCTo 6e3nocepefHbO 3HAX0AATLCS B TICHOMY KOHTAKTI 3 rocnogapem. Ha
CbOrOAHILLHIN fieHb BXKE OBEAEHA MOXJIMBICTb iH(DiIKYBAHHS NOAMHM Bif, 6akTepioHoCif.MeToro AocnigkeHb byno 39cyBatu
rONOBHI BEKTOPM MATOreHe3y CMOHTAHHOMO KMILUKOBOrO i€EPCMHIO3Y KOTIB LUASIXOM BMBYEHHS 3MiH B apXiTeKTOHiLi
NapeHxiMaTo3HMX OpraHiB. MaTepianamu ons [ocnigxeHb 6yAM BHYTPILWHI OpraHu KOTIiB, fKi 3arMHYNM BHACNiLOK
CMOHTAHHOMO KMLUKOBOrO iEPCUMHIO3Y, AiarHO3 KM BCTAHOBAOBAM HA MiACTABI KNIHIYHOI KAPTUHM Ta BU3HAYEHHS
[iarHOCTUYHUX TUTPIB @HTUTIN [0 CTAaHAAPTHUX IEPCUHIO3HMX aHTUrEHIB. BCTaHOBNEHO, WO 3aXBOPIOBAHHS Y KOTIB
nepebirae nepeBaXHo 6€3CMMNTOMHO,a Y 3B'13KY 3i CMOPiAHEHICTIO 6araTbox 30yAHMKIB IEPCUHIO3Y Y TBAPUH | NHOLMHU
HabyBa€ gK eni300TONOrYHOro, TaK i enifgemMionoriyHoro xapakrtepy. BuseneHi Hanbinbw cyTTeBi naToMopdoNoriyHi
3MiHM B OpraHax KOTiB 33 KMLUIKOBOrO i€EPCMHIO3Y; B OpraHax LWAYHKOBO-KMULWKOBOro TPaKTy (3aCTiviHi 9BMLIa,
HepiBHOMipHEe MOLKOMXKEHHS BOPCMHOK KMLLIEYHUMKY, iIHOAI KPUNT NiACAM30BOro Wapy Ta CTIHOK CyAWMH, akTUMBHA
KNiTMHHA nponidepauis B JingHKax feckBamauii); B nedviHui —nepeBaxHO 6inKoBi AMCTpodii, NOKaNbHI LiNSHKK
HeKpobio3y i LUMTONI3y renaToumMTiB; B HUPKAX BUSBASAIM 3aCTiHY rinepemito Ta po3BUTOK reMopariyHoro Aiartesy,
03HaKM TAMKOCTI CyAMH Ta Aianefe3Hy KpOBOTOUMBICTb, @ B pa3i XpOHi3auii npouecy — BiANOBiAb HA YLLIKOAXKEHHS
€HIOTenito CyaAMH Y BUMNSAi Mirpauii MOHOHYK1eapiB Y ManbyTHE BOTHMLLE 3ananeHHs; B cenesiHui Ta niMpaTniHmnx
BYy3/1ax cnocrepiranacb geniMportusauis 6inoi nynbnu, B iHWMX BUNAAKaX B CeNe3iHui BUSBASAN 30iNblUEHHS KiNbKOCTI
BTOPUHHUX NiIMPATUYHNX BY3/MKIB 3 YTBOPEHHSM BEIMKMX PEAKTUBHUX LLEHTPIB

KniouoBi cnoBa: iepcuHios y KoTiB, natomopdonoris, Y. enterocolitica, KNiTUHHI 3MiHM
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Abstract. Service dogs are an important asset of law enforcement agencies.
Therefore, understanding their medical problems, knowing general
characteristics such as numbers, age, breed, gender, and purpose is crucial
to maintaining their health and readiness to perform complex tasks. Analysis
and dissemination of such information is an urgent task for specialists and
scientists dealing with the problems of keeping, providing, and veterinary
care for service dogs. The purpose of this study was to analyse the results of
statistical reports on the incidence of service dogs from 24 regional canine
centres of law enforcement agencies of Ukraine. In total, data on 822 service
dogs and records of 839 cases of diseases were considered. Data on the
number, age, gender, and direction of use of service dogs were also analysed.
It was found that internal non-contagious ailments were identified among
the diseases. Most of the problems were with the gastrointestinal tract:
dyspepsia, alimentary enteritis, and gastritis. It was found that among the
diseases of the visual and hearing organs, otitis media and cataracts were
most often detected. Traumatic injuries accounted for 16.7% of all records,
most of which were classified as wounds. It was found that every seventh
disease was related to the skin.Among them, two diseases had a considerable
predominance: dermatitis and eczema. Another group was detected with
a frequency of more than 5% - parasitic diseases, of which babesiosis was
the most common. The study also found that one in twenty animals had
diseases of the musculoskeletal system, of which arthritis and hip dysplasia
were mainly found. Statistical calculations have shown heterogeneity in the
distribution density of dogs, both in relation to the population and the area
of the region. Chernivtsi Oblast had the best density indicators, and Zhytomyr
Oblast had the lowest. Among service dogs, females have an advantage -
sexual differentiation was 1/1.15. An even distribution of the number of
service dogs by age was found, ranging from 2 to 7 years, with a weighted
average age of 4.9 years. The most common breeds were: German and Belgian
shepherds, as well as Labrador. Special and search dogs prevailed for their
intended purpose. The practical value of this study lies in the fact that certain
patterns of morbidity of service dogs provide an opportunity to change
the strategy of their selection, training, and treatment to use this valuable
resource more effectively
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sex, areas of use of service dogs
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INTRODUCTION

Since their domestication over 30,000 years ago, dogs
have played a significant role in human evolution (Wang
et al., 2016). Domestic dogs (Canis lupus familiaris) are
common in modern society, helping people in various
situations. Among domestic animals, dogs have the most
developed intelligence. In tests of elementary mental
activity, they demonstrate high results, inferior only to
great apes, dolphins, and some birds. For instance, dogs
successfully solve cognitive tasks to extrapolate the di-
rection of movement of an object and tasks to operate
with the empirical dimension of shapes. S. Coren (2016)
points out that according to several behavioural indica-
tors, the mental abilities of dogs are close to those of a
human child aged 2 to 2.5 years. The strongest instinct
of a dog is social behaviour, which manifests itself not
only in relation to its species, but also in interspecific
interaction. After studying about 500 mammals, Oxford
University scientists S. Shultz & R.Dunbar (2010) reported
that dogs are the most social of domestic animals. The
listed aspects made it the best friend and helper of human
from all domesticated animals.

However, dogs have some qualities that allow us-
ing them as helpers for special needs. The value of dogs
lies in the ability to perform tasks that humans cannot
perform, such as detecting odours. Search for explosives,
drugs, psychotropic substances, search work, security, and
protection - these are functional properties that allowed
distinguishing some breeds in the group of service dogs
for performing specialised tasks.

Bezpalova et al. (2019) note that today, both in
Ukraine and around the world, service (working) dogs
are used for a vast range of activities — from protection
to involvement in combat operations. They are usually
used in the field of law enforcement and rescue struc-
tures (army, border guards, police, fire departments, cus-
toms, mountain rescue services, etc.) where the conditions
of maintenance and use differ substantially from the
environment where domestic dogs exist.

Service dogs of cynological units of law enforce-
ment agencies perform a variety of tasks, which are
usually characterised by considerable deviations from
the average loads inherent in pets. This determines the
specific features of their maintenance and use, which in
turn creates the presence of specific health issues.

Issues with the incidence of service dogs are
widely covered in the scientific literature. Currently, there
is no centralised method for tracking traumatic injuries
or illnesses in service dogs used in law enforcement or
the armed forces. However, a memorial site has been
created that contains an extensive list of service dogs
that have died or been euthanised in service from 1940
to the present day, and new cases are regularly added
(Cortina, 2022). M. Martini et al. (2017) note that collect-
ing data on the causes of injury or death in dogs can
help develop new treatment, care,and training strategies
that can increase their survival.

Suprovych et al.

Numerous results of studies on the incidence of
service dogs have been published.Various causes of their
death, euthanasia, or culling are reported in the studies,
the main ones being osteoarthritis, degenerative joint
disease (Parr et al., 2013; Moore et al., 2001), neoplasia
(Evans et al., 2017; Jennings & Butzin, 1992), as well
as diseases of the gastrointestinal tract (Moore et al.,
2008; Andrews et al., 2018). Among similar studies con-
ducted in Ukraine, it is necessary to pay attention to the
papers of Levchenko (2008), Fasolia (2011), Gudyma (2013),
Demchuk et al. (2005).

The development of a progressive approach to
animal husbandry sets new, more humane requirements
for animals. M. Demchuk and O. Staennyi (2005) point
out that the realisation that an animal is not a mecha-
nism endowed with receptors and reflexes, but a living
being with its inherent behaviour, feelings of fear, pain,
joy, with its individual needs and personality, not only
physiological, but also mental, is necessary for every
person. M. Cobb et al. (2021) emphasise that the issue
of morbidity of any dog, including service dogs, should
be considered in a broader aspect, namely, from the
standpoint of the animal welfare concept. D. Mellor et
al. (2020) argue that the current idea of animal wel-
fare comprises 5 domains: 1 - nutrition, 2 - physical
environment, 3 — health, 4 - behavioural interactions, 5 -
mental state. Two of them, the health and mental state of
the animal, directly affect the incidence of service dogs.

Data collection for all domains is of broad practical
importance. The identified quantitative characteristics
allow analysing and identifying the causes of diseases,
generalising by breed, age, features of maintenance and
performance of official tasks,etc.Equallyimportantis the
creation of open databases, based on which to determine
the full profile of the risk to which dogs are exposed.
Maintaining healthy police dogs costs up to $1,500 per
year (Royal Canadian Mounted Police, 2022). Given the
massive costs of acquiring, training, and maintaining
highly qualified animals, such as service dogs, information
from such databases can change strategies for selecting,
training, and treating animals to make better use of this
valuable resource.

In modern society, statistics is one of the main
tools for analysing any data. Processing and analysis of
information allows obtaining the necessary generali-
sations and draw conclusions about further correction
at the macro- and micro-levels of the phenomena and
processes under study. The purpose of this study was to
evaluate statistical data on the morbidity, breed, age,
and gender structure of service dogs in the dog training
centres of law enforcement agencies of Ukraine.

MATERIALS AND METHODS

To fulfil this purpose, statistical research methods were
used, namely: a one-time observation plan and a varia-
tional method of grouping by the features under study.
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Indicators for calculations were taken from a special-
ised reporting form, developed by scientific and peda-
gogical staff of the department, which was sent by the
organisation department of the canine service of the
National Police of Ukraine to all canine centres. Statis-
tical observations were based on the annual reports of
24 dog training units of the law enforcement agencies
of Ukraine for 2021. The objects of observation were
service dogs. The study took place in four stages.

The first stage included receiving reports from
24 dog training centres according to a specialised re-
porting form. The main information concerned the inci-
dence of service dogs.Atotal of 839 cases of pathologies
and lesions were described. The reports also contained
information on the total number of dogs, their gender,
and breed differentiation, the age of the animals and
the number depending on the area of application. The
status of animal sterilisation was not recorded.

Atthe secondstage,thereceived data was verified.

At the third stage, two databases were formed:
database 1 - indicators of morbidity of service dogs;
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Figure 1. Number of service dogs in dog training centres of Ukraine

The number of service dogs involved in the law
enforcement agencies of different countries varies sub-
stantially. There are also no registers of their number,
which generates different information. In 2010, D. Watson,
director of the North American Police Dog Association,
estimated that there could be about 50,000 active po-
lice dogs in the United States. But that figure may be
higher now, given the growing need for trained pups to
help officers and sniff out bombs and drugs (Surprising
cause of...,2021). There are about 2,500 animals working
in the UK police force (Who we help, 2004). The official
police report of the Ministry of Defence shows that the
real number of dogs in this department from 2012 to
2018 ranged from 210 to 283 individuals (Police Dog
and Police Horse..., 2019).
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database 2 - indicators of the number, age, breeds, gender,
and area of use of service dogs.
The final fourth stage included statistical calcu-
lations and analysis of the results obtained.
Calculations were performed in the standard
Microsoft Excel 2013 package.

RESULTS AND DISCUSSION

The extent of diseases in dogs depends on many fac-
tors. The study of Uddin et al. (2021) shows that such
dependence can be based on age, gender, breed, and
even season. For service dogs, the risk level for pathol-
ogies and lesions increases due to the specifics of the
tasks they perform. Therefore, first, the authors consider
the statistical calculations regarding the number, breed,
age, and gender differentiation and the distribution by
purpose of service dogs from 24 cynological centres of
Ukraine.

Number of service dogs. The study used data on
822 dogs. The number of service dogs in regional dog
training centres of Ukraine is presented in Figure 1.

UKRAINE

/ RUSSIA

Khar k

S
[BE T*‘ij Luhansk

tava
“')\\inpropemwsk\s 3
Onij et /

-
-nmvohrad ipre

.?r‘/}
. A
SEA OF AZOV S

(\X//u e

"\_\ o Crimea

e
A SEA

The kennel unit of the Sri Lanka Police currently
has about 250 working dogs in 56 different locations in
the country (Dissanayake et al.,2021).The Finnish police
employ 260 police dogs and 240 dog handlers (Police
dogs, 2022). There are about 2,500 combat and service
dogs inthe service of the USArmy (Lagutchik et al.,2018).

However, an essential point of such statistics is not
the quantity, but the quality of providing service dogs
to certain regions in different countries. Therefore, truth-
ful information is statistics of relative indicators that
show the density of dogs per unit area or the population
of the region where the dog training unit patrols. The
following is a comparison of the results of the authors’
own research and data from three urban and county dog
training centres in Poland, which geographically borders



Ukraine and has many similar socio-cultural features
(Gasiorowski, 2019). The comparison results are present-
ed in Table 1. Ukraine is represented by three regions:

Suprovych et al.

Chernivtsi, Dnipropetrovsk, and Zhytomyr oblasts, re-
spectively, with the highest, average, and minimum den-
sity in terms of the ratio of population and service dogs.

Table 1. Density of service dogs in different regions of Ukraine and Poland

Regions Number of service dogs (N) Population, people (P) Area, km?(S) P/N S/N
Ukraine

Dnipro 79 3,176,648 31,914 40,211 404

Zhytomyr 24 1,208,212 29,832 50,342 1243

Chernivtsi 30 901,632 8,097 30,054 270
Poland

Bydgoszcz 89 2,086,210 17,972 23,441 202

Biatystok 64 1,188,800 20,187 18,575 315

Gorzéw 29 1,018,084 13,988 35,106 482

Source: compiled by the author

Density indicators for Ukraine are worse than in
Poland, except for the Chernivtsi Oblast. But the real
need for service dogs is mainly determined by the num-
ber of tasks they have to perform, although relative in-
dicators usually correlate with the population density
of the region (Shichor et al. 1979; Nolan, 2004).

Distribution by gender. The generalised results of
the study of the sexual differentiation of service dogs
showed that females are more often used in cynological
units of Ukraine, and the ratio between males and fe-
males is 1/1.15.

Both males and females are excellent service
dogs. But statistics from the United States, Canada,
Great Britain, Australia, and New Zealand show that
males significantly outnumber females. Thus, females
make up only 15% of working dogs in Alberta (Cana-
da). In the United States, most dogs that work for the
police are males (Is There a Reason...., 2022). During
operations Desert Shield and Desert Storm, the United
States deployed 118 military working dogs to the Persian

Gulf theatre. The sex ratio was 80% of intact males,
12% of neutered females, and 8% of neutered males
(Burkman et al., 2001).

Gender plays a substantial role in the abilities of
a service dog, such as the ability to detect drugs. Ger-
man Shepherd males are much easier to train than fe-
males. Intact German Shepherd males and females are
much more trainable than castrated dogs (Abdel Fattah
& Abdel-Hamid, 2020). Male dogs are more aggres-
sive and stronger, so they are often chosen for police
service. Most K9 dogs are males. However, females are
increasingly joining the work as K9 service dogs (K10
Workingdogs, 2022). But they are used more for a spe-
cial purpose: detecting bombs, drugs, contraband, etc.

Age indicators. Analysis of the distribution of service
dogs by age in selected cynological centres of Ukraine
showed a uniform distribution of the number with a
gradation of 12 months, except for young (up to 1 year,
1.95%) and old dogs (over 7 years, 17.9%) (Table 2). The
weighted average age of a service dog was 4.9 years.

Table 2. Distribution of service dogs by age

Age of thedog Uptolyear 1-2years 2-3 years

3-4 years

4-5 years 5-6 years 6-7 years  Over 7 years

Amount, % 1.95 119 14.8

16.2

14.8 135 8.2 179

Source: compiled by the author

Since different breeds are used in law enforcement,
the lifespan of service dogs can vary greatly. In general,
their life age can range from 9 to 15 years. According to
a survey of police canines in New Zealand, the average
age of 158 service dogs was 3.2 years (Baltzer et al.,2019). A
similar figure for 1,220 police dogs referred to Baghdad
Veterinary Hospital in 2015-2017 was 4.6 years (Tamimi
& Wali, 2019). The average age of military working dogs
used during Operation Iraqi Freedom Il was 6.33 years
(Toffoli & Rolfe, 2006).

Athorough investigation of the age indicators of
service dogs divided into seven categories of service is
presented in the paper (Kania-Gierdziewicz et al., 2018).
Considerable variability in the age of dogs at the time of
discharge was observed depending on the type of ser-
vice. Thus, dogs used in riot control units were released
at the age of 5.1 years, and service dogs of the patrol
and investigative service and anti-terrorist units - at the
age of 7 years. The oldest age at the time of release was
reached by dogs of the patrol, investigative, and guard
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service,which were 9 years old or older at the time of dis-
charge. Service life was highest in patrol and investiga-
tive dogs,at 7.6 and 7.5 years, respectively. The length of
service in certain groups showed similar trends to those
observed for the previously considered indicator, i.e.,

German Shepherd
68.5%

the age at dismissal. Gender differentiation. The service
dog breeds in 24 cynological centres of were analysed.
It was established that 6 breeds are mainly used in law
enforcement agencies, among which Labrador, German
and Belgian Shepherds are most often involved (Fig. 2).

Belgian Shepherd
Dog (Malinois)
16.8%

=== Fastern European
shepherd 0.4%

Labrador 6.6% r
Rottweiler 1.1%
Spaniel 3.4% -
Other breeds 3.3%

Figure 2. Number of service dogs in dog training centres of Ukraine

According to K-9, the most popular breeds are
German Shepherds, Belgian Malinois, Dutch Shepherds,
and sometimes hybrids of these breeds. Rottweiler, Do-
bermann, and Flemish Bouvier are less popular. Other
breeds are more commonly used as searchers (National
Police Dog Foundation, 2021).

The UK Metropolitan Police has approximately
320 dogs working in 6 key locations in North, South,
East, and West London, including a dog training facility.
Approximately 60% are general purpose dogs. These
are mainly German Shepherds or Belgian Malinois. The
remaining 40% are specialised search dogs (English
springer spaniels, Labradors, and cocker spaniels) (Met-
ropolitan Police Service, 2016).

In the Polish police, the best breed is the Ger-
man Shepherd. Research results show that more than
73% of dog handlers work with dogs of this breed. Bel-
gian Shepherds are less popular, as only 14.9% of the
surveyed dog handlers work with them. The Labrador
breed is the least used (1.95%) (Gasiorowski, 2019).

Similar information can be found in the review (Zink
& Schlehr, 2020), which states that the German Shepherd,
Belgian Malinois, and Labrador Retriever are the most
common breeds of working dogs.

Asimilar pattern is observed among military dogs.
An analysis of the release of 268 US Department of De-
fense service dogs between 2000 and 2004 found that
the main breeds were German Shepherds (120 animals)
and Belgian Malinois (100 animals) (Evans, 2007).

Areas of use. Service dogs perform various tasks.
They are used in activities related to the search for nar-
cotic drugs (weapons, money), prevention of terrorist
manifestations, search for explosives, detention of indi-
viduals who are trying to leave the crime scene, when
searching for tools or means of committing an offence,
to help search for the bodies of dead or missing people,
to identify traces of blood, to maintain public safety and
order, etc. (Allsopp, 2012). Therefore, the number of ser-
vice dogs and how they are used may vary. This is also
related to the developed strategies of countries according
to their policies and needs to achieve the most efficient
operation of the dog training service.

In practice, depending on the functional use, the
following groups of service dogs are most often distin-
guished: search, patrol-search, special, convoy, sentry.
According to this distribution, an analysis of the use of
service dogs of the law enforcement agencies of Ukraine
was carried out (Table 3).

Table 3. Distribution of service dogs of law enforcement agencies of Ukraine depending on the application

Patrol and search

Search .
services

Special

Convoys

Sentries Backup services Other

38.81 41.73 7.66

1.46

2.31 7.3 0.24

Source: compiled by the author

As of April 2019, 646 dog handlers and 929 ser-
vice dogs worked in the dog training units of the Na-
tional Police of Ukraine, of which 390 or 42% were search
dogs (Garmash, 2019).

For instance, in Turkey, dog handlers are trained in
six different areas: narcotics, explosives, arms smuggling,
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intelligence, corpses and patrol dogs, and the most suit-
able field of activity for each dog is determined through
special ability tests, after which training is carried out
in a particular area (Sebnem Ozcan et al., 2009).

In Poland, most dog handlers work with patrol
and tracking/sniffing dogs (50.65%). They accompany



police officers on patrol and take part in measures to
ensure and restore public order during mass events,
mass gatherings and pursuits of suspected criminals,
ambushes, and blockades. Overall, more than half of
the dogs have single skills compared to individuals that
have “dual” skills. Among the categories of dogs with
special abilities, the group of dogs trained to detect the
smell of drugs is most represented (11.69%). A small

Diseases of the |
organs of vision,
hearing 18.4%

Surgical | Traumatic
injuries 16.7%

Diseases of the
joints 5%

Tumors 3%

infection 3% |

Skin diseases
13.9%
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percentage of dogs are trained to detect the smell of
explosives (3.25%) (Gasiorowski, 2019).

Morbidity of service dogs. In the study, 839 records
of diseases of service dogs in the cynological centres of
Ukraine were analysed. They are divided into 10 sectors
(Fig. 3). This differentiation allows identifying the 5 most
common groups of diseases (together 82.9%), for further
and more thorough analysis.

Internal non-
contagious
26.5%

Obstetric and
gynecological
2.3%

Infectious
diseases 3.9%

Parasitic
diseases 7.4%

Figure 3. Group differentiation of diseases of service dogs of canine centres of Ukraine

It was found that more than a quarter of all cases are
related to internal non-infectious diseases, most of which
are associated with the gastrointestinal tract. The following
positions were taken by diseases of the visual and hearing
organs, injuries, skin diseases, and parasitic ones.

There are some scientific papers that provide
generalised data from large-scale studies on the inci-
dence of service dogs. Thus, an analysis of the incidence
of 1,220 police dogs sent to the Baghdad Veterinary
Hospital in 2015-2017 (mainly German Shepherds and
Belgian Malinois, whose average age was 4.6 years)
showed that congestive heart failure, babesiosis, vari-
ous malignant tumours, and intestinal parasites were
diagnosed most often (Tamimi & Wali, 2019).

In the paper cited earlier,Uddin et al.(2021) analysed
data on 1,557 cases of various diseases collected in the
registration book of the Dhaka Central Veterinary Hos-
pital (Bangladesh). The results showed that the highest
proportional morbidity was noted for infectious diseases
(53.8%), followed by non-infectious diseases (23.4%) and
the lowest for non-specific (22.7 %) cases.

Quantification of medical problems in 774 mili-
tary working dogs (US) and analysis of factors associated

with common diseases between one and six years of age
(mean 2.6%0.5) revealed that 83% of dogs had non-sur-
gical medical problems. The most common of these were
dermatological (25%), alimentary (21%), dental (15%),
soft tissue injuries (10%), and musculoskeletal condi-
tions (4%) (Schuh-Renner et al., 2021).

A retrospective study of the causes of death or
euthanasia of 927 U.S. military working dogs found that
76.3% of cases were associated with appendicular de-
generative joint disease, neoplasia, spinal cord disease,
non-specific ageing, and stomach inversion. The authors
of the study also claim that for most military service dogs,
death or euthanasia is the result of several diseases
usually associated with old age (Moore et al., 2001).

Analysis of the incidence of service dogs in Ukraine
showed that the largest share of problems is associated
with internal non-infectious diseases (26.5%), most of which
are related to the gastrointestinal tract (69.8%). Among
the pathologies of the gastrointestinal tract, there are
three problems: dyspepsia, alimentary enteritis, and gas-
tritis (Fig. 4). These diseases cover almost three-quarters
of all problems with the digestive system and just over
half (51.3%) of all internal non-infectious diseases.

Diseases of the gastrointestinal tract

Pancreatitis 9% |

Gingivitis 2.6% | Gastritis 15.5%
Stomatitis 2.6%
Cholecystitis 0.6%
Gastroenteritis 2.6%

Enterocolitis 1.3%

20%

Gastroduodenitis |
1.3%

Dyspepsia 38.1%

' Intestinal bleeding

Alimentary enteriti

| Hepatopancreatitis
1.3%
| Inflammation of the
paraanal glands 3.2%

| Acute expansion of

0.6% the stomach 1.3%

Figure 4. Distribution of gastrointestinal diseases in service dogs of Ukraine
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Among other non-infectious diseases that are not
related to the digestive system, most of the records were re-
lated to the respiratory system (8.1%) and allergies (5.4%).

The study by J.Alves et al. (2021) analysed dyspep-
sia problems in service police dogs. Among 188 animals
with an average age of 5.2 years (80 Malinois, 52 German
Shepherds, 25 Labradors and 19 Dutch Shepherds), the
prevalence of diarrhoea was 10.6%, and 4% were diag-
nosed with a liquid form.In 151 police dogs (sentries and
search for explosive objects) used to protect organisa-
tions of high economic importance and tourism in Egypt,
diarrhoea occurred in 9.1%, vomiting - in 5.2% (Haithem
etal.,2011).G.Rakha et al. (2015) conducted an extensive
study of 3,864 dogs in the city of Cairo,which showed that
diarrhoea with vomiting occurred in 29.2% of animals.

Alimentary enteritis is mainly caused by improper
feeding of dogs, i.e., it occurs due to problems with the

upkeep and maintenance of animals. This arouses the
interest of researchers in this problem rather as man-
agement and upkeep features than the morbidity of
dogs, despite their purpose. In a study of military dogs,
Schuh-A. Renner et al. (2021) showed that among the
most common non-surgical medical problems, alimen-
tary problems were also in second place (21% of records).

Regarding gastritis, the study by N. Tamimi and
A.Wali (2019) indicated a small proportion of animals
that had a similar pathology in service dogs (0.66%). In
the study of J. Alves et al. (2021), a comparable situation
was found in domestic dogs (1.94%).

Problems with the organs of sight and hearing
in Ukrainian service dogs were noted in 154 records.
Most diseases of the visual organs are associated with
cataracts (7.75% of all records), hearing organs - with
otitis media (9.65% of all records) (Fig. 5).

Diseases of the organs of vision, hearing

Blepharitis 0.6%

Keratitis 1.3%
Turn of the eyelids
2.6%

Otitis 52.6%

junctivitis
42.2%

Cataracts 0.6%

Figure 5. Diseases of the visual and hearing organs in service dogs of Ukraine

Eye diseases substantially affect the professional
fitness of dogs. Thus, ophthalmic diseases in police and
military dogs were the cause of 1.4% of medical emergen-
cies (Parr et al., 2013), 2.4% of discharges from service (Evans
et al.,2007) and 11% of deaths and euthanasia (Moore et
al.,2001). In a study of 71 service dogs (61 police, 10 han-
dlers), eye abnormalities were found in 38 (54%) animals,
the most common of which was primary cataract (Oliveira
etal.,2020).

Analysis of the spread of otitis media had differ-
ent results. In the previously cited work (Tamimi & Wali,
2019), the prevalence of otitis in service police dogs is

Stretching 10%

Foreign bodies 5%
Corneal wound 0.7%
Hematoma 2.1%

Trauma 1.4% )

Slaughter 12.9%

2.95%. In the general population of dogs, otitis is more
common. A detailed analysis of a random sample of
3,884 dogs in England revealed that otitis externa was the
most common type (prevalence 10.2%, 95% Cl: 9.1-11.3)
(Neill et al., 2014). Comparable results were obtained in
South Korea, where ear and mammary gland diseases
accounted for 10.4% (Kim et al., 2018). In the study of
pathologies of service dogs of Ukraine, traumatic lesions
were found to be the third most common. It is logical that
for this category of pathologies, the predominant share is
occupied by wounds (62.1%) because most of the tasks
performed by dogs are associated with traumatic risks (Fig. 6).

Traumatic injuries

‘Wounds 62.1%

Hernia 5.7%

Figure 6. Traumatic lesions of service dogs of Ukraine

Trauma, defined as tissue damage caused by vio-
lence or accident that occurs suddenly and involves phys-
ical damage to the body, is a common cause of morbidity
and death in dogs. In Fleming et al. (2011), large-scale
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epidemiologic studies of age- size, and breed-specif-
ic mortality in North American dogs from 1984 to 2004
show that trauma accounts for 11-13% of all animals
evaluated in urban veterinary hospitals. Among the



causes of death of 74,556 dogs, trauma was the second
most common cause of death in young dogs (after infectious
diseases) and adult dogs (after neoplasia).

A statistical evaluation of the trauma of 315 client
dogs from 4 veterinary hospitals (USA) showed the fol-
lowing distribution of injuries: blunt (54.9%), penetrating
34%, unknown 11.1% (Hall et al., 2014).

Aretrospective study of the deaths of 867 civilian
U.S. law enforcement dogs in the line of duty from 2002
to 2012 found that in 318 cases, the deaths were classi-
fied astraumatic.Causes of death oreuthanasiaincluded:
motor vehicle collision (25.8%), heatstroke (24.8%) and
penetrating ballistic injury (23%) (Stojsih et al., 2014).

Interesting results were obtained in the works
of P. Fox et al. (2008) and K. Slensky et al. (2004), which
identified the types and incidence of acute injuries and
illnesses to working dogs during deployment and rescue
operations at the World Trade Center following the Sep-
tember 11, 2001, terrorist attack. The first study exam-
ined 27 dogs of the New York City Police Department, the
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second - 96 search and rescue dogs. Specific conditions
related to cuts accounted for 9.3 cases per 1,000 hours
of active deployment in the first study, and 5 cases per
1,000 hours of search in the second.

Another study (Edwards et al., 2021) compared the
prevalence of injury types among military working, oper-
ational, and civilian dogs (193, 35, and 20,699 records, re-
spectively) showed that all groups showed similar trends
in injury type. Penetrating injuries were the most common,
followed by blunt injuries for civilian and operational dogs.
An equal proportion of blunt and penetrating injuries was
observed in military dogs. Furthermore, in the study by Ta-
kara & Harrell (2014) it is shown that, among the biggest
problems of military dogs, non-combat-related soft tissue
injuries accounted for 21%.

The next part of the presented study concerns skin
diseases in service dogs of Ukraine. Most skin problems
related to two diseases: eczema and dermatitis (Fig.7).In
117 records about skin diseases, eczema accounted for
6.67%,dermatitis—6.91% (ofthe totalnumberof records).

Skin diseases

Allergic dermatitis 0.9%

Pododermatitis 1.7%

Eczema 47.9%

Dermatitis
49.6%

Figure 7. Skin diseases in service dogs of Ukraine

The skin is the largest organ of the body with
many functions such as thermoregulation, immune de-
fence, sensory perception, vitamin D production, and it
actsasabarrier betweenthe animaland its environment.

For instance, according to the results of research
by Hierdieva et al. (2020) on the spread of diseases of
non-contagious aetiology in the city of Dnipro, it was
established that 20.75% of all cases concern skin dis-
eases. In the structure of these pathologies, dermatitis
and eczema are found in the absolute majority, which
make up 38.16% and 24.32% of cases, respectively.

Police dogs in Egypt had serious skin diseases.
Itching as a sign of a skin problem was recorded in every
fourthanimal (24.8%) (Haithemetal.,2011).Ticks (16.4%)
created more problems. A similar result was obtained
for military dogs. The most common non-combat-related
problems were dermatological conditions (25%) (Takara
& Harrell, 2014). Thus, every fourth to fifth dog has prob-
lems with skin diseases. This applies to both special an-
imals and pets. In the study of the incidence of service
dogs in Ukraine, the fifth place in frequency of distribution
belongs to parasitic diseases (Fig. 8).

Parasitic diseases

Demadecosis 9.7% |

Toxocarosis 16.1

besiosis 40.3%

Lice 1.6%

Otodectosis 24.2%

Dirofilariasis 8.1%

Figure 8. Parasitic diseases of service dogs of Ukraine
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More than 80% of the problems related to three
parasitic diseases. The following were the most common
of them: babesiosis (40.3%), otodectosis (24.2%) and toxo-
carosis (16.1%).

Studies of the incidence of service dogs in Ukraine
have established significant problems with babesi-
osis. This disease is spreading rapidly in Central and
North-Eastern Europe, and its appearance correlates
with the rapid and successful spread of the decorative
dog tick (Dermacentor reticulatus) population in this area
(Bajer et al., 2022). As a result of epizootological mon-
itoring of babesiosis in dogs (Mokryi & Ksyonz, 2017),
7,866 cases of the disease were registered in Poltava
over a 9-year period (from 2007 to 2016). Among sick
animals, males outnumber females by 20%.Dogs aged 2
to 3 years are the most affected (11.1-16%). Regarding the
breed ratio, most cases concern pure-bred dogs (20.9%),
German shepherds (13.9%) and Rottweilers (7.5%).

Comparable results were found in a study of 242
blood samples from K9 police dogs in Egypt. Haemato-
logical, biochemical,and oxidative stress analysis of blood
performed together with expression analysis using two
genes (interferon-gamma [IFN-y] and tumour necrosis
factor-alpha [TNF-a]) showed that 25.6% of blood sam-
ples were positive for Bvogeli infection. Infection rates were
higher in males than in females (Zaki et al., 2021).

Some canine parasitic infections, even if they have
little or no effect on the dog itself, are zoonotic and capable
of causing disease or disease in humans (Saari etal.,2019).

Studies of non-systemic ecto- and endoparasitism
in dogs in Spain (Martinez-Carrasco et al.,2007) showed
that faecal stages of parasites were found in 25% of
dogs. The species frequency was 6-10% for Toxocara canis,
Ancylostomatidae spp., Toxascaris leonina and Isospora
canis and 0.4-1% for Trichuris vulpis, Giardia lamblia and
Dipylidium caninum. Fleas, ticks, and lice were found in
38%, 6% and 2% of stray dogs.

A study of the prevalence, intensity, and risk
factors of ectoparasite infection among 333 dogs was
conducted in Nigeria. Two hundred and seventy-one
dogs (81.4%) were infected with at least one type
of ectoparasite, and multiple infestations were regis-
tered, mainly among females. Six species of ectopara-
sites of three taxa were identified: ticks (Rhipicephalus
sanguineus sensu lato, Haemaphysalis leachii and Am-
blyomma variegatum), fleas (Ctenocephalides canis and
C. felis) and louse (Heterodoxus spiniger). The most com-
mon was R. sanguineus s.l. (70.3%), followed by C. felis
(42.1%) and H.spiniger (30%) (Abdulkareem et al., 2018).

Faecal samples from 180 police and domestic dogs
in Egypt were collected and then analysed (Ahmed et al.,
2014) by various flotation and sedimentation methods.
The prevalence of gastrointestinal parasites in police dogs
was 7.5%,and in domestic dogs — 40%. Examination of the
faeces of 120 police dogs revealed Toxocara canis eggs in
0.8%, Ancylsotoma caninum in 1.7%, Trichuris vulpis in 0.8%,
Cystoisospora canis in 4.2%, and Giardia species in 1.7%.
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A study of 39 police dogs in Iraqg aged 6 months
to 12 years showed that 15 (38.46%) animals were di-
agnosed with moderate or severe microfilariasis (Al-Sa-
lihi et al., 2019). A monitoring programme, aimed at di-
agnosing subcutaneous heartworm and heartworm in
working (police and military) dogs in Slovakia, was per-
formed in the period from September 2007 to Febru-
ary 2008. 710 dogs (591 police and 119 military) were
examined for the presence of microfilariae in the blood.
They were found in the samples of 118 (20%) police and
10 (8.4%) military dogs. In several areas of southern Slo-
vakia, the prevalence of subcutaneous dirofilariasis in
working dogs exceeded 40% (Miterpakova et al., 2010).

In a study of 668 dogs in Sri Lanka, 25.3% were in-
fected with 7 variants of haemoparasites. The prevalence
of infections among military dogs was 22.5%, of which
B. gibsoni was the most common (13.8%) (Rajakaruna et
al., 2021). Among other pathologies, it is important to
pay attention to diseases of the musculoskeletal system
because the mobility of service dogs can be decisive for
the performance of most of the tasks set before them,
and, as a rule, is the main reason for the culling of ani-
mals. In our study, 5% of animals with such diseases were
found, of which arthritis and hip dysplasia were found in
66.7% and 23.8% of cases, respectively.

It is known that the peculiarity of German shep-
herds, which comprise the majority of personnel in ca-
nine units, is orthopaedic problems. Thus, according to
A.Worth et al. (2013), the reasons for the loss or retire-
ment of New Zealand police German Shepherds of the
nominal age for planned retirement (8 years) reached
only 40% of dogs. The main reason for culling was the
inability to cope with physical demands (65%) due to
diseases of the musculoskeletal system. A comparison
of emergency department medical records at the Uni-
versity of Pennsylvania Veterinary Hospital from July 2008
to July 2010 showed that orthopaedic issues in German
Shepherds were significantly more common in police
dogs compared to domestic dogs (Parr & Otto, 2013).

Within the scope of this work, it is practically
impossible to give a comprehensive description of all
diseases and pathologies of service dogs of the secu-
rity forces of Ukraine. Out of more than 80 names, a
significant part of the diseases in the records occupies
less than 1%. In addition, a dog can have two or more
diseases at the same time (Galatyuk et al., 2019). The
reports did not indicate the presence of multiple pa-
thologies, but many animals had more than one dis-
ease, as evidenced by the preponderance of the number
of entries (839) over the official number of dogs (822).
Therefore, this topic requires further research on the
study of multiple pathologies of service dogs.

CONCLUSIONS

An analysis of the records of the incidence of service dogs
in 24 cynological centres of Ukraine showed that 82.9%
of all cases refer to five groups of diseases: internal



non-contagious diseases (26.5%), organs of vision and
hearing (18.4%), traumatic lesions (16.7%), diseases skin
(13.9%) and parasitic diseases (7.4%).

The most common diseases and pathologies were
dyspepsia, alimentary enteritis, gastritis, otitis, cataract,
traumatic wounds, dermatitis, eczema, and babesiosis.
It was found that one in twenty animals had problems
with the musculoskeletal system, of which arthritis and
hip dysplasia were the most common.

Statistical features of the number, breed, age, and
sex structure of service dogs have been established. In
the cynological centres of Ukraine, the most common
breeds were the German Shepherd - 68.5%, the Belgian
Shepherd - 16.8% and the Labrador - 6.6%, while spe-
cial (41.9%) and search (39%) dogs prevailed by purpose.
The predominance of females (53.4%) over males was also
revealed, which is not characteristic of canine units of
the power structures of other countries.

Given the high costs incurred by state and local
governments in acquiring, training and maintaining highly
trained dogs, as well as the entire infrastructure that
supports the canine service, it would seem appropriate
to create a broad database that would be distributed across
government levels and include all issues that refer to
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service dogs considered in this work. It is also important
to study these issues in dynamics. This will enable a
more thorough determination of the full risk profile to
which service dogs are exposed. Open information pro-
vides the opportunity to identify certain patterns that
can be used to change selection, training, and treat-
ment strategies to more effectively use this valuable
resource.

Because service dogs are an indispensable as-
set to law enforcement agencies, gaining a better un-
derstanding of their common medical problems and
associated risk factors is critical to maintaining their
health and readiness for challenging tasks. Identifying
the diseases and their causes that shorten a dog’s life
span would allow the introduction of preventive medi-
cine and treatment methods to increase their longevity.
In addition, improved knowledge of medical data can
improve preparedness and focus training for veterinary
canine service professionals responsible for the com-
prehensive veterinary care of service dogs. Thanks to
veterinarians and scientists working to advance service
dog knowledge, service dog care can be improved to help
secure the future of this valuable resource that helps
humanity solve complex problems.
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3axBOpPIOBaHICTb CNy)X60BUX cO6aK B KiHOMTOMYHUX LIeHTPaX YKpaiHU
TetaHa MuxainisHa CynpoBuy, Mukona Metposuy CynpoBuu,
CsiTnaHa BacunieHa Jlaittep-Mockaniok, Bauecnas Bonogummuposuu Tpau, TetaHa CepriiBHa Tokapuyk

3aknapg, BuLWOi 0CBiTM «IOAINbCbKMIA Aep>KAaBHUM YHIBEPCUTET»
32316, Byn. LleByeHka, 12, M. KamaHeub-Toginbcbkmi, YKpaiHa

AHotauis. Cnyx60Bi cobaKM € BaXIMBUM aKTMBOM CMNTOBUX CTPYKTYP. TOMY PO3YMiHHS iX MeANYHMUX NPO6NeM, 3HaHHS
3arasibHMUX XapaKTePUCTUK, TAKMX K YMCENbHICTb, BiK, NOPOAA, CTaTb, NPU3HAYEHHS € BUPILIANbHUM A8 NiATPUMKM
iX 300pOB Ta rOTOBHOCTI A0 BMKOHAHHS HMMM CKNAAHMX 3aBAaHb. AHaNi3 Ta NowMpeHHs NoaibHoi iHpopMauii €
aKTya/bHUM 3aBAAHHAM 419 CMeLianicTiB Ta HAYKOBLIB, SIKi 3aiMatoTbCs NpobnemMaMu yTpUMaHHsS, 3abesneveHHs, Ta
BETEPUHAPHOIO 06C/IYroBYBaHHS CNyH60BMX cobak. TeMa HayKoBO-A,0CNiAHOT pobOTM NoNgrae B aHanisi pesynbraTiB
CTAaTUCTUYHUX 3BITIB LW,OA0 3aXBOPHOBAHOCTI CYXO0BUX COBaK 3 24 perioHanbHMX KiHONOFIYHUX LEHTPIB CMNOBUX
CTPYKTYp YKpainun. Bcboro posrngHyTo faHi no 822 cnyx6oBmM cobakamum Ta 3anucy npo 839 B1NaaKiB 3aXBOPHOBaHb.
TakoX MpoaHanizoBaHO AaHi LWOAO YMCENbHOCTI, BiKy, CTaTi Ta HanpsMKy BMKOPUCTaHHSA cnyxboBux cobak. byno
BUSIBJIEHO, LLO Cepef 3aXBOPHOBaHb BM3HAYaNMCS BHYTPILIHI He3apa3Hi xBopobu. Haibinbwe npobnem 6yno 3
LUSTYHKOBO-KMLLKOBMM TPAKTOM: AUCNENCiS, aNiIMEHTAPHUI €HTEPUT i racTpuT. BCTaHOBNEHO, WO cepen XBOpOb opraHiB
30py Ta CNYXy HanyacTiwe BUSBNSNMUCSA OTUTU Ta KaTapakTa. TpaBMaTUUHI ypaxeHHs cknanu 16,7 % Big, ycix 3anucis,
6inbLwicTb SkMX kKNnacndikyBanacsa K paHu. BctaHoBneHO, LLO KOXXHE CbOMe 3aXBOPHOBaHHS ByNn0 NOBM3aHO 3i WKipoto.
Cepep, HMX 3HAYHE MepeBaXaHHs Manu ABi XBOpoOM: epMaTUT Ta ek3eMa. 3 4acToTo NoHaA 5% Buasnanacsa we
O[Ha rpyna — napa3uTapHi XBOpobu, 3 aKMx Hanbinbw nowmnpeHnm bys Habesios. TakoxX y fOCNiAXKEHHI BUSBNEHO,
WO KOXHAa ABajuATa TBApMHA Mana 3aXBOPKOBAHHSA OMOPHO-PYXOBOro anaparty, 3 SKMX MepeBaXHO 3yCTpiyanucs
apTpUT i AMcnnasia Kynbwosoro cyrnoby. CraTUCTUYHI PO3paxyHKM NOKas3anu HEOAHOPIAHICTb LWiNbHOCTI po3noAiny
cobakK, K Mo BifAHOLWEHHIO [0 YMCENbHOCTI HACeNEeHHs, TakK i [0 naoLwi perioHy. Harkpalyi noKasHMKK LLiNbHOCTI
Mana YepHiBeupbka, a HanMMeHwi — Xutomupcbka. Cepen cnyx60Bmx cobak nepesary MakTb CaMKM — CTaTeBa
nndepeHuiauis cknana 1/1.15. BuseneHo piBHOMipHUWIA po3noain unmcenbHocTi cnykboBux cobak 3a BikOM B Mexax
BiA 2 00 7 POKiB 3 CepefHbO3BAKEHUM 3HAUYEHHAM BiKy Y 4,9 poky. Hanbinblw nowmpeHnMm nopoaaMmn BUSBUINCS:
HiMeLbKa Ta benbricbka BiBYapKM, @ TAaKOX N1abpafop. 3a NpM3HAYEHHSM MepeBakanu crewiabHi Ta po3LLUYKOBI
cobaku. MNpaKkTUYHa LiHHICTb AAHOT0 AOCILKEHHS NONAraE B TOMY, WO BW3HAYEHi 3aKOHOMIPHOCTI 3aXBOPHBAHOCTI
Cnyx60BMX COBAK, Lat0Tb MOXKMBICTb 419 3MiHUM CTpaTerii iX BiL6OpY, HABYAHHSA Ta NliKyBaHHS, W06 Hinblw eeKTUBHO
BMKOPUCTOBYBATHU LieM LiHHMI pecypc

Kntouosi cnoBa: KiHonorivHi niapo3ainu, audepeHuialis 3axXBOpOBaHb, YUNCENbHICTb, BiK, TOPOAU, CTaTb, HANPAMMU
BMKOPUCTaHHS Cy>k60BMX cobak
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the animals under study increases. Exceeding of the maximum permissible
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INTRODUCTION
Ukraine still feels the consequences of the explosion at
the Chernobyl Nuclear Power Plant to this day. In the
36 years that have passed since this terrible accident,
many studies have been conducted to find the level of
radiation pollution in the affected areas and to establish
ways to reduce the impact of radiation on the body of
animals and people. Minimisation of the consequences
of an accident in the agricultural sphere on territories
contaminated with radionuclides, which includes the
implementation of radioprotective measures in crop and
animal husbandry, is one of the main elements of the ra-
diation safety system (Hudkov & Lazariev, 2018; Landin
et al., 2017; Romanchuk et al,, 2019). Therefore, one of
the priority tasks of modern radioecological science is
the systematic control of **’Cs and “Sr contamination of
plant and animal products and the study of the specific
features of their migration in agricultural ecosystems.

Even today, a significant area of the Ukrainian
Polissia zone is contaminated with radionuclides after
the Chernobyl Nuclear Power Plant explosion.There are
still cases of prominent levels of contamination with
137Cs and °°Sr isotopes of soil samples, feed crops, agri-
cultural products, products of animal origin, etc. At the
same time, in this zone, the development of industrial
and intensive agricultural production led to an increase
in the concentration of heavy metals in the agricultural
landscape, which led to a disturbance in the ecosystem
balance (Razanov et al, 2022; Peng et al.,, 2015a). An
increase in the number of sick, weakened animals is an
indicator of a violation of metabolic processes in the
body. Upon feeding farm animals with feed contaminat-
ed with heavy metals, increasingly more harmful com-
ponents gradually accumulate in their bodies, leading
to a decrease in productivity and product quality (Peng
et al., 2015b; Martyshuk et al., 2019; Zinko, 2017).

According to the authors’ reports (Wang et al.,
2018), heavy metals of high toxicity — Pb, Cd, Hg, As,
Se, F, Zn - pose a special danger to farm animals and
humans. Referring to the results of research by WHO
experts, including other international organisations, Pb
is the largest environmental toxicant. Due to its high
biological activity, lead can accumulate in all internal
organs and tissues of animals and poultry (Trakhten-
berg et al., 2015). The reason for such distribution of
this metal in the natural environment is the rather wide
scope of its application and use. At its blood concen-
tration of 200-400 pg/l, people may develop signs of
poisoning (Yabe et al., 2015).

Cadmium is a natural heavy metal, one of the
most toxic elements, it belongs to class Il hazardous
substances (Chen et al., 2019; Lavryshyn et al., 2018).
Cd enters the body of animals mainly with feed and
water, accumulates in tubular bones, pancreas, spleen
and, above all, in the liver and especially in the kidneys,
while the half-life of Cd from the body is from 10 to
30 years (Lavryshyn et al.,, 2018). Upon reaching a significant
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concentration in the body, Cd can affect the nervous
system, as well as cause pathological changes in the
tissues of organs (kidneys, lungs, bone tissue, organs of
the reproductive and endocrine systems), suppressing
the erythropoiesis (Peng et al., 2015a; Ostapyuk & Gutyj,
2019). Namely, under the action of Cd, a decrease in
functional activity was observed in bone marrow blood
cells (CFU-E). Upon long-term cadmium feeding, an in-
crease in the number of micronuclei in the bone mar-
row cells of animals was observed. This is what causes
damage to DNA molecules. Cadmium, due to its high
coefficient of biological accumulation, adversely affects
the health and condition of animals (Ostapyuk & Gutyj,
2020; Knoell & Wyatt, 2021). The main danger of Cd is
determined by long-term exposure to animal health,
since it has a high coefficient of biological accumulation
(up to 40 years) (Lavryshyn & Gutyj, 2019).

Recently, the accumulation of heavy metals and
their hazardous compounds in the Ukrainian environment
has increased several times, especially after the Cher-
nobyl accident (Razanov & Kabachenko, 2018; Savchenko
et al., 2017). Environmental consequences of the use of
mineral fertilisers and pesticides in violation of regula-
tory requirements adversely affect agroecosystems. The
intensification of conventional agriculture not only in
Ukraine, but also in the countries of the European Union,
the development of industry in large cities increase the
anthropogenic burden on the environment (Bigalke et
al., 2017). The entry of heavy metals into the soil, even
in small concentrations, leads to their accumulation in
feed in considerable quantities, feeding which to farm
animals can lead to the production of livestock products
with an increased content of dangerous pollutants, and
therefore raw materials for food production (Mamenko
& Portiannyk, 2019; Aloud et al., 2022).

According to the results of research by interna-
tional authors, it was found that when using feed for
feeding animals that were grown in industrially devel-
oped areas, the concentration of Pb and Cd in muscle
tissue and by-products turned out to be much higher
compared to similar indicators of animals from ecolog-
ically clean zones (Caldasa et al., 2016; Pilarczyk, 2104;
Hashemi, 2018). Furthermore, it is known from literature
sources that contaminated feed is the main source of
heavy metals entering the animal body, and therefore in
99% of cases it is feed that is the source of danger (Sata-
rug et al.,2017; Heina et al., 2019). Heavy metals decom-
pose in the environment and accumulate in the tissues
and organs of living organisms. Their main danger lies
in the ability to accumulate in human food products, in-
cluding products of animal origin (Wang et al., 2018).

Since heavy metals are characterised by signif-
icant stability, pronounced cumulative properties, and
a negative effect on the internal organs and systems
of animals, the need to monitor them in feed and live-
stock products deserves attention. The purpose of this



study was to identify the content of Pb and Cd in feed,
milk, and muscle tissue of cattle and pigs, which are
produced in farms of the Polissia zone at various levels
of radioactive contamination of the territory as a result
of the accident at the Chernobyl Nuclear Power Plant.

MATERIALS AND METHODS

Heavy metal contamination of feed and milk of dairy
cows during stall keeping was monitored in agricultural
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enterprises of the Zhytomyr Oblast with a level of con-
tamination of the territory with radioactive caesium
from 0.1 to 15 Ki/km?: up to 1 Ki/km? - DPDG “Nova
Peremoha” of Liubarskyi and PAF “Yerchyky” of Pop-
ilnyanskyi districts; 1-5 Ki/km? - experimental field
and physiological yard of the PIRE of the NAAS of
Ukraine, Korostenskyi district; above 5 Ki/km? - WWTP
“Vidrodzhennia” of Korostenskyi and FG “Kavetskoho” of
Narodytskyi districts (Table 1).

Table 1. Scheme of sampling of feed and whole milk in farms of Zhytomyr Oblast

Grou Agricultural land Number of samples
No P contamination Farm name Location taken, pcs.
" | density (*7Cs) Feed Milk
SE EF “Nova Peremoha” of the PIRE Liubarskyi district, 41 12
) of the NAAS village of St. Chortoryia
1 Up to 1 Ki/km? Poniimianskvi distri
« " opilnianskyi district,
PAF Yerchyky village of Yerchyky 30 12
€Kil physiological yard of the PIRE Korostenskyy district,

2 1-5 Ki/km of the NAAS of Ukraine village of Hrozyne 60 18
Vidrodzhennia ALLC Korostenskyy district, 19 8

3 Over 5 Ki/km? village of Kupech
Kavetskoho Farming Ne}rodytskyl d|str|cjc, 19 18

village of Noryntsi

Experimental studies on full-aged dairy cows were
conducted in the winter-stable period of 2020-2021.
The experimental cows were fed three times a day, the
rations included cereal hay and alfalfa, barley straw,
forage and alfalfa hay, corn and forage silage, grain
mixture, sunflower cake and meal. The animals’ feeding
diets were balanced in terms of basic nutrients.

Pb and Cd contamination of pig and steer meat
was also monitored in the territories with different levels

of 1¥’Cs contamination according to the following scheme
(Table 2). Feeding of animals in private farms was pro-
vided at the expense of feed grown on household plots
and the territory of the community. Young pigs were fed
various grain mixtures, wheat bran, boiled potatoes, fod-
der beets, pumpkins. The diet of steers included cereal
hay, oat straw, cereal grain, fodder beet was used as juicy
feed. Feeding of experimental animals in private sector
farms was twofold - in the morning and in the evening.

Table 2. Scheme of sampling of the longest back muscle of experimental animals
in private subsidiary farms of Zhytomyr Oblast

No. Agricultural land Number of samples taken
contamination Locality District of the longest back muscle, pcs.
groups | density (*"Cs) Steers Young pigs
Village of Mala Derevychka Liubarskyi 4 3
Urban-type settlement of Liubar Liubarskyi 5 4
1 Up to 1 Ki/km?
Village of Yerchyky Popilnianskyi 4 4
Village of Pochuiky Popilnianskyi 5 3
Village of Nemyrivka Korostenskyi 3 3
5 1.5 Ki/km? Village of Synhai Korostenskyi 3 3
Village of Hrozyne Korostenskyi 6 3
Physiological courtyard of the Institute Korostenskyi 6 3
Urban-type settlement of Narodychi Narodytskyi - 2
) Village of Lasky Narodytskyi - 2
’ Over 3 Kifkm? Village of Hrystynivka Narodytskyi - 3
Village of Kupech Korostenskyi - 2
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Feed sampling was carried out according to DSTU
ISO 6497:2005 (2005), milk - DSTU ISO 707:2002 (2003),
muscle tissue — according to DSTU 7992:2015 (2015).

Samples of the longest back muscle of pigs at the
age of 10-12 months were taken for laboratory analyses.
The age of steers upon slaughtering and selecting the
longest back muscle of steers for further studies was
18-20 months, the weight of the selected meat samples
was 1 kg. The samples were packed in thick plastic bags
with a zip. The bags were tagged, indicating the place
of sampling, the code of the sample, and the age of the
animals. Milk from dairy cows was taken after morning
milking in sterile glass jars with labels. The volume of
milk samples taken for the study was 1 litre. Each container
was labelled, indicating the place of selection, time of
selection, and sample number.

Feed samples from farms were taken in plastic
bags with labels with the name of the farm, the name of
the feed, and the date of selection. The average weight
of the feed sample for the studies was 1.5 kg. The se-
lected samples were delivered to the site of further re-
search on the day of selection.

Laboratory studies of milk, animal muscle tissue
and fodder for Pb and Cd content were carried out in
the laboratory of ecological safety of land, environment,
and product quality of the Zhytomyr branch of the state
institution “Institute of Soil Protection of Ukraine”. The
content of heavy metals was determined according to
the atomic absorption method per DSTU 7670:2014 (2015),
the analysis was carried out on the atomic absorption
spectrophotometer “Kvant - 2A".

The method of variational statistics was applied
based on the calculation of the arithmetic mean (M),
the root-mean-square error (m) and the reliability of
the difference between comparative indicators (P) and
the materials of the conducted studies were processed
(Ruban et al., 2020).

ALl manipulations with animals were carried out
according to the European Convention for the Protec-
tion of Vertebrate Animals Used for Experimental and
Scientific Purposes, as well as the Law of Ukraine “On
the Protection of Animals from Cruelty and the Proce-
dure for Conducting Experiments and Experiments on
Animals by Scientific Institutions” (European Convention
for the Protection..., 1986; Law of Ukraine No. 3447-I...,
2006; Order of the Ministry of Education..., 2012).

RESULTS AND DISCUSSION

Studies of the content of heavy metals in the feed-an-
imal-livestock products trophic chain in different bio-
geochemical provinces of Ukraine are relevant and
necessary in view of clarifying their distribution in the
environment, investigating the biogenic migration of
pollutants and accumulation in livestock products.
The content of heavy metals in feed included in
the animal feeding diet can cause chronic intoxication
of the body, accumulation of pollutants in organs and
tissues, migration to milk and meat (Téth et al., 2016).
Studies conducted in farms of the Polissia zone of
Ukraine indicate that the content of Pb and Cd in feed
substantially depends on their type (Table 3).

Table 3. Concentration of heavy metals in feed, mg per 1 kg of natural feed

Heavy metals
Feed Pb Cd
% of samples
+ ° +
n Mzm % of samples above MPC n Mim above MPC
Grain and Legume hay, 43 2.462+0.134 0 43 0.3230.023 419
winter straw
Alfalfa and mixed grass 24 1.201#0075 0 24 0.17920.017 83
haylage

Corn and mixed grass silage 31 0.768+0.077 31 0.091+0.014 6.4
Grain mix 46 1.084£0.086 40 0.186%0.016 10.0
Sunflower cake and meal 25 1.639%0.134 25 0.478+0.053 60.0

Maximum permissible X 50 X M 03 X

concentration (MPC)

Source: results of the authors’ research

For the most part, the highest concentration of Pb
is determined in soils located along highways. Within a ra-
dius of 200 m from the roadway, the level of contamination
reaches 100-1000 mg/kg. Considering the above data, it is
safe to say that plants grown on soils near highways con-
tain a considerable amount of heavy metal. According to
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the conducted studies, it was found that of all the surveyed
feeds, coarse feed accumulates the most Pb — hay of cere-
als and legumes and straw of winter crops (2,462 mg/kg).
Sunflower cake and meal imported to the farms of the
Polissia zone also contain a significant amount of this
element - 1,639 mg/kg. In other feeds, the PB content



varies from 0.768 mg/kg (corn silage and mixed grasses)
to 1.201 mg/kg (alfalfa hay and mixed grasses). Notably,
none of the analysed feed types exceeds the maximum
permissible concentration (5.0 mg/kg) for this element.

Sources of cadmium ingress into the soil are prod-
ucts of diesel fuel combustion, ore smelting, and vari-
ous fertilisers. The accumulation of Cd in products of
plant origin, in geochemical provinces, is from ones to
tens of mg/kg, more often this indicator does not exceed
100-180 mg/kg (Shevchuk et al., 2021).

The highest Cd concentration was found in sun-
flower cake and meal - 0.478 mg/kg. Furthermore, 60%
of samples of this type of feed exceeded the maximum
permissible concentration for this metal. A substan-
tial accumulation of Cd in hay and straw was found -
0.323 mg/kg. Moreover, 41.9% of the analysed coarse
feed samples in terms of Cd content were higher than
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the regulatory requirements (0.3 mg/kg). The average
concentration of Cd in silage, hay, and grain mixture
was 0.091 mg/kg, 0.179 mg/kg, and 0.186 mg/kg, re-
spectively. Currently, these feeds also contain samples
that exceed the maximum permissible concentration for
this heavy metal: 6.4% in corn and mixed grass silage,
8.3% in alfalfa and mixed grass hay,and 10.0% in grain
mixes. The high Cd content in feed can be explained by
the considerable introduction of phosphate and potash
fertilisers into the soil. Thus, according to Bondareva et
al. (2012), with phosphate fertilisers, 3-4 g/ha of Cd is
applied to the soil annually.

To establish the accumulation of heavy metals (Pb,
Cd) in feed, they were researched in farms of the Polissia
zone of Ukraine depending on the level of radioactive
contamination of the territory by *’Cs: up to 1 Ki/km?,
1-5 Ki/km? and above 5 Ki/km? (Figs. 1; 2).

3.00
m Hay, straw
2.50
u Soilage
2.00
@ Silage
> 15
E Grain mixture
1.00
= Cake, meal
0.50 I
0.00
Upto1l Above 5
K|/kmZ

Figure 1. The Pb content in feed depending on the density of radioactive contamination of the territory with *¥’Cs
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€
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Figure 2. The Cd content in feed depending on the density of radioactive contamination of the territory with *3’Cs

A clear pattern was established between the con-
tent of Pb in feed and the density of radioactive con-
tamination of the territory — with an increase in the
level of soil contamination by **’Cs, the concentration
of the heavy metal increases in roughage from 2.317

to 2.942 mg/kg (by 27.0%, P>0.95), hay - from 1.155 to
1.351 mg/kg (by 17.0%, P<0.95), grain mixtures - from
0.834 to 1.484 mg/kg (by 77.9%, P>0.95). At the same
time, the lowest Pb content in silage was found in farms
with the maximum level of radioactive contamination of
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the territory with *’Cs (0.579 mg/kg), and the highest
(0.889 mg/kqg) in farms with a soil contamination level of
1-5 Ki/km?2. The concentration of Pb in sunflower cake
and meal varied from 0.733 to 2.023 mg/kg and did not
depend on the density of radioactive **’Cs contamination
of the territory.

An even more direct relationship was established
between the content of Cd in feed and the density of ra-
dioactive contamination of the territory with **’Cs (Fig. 2).
Thus, with an increase in the level of soil contamination
with radioactive caesium from 1 to 5 Ki/km? and more,
the concentration of the element in feed increases (ex-
cept for sunflower cake and meal): in hay and straw -
from 0.278 to 0.373 mg/kg, or by 34.2%, hay - from
0.159 to 0.251 mg/kg, or by 57.9%, silage — from 0.075
to 0.136 mg/kg, or by 81.3%, in grain mixture - from
0.155 to 0.233 mg/kg, or by 50 .3% with a statistically sig-
nificant difference (P>0.95). An inverse linear relationship

was established for the content of Cd in sunflower cake
and meal and the level of *’Cs soil contamination - the
concentration of the element decreases from 0.553 to
0.342 mg/kg, or by 38.2%. This is probably due to the
import of these high-protein feeds to the farms of Zhyto-
myr Oblast from processing enterprises of Ukraine using
various technologies of their preparation.

Thus, to obtain environmentally safe livestock prod-
ucts, it is urgent to control the content of harmful sub-
stances in crop products and feed. With a high content
of pollutants in feed rations, the risk of their accumu-
lation in the body of animals and milk and meat above
sanitary and hygienic requirements increases (Order of
the Ministry of Health of Ukraine No. 368, 2013).

According to the conducted studies, it was es-
tablished that livestock products produced in Zhytomyr
Oblast farms are also heavily contaminated with heavy
metals (Table 4).

Table 4. Pb and Cd content in animal milk and muscle tissue, mg/kg

Heavy metals
Products Pb Cd
% of samples % of samples
+ +
n M:m above MPC n M:m above MPC

Milk 68 0.145+0.008 33.8 68 0.027+0.001 41.2

Maximum permissible concentration X 0.10 X X 0.03 X
The longest back muscle of steers 36 0.239+0.011 0 36 0.074%0.007 72.2
Longest back muscle of pigs 35 0.232%0.008 0 35 0.061+0.002 80.0

Maximum permissible concentration 05 X X 0.05 X

(MPC)

Thus, when examining 68 samples of cow’s milk,
it was found that the maximum permissible concentra-
tion of Pb in milk exceeded 1.45 times, as a result of
which 33.8% of products for this element were higher
than sanitary and hygienic requirements. On average,
the Cd content in cow’s milk was 0.027 mg/kg, which is
lower than the maximum permissible concentration, but
41.2% of milk samples were higher than this indicator.

The longest back muscle of steers and pigs,
compared to milk, is slightly less polluted with Pb -
0.239 mg/kg and 0.232 mg/kg, respectively, which does
not exceed the maximum permissible concentration.
At the same time, Cd accumulation in the muscle tis-
sue of steers and pigs is quite high - 0.074 mg/kg and
0.061 mg/kg, respectively, which is 1.48 and 1.22 times
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higher than the maximum permissible concentration.
Furthermore, 72.2% and 80.0% of samples of the lon-
gest back muscle in cattle and pigs exceeded the regu-
latory requirements for Cd content in products.

According to the data obtained, cow’s milk pro-
duced in the farms of Polissia of Ukraine contains a
considerable amount of both Pb and Cd, and the mus-
cle tissue of cattle and pigs is characterised by a high
concentration of Cd.

The content of heavy metals in the milk of cows
in the winter-stalling period, beef,and pork during their
production in the farms of Zhytomyr Oblast at various
levels of radioactive contamination of the territory with
137Cs was analysed: up to 1 Ki/km?, 1-5 and above
5 Ki/km? (Figs. 3; 4).
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Figure 4. Accumulation of Cd in livestock products, depending on the density of radioactive contamination
of the territory with *’Cs

According to the given data, the highest content
of Pb was noted in the milk of dairy cows kept in farms
with the highest level of radioactive contamination of
the territory with *’Cs (above 5 Ki/km?) - 0.177 mg/kg.
According to this indicator, they predominate animals
from other groups by 0.036-0.064 mg/kg, or by 1.25-
1.57 times with a highly reliable difference (P>0.999).
Furthermore, 96.1% of milk samples from cows in this
group exceeded the maximum permissible concentration
for Pb content.

With an increase in the level of soil contamination
with radioactive caesium, the concentration of Pb in
the longest back muscle of steers also increases - from
0.228 to 0.251 mg/kg, or by 10.1% (p<0.95), while in
the muscle tissue of pigs, the content of the element
decreases from 0.243 to 0.220 mg/kg, or by 9.5%. This
can be explained by different technologies of feeding
young pigs in the farms of the forest-steppe and Polissia
zones of Zhytomyr Oblast.

As the density of radioactive *’Cs contamination
of the territory increases from 1 to 5 Ki/km? and more,
the content of Cd in livestock products also increases: in
milk - from 0.020 to 0.032 mg/kg, or 1.60 times (P>0.999);

in the longest back muscle of steers — from 0.059 to
0.088 mg/kg, or 1.49 times (P>0.95); in the longest
back muscle of pigs - from 0.059 to 0.063 mg/kg, or
1.07 times (P<0.95) (Figure 4).

Thus, the analysis of the ecological quality of live-
stock products produced in the farms of the Polissia zone
of Zhytomyr Oblast, affected by the accident at the Cher-
nobyl Nuclear Power Plant, proved that the concentra-
tion of Pb and Cd in the milk of dairy cows, muscle tissue
of young cattle and pigs in most of the analysed samples
exceeds sanitary and hygienic requirements. Therefore,
for the production of milk and meat within the current
regulatory requirements, reducing the accumulation of
heavy metals in animal feed remains an urgent issue.

The results obtained are consistent with the data
of other researchers who have investigated the ability
of heavy metals to accumulate in pig organs and tissues
(Zhukorskyi et al., 2018; Savchuk et al., 2021). Accord-
ing to their data, the presence of heavy metals in feed
rations 10 times higher than the maximum allowable
level leads to the accumulation of Pb and Cd mainly in
the bones, liver, kidneys, and meat of animals. According
to other authors, the Cd content in the liver of geese
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exceeded the maximum permissible concentration by
8 times (Razanov & Voitko, 2017). Other studies found
that upon fattening steers for meat within the territory
belonging to Zone IlI of radioactive contamination, the
accumulation of Pb in muscle tissue did not exceed regu-
latory requirements and amounted to 0.067-0.112 mg/kg,
while the concentration of Cd was much higher than
sanitary and hygienic requirements (Savchuk et al., 2021).
International researchers are also concerned about the
content of heavy metals in animal products. Thus,accord-
ing to J.L. Han et al. (2022), analysis of 1,066 samples of
fresh meat (pork, beef,lamb, and poultry) revealed average
levels of heavy metal concentrations: Pb - 0.029 mg/kg,
Cd - 0.002 mg/kg of raw weight.

CONCLUSIONS

More than 36 years after the Chernobyl accident, the
environmental situation in the Polissia zone of Ukraine
stays difficult, which is confirmed by the elevated content
of heavy metals in feed, milk, beef, and pork. A high con-
centration of Pb was found in coarse feed and sunflower

cake and meal (2,462 mg/kg and 1,639 mg/kqg), 41.9%
and 60.0% of samples of these types of feed, respec-
tively, exceeded the maximum permissible concentra-
tion in Cd content. With an increase in the density of
1%7Cs soil pollution, the content of heavy metals in fodder
also increases: in hay and straw - 1.27-1.34 times; hay -
1.17-1.58; silage - 1.25-1.81; grain mixtures - 1.50-1.78
times. According to the results of the analysis of livestock
products for the content of heavy metals, it was found
that the maximum permissible concentrations of Pb in
milk were exceeded by 1.45 times, Cd - in the longest
back muscle of cattle and pigs — by 1.48 and 1.22 times,
respectively. The Cd content in milk was within the reg-
ulatory requirements, while 41.2% of the analysed milk
samples exceeded the maximum permissible concentra-
tion for this element. With the increase in the level of ra-
dioactive contamination of the territory by **’Cs from 1 to
5 Ki/km? and more, the content of Pb and Cd in livestock
products also increases: in milk - by 1.57-1.60 times, in
the longest back muscle of cattle - by 1.10-1.49, the
longest back muscle of pigs (excluding Pb) - 1.07 times.
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MOHITOPUHI Ba)XKKUX MeTasliB y KOpMax i npoayKuii TBApMHHULTBA
30HM Monicca YKpaiHu

IBaH MukonaiioBuy CaBuyk?, JliogMuna JoHaTtiBHa PomaHuyk?, IHHa BacuniBHa Slwyk?,
Csitnana MetpisHa KoBanbosa?, Jlapuca BonoaumupieHa bonpapuyk®

HHcTuTyT cinbebkoro rocnogapctea Moniccs HAAH Ykpainu
10007, woce Kuiscbke, 131, M. XKutomup, YkpaiHa

Z[MonicbKWit HaLioHaNbHWIA yHiBEpCUTET
10008, 6-p Crapwui, 7, M. Xutomup, YkpaiHa

3CYMCbKMI HaLiOHaNbHMI arpapHUii YHiBEpCUTET
40021, Byn. . Kongpatbesa, 160, M. Cymu, YkpaiHa

AHoTauis. [1p1 3HaYHIM KOHLeHTpaLii 3abpyaHoBaYiB Y HABKONMULLHBOMY CEpefOBMLLI BiAOYBAETHCA IX HArPOMALXKEHHS
Y POCAMHAX, 3rOA0BYBaHHS SKMX Y MOAANbLIOMY NPKU3BEAE No nepexony TOKCUYHUX eNeMEHTIB A0 OPraHi3aMy TBapUHM.
HaBiTb HeBennka KOHUEHTPaLLs BaXXKMX MEeTaNiB UM PAAiOHYKIIAIB MAE HErAaTUBHMUIA BMNIMB SIK HA OPraHi3M TBApUHM,
Tak i Ha opraHi3am noguHu. Tomy MoHiTopuHr Pb i Cd y kopmax, Monoui Ta MiCi 3a iX BUPOOHMLITBA Ha TepUTOPIi 30HK
Monicca Ykpainu € akTyanbHUM i NnoTpebye nopanblioro BcebiyHoro BUBYEHHS. MeToto pobotu Byno focnianTu BMicT
BXXKMX METANIB Y KOpMax i NpofyKTax 32600 TBapuH, LLLO BUPOLLYHOTLCS Ha TepuTtopii 30HM Moniccs 3 pisHMM piBHIB
pafioaKkTMBHOIO 3abpyaHeHHS. [locnifikeHHs NPOBOAMAM HA MOJIOAHSKY CBMHENM Ta Ha Byranuax, aki nocTaB/ieHi Ha
Bigronisnto. Y poboti 6ynv BUKOPUCTAHI aTOMHO-abcopbuiinHuiA MeTo BU3HAYEHHS BMICTY TOKCMKAHTIB Y 3pa3kax
Ta MeTOpA, BapiaLiMHOI CTaTUCTUKM AN 06pobKu pe3ynbTaTiB AoCnimpKeHHs. Pesynbtatn pocnigkeHs Bmicty Pb i Cd y
3pa3kax CBig4aTb NPO HASABHICTb iCTOTHUX KOMIMBAHb BAXKKMX METANIB Y MeXax OKPeMUX rocnofapcTs. 3i 30inblueHHsAM
piBH$ 3a6pyaHeHHs rpyHTY 1*7Cs NiAaBULLYETLCS KOHLEHTPALLiSt TOKCMKAHTIB Y KOpMaXx, MOJOLL, HAMA0BLIOMY M13i CIUHM
[OCNiAXyBaHUX TBapUH. BCTaHOBNEHO NMepeBULLEHHS FPaHUMYHO AONYCTUMOI KOHUeHTpauii Pb y monoui (33,8%) i Cd
(41,2%). KoHueHTpauia Cd nepesuiLyBana BCTAHOBMEHWUI piBeHb Y 72,2% [0CNIAXKYBAHMX 3pa3kiB HAWAO0BLLIOMO M3y
CNUHM Benwukoi poratoi xynobwu ta 80,0% 3paskiB HalMooBLIOrO MA3y cnuHu cBuHer. Bmict Cd y BCix pocnimkyBaHmx
3pa3kax KopMiB OyB 3HAYHO BULLMM BCTAHOB/IEHOTO HOPMATUBY. Halbinblue nepeBULLEHHS TOKCMKAHTOM BCTAHOBMIEHO
y 3pasKax CiHa, conomu (41,9%), makyxu Ta wpoty (60%). TakuM YMHOM MOKA3HMKM SKOCTIi KOPMIB Ta TBAPUHHULbKOI
NpoayKLii, IKa BUPOBNSETHCS Y rocnofapcTBax Nonicbkoi 30HM XXUTOMUPLLMHK, NOCTPAXAANMX BHACNIAOK aBapii Ha
YAEC, cBiguaTbh npo Te, Lo KoHueHTpauiga Pb i Cd y Monoui AiHMX KOpiB, M'A30Bii TKAHWHI MONOAHAKY BEMKOI poraToi
Xynobw i cBUMHel y BinbLIOCTi NpoaHanizoBaHMx Npob nepeBuLLY€E CaHITapHO-TIriEHIYHI BUMOTW. TOMy AN ofepXKaHHS
MOJIOKa | M'ICa y MeXax Ailo4MX HOPMATUBHMX BUMOT HarasbHOK Npobi1eMoto 3aMLIAETbCS 3MEHLLEHHS HAKOMUYEHHS
BAXXKMX METasiB Y KOPMax AN roAiBAi TBAPUH Ta NTUL

KntouoBi cnoBa: MNntomMoyM, KaaMmili, KOHLEHTpaLIS, 3a6pyAHEHHS, MOMOKO, HAMAO0BLLMIA M3 CMIMHM
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INTRODUCTION
Ukraine is characterized by remarkably diverse soil-cli-
matic conditions, which is why crop production in the east
zone of the north Steppe is to be based on the effective
use of the agro-climatic potential by a proper choice and
location of the crops which can develop high yield capac-
ity and good quality output in certain conditions. The effi-
cient cultivation of the field crops in the areas with mois-
ture deficit and high summer temperatures appears to be
possible due to their high ecological resistance, the latter
levels the effect of stress factors (Kalenska et al, 2017).

A typical representative of these crops is sorghum
(grain, sugar, technical sorghum, Sudanese grass). Ow-
ing to their high plastic and adaptive nature, the area of
sorghum crop cultivation can be very widespread (from
tropical and semi-desert regions to temperate latitudes);
sorghum crops have a high ability to resist negative
weather conditions during their vegetation (Klymovych
et al.,,2011; Fedorchuk et al., 2016; Alieksieiev, 2021).

Sorghum can easily adapt to moisture deficit and
use it sparingly. This biological feature makes it possible
for sorghum to develop high and stable grain yields
in the conditions of moisture deficit and elevated tem-
peratures. In this respect, sorghum is a leader among
other field crops (Polovyi et al., 2020).

Mostly sorghum is grown with a fodder purpose;
the crop is widely used to produce grain forage, mono-
fodder, hay, haylage, green fodder, and fodder molasses.
In recent years sorghum has been widely used in food
and technical industry for the manufacture of flour, ce-
reals, starch, glucose-fructose sugar, bioethanol, and
other renewable energy sources (Nosko et al., 2015;
Mehmood et al., 2017; Kalenska & Naidenko, 2018).

Despite a considerable advantage of sorghum
based on several features (e.g., yield capacity, biological
and physiological characteristics) as compared with other
crops, proper attention has not been paid to sorghum yet,
as its sown areas in Ukraine remain to be rather limited.
This situation is explained by the lack of varietal technolo-
gies of its cultivation with the improved elements and up-
dated innovations. Thus, nowadays it is expedient to work
out varietal,adaptive technologies of the cultivation which
can realize a genetic productivity potential of the crop,and
in this way to encourage the producers to grow sorghum.

Until now the results of the research which dealt
with the development of the elements of the varietal
technologies of sorghum cultivation in various soil-cli-
matic zones were summed up; it helps make a complex
analysis of their efficiency which will result in a further
improvement of the varietal farm practices of its cul-
tivation (Storozhik & Muzyka, 2019; Svyrydova, 2017;
Kalenska & Naidenko, 2019). There is a certain disagree-
ment among scientists as to the seed sowing rate and
the inter-row width, which is associated with the culti-
vation region, varietal features, the intensification level
of the cultivation technology, etc. (Gondal et al.,, 2017;
Mekasha et al., 2021; Makarov, 2006).
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Usually, grain sorghum is grown with the inter-rows
which range within 60-75 cm; but with the develop-
ment of new production technologies and the introduc-
tion of new herbicides, innovative approaches appear
on the spread of narrower inter-rows when this crop is
grown (Kovalenko, 2014 Ovsiienko, 2015; Gondal et al.,, 2017).

Researchers G.K. Dremlyuk et al. (2013) note that
under conditions of a dry growing season, the most ef-
fective cultivation of sorghum is by wide-row sowing
with 45 cm between rows, and in the case of best con-
ditions - by row sowing with 15 cm between rows.

In the opinion of L.A. Svyrydova (2017), in the con-
ditions of the Forest-steppe zone, regardless of a ripen-
ing group and a seed sowing rate, the highest yield of
sorghum grain is formed by sowing when the inter-row
is 45 cm. For instance, the combination of this inter-row
width with a seed sowing rate 200 thous. pcs/ha was
the best for grain hybrids Prime, Dash E and Sprint W,
for hybrid Stepovyi 8 - with a seed sowing rate 160 thous.
pcs/ha. (Svyrydova, 2017). In the conditions of the edu-
cational-scientific-production centre of the Uman University
of Horticulture, the highest grain yield of modern grain
sorghum hybrids was provided by the combination of the
seed sowing rate of 250,000 seeds/ha with 45 cm between
rows (Snider et al., 2012; Boiko, 2016).

In the conditions of a steppe zone of the Crimea,
the highest yield capacity of grain sorghum hybrids was
formed in the treatments of the combination of a seed
sowing rate 100-140 thous. pcs/ha with the inter-rows
of 45 and 60 cm (Samoilenko, 2009).

The analysis of the reference sources proves the
following: firstly, the importance of a complex effect of the
inter-row width and a seed sowing rate on the formation
of the grain sorghum productivity; secondly, the neces-
sity to consider the features of a morphological biotype
of hybrids, the level of farm practices and the cultivation
area. Besides, the analysis made confirms the lack of the
research results as to the studies of the optimal combi-
nations of a seed sowing rate and the inter-row width
for different regions of Ukraine, namely for the conditions
of the east zone of the north Steppe; it is this area that is
the most promising one for sorghum cultivation.

Based on this, the purpose of this study was to in-
vestigate the complex effect of a seed sowing rate and
various treatments of the inter-row width on the forma-
tion of the productivity elements and the biological yield
capacity of sorghum in the conditions of the north Steppe.

MATERIALS AND METHODS

In 2019-2021, the research was carried out by the gen-
erally accepted methodology at farm enterprise “Diunis”,
Kreminskyi district, Luhansk Oblast (Yeshchenko et al.,
2005). The soil in the area under study was sod-podzolic
low-humus chornozem. Humus content in a ploughing
layer was 2.4-2.8%, that of mobile phosphorus - 11.6 mg,
potassium content was 9.1 mg per 100 g of the soil.



The trial was started by a randomized method
with four replications. Three treatments of the inter-row
width (factor A) - 35,45 and 70 cm, two hybrids (fac-
tor B) - Svat and Flagg and four treatments of sow-
ing rates (factor C) - 100 thous. pcs/ha, 140, 180 and
220 thous. pcs/ha were studied in the experiment. The
sown and accounting areas were 100.0 and 80.0 m?, re-
spectively. Farm practices in the trials were the generally
accepted ones for the area of the research, except for the
elements under study.

Two new hybrids of grain sorghum - Svat and
Flagg - were studied in the research. An early-ripening
high yielding Ukrainian hybrid Svat has been included in
the National registry since 2017, a medium-early ripen-
ing French hybrid Flagg - since the year of 2018. These
hybrids are drought-resistant, they have high indicators
of their resistance to pathogens, and they are recom-
mended to be grown in the Steppe.

In 2019-2021 weather conditions of sorghum veg-
etation were contrasting, and it particularly concerned
moisture regime. In addition, during these years a general
tendency of the precipitation distribution was recorded,
namely, more precipitation occurred at the beginning
of sorghum vegetation. In 2019 in the first decade of
May the amount of precipitation exceeded the indica-
tor of a climatic standard by two times. In May 2020
and 2021 and inJune 2021, the amount of precipitation
was much higher compared with long-term indicators.
For instance, in May 2020 and 2021 the amount of pre-
cipitation was equal to 108 and 72 mm, while climatic
standard was 49 mm. In June most of the precipitation
occurred in the first two decades - 53 and 78 mm, re-
spectively. In these years there was no precipitation be-
ginning from the third decade of June and up to the end
of sorghum vegetation.

Totally, in the years under study less than 200 mm
of precipitation were recorded during sorghum vegeta-
tion, which was much lower than an average long-term
indicator, i.e., 240 mm. Along with this, considering the
sufficient moisture supply of the sown areas at the first
stages of their growth and development as well as a
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global warming tendency and the decrease of the annual
precipitation amount, weather conditions of the area
under study can be classified as favourable for sorghum.

In the years of the study, the best temperature con-
ditions for plant growth and development were in 2021.
That year, air temperature at the beginning of plant vege-
tation was a bit higher compared with that in 2020,and it
was lower than the indicators of climatic standard. In July
2021, except for a few days in the second decade, the tem-
perature ranged within optimal indicators for sorghum
plants - 20-25°C,whereas in 2020 in the first and second
decade of this month it was over 35.0°C on some days.

In general, the weather conditions of sorghum veg-
etation differed considerably from the average long-term
indicators; however, their comparison with the weather
conditions recorded during the last 10 years proved the
fact that they were quite typical, as due to global climate
changes the weather conditions of the area under study
tended towards warming and decreasing the precipitation
amount.

RESULTS AND DISCUSSION

Factors under study had different effect on the variability
of elements of the productivity of panicles of grain sor-
ghum stems. In particular, the number of main stem pani-
cles, as well as the panicle grain number of the sorghum
main and lateral systems, underwent the greatest changes
under the effect of a 220 thous./ha seed sowing rate;
the mass of 1,000 grains from the panicles of the stem
main and lateral system was under the effect of a hybrid
morphotype, and the influence of the studied treatments
of the inter-row width was mostly seen in the variability
of the panicle number of the lateral stems.

The effect of a sowing rate was mostly displayed
in the change of a panicle number of the sorghum
main stems. According to the studied treatments of the
inter-row width and hybrids, on average the number
of main stem panicles increased more than twice -
49.1 thous. pcs/ha with the increase of a sowing rate -
100 thous. pcs/ha; and it was 107.2 thous. pcs/ha at a
sowing rate 220 thous. pcs/ha (Table 1).

Table 1. Panicle productivity of the main stem depending on the inter-row width and a seed sowing rate (average in 2019-2021)

Inter-row width, Hybrid s:r‘:g lr:sg/r:;e, Panicle number, Panicle Mass of Grain mass from
cm (factor A) (factor B) (facto.r 0) thous. pcs/ha graininess, pcs 1,000 grains, g panicle, g

100 49.1 2,017 20.6 41.5

Svat 140 67.1 2,004 20.5 41.0

180 87.0 1,970 20.5 40.3

35 220 106.0 1,899 20.3 38.6

100 49.5 1,648 29.5 48.6

140 68.5 1,635 29.6 48.4

Flagg 180 88.8 1,577 29.5 465

220 108.5 1,484 29.2 433
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Table 1, Continued

Sowing rate,

Inter-row width, Hybrid thous./ha Panicle number, Panicle graininess, Mass c.>f Grain n?ass from
cm (factor A) (factor B) (factor C) thous. pcs/ha pcs 1,000 grains, g panicle, g
100 49.1 1,998 20.5 40.8
Svat 140 68.1 1,991 20.5 40.8
180 86.7 1,946 20.4 39.6
45 220 107.1 1,854 20.3 37.5
100 48.5 1,640 29.6 48,6
Flagg 140 67.8 1,619 29.6 479
180 88.5 1,560 29.4 45.8
220 108.2 1,452 29.3 42.5
100 49.0 1,975 20.5 40.5
Svat (9 140 67.7 1,946 20.3 39.5
180 (¢) 874 1,896 20.2 38.3
709 220 105.3 1,762 20.1 35.3
100 49.3 1,612 29.4 473
Flagg 140 68.6 1,576 29.3 46.1
180 88.1 1,402 29.1 40.7
220 108.3 1,237 28.9 35.7
35 78.1 1,779 25.0 435
Average by factor A 45 78.0 1,758 25.0 42.9
70 (¢ 78.0 1,676 24.7 40.4
Average by factor B Svat () 77.5 1,938 20.4 39.5
Flagg 78.6 1,537 29.4 45.1
100 49.1 1,815 25.0 44.6
Average by factor C 140 68.0 1,795 25.0 44.0
180 (¢) 87.8 1,725 24.9 419
220 107.2 1,615 24.7 38.8

The effect of a sowing rate on the variability of
the panicle number of grain sorghum hybrids in the
studied of the inter-row width was the same. When
a seed sowing rate increased from 100 to 220 thous.
pcs/ha, the panicle number of an early-ripening hybrid
Svat in the treatments with the inter-row width of 35,
45, and 70 cm increased by 216%, 218%, and 214%,
respectively, a sowing rate increased by 220%. A similar
tendency was seen in the fields of an average-early-rip-
ening hybrid of French selection Flagg.

The number of panicles from the stems of a lateral
system underwent fewer changes under the effect of a

100 to 180 thous. pcs/ha seed sowing rate, besides, the
trend of this connection changed. For instance, with the
increase of a sowing rate from 100 to 180 thous. pcs/ha
one can see the increase of the panicle number of a
stem lateral system; contrary to this, with the increase
over 180 thous. pcs/ha their number decreased. On
average, by other factors, the number of panicles of a
lateral system increased by 24.5 thous. pcs/ha (58.5%)
when a sowing rate increased from 100 to 180 thous.
pcs/h and it decreased by more than 8.0 thous. pcs/ha
(14.1%) when a sowing rate increased up to 220 thous.
pcs/h (Table 2).

Table 2. Panicle productivity of the lateral stem depending on the inter-row width and a seed sowing rate (average in 2019-2021)

Inter-row width, Hybrid s::g :g/r;;e, Panicle number, Panicle Mass of Grain mass from
cm (factor A) (factor B) (facto.r 0) thous. pcs/ha graininess,pcs 1,000 grains, g panicle, g

100 41.8 1,618 20.4 329

140 55.5 1,609 20.3 32.7

Svat 180 67.1 1,583 202 320

3 220 58.5 1,524 20.1 30.6

100 438 1,429 29.3 419

Flagg 140 59.7 1,420 29.2 41.4

180 72.5 1,391 29.2 40.6

220 69.3 1,316 29.0 38.1
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Table 2, Continued

Inter-row width, Hybrid S:m :sg/r::;e, Panicle number, Panicle Mass of Grain mass from
cm (factor A) (factor B) (facto.r 0) thous. pcs/ha graininess, pcs 1,000 grains, g panicle, g
100 42.2 1,610 20.4 32.8
140 54.0 1,582 20.3 32.1
Svat 180 64.8 1,546 20.1 31.1
220 53,2 1,479 20.1 29.7
5 100 43.7 1,422 29.3 41.6
Flagg 140 58.1 1,405 29.2 41.0
180 70.2 1,362 29.0 39.5
220 64.0 1,290 29.0 37.3
100 38.3 1,590 20.2 32.1
Svat (0 140 50.3 1,543 20.1 30.9
180 (¢) 57.0 1,456 20.1 29.2
7009 220 48.2 1,374 19.9 27.3
100 41.3 1,398 29.2 40.7
Flagg 140 54.3 1,371 29.2 39.9
180 66.9 1,195 29.0 34.6
220 55.7 1,082 28.7 31.0
35 58.5 1,486 24.7 36.3
Average by factor A 45 56.3 1,462 24.7 35.6
70 () 51.5 1,376 24.6 33.2
Average by factor B Svat (c) 52.6 1,543 20.2 31.1
Flagg 58.3 1,340 29.1 39,0
100 41.9 1,511 24.8 37.0
Average by factor C 140 55.3 1,488 24.7 36.3
180 (c) 66.4 1,422 24.6 34.5
220 58.2 1,344 24.5 32.3

Similar regularities were recorded in the fields of
both hybrids with different inter-row width. These chang-
es are quite common, because when seed sowing rate in-
creases productive bushiness will decrease because of a
growing competitiveness among plants; increase in the
lateral stem number will take place when sowing rate
increases to a certain point due to higher plant density;
when certain bushiness is reached, further plant density
will not overlap the damage of productive plant activ-
ity. Other researchers also mentioned similar regularity
(Sviridova, 2017; Makarov, 2006; Gondal et al., 2017).

The effect of the inter-row width on the changes
of the panicle number of the stem system was not re-
corded, but this factor had a profound effect on the pan-
icle number of the lateral system. And again, it relates
to the level of competitiveness in agro-phytocenosis.
Thus, in treatments with a more even distribution of
plants on the nutrition area which can be reached at
the inter-row width of 35 cm, on average the panicle
number of a lateral stem system by other factors was
58.5 thous. pcs/ha, while in the treatments with the in-
ter-row width of 70 cm it was 51.5 thous. pcs/ha (smaller
by 14.0%). Hence, only due to the panicle number of a
lateral stem system, provided all other elements of the
yield structure are the same, in the treatments with the
inter-row width of 35 cm, the grain yield capacity of a

lateral stem system will be higher by 14.0% as com-
pared with that at the inter-row width of 70 cm.

Panicle graininess of the stems of the main and
lateral system was much higher in the fields of an early-
ripening hybrid Svat which could be explained by its
morphotype. On average, according to the sowing rates
and treatments of the inter-row width under study, the
number of grains in panicle of the main and lateral stem
system of sorghum hybrid Svat was 1,938 and 1,543 pieces,
respectively, as to hybrid Flagg these indicators were
1,537 and 1,340 pieces, respectively. Along with this, hy-
brid Flagg had a much higher average panicle produc-
tivity of both stem systems, as its peculiar feature was a
larger mass of 1,000 grains. On average, by the studied
treatments of the inter-row width and seed sowing rates,
the mass of panicle grain of the main and lateral stem
system was 39.5 and 31.1 g, respectively, while for hybrid
Flagg the indicators were 45.1 g and 39.0 g.

Totally in the trial, the largest mass of panicle
grain of the main stem system was formed in the treat-
ments with the widest distance between plants, i.e., in
the treatments with the inter-row width of 35 cm and a
seed sowing rate 100 thous. pcs/ha. In the years under
study, on average, the mass of panicle grain of the cen-
tral stems of sorghum hybrids Svat and Flagg in these
treatments was 41.5 and 48.6 g, respectively.
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In the field of both hybrids the effect of a seed
sowing rate on the changes of the mass of panicle grain
of the stem system was much higher in the treatments
with the inter-row width of 70 cm. For example, with
the increase of a seed sowing rate up to 220 thous. pcs/ha,
grain mass from the central panicle of hybrids Svat and
Flagg decreased by 14.7 and 32.4%, respectively, in the
treatments with the inter-row width of 70 cm, while in
the treatments with the inter-row width of 35 cm this
indicator decreased only by 7.5 and 12.2%.

The interaction between the inter-row width and
a seed sowing rate had a greater effect on the changes
of the indicators of the mass of panicle grain of a stem
lateral system. Thus, when seed sowing rate increased
from the smallest to the largest one, in the treatments
with the inter-row width of 70 cm, the mass of panicle
grain from a lateral stem system of hybrids Svat and
Flagg decreased by 17.8% and 31.0%, respectively; this
indicator decreased by 7.5% and 10.0%, respectively, in
the treatments with a two-time narrower inter-row.

As to sorghum hybrid Flagg, when a nutrition area
and its patter were changed, the grain mass from both
panicle systems varied in a wider range; which is why it
is advisable to have a serious approach to the choice of
a plant nutrition area and its pattern for this hybrid. This
hybrid forms a much larger mass of panicle grain of both
stem systems in more “favourable” conditions, which is
an important precondition for the formation of its higher
yield capacity.As the plant density grows, the difference by
this indicator between the studied hybrids partially levels.

The variability of the mass of panicle grain from
the lateral and main stem system of the studied hy-
brids under the influence of a seed sowing rate was first
connected with the change in panicle graininess, as the
mass of 1,000 grains did not change much.

The analysis of the indicators of the panicle pro-
ductivity elements of both sorghum hybrids showed
that their decrease took place mainly because a seed
sowing rate increased from 180 to 220 thous. pcs/ha.
This was particularly seen in the treatments with the in-
ter-row width of 70 cm. Furthermore, as was mentioned
earlier, the number of panicles of the lateral stem sys-
tem increased when a seed sowing rate was higher — up
to 180 thous. pcs/ha; then, on the contrary, the larger

plant density led to the decrease of their number.
Authors are very much interested in a final result, i.e.,
the plant grain productivity per unit of a sown area;
the best option is the one which will ensure the high-
est yield capacity of the fields. In view of this, it is not
correct to give preference to a certain treatment based
only on the indicators of the individual plant produc-
tivity. Thus, the indexes of the biological productivity
of the studied sorghum hybrids were analysed. Besides,
to better understand a mechanism of the influence of the
studied factors, authors considered their influence on the
level of the grain biological productivity of sorghum stems
of the main and lateral systems.

The grain biological yield capacity of the main
stem system of both sorghum hybrids in all treatments
of the inter-row width was the highest when a seed sow-
ing rate was the largest - 220 thous. pcs/ha. With the
increase of a seed sowing rate the individual stem pro-
ductivity of the main system decreased, but due to the
increase of a seed sowing rate, and accordingly that of the
plant number per unit of the sown area, the biological
grain yield capacity of the main stem system was the highest
when seed sowing rate was the largest.

When a seed sowing rate was gradually increasing
to the established point - 40 thous. pcs/ha, the indica-
tor growth decreased. Logically, the individual panicle
productivity decreased more intensely. This tendency
was mostly recorded in the treatments with the in-
ter-row width of 70 cm. Thus, it is in the treatments with
this inter-row width that the difference of the indexes
of grain yield capacity of the main stem panicles was
the lowest.

In the conditions of “a better” pattern of the plant
nutritionarea,namely,inthe treatments with the inter-row
width of 35 cm, when sorghum plants did not suppress
each other very much, the effect of a seed sowing rate was
considerably higher. When the grain biological productiv-
ity of the main sorghum stems (hybrids Svat and Flagg)
increased by 1.73 t/ha (87.0%) and 1.56 t/ha (66.6%), re-
spectively, in the treatments with the inter-row width of
70cm and with the increase of a seed sowing rate from
100 to 220 thous. pcs/ha; then in the treatments with the
inter-row width of 35 cm the biological productivity in-
creased by 2.05 (100.5%) and 2.30 t/ha (95.4%) (Table 3).

Table 3. Biological grain yield capacity of sorghum hybrids of the different stem systems under the effect
of the inter-row width and a sowing rate, t/ha (average in 2019-2021)

Inter-row width, cm Hybrid Sowing rate, thous. Biological grain yield capacity
(factor A) (factor B) pcs/ha (factor C) Main stems lateral stems Total
100 2.04 146 3.50
140 2.75 191 4.66
Svat
180 3.50 2.23 5.7%
35 220 4.09 1.87 5.96
100 241 1.92 4.33
140 3.32 2.57 5.89
Flagg
180 4.14 3.08 7.22
220 471 2.75 746
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Table 3, Continued

Inter-row width, cm Hybrid Sowing rate, thous. Biological grain yield capacity
(factor A) (factor B) pcs/ha (factor C) Main stems Lateral stems Total
100 2.00 1.44 3.44
140 2.78 1.81 4.59
Svat
180 343 212 5.55
45 220 4.02 1.70 5.72
100 2.36 1.92 4.28
140 3.25 2.49 5.74
Flagg
180 4.07 2.92 6.99
220 4.62 2.54 7.16
100 1.99 1.29 3.28
140 2.68 1.62 4.30
Svat (c)
180 () 3.35 1.74 5.27
220 3.72 1.40 5.12
70 (o)
100 2.34 1.79 413
140 3.15 2.28 5.43
Flagg
180 3.60 2.44 6.04
220 3.90 1.82 5.72
Average by factor A 35 3.37 222 5.59
45 3.32 2.12 2.12 5.44
700 3.09 1.80 1.80 4.89
Average by factor B SVat (C) 303 1.72 475
Flagg 3.49 2.38 2.38 5.87
100 2.19 1.64 3.83
Average by factor C
140 2.99 2.11 211 5.10
180 (¢) 3.68 2.42 2.42 6.10
220
4.18 2.01 2.01 6.19
SSD,, main effect of factor A 0.11 0.12 0.19
SSD,, main effect of factor B 0.09 0.10 0.16
SSD,, main effect of factor C 0.13 0.14 0.22
SSD, interaction of AC 0.22 F¢<Fm 0.39

Note: when SSD . was calculated, years were taken as replications. A difference as compared with the control is shown

in a dominator

In the area under study, the effect of a seed sowing
rate on the grain biological yield capacity of the stem
lateral system was manifested a bit differently, namely:
with its increase to 180 thous. pcs/ha the panicle grain
biological productivity of the lateral stem system of both
sorghum hybrids increased, and with its further increase
the biological productivity decreased. This tendency
was recorded in all studied treatments of the inter-row
width. For instance, with the increase of sowing rate up
to 220 thous. pcs/ha and in the treatments with the in-
ter-row width of 35 cm the panicle grain biological pro-
ductivity of the lateral stem system of sorghum hybrids
Svat and Flagg decreased by 0.36 and 0.33 t/ha (19.3
and 12.0%); in the treatments with the inter-row width
4 cm this indicator decreased by 0.42 and 0.38 t/ha (24.7

and 15.0%); in the treatments with the inter-row width
of 70 cm the biological productivity decreased by 0.38
and 0.62 t/ha (24.3 and 31.9%), respectively.

The decrease of the panicle grain biological pro-
ductivity of the lateral stem system when the seed sow-
ing rate increases from to 220 thous. pcs/ha occurs for
two reasons: on the one hand - the decrease of the lat-
eral panicle number (due to a severe competitiveness
among plants), on the other hand - the decrease of
their individual productivity. According to the statistical
analysis made, the highest grain biological yield capac-
ity of the lateral sorghum stem system was formed at a
seed sowing rate 180 thous. pcs/ha. Both the increase
and the decrease of a seed sowing rate led to its signif-
icant decrease.
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Among the studied treatments of the inter-row
width, the narrowest inter-rows of 35 cm formed the
highest panicle grain yield capacity of both stem systems.
As compared with the control treatment of factor A (the
inter-row width of 70 cm), on average the grain biological
yield capacity of the main and lateral stem system by other
factors increased by 0.28 and 0.42 t/ha, respectively.

The total yield capacity was the highest in the
treatments with the inter-row width of 35 cm and a seed
sowing rate 220 thous. pcs/ha. In this treatment it was
5.96 t/ha for the early-ripening hybrid Svat, the medi-
um-early ripening hybrid Flagg had it at the level of
7.46 t/ha. However, according to the statistical analysis,
it did not differ statistically from the indicator received
with a sowing rate 180 thous. pcs/ha.

Among the studied correlations of the factors,
only the interactions of a seed sowing rate and the inter-
row width was significant. This is natural, because in the
treatment with the inter-row width of 35,45 and 70 cm,
the effect of a seed sowing rate on the overall biological
yield capacity of sorghum grain was seen in diverse ways.
In the treatments with the inter-row width of 70 cm the
highest total biological grain yield capacity of both sor-
ghum hybrids was formed in the treatments with a seed
sowing rate 180 thous. pcs/ha (5.27 t/ha for hybrid Svat
and 6.04 t/ha for hybrid Flagg), while in the treatments
with the inter-row width of 35 cm, as noted above, a seed
sowing rate was 220 thous. pcs/ha.

It has to be noted that there is no significant differ-
ence between the indicators of the biological grain yield
capacity of hybrids in the treatments with the inter-row
width of 35 and 45 cm. Regardless of this, the narrower
inter-rows (35 cm) are more preferable, because in the

context of the studied hybrids and a seed sowing rate
the tendency towards the yield capacity increase is re-
corded with the decrease of the inter-row width from
45 to 35 cm. Other researchers confirm this fact (Snider
etal.,2012; Semin et al.,2016; Mekasha et al.,2021). Fur-
thermore, there is an increased difference between the
biological grain yield capacity in these treatments when a
seed sowing rate is larger. It is quite logical since when
the plant density grows the role of the nutrition area
pattern is higher. Since the increase of a seed sowing
rate (180 and 220 thous. pcs/ha) resulted in the forma-
tion of a higher biological yield capacity, then the pref-
erence is given to the 35 cm inter-rows. For instance, at
a seed sowing rate 100 thous. pcs/ha and in the treat-
ments with the inter-row width of 35 cm the total bio-
logical grain yield capacity of sorghum hybrids Svat and
Flagg was higher only by 0.06 and 0.05 t/ha than in the
treatments with the inter-row width 45 cm, while in the
treatments with a seed sowing rate 220 thous. pcs/ha
the yield capacity was 0.24 and 0.30 t/ha, respectively.

It is of a certain interest to determine the density
and the trend of the connections of the biological grain
yield capacity and the panicle productivity elements of
the various stem systems of the studied grain sorghum
hybrids with a seed sowing rate of the various treatments
of the inter-row width. The inter-row width of 35 cm and
70 cm, i.e., the control and the best treatment, were taken
as an example. In the studied area the closest direct con-
nection was between a seed sowing rate and the panicle
number of the main stems. In the fields of sorghum hy-
brids Svat and Flagg in the treatments with the inter-row
width of 35 cm it was as follows: r=0.98 and r=0.97, with
the inter-row width of 70 cm - r=0.97 and r=0.96 (Fig. 1).

Inter-row width of 35 cm Inter-row width of 70 cm
Hybrid Svat Hybrid Flagg Hybrid Svat Hybrid Flagg
1 1 1 1
! e ! : 1 0.50
9 0.86 2 9 2 9 0.5/ 78 2 9 s U 2
T4 ys/ 0.98 & 48}5/0,77 097 3078 53 0.5 T3
/ 0 0 0.16/0 0.05
8 <0.96 0.3 0.60\ 3 8 <091 05 0.68\ 3 g<go2 03 0431 3 g 53 05 051\ 3
-1 -1 IS -1
\ o 20.65 072
o 048 0 16\// 013NJors 025071
7 13 4 7 -0.18 -0:36 4 7 021 4 7 028 4
6 5 6 5 6 5 6 5
la 1b 1c 1d

Figure 1. Strength and trend of the connections between a seed sowing rate with the elements of the plant productivity
and the biological grain yield capacity of grain sorghum (Inter-row width of 35 cm:
la - Hybrid Svat, 1b - Hybrid Flagg; Inter-row width of 70 cm: 1c - Hybrid Svat, 1d - Hybrid Flagg)
Note: 1 - biological grain yield capacity; 2 - panicle number of the main stems per 1 ha; 3 - panicle number of the lateral
stems per 1 ha; 4x- graininess of the central panicle; 5 - graininess of the lateral panicle; 6 — mass of 1,000 grains from
the central panicle; 7 - mass of 1,000 grains from the lateral panicle; 8 - biological grain yield capacity of the main stem
system; 9 - biological grain yield capacity of the lateral panicle system
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A close direct connection between a seed sowing
rate and the biological grain yield capacity of the central
stem panicles was common for both hybrids in the treat-
ments of the inter-row width (r=0.73-0.96), as well as the
average direct connection with the panicle number of
the lateral stems (r=0.43-0.68) and a weak reverse con-
nection with the mass of 1,000 grains from the central
(r=-0.13-0.28) and lateral panicle (=-0.12-0.25).

The strength of the connection of a seed sowing
rate with other productivity elements depended on the
inter-row width. In particular, in the treatments with the
inter-row width of 35 cm a seed sowing rate had a weak
direct connection with the biological grain yield capac-
ity of the lateral stems of both hybrids (=-0.44-0.48),
whereas in the treatments with the inter-row width of
70 c¢cm this connection was weak (=-0.05-0.16). In the
treatments with the inter-row width of 35 cm an average
reverse connection (=-0.36-0.47), (=-0.36-0.47) was
recorded between a seed sowing rate and panicle grain-
iness of the lateral stem system of both hybrids, whereas in
the treatments with the inter-row width of 70 cm there
was a strong reverse connection (~=-0.71-0.75).

CONCLUSIONS

The results of this study allow drawing the following
conclusions: among the treatments of the inter-row
width under study, the preference is given to the nar-
rowest one - 35 cm. A higher biological yield capac-
ity of the main stem system on these inter-rows was
formed due to a larger number of grains in the panicle,
as the mass of 1,000 grains did not in fact change. A
higher grain yield capacity of both sorghum hybrids in
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the treatments with the inter-row width of 35 cm was
formed both due to a larger number of lateral panicles
per area unit and to their higher graininess; the total
biological grain yield capacity was the highest in the
treatments with the inter-row width of 35 cm and a
seed sowing rate of 220 thous. pcs/ha. By the years, on
average, in the case of hybrids Svat and Flagg it was
5.96 and 7.46 t/ha, respectively. At the same time, ac-
cording to the statistical analysis, it did not differ much
from the treatment with a seed sowing rate 180 thous.
pcs/ha. Based on this, it is inexpedient to increase a
seed sowing rate to 220 thous. pcs/ha. Moreover, the
research was carried out in favourable weather condi-
tions which are rare for the area under study. And with
moisture deficit, a seed sowing rate is to be set at a
lower level of an optimal range, hybrid Flagg developed
the highest panicle productivity of the main and later-
al stem system. Grain mass from panicle of the main
and lateral stems was 45.1 and 39.0 g, respectively, for
hybrid Svat these indicators were 39.5 and 31.1 g. The
higher productivity of sorghum panicles of hybrid Flagg
was formed due to a much larger mass of 1,000 grains
(by 35-40%), while the number of grains in the pani-
cles of both stem systems was higher in sorghum hy-
brid Svat. Sorghum hybrid Flagg had a higher biological
grain yield capacity of both stem systems - 5.87 t/ha as
compared with that of early-ripening hybrid Svat which
amounted to 4.75 t/ha. However, these hybrids are of a
different morphotype, and they belong to different rip-
ening groups. Svat is an early-ripening hybrid; having
many advantages, it presents certain interest for the
production.
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EneMeHTU NpoayKTUBHOCTI POC/IMH Ta 6iosnioriuHa Bpo)XaMHIicTb 3epHa ri6puais
COpro 3epHOBOIO 3aJ/Ie)XKHO BiA LUMPUHU MDKpPSaAb Ta HOPMU BUCIBY HaciHHA

Cranicnae HOpiiiosuu JaenaeHko?, Aptyp OnekcaHapoeuy Poxkos?,
JNleca MuxaiinisHa Kapnyk?,Cepriit IBaHoBuu Monoe*, BaneHTuH IropeBuy Muxaitnun*

1Nlep>xaBHMI BIOTEXHONOTIYHMI YHIBEPCUTET
61002, Byn. AnueBcbkux, 44, M. Xapkis, YKpaiHa
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AHotauis. Copro € 0aHI€t0 3 HAMBINbLL BAXXTMBUX MPOJOBOLYUX, KOPMOBUX T EHEPIrETUUHMX KYNbTYp B CBITi. KynbTypa €
CTiViKOIO O CTPECOBMX YMHHMKIB, 0c0b6nMBO aediumTy Bonorw. Lis 6ionoriyHa ocobnmsictb Lo3BONSE HOMY HOpMYBaTH
BMCOKi Ta CTabiNbHi BpoXai 3epHa B yMoBax AediuuTy BONOrK i BUCOKOI TeMnepaTypu. COpro 3epHOBE Ma€ 3HaYHY
nepeary3a psaoM disionoriyHmx,6ionoriyHnX,BpOXKaNHUX 03HAK MOPIBHAHO 3 iHLIMMM KYNbTYpaMK,ane MOCiBHI NAOLL
B YKpaiHi nig HUM 3anuwatoTbcs obMexeHnMu. OCHOBHOK NPUYMHOK LibOr0o €, Hacamnepes, BiCYTHICTb COPTOBUX
TEXHOJONi/ AOro BUPOLLYBAHHSA 3 YAO0CKOHANEHUMU efleMeHTaMu. A TOMY BUBYEHHS KOMMIEKCHOTO BMJIMBY HOPMU
BMCiBY HACiHHA Ta WUMPUHU MDKXPAAb HA POPMYBAHHS eNeMeHTIB NPOAYKTUBHOCTI € Hapa3i akTyanbHUM HanpsMOM
pocnimxeHb. OCHOBHOK MeTOH L0CNiAXeHb 6YN0 BUBYEHHS BMNMBY KOMMIEKCY YUHHUKIB: LUMPUHU MiXKPSLb, HOPMU
BMCiBY HAaCiHHS Ha NPOAYKTMBHICTb Ta 6ionoriyHy BpoxarHicTb 3epHa. JocnimkeHHs nposoamnu npotarom 2019-2021 pp.
Ha 6a3i @I «[toHic» KpeMiHcbkoro paioHy JlyraHcbkoi obnacti. Cxema gocnify: wupuHa Mixkpaab — 35,45 i 70 cm,
riopnan — Cear i ®narr, Hopmu Buciy - 100 tmc. wr./ra, 140, 180 i 220 tvc. wr./ra. [i6pupa copro 3epHoBoro ®narr
chopMyBaB BULLY NPOAYKTUBHICTb BOMOTI rOSI0BHOI i BiYHOT cncTem cTeben. Maca 3epHa 3 BOMOTI FONOBHMUX i BiUHMX
cteben y Hboro ctaHoBuna 45,1 39,0 reignosigHo,Toai ak y ribpuaa Ceat- 39,51 31,1 r.Buwa npofyKTMBHICTb BONOTEN
riopuay ®narr dopmMyBanacs 3a paxyHok 3Ha4yHo Buwoi Mmacu 1000 3epeH (Ha 35-40 %), npu LbOMY KinbKicTb 3epeH
y BOoTi 060x cuctem cteben Ginblwoto byna B ribpmuay copro Ceat. bionoriyHa BpoXalHicTb 3epHa 060X cucTeM
cTeben BuLLot Byna Takox y ribpuay copro ®narr - 5,87 1/ra, npotv 4,75 T/ra - y paHHbocTurnoro ribpuaa Ceat
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INTRODUCTION
Of all the environmental factors in the conditions of the
south of Ukraine, the formation of growth processes and
the productivity of plant organisms after moisture is most
affected by the nutrition regime, which is created by the
correct rotation of crops in crop rotation and the use of an
optimal fertilisation system (Miroshnychenko et al.,2018).

In modern agriculture, the role of mineral fer-
tilisers has considerably increased due to the insuf-
ficient use of organic fertilisers, the increase in the
share of row crops in crop rotation, in particular the
oversaturation of sunflowers, as well as the spread of
erosion processes. To form stable harvests and obtain
a full-fledged, according to the main quality indicators,
grain of winter wheat, it is necessary to create optimal
plant nutrition, and foremost, in terms of macroele-
ments (Havryliuk, 2019). One of the important condi-
tions for the effective use of fertilisers is to determine
the plants’ need for them, for the desired yield level,
considering the content of mobile NPK compounds in
the soil (Yan et al., 2021).

Increasing the grain yield of winter wheat is di-
rectly related to various elements of the crop structure,
which mainly consist of three parts: the productive
amount of straw per unit area, the number of grains
in an ear and the weight of a thousand grains. To study
the role of various productivity factors in the formation
of wheat grain yield, the determination of this indicator
depends on 50% of productive straw, 25% on the number
of grains in an ear,and 25% on the weight of 1,000 grains
(Olkhovskyi et al., 2019).

In the conditions of the Southern Steppe of Ukraine,
farmers should firstly pay attention to the accumulation
and preservation of moisture in the soil, ensuring the
maximum use of water by plants, which is the most
principal factor affecting the level of yield of agricul-
tural crops, including winter cereals. All life processes
are determined by the movement of water in plant or-
gans. In addition, soil moisture not only determines the
level of vital activity of plants, but also determines the
level of vital activity of microbes, ensuring the intensi-
ty of many physico-chemical processes. Due to climate
change and global warming, moisture has become a
major key factor influencing crop yields. Research by
O.Tsyliuryk established that most of the moisture in the
soil accumulates in black steam, but recently this pre-
cursor of winter wheat is used less and less due to the
excessive cost of caring for it (Tsiliuryk, 2019).

Many researchers have established that the
grain yield of winter wheat depends on the nutritional
background of the previous crop, but to a greater extent
on the weather conditions in the year of sowing - the
supply of water to plants during wintering and growing
season (Korkhova & Mykolaichuk, 2022; Panfilova et al.,
2020; Andriichenko & Kachanova, 2018).

Increasing the yield of winter wheat grain with
reducing resource inputs and reducing the chemical
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load on the soil is a priority area of agricultural devel-
opment, success in which can be achieved by greening
crop production (Raneesha Madushanki et al., 2019;
Soto-Gomez & Pérez-Rodriguez, 2022). Due to the in-
troduction of excessive amounts of fertilisers, environ-
mental pollution increases, quality decreases, and the
energy intensity of the produced products increases
(Kulkarni & Goswami, 2019).

Recently, there has been an increase in the in-
terest of domestic agricultural producers in biological
preparations, which is associated with the increase in
the price of mineral fertilisers, the contamination of
agricultural land with chemicals, and the expansion of
acreage for organic farming (Kulkarni & Goswami, 2019).
Biopreparations stimulate the growth and development
of agricultural crops, increase resistance to stress, dis-
eases, and balance nutrition. This effect is achieved since
living bacteria convert insoluble compounds into available
forms, provide nitrogen nutrition and protect plants
from bacterial and fungal diseases (Krutyakova, 2020;
Panfilova & Mohylnytska, 2019).

The purpose of the research was to determine the
productivity of winter wheat of the Duma Odeska variety
depending on the predecessor, doses of mineral fertilisers
and foliar fertilisation with biological preparations.

LITERATURE REVIEW

In agricultural production, crop rotation is always one
of the main agrotechnical measures that contribute to
increasing the yield of agricultural crops. It follows from
scientific literature that farms use a high proportion of
cereals in crop rotations, which leads to a decrease in
winter wheat grain yield (Kvasnitska & Voitova, 2021;
Wozniak, 2019; Alemu et al., 2014).

In the South of Ukraine, many scientists were en-
gaged in the research of predecessors for winter wheat.
For example, A.O. Lytovchenko et al. (2017), A.l. Kryvenko
and S.I. Burykina (2018) determined that black steam
forms higher grain yield and better indicators of its quality
in winter wheat plants.

R. Oripov and A. Buriev (2021) claim that for sus-
tainable wheat production in the Republic of Uzbekistan,
peas,as a precursor to winter wheat, are better compared
to repeated crops.

Long-term research carried out in the Northern
Steppe of Ukraine determined that the highest productivity
of winter wheat is formed when it is grown after black
steam and corn for silage, in years with the termination
of autumn vegetation in the 3 decade of November,
and the lowest - in the 1t decade of November (Mostipan
et al, 2019).

The studies of V. Hanhur and Y.O. Kotliar (2021)
prove that it is necessary to place winter wheat on a
black pair only in dry years, while in years favourable
for moistening, there is a decrease in productivity due
to the lodging of crops.



In a long-term (1996-2009) field experiment
conducted by S.I. Kudria at the experimental field of
the Kharkiv National Agrarian University named after
V.V. Dokuchaey, it was determined that in crop rotation
with leguminous precursors (peas and soybeans) of
winter wheat, the content of available forms of nitro-
gen nutrients was higher (116-120 mg/kg of soil) than
with pure steam (111-114 mg/kg of soil) and corn for
silage (110-113 mg/kg of soil) (Kudria, 2020).

As can be seen from the conducted research, the
soil and climatic zone of cultivation, varieties, feeding
conditions and weather conditions during the years of
research have a significant impact on determining the
best and good predecessors for winter wheat.

The analysis of the results of 14-year research
(2007-2020) conducted by S. Burykina et al. (2021) on the
topic: “Effectiveness of winter wheat fertilisation sys-
tems in the Southern Steppe of Ukraine” showed that the
application of fertilisers in a dose of N, P, K,, increased
grain yield by 2.24 t/ha, or by 40.3% compared to the
control variant (without fertilisers) (Burykina et al., 2021).

Research conducted by O.V. Sidyakina and
V.F. Dvoretsky (2020) determined that as a result of foliar
feeding with complex fertilisers, 0.62-0.96 t/ha of grain
was additionally formed.

Pekarskas J. et al. (2017) prove that the use of
biological preparation Fertenat increased the yield of
spring wheat by 0.05-0.30 t/ha or by 2.29-13.76%.

Research by D.Jodaugiene et al.(2022) determined
that the use of biological preparations did not have a
significant effect on seed germination, but contributed
to tillering, an increase in the number of productive
stems and the leaf surface area of winter wheat plants,
the weight of 1,000 grains, the number of grains in an ear,
the weight of grain in an ear, and increased grain yield
compared to control.

Therefore, both Ukrainian and foreign scientists
paid considerable attention to the research of predeces-
sors and optimisation of nutrition for soft winter wheat,
butin connection with climate change, the introduction of
significant areas into crop rotation for sunflower,mustard,
with the appearance of new varieties, changes in fertility
soil,there is a need to investigate this issue in more detail.

MATERIALS AND METHODS

Experimental research was conducted during 2019-2021
at the research field of the Educational-Scientific-Prac-
tical Centre of the Mykolaiv National University, which
belongs to the Southern Steppe zone of Ukraine.

The research material was the winter wheat va-
riety Duma Odeska, the owner of which is the Breeding
and Genetic Institute - National Centre for Seed Science
and Varietal Research (BGI - NCSSVR), which was reg-
istered in the State Register of Plant Varieties Suitable
for Distribution in Ukraine in 2017 (State register of plant
varieties..., 2022).

Gamayunova et al.

The agricultural technique of conducting the ex-
periments was generally accepted for the current zonal
recommendations for the conditions of the Southern
Steppe zone of Ukraine, except for the factors that were
taken for study. Sowing of winter wheat was carried out
on October 1 with a sowing rate of 5 million units/ha.

The soil type is southern chernozem with a hu-
mus content of 3.3% in the arable layer, a neutral reac-
tion of the soil solution (pH - 6.8-7.2) and an average
availability of mobile forms of nitrogen, phosphorus,
and potassium. The area of the sowing area was 50 m?,
and the accounting area was 26 m?, it was repeated
4 times. Experimental plots were placed by the method
of incomplete randomisation.

The scheme of the experiment included the
following options: Factor A - precursors: black steam,
legumes (peas), cruciferous vegetables (mustard of the
spring); Factor B - doses of mineral fertilisers: without
fertilisers (control), application of N,,P, K, , application
of N,,P.K,,; Factor C - bacterial preparations: control
(water treatment), Biocomplex-BTU-r, Organic Balance.

The influence of biopreparations Biocomplex-BTU-r
and Organic Balance was studied on the studied winter
wheat variety. Biocomplex-BTU-r - has a complex effect,
as it contains a mixture of different microbial strains.Or-
ganic Balance - a concentrated mixture of living and in-
activated microorganisms and their active metabolites,
living bacteria: nitrogen fixation - provides plants with
nitrogen; phosphorus and potassium mobilisation -
transforms insoluble compounds into forms available
to plants; has microorganisms with bactericidal proper-
ties — protect plants from bacterial and fungal diseases,
components of the nutrient medium (macro-, micro- and
organic food sources). The preparations are used for fo-
liar feeding of plants during the spring-summer vegeta-
tion period at the rate of 1.0 and 0.3 |/ha, respectively.

Planting density calculations were determined
on test plots with an area of 1 m2 twice per growing
season, located diagonally across the plot area. The first
time is calculated at the stage of full seedlings, and the
second time - before harvesting.

The mass of 1,000 grains was determined according
to GOST 10842-89. The average number of grains in an
ear is calculated according to the ratio, where the numera-
tor is the total number of grains after threshing 25 ears,and
the denominator is the sum of the average weight of the
studied sample (25 ears),and the weight of grain from 1 ear
is the weight of grain from the sheaf divided by the number
of productive stalks, obtained in the bundle sample.

Harvesting of winter wheat was carried out with a
SAMPO-500 harvester from each repetition. After thresh-
ing each plot, the threshing machine of the combine was
turned off,the harvested grainwasweighed separatelyand
transferred to standard humidity (14 %) and purity (100%).

The obtained research results in the form of ana-
lytical digital material were subjected to statistical and

Scientific Horizons, 2022, Vol. 25, No. 6

67



The Formation of the Productivity of Winter Wheat Depends on the Predecessor, Doses...

mathematical processing, performed by the method of
dispersion and correlation analyses thanks to computer
programs Microsoft Excel and “Agrostat” by the method
of variation, correlation, and dispersion analyses.

RESULTS AND DISCUSSION

A mandatory technique for obtaining high-yielding win-
ter wheat grain is to provide plants with nutrients during

the growing season. Therefore, fertilisation systems should
be based on the specific features of the soil and climatic
conditions of the region, predecessors, and varieties of
winter wheat (Panfilova et al., 2019).

The conducted study shows that the highest
yield of winter wheat grain can be obtained by placing
it in a black pair, both in individual years of sowing, and
on average during the three years of the study (Fig. 1).
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Figure 1. Yield of winter wheat grain depending on the predecessor for cultivation in unfertilised control with feeding
with bacterial preparations (average for 2019-2021), t/ha

Source: developed by the authors of this study

After peas or white mustard, when grown with-
out the use of mineral fertilisers, it was 3.9-8.6% lower,
and with their application in a dose of NP K , - by

16.0-17.6% lower compared to the predecessor of black
steam, on average by a factor treatment with biological
preparations (Table 1).

Table 1.Yield of winter wheat depending on the predecessor, doses of mineral fertilisers
and foliar fertilisation with bacterial preparations, (average for 2019-2021), t/ha

Treatment with biological Precursor (factor A)

% To control

preparations (factor C) Black steam ‘ Peas White mustard Mean t/ha ‘ %
Without the use of mineral fertilisers (factor B)
Control (water treatment) 4.30 4.04 391 4.08 - -
Biocomplex-BTU-r 4.56 4.40 4.20 4.39 0.30 743
Organic Balance 4.67 4.57 4.32 4.52 0.44 10.69
Mean for factor A 4.51 4.34 4.14 4.33 0.25 6.04
Mineral fertiliser N, P, K., (factor B)
Control (water treatment) 4.66 4.54 4.44 4.55 - -
Biocomplex-BTU-r 4.94 4.80 4.64 4.79 0.25 5.43
Organic Balance 5.01 4.85 4.74 4.87 0.32 7.04
Mean for factor A 4.87 473 4.61 4.74 0.19 4.15
Mineral fertiliser N P K, (factor B)
Control (water treatment) 5.48 4.70 4.67 4.95 - -
Biocomplex-BTU-r 5.73 4.94 4.84 5.17 0.22 4.44
Organic Balance 5.79 5.03 4.94 5.25 0.30 6.13
Mean for factor A 5.67 4.89 4.82 5.12 0.17 3.52
LSD ,, by factor A 0.17 0.11 0.10
LSD ,, by factor B 0.22 0.14 0.11
LSD , by factor C 0.23 0.15 0.13

Source: developed by the authors of this study
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The conducted research also determined that un-
der the influence of weather conditions of the growing
year, and especially the supply of moisture during the
growing season, the grain yield of winter wheat changes
(Table 2). Notably, from the years of conducting research,
the lowest yield was formed in 2020 due to unfavour-
able overwintering conditions, which led to a significant
decrease in the number of winter wheat plants during
the period of their full maturity, i.e., before harvesting

Gamayunova et al.

the grain crop. In this growing year, the advantage of the
black pair over other predecessors was most evident. In
addition, the lowest grain productivity in the specified
year was formed when the crop was grown after black
steam against the background of applying a high dose
of mineral fertiliser NP, K, with treatment with the bi-
ological preparation Organic Balance and amounted to
3.46 t/ha, which is 0.61 t/ha or 21.4% exceeded the pre-

decessor white mustard in a similar version of fertiliser.

Table 2. The yield of winter wheat grain (t/ha) under the influence of the studied factors (average for 2019-2021)

Precursor (factor A)

Treatment'wnh biological Black steam Peas White mustard Mean
preparations (factor C)
2019 ‘ 2020 ‘ 2021 2019 ‘ 2020 ‘ 2021 2019 ‘ 2020 ‘ 2021
Without the use of mineral fertilisers (factor B)
Control (water treatment) 5.36 374 5.52 5.11 3.25 5.31 4.94 3.12 5.14 4.61

Biocomplex-BTU-r

5.57 4.18 5.76

5.34 4.03 5.60

5.26 3.47 5.48

Organic Balance

5.66 4.33 5.86

5.48 4.27 5.77

541 3.59 5.61

Average by years

5.53 4.08 571

5.31 3.85 5.56

5.20 3.39 541

Mineral fertiliser N, P, K., (factor B)

32" 32

Control (water treatment)

5.85 4.21 5.93

5.63 4.15 5.78

5.48 4.01 5.69

Biocomplex-BTU-r

6.18 4.48 6.21

5.96 4.46 5.99

5.66 4.38 5.81

Organic Balance

6.22 4.55 6.31

5.98 4.53 6.07

5.75 442 5.96

Average by years

6.08 441 6.15

5.86 4.38 5.95

5.63 4.27 5.82

Mineral fertiliser N P K , (factor B)

64~ 64

Control (water treatment)

6.72 4.18 6.90

5.89 4.22 6.02

5.84 4.22 5.98

Biocomplex-BTU-r

6.88 4.63 711

6.15 451 6.27

5.99 4.46 6.11

Organic Balance

6.93 4.89 719

6.28 458 6.35

6.07 4.59 6.26

Average by years

6.84 4.57 7.07

6.11 4.44 6.21

5.97 4.42 6.12

Source: developed by the authors of this study

Despite the investigated factors, favourable weath-
er conditions during the growing seasons of 2019 and
2021 ensured a significantly higher yield of winter
wheat. Thus, judging by the average indicators of prede-
cessors, foliar feeding, and mineral fertilisers, 5.84 t/ha
was formed in 2019,and 6.0 t/ha in 2021, which exceeds
the level of 2020, which was less favourable, on 2.96
and 3.12 t/ha or by 102.8 and 108.3% relative to years.

In all years of research, the positive effect of
applying mineral fertilisers is clearly visible. More sub-
stantial increases in grain yield, optimisation of nutri-
tion of winter wheat plants, is ensured by growing the
crop according to non-paired (more impoverished in nu-
trients) predecessors. At the same time, it is important
to pay attention to the fact that with the improvement
of the nutritional regime of winter wheat plants, even
in the unfavourable year 2020, the yield for cultivation
after peas and white mustard was not so significantly
reduced compared to black steam. With the optimisation
of plant nutrition, the value of the precursor is reduced,

and the yield from applied mineral fertilisers increases
on soils more depleted of nutrients.

The productivity of winter wheat is significantly de-
termined and varies under the influence of the weather
conditions of the growing season, the availability of
plant nutrients and foliar fertilisation with bacterial
preparations. Of the studied bacterial preparations, the
largest yield increases are provided through the bac-
terial preparation Organic Balance, and the lowest -
Biocomplex-BTU-r. Of the predecessors, regardless of
the weather conditions of the year of growing winter
wheat, black steam provides the highest grain yield. The
level of grain yield increases significantly when mineral
fertilisers are applied to the crop. To a greater extent,
this can be traced to the cultivation of impoverished
predecessors - peas and white mustard.

The growth and development of plants during
the growing season and the yield they produce when
sowing grain crops are determined by the structural el-
ements of productivity. These are mainly: the density of
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the plant stand (the number of productive stems per 1 m?),
the number of grains in the ear and the weight of 1,000
seeds. The three components listed above directly de-
termine the level of productivity. The formation of struc-
tural elements of the crop is influenced by many factors
the weather conditions of the year, biological features of
the variety, crop care, including agrotechnical measures,
namely mineral nutrition of plants (Panfilova et al., 2020).

The interaction of productivity factors contribut-
ed to the formation of winter wheat grain yield, mainly
the number of productive straws formed, the weight of
1,000 grains, the size, and weight of the grain in the ear
(Tsvey et al., 2021). Studies of the main indicators for
determining the structure of winter wheat crops show
that under the influence of mineral fertilisers, the number
of productive stems increases (Table 3).

Table 3. The influence of the investigated factors on the number of plants before harvesting
and the number of productive stems (average for 2019-2021), pcs/m?

Treatment with biological

Doses of mineral fertilisers (factor B)

preparations (factor C) Without fertiliser (control)

N, P K NP K

32" 32 32 64" 64 64

Black steam (factor A)

Control (water treatment) % %ﬁ %
Biocomplex-BTU-r % %6? %
Organic Balance 361 368 371
453 471 500
Peas (factor A)

Control (water treatment) % % %
Biocomplex-BTU-r % % %
: 346 359 362
Organic Balance 443 460 470

White mustard (factor A)
Control (water treatment) ﬁ % %
Biocomplex-BTU-r % %'(5) %
: 342 346 347
Organic Balance 442 457 470

Note: in the numerator - the number of plants before harvesting; in the denominator - the number of productive stems

Source: developed by the authors of this study

Of the predecessors studied, the highest den-
sity of productive stems was formed by winter wheat
plants according to the steam precursor - 469 pcs/m?,
and after peas and white mustard, they were formed
somewhat less - 450 and 447 pcs/m? The most pro-
ductive stalks of winter wheat are formed against the
background of applying a dose of mineral fertilisers
N,P..K,, and foliar fertilisation of the crop with the
bacterial preparation Biocomplex-BTU-r and Organic
Balance at the main stages of plant growth. Thus, in
these variants of the winter wheat plant placed after
the steam predecessor, 496 and 500 pcs/m? of produc-
tive stems were formed, respectively, and after white
mustard - 463 and 470 pcs/m?. Against the background
of the introduction of mineral fertilisers in the dose
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of N,,P..K,,, a slightly lower density of the productive
stem was formed. During the years of research,461 pcs/m?
of productive stems were formed on 1 m? for fertilising
with Biocomplex-BTU-r and 463 pcs/m? - Organic Balance
in the section of predecessors.

The choice of feeding option also influenced to
some extent the amount of grain formed in the ears
of winter wheat (Table 4). Thus, if in the control with-
out fertilising, on average over the years of the study,
there are 26.9 grains in the ear of winter wheat after
placement on the background of the steam precursor,
26.4 pcs - after peas, 25.9 pcs - white mustard, the ap-
plication of mineral fertilisers in doses of N,,P, K., and
N,,P..K,, increased these indicators by 0.6-2.9; 1.3-1.5

and 1.8-1.9 grains, respectively.
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Table 4. The number of grains from 1 ear and their weight depending on the precursor, fertiliser
and biological preparations (average for 2019-2021)

Treatment with biological

Doses of mineral fertilisers (factor B)

preparations (factor C)

Without fertiliser (control) ‘

N,,P. K | N,P..K

32" 32 “32 64 64 64

Black steam (factor A)

Control (water treatment) % % %91223
Biocomplex-BTU-r % % iolg
. 278 279 29.9
Organic Balance 103 106 22
Peas (factor A)

Control (water treatment) % % %
Biocomplex-BTU-r iST(E; 5771 iSO;
Organic Balance 28.0 278 28.2
1.03 1.05 1.07

White mustard (factor A)
Control (water treatment) % % %
Biocomplex-BTU-r % % %
Organic Balance 26.7 28.0 279
0.98 1.04 1.05

Note: in the numerator — the number of grains from 1 ear, pc.; in the denominator — the mass of grains from 1 ear, g

Source: developed by the authors of this study

Inallyears of research,the number of grains inthe
ear was the largest in winter wheat plants placed after
the steam precursor with the use of mineral fertilisers
in the dose of N P K. and foliar fertilisation with
the bacterial preparation Biocomplex-BTU-r, which is
3.1 pcsorby10.3% more compared to the control option.

During the years of research, it was determined
that precursors, mineral fertilisers, and treatment of
plant sowing with biological preparations had an effect
on the mass of grain from one ear (Table 3). Thus, when
a low dose of mineral fertiliser N,,P,.K,, was applied
to winter wheat after the steam precursor, the mass of
grain from the ear, compared to the unfertilised con-

trol, increased by 4.9%, after peas — by 6.9%, and after

white mustard - by 8.8%. Foliar fertilising with bacteri-
al preparations Biocomplex-BTU-r and Organic Balance
increased the specified indicator of crop structure, re-
spectively: by 8.5% - after black steam, by 9.1% - after
peas and by 9.7% - after white mustard.

The conducted studies showed that there are
certain differences in the influence of precursors and
feeding conditions during the growth of winter wheat
on the formation of grains of varied sizes by plants. The
weight of 1,000 grains, depending on the precursor,
treatment with biological preparations and the use of
mineral fertilisers, varied widely and amounted to 36.2-
38.7 g for the steam precursor, for peas - 36.0-37.9 g,
and after white mustard - 35.9-37.7 g (Fig. 2).

39 38.7
385 38.5
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37.5 37
37 36.8 ¢
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36.5
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37. 373
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Figure 1. The influence of the precursor, mineral fertilisers and biological preparations
on the weight of 1,000 grains of winter wheat (average for 2019-2021), g

Source: developed by the authors of this study
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Foliar feeding of a winter wheat plant with organic
balance organic preparation over the years of research in
the section of predecessors against the background of a
high dose of mineral fertilisers (NP, K,,) increased the
mass of 1.000 grains to 38.1 g, which exceeds this indi-
cator compared to the control variant by 2.1 g or 5.8%.

Thus, on average, over the previous years and
during the years of research, the use of mineral fertilisers
increased the mass by 1,000 grains. In particular, the
application of mineral fertilisers in a dose of N,.P, K.,
showed an increase in the yield structure indicator com-
pared to the control by 1.0 g or by 2.8%, and with biological
preparations (provided this dose of mineral fertilisers
is applied) increased by 1.5-01.7 g or 4.2-4.7%. At the
same time, it should be noted that among the options
for growing winter wheat plants with fertilisation of the
crop with the bacterial preparation Organic Balance, the
weight of 1,000 grains was the highest - 37.7-38.7 g,
depending on the predecessor, with the use of mineral
fertilisers in the dose of N_,P_ K

64" 64 64"

CONCLUSIONS

Research conducted in the South of Ukraine in 2019-
2021 shows that the yield of winter wheat grain largely
depends on and varies under the influence of weather
conditions during the growing season, the supply of
plant nutrients and foliar fertilisation with bacterial
preparations.

Of the studied bacterial preparations, the largest
increase in yield was provided using the bacterial prepa-
ration Organic Balance, the smallest — Biocomplex-BTU-r.
Among the predecessors, black steam significantly in-
creased the yield of winter wheat, regardless of weather
conditions during the growing years. When mineral fer-
tilisers are applied to crops,the level of grain yield increases
significantly, and this applies even more to cultivation
after depleted predecessors — peas and white mustard.

The use of biological preparations has a signifi-
cant effect on winter wheat productivity. Comparing the
values between the years of the study, it can be noted
that the highest yields were obtained in a more favour-
able year for growing (2021) on the option for grow-
ing the crop on black steam against the background
of applying a high dose of mineral fertiliser NP, K ,
with treatment with the biological preparation Organic
Balance and amounted to 7.19 t/ha, which is more com-
pared to the control variant by 1.67 t/ha or by 30.3%.

Of the studied bacterial preparations, the greatest
increase inyield is provided by feeding with the bacterial
preparation Organic Balance, and the lowest by Biocom-
plex-BTU-r. Regardless of the weather conditions of the
growing year, a significantly higher yield of winter wheat
grain is formed by black steam. The level of grain yield
increases significantly with the introduction of mineral
fertilisers to the culture, and to a greater extent due to
the impoverished predecessors - peas and white mustard.
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dopMyBaHHS NPOAYKTUBHOCTI NLUIEHULI 03MMOI 3aN1e)XHO Big nonepeaHUKa,
003 MiHepanbHUX AO06puB Ta 6ionpenaparTis
BanenTtuHa BacuniBHa NaMatoHoBa, Oner AHaTtoniiosuy KoBaneHko,
IpuHa BiktopiBHa CMipHOBa, Maprapura MuxaiinisHa Kopxosa

MMKONAiBCbKMI HALIOHANBbHMI arpapHuUiA yHiBepcuTeT
54008, syn. leopria loHragse, 9, M. Mukonais, YkpaiHa

AHoTaui. NweHnLs € OCHOBHOK CiNbCbKOrOCNOAAPCbKOK KYNbTYpOH B HaraTbox KpaiHax CBiTy, @ TakOX OCHOBHO
NPOAOBOMBYOK — Y CTEMOBIl 30Hi, TOMY CUCTEMA AarpOTEXHIYHMX 3aXOAiB MOBMHHA OYTU CNPSMOBAHA HA CTBOPEHHS
CNPUATAMBUX YMOB AN OTPUMAHHS BUCOKOI BPOXKAMHOCTI. [TMTaHHS iHTeHCcuikaLii BUpOOHMLTBA 3epHa HEBIAAINbHI
BiJ, BUPOOHMLTBA Ta BUKOPUCTAHHA HOBUX BioreHHUX edeKTUBHUX NpenapaTis, ki MO3UTUBHO BMIMBAKOTb HA picT
i pO3BUTOK KYNbTYPHUX POCIUH. MeToto poboTn Byno BCTAHOBUTM BNIMB NO3aKOPEHEBOTO MiAKMBEHHS BaKTepiaibH1UMK
npenapatamu, nonepefHUKiB Ta 403 MiHepanbHUX AOOPMB HA YPOXKAMHICTb 3epHa Ta €NeMeHTU MPOAYKTUBHOCTI
nweHnLi 031MMoi. Y CTaTTi HaBeAeHO AaHi MPO pe3ynbTaTh AOCNIMKEHHS NWeHULi 03umoi copTy [lyMa oaecbka B
yMoBax HaByanbHo-npakTuyHoro ueHtpy Mukonaiscokoro HAY y 2019-2021 pp.Y xoai npoBefeHHS AOCNIOKEHHS
BMKOPWUCTOBYBANUCS 3araNbHONPUNHATI METOAMU: MOHOrpadivyHUI, CUCTEMHUI NiAXiA | CUCTEMHUIM aHani3, aHanis i
CMHTE3, NONbOBMIM Ta CTAaTUCTMYHMIA. byno nNpoaHanizoBaHO BNIMB MonepeaHMKa, NO3aKOPEHEBOro MNiAXMUBAEHHS
HakTepianbHUMK CydaCHUMMM BionpenapaTtamu Ta 3aCTOCYBAHHS Pi3HUX 4,03 MiHepanbHUX AOOPMB Ha eneMeHTU
CTPYKTYPY BPOXaAI0 Ta BPOXAMHICTb 3epHa MLIeHuLi 031MOi. BcTaHOBNEHO, WO piBEHb YPOXKAt0 3aneXaB i 3MiHIOBABCA
BiA monepegHuka, B3STOrO A/s M0O3aKOPEHEBOro MifXMBNEHHS BakTepianbHOro npenapary, piBHS MiHepasbHOro
XMBMEHHSA | 3HAYHOK MIpOK 33 BMAMBY NOrOAHMX YMOB POKY BMPOLLYBAHHS. 33 POKM AOCAIAXKEHb, MOMNepeaHNKH,
MiHepanbHi Ao6puBa Ta 06pobka MocCiBy pociMH GionpenapaTtaMu BIIMHYAM Ha KiNbKiCTb NPOAYKTUBHMUX cTeben,
KiNbKiCTb 3€peH 3 KON0CY, Macy 3epHa 3 ogHoro konocy Ta Macy 1000 3epeH niweHuui 03umoi. [poseaeHMMm OCAIAXKEHHSIMU
NiATBEPIYKEHO LOLIbHICTb MO3aKOPEHEBUX MiKMBNEHD B OCHOBHI Nepioay BereTauii bionpenapatamu ans ontumizauii
YXMBNEHHSA POC/IMH MLWEHULLi 031MOI 3 MeTO GOPMYBAHHS CTaN0i BPOXAMHOCTI 3epHa. OTp1MaHi HayKoBi pe3ynbTaTu
[OCNioKeHb CNPUSTUMYTb LWMPOKOMY 3aCTOCYBaHHIO BionpenaparTi., fiki 3a6e3neyaTtb WBKUAKMIA Ta MOBHOLLIHHUIA picT
i pO3BMTOK POC/MH MLWEHMULi 03UMOI, WO B NOAANbLLIOMY CNPUATUME MiABULLEHHIO BPOXAMHOCTI Ta BaNoBMX 360piB
3epHa

KniouoBi cnoBa: ypoxkaiHiCTb 3epHa, NiLKMBNEHHS, NPOAYKTUBHI CTe6Na, KiNbKicTb 3epeH 3 1 konocy, Maca 1000 3epeH
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competition with grasses on the biochemical composition of fruit tree tissues
Suggested Citation: has not yet been definitively elucidated. The purpose of this study was to

Gerasko, G.,Pyda,S.,Pashchenko,Yu., determine the influence of soil retention under mulching (compared to pure
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den. Scientific Horizons, 25(6), 75-88.  total reducing activity and activity of antioxidant enzymes was established
under conditions of prolonged drought and an increase in the content of
titrated acids. The total reducing activity under mulching conditions tended
to increase. A gradual increase in the content of titrated acids, ascorbate,
sugars, phenolic substances, and glutathione was recorded in the leaves of
cherry trees from the flowering phase to November. In the autumn phase, a
significant increase in sugars and phenolic substances was established in
cherry leaves under the conditions of mulching in 2017,and in 2018 - phenolic
substances; in 2019 - phenolic substances and ascorbate. An increase in the
content of malondialdehyde (MDA) and the activity of antioxidant enzymes
was found during the growing season of cherries in both variants of the
experiment. In the November phase only in 2019, the MDA content was
significantly higher by 14% under the condition of mulching. Under mulching
conditions, a significant increase in ascorbate peroxidase (by 28-30%) and
polyphenol oxidase (by 45-46%) was determined. In 2018 and 2019, a
2.4-fold increase in peroxidase activity in cherry leaves was determined.
Research results help to understand the mechanisms of adaptation of fruit
plants to stress factors (drought, competition with natural grasses) and can
be used as an argument in favour of mulching in organic cherry orchards
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INTRODUCTION
The development of sustainable agricultural produc-
tion requires the creation of a suitable scientific base to
have a clear idea of the consequences of innovative and
“‘green” technologies for plant physiology. Maintaining
garden soil under mulching has numerous positive
ecological effects: it contributes to the preservation
of agrocenotic relationships (Yao et al., 2005), ensures
optimal soil temperature and humidity (Gerasko et al.,
2021), attracts beneficial insects-entomophages and
pollinators (Mateos-Fierro et al., 2021), promotes the
development of symbiotic mycorrhizae (Balestrini et
al., 2018) and beneficial microorganisms in the soil, the
number of which increases due to the well-developed
rhizosphere of grasses (Yao et al., 2005). However, at
present, the question of the effect of soil mulching of
fruit plantations on biochemical processes in tree tis-
sues has not been fully investigated.

One of the most popular fruit crops is the sweet
cherry (Prunus avium L.), which is valued by consum-
ers for its attractive appearance, high fruit taste, and
nutritional value (Szpadzik et al., 2019; Pereira et al.,
2020; lvanova et al., 2021). Many scientists investigate
the biochemical composition of sweet cherry fruits
depending on the genetic characteristics of varieties,
weather factors and conditions of the growing region
(Picariello et al., 2016; lvanova et al., 2020; Ivanova et
al., 2022). Recently, there has been increasing attention
to the content of biologically active substances (BAS)
in the vegetative organs of fruit trees, namely sweet
cherries (Prvulovic et al., 2011; Bastos et al., 2015; Jesus
et al., 2019), by-products of fruit growing (Yuksekkaya
et al., 2009; Djilas et al., 2011; Afonso et al., 2019), and
in the leaves of fruit trees (Dziadek et al., 2018; Dziadek
et al., 2019; Uysal et al., 2020). This is explained by the
fact that, firstly, leaves and by-products of fruit growing
can be used for therapeutic and illness prevention pur-
poses in the human diet, and, secondly, the content of
these substances can indicate the physiological state
of fruit trees (Polonskaya et al., 2007; Grebennikova et
al., 2011; Bonyanpour et al., 2020). The course of oxi-
dation-reduction processes in the leaves of fruit trees
during the growing season also deserves attention.

In the conditions of the Southern Steppe of
Ukraine, plants face various stresses, including drought,
extreme temperatures, and excessive light intensity.
Mulching can create additional stressful conditions for
fruit trees as a result of competition with them for the
most important ecological factors, such as nutrients
and light (Atucha et al., 2011). In response to stressful
conditions, reactive oxygen species (ROS) are produced
in excess, which cause oxidative damage to cell mem-
branes (lipid peroxidation, LP), proteins, and nucleic ac-
ids (Sharma et al., 2012). One of the products of lipid
peroxidation is malondialdehyde, the accumulation of
which can be used to judge the intensity of LP in plant
tissues (Gill et al., 2013). To normalize the level of ROS
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in plants, the antioxidant defence system (ADS), which
contains non-enzymatic and enzymatic antioxidants,
works (Atucha et al., 2011; Sharma et al., 2012; Gill et
al., 2013). Information on the content of biologically
active substances, malondialdehyde and the activity of
antioxidant enzymes in sweet cherry leaves will help
find out how mulching affects the level of stress in the
tissues of sweet cherry leaves in the conditions of the
Southern Steppe of Ukraine.

The purpose of this study was to determine the
content of biologically active substances, malondialde-
hyde, and the activity of antioxidant enzymes in sweet
cherry leaves under mulching conditions in an organic
garden in the South of Ukraine.

MATERIALS AND METHODS

The research was carried out during 2017-2019 in the
conditions of the Scientific Research Garden of the Tav-
ria State Agricultural Technological University (Zelene
village, Melitopol district, Zaporizhzhia Oblast: 46°46'N,
35°17'E). The soil of the experimental plots is chestnut,
with a sandy granulometric composition. Despite the
insufficient provision of nutrients, low humus content,
the soils of the study region are suitable for growing
cherries. The weather conditions of the research years
were warmer in terms of the average annual air tem-
perature by 1.2-1.6°Cthan the long-term indicators, but
in 2017 and 2019 they were inferior in terms of the
average annual amount of precipitation.

Thus, the amount of precipitation in these years
was 11 and 8% less, respectively, than the average
multi-year data. In 2017, April was cold (the average
monthly air temperature was below 10°C) and rich in
precipitation (76% more than the long-term norm). May
2017 was cool and very dry. The drought continued in
June 2017 as well. July 2017 was relatively satisfactory
in terms of precipitation and less hot,compared to long-
term data. The amount of precipitation in August-Sep-
tember 2017 was considerably higher than the long-
term average, but the average monthly temperature in
August was 3.2°Chigher than the long-term norm. Sep-
tember and October 2017 were relatively satisfactory
in terms of moisture supply. In 2018, the drought lasted
from April to the end of June. July 2018 was satisfactory
in terms of precipitation, but August this year was the
driest in all the years of the study (precipitation was
82% below the multi-year average). Abundant precipi-
tation in September 2018 was replaced by a drought in
October (the amount of precipitation was 44% less than
the average long-term norm). April and May 2019 were
satisfactory in terms of moisture supply (the amount
of precipitation was, respectively, 44% and 107% more
than the average multi-year norm). But June 2019 was
unusually hot and dry. The drought continued in July
2019 as well. August 2019 was relatively satisfactory
in terms of average monthly temperature and amount



of precipitation. In September 2019, there was a severe
drought that continued into October this year.As a sum-
mary regarding the weather conditions for the develop-
ment of sweet cherry leaves, it can be stated that in the
months of April and May, which are most important for
the formation of the leaf plate, in 2017 the conditions
were satisfactory in terms of moisture supply, but cold
in April and cold and dry in May; in 2018, both April and
May are dry and hot; in 2019, it is warm and satisfactory
in terms of moisture supply in April and May.

The research was conducted in sweet cherry (Prunus
avium L.) fruit plantations of Dilema variety on Antip-
ka (Prunus mahaleb) rootstock. Tree planting scheme
in 2011 - 7x5 m. The mid-early variety Dilemma was
obtained as a result of crossing two varieties, Drohana
Zhovta and Valerii Chkalov. Strong-growing trees of the
variety form sprawling, slightly drooping, dense crowns.
The shape of the fruits is convex-heart-shaped with a
dark red skin and pulp. The fruits are characterized by
an excellent sweet-sour, refreshing taste. Fruit ripening
in the conditions of the region is observed in the first
decade of June. Fruits are mainly used fresh.

The experiment was laid out as a randomized com-
plete block with three replications. There are 10 control
trees in each repetition. The scheme of soil retention in
the experimental areas is as follows:

Option 1.Pure steam (weeding was carried out to
a depth of 15 cm, manual weeding);

Option 2. Covering the soil with natural grasses
or “living mulch” (natural grasses were mowed, biomass
was left on the soil surface).

Plant care measures were identical in each version
of the experiment. Synthetic pesticides and mineral fertiliz-
ers were not used in the sweet cherry growing technol-
ogy. During the growing season (from April to Novem-
ber), leaves were collected annually for analysis. Leaf
collection was carried out 4 times per growing season
in the phases of flowering (BBCH 61-65), ripening of
fruits (BBCH 87-89), completion of shoot growth (BBCH 91)
and November (BBCH 93-97). For biochemical analyses,
100 intact leaves were selected in three replicates from
each variant of the experiment.

The main elements of records and observations:
the content of malondialdehyde (MDA, nmol/g), the
activity of antioxidant enzymes - catalase (CAT, umol
H,0,/g-min), ascorbate peroxidase (APO, mg oxidized
ascorbic acid/g), polyphenol oxidase (PPO, c.u./g-min),
peroxidases (PO, mcat/g); the content of sugars (S, %),
titrated acids (TA, %), phenolic substances (Phen, mg
GA/100 g), ascorbic acid (As,mg/100 g), glutathione (Glu,
mg/100 g) in sweet cherry leaves.

The intensity of lipid peroxidation (LP) was deter-
mined by the accumulation of the secondary LP prod-
uct - MDA.The method is based on the fact that at 95°C
in an acidic environment, MDA reacts with TBA, forming
a pink trimethyl complex with an absorption maximum
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at 535 nm (Costa et al., 2002). For the analysis, 250 mg
of plant material was taken, homogenized with 4 ml of
20% trichloroacetic acid (TCA). 4 ml of 0.5% TBA dis-
solved in 20% TCA was added to 1 ml of filtrate and
boiled at 95°C in a water bath for 30 minutes, followed
by cooling. Optical density was measured at wavelengths
of 532 nm and 600 nm. Then the MDA content was cal-
culated according to formula 1:

(E635- E600)
C=—F ®

where C is the concentration of MDA; E532 and E600
are the optical density at wavelengths of 532 nm and
600 nm, respectively; E is the molar extinction coeffi-
cient of the trimethyl complex for a beam path length
of 1 cm (E=1.55x10° M* cm). The result of MDA con-
tent calculations was displayed in nM per gram of plant
material weight.

The activity of catalase (CAT,EC 1.11.1.6) was de-
termined by the spectrophotometric method according
to the degree of decomposition of hydrogen peroxide
by catalase, the residue of which was determined by re-
action with ammonium molybdate, expressed in pmol
H,0,/g-min.

The activity of ascorbate peroxidase (APO, EC
1.11.1.11) was determined by titrating the remaining
unoxidized ascorbic acid with 0.001 solution of Tillmans
reagent (2,6-dichlorophenolindophenol) until a light pink
colouration that did not disappear within 30 s (Gorodniy
et al., 2006). In the control, APO was deactivated with
metaphosphoric acid. APO activity was determined ac-
cording to formula 2:

_(a—b)><T><V1

X =
HxV, @

where X is APO activity (mg of oxidized ascorbic acid
per 1 g of raw mass); a is the amount of 0.001 Tillmans
reagent used for the titration of the control sample, ml;
b is the amount of 0.001 Tillmans reagent used for titra-
tion of the test sample, ml; T'is the reagent titre (amount
of ascorbic acid corresponding to 1 ml of paint), mg; V,
is the total volume of the extract, ml; H is the weight of
plant material, g; V, is the volume of extract taken for
titration, mL.

Determination of the activity of polyphenol oxi-
dase (PPO, EC 1.10.3.1) was carried out by the spectro-
photometric method, which is based on the measure-
ment of the optical density of the reaction products
formed during the oxidation of pyrocatechin over a cer-
tain period. The optical density was measured at 420 nm.
The activity of polyphenol oxidase was expressed in con-
ventional units per 1 g of raw tissue in 1 min.

Determination of peroxidase activity (PO, EC
1.11.1.7) was carried out by oxidation of indigo carmine
with oxygen released during the decomposition of hydro-
gen peroxide under the influence of peroxidase (Frew
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et al., 1983): upon oxidation, indigo carmine changes its
colour from blue-green to yellow-pink. 1 g of plant tis-
sue was homogenized with 6 ml of acetate buffer with
pH=4.9. 2 ml of indigo carmine was added. 1 ml of ho-
mogenate was taken,and 0.5 ml of 0.03 M hydrogen per-
oxide solution was added. After 2 minutes, 20% sulphuric
acid was added to stop the reaction.Photometry was per-
formed at a wavelength of 610 nm against distilled wa-
ter in a cuvette with a working length of 1 cm. In parallel,
a control sample was prepared, where instead of hydro-
gen peroxide, 0.5 ml of distilled water was added. PO ac-
tivity was expressed in mcat/g of plant material weight.

The content of sugars (%) in plant tissues was
determined by the photometric method based on the
ability of monosaccharides to reduce picric acid (2, 4,
6-trinitrophenol) to picramic acid. The final product of
the reaction acquires an intense red colour. The content
of titrated acids in the studied samples was determined
by the generally accepted method (Methods of ...). The
total content of phenolic substances was determined
photometrically using the Folin-Chocalteau reagent
and calculated in mg of gallic acid (GA) per 100 g of

raw material (Waterhouse, 2002). The content of ascor-
bic acid, glutathione and total reducing activity of plant
tissues was determined according to well-known meth-
ods (Gorodniy et al., 2006).

All studied analyses were performed in tripli-
cate. The obtained experimental data were compared
by Tukey's mean separation test at a significance level
of P<0.05 and were processed using the Pearson cor-
relation analysis method using Minitab 19 software
(Minitab Inc., State College, PA).

RESULTS AND DISCUSSION

As a result of the research, it was established that the
total reducing activity in sweet cherry leaves varied be-
tween 8.5-18.7mlLof KJO,/100 g of raw material for keep-
ing the soil in the garden under pure steam and from 9.3
to 20.2 ml of KJO,/100 g of raw material when covering
the soil with natural herbs (Tables 1-3). Total reducing
activity tended to increase under mulching conditions,
but this indicator was statistically significantly greater
under mulching conditions only in the flowering phase
in 2018 (9% more, compared to pure steam conditions).

Table 1. Phytochemical composition of sweet cherry leaves of the Dilema variety depending
on soil maintenance in the garden (2017), M*m

Phenolic

Total reducing

Variant Sugars, % Titrated acids, %  substances, mg ﬁ:;;{z;tg Grl:;j;rgg r;e, activity, ml of
GA/100g KJO,/100 g
Flowering
Pure steam 3.2%0.23 1.1£0.06 7.9£0.60 8.4£0.61 30.7£2.09 10.10.63
Mulching 3.8+0.24" 1.4+0.08" 10.2£0.65* 9.70.64 32.2+2.11 10.5%0.69
Fruit ripening
Pure steam 3.4%0.25 1.1+0.08 43.2+3.042 9.1+0.73 33.8+2.25 11.2+0.68
Mulching 4.10.27* 1.5£0.08" 50.4%3.76" 10.60.75 36.8+2.29 12.1+0.76
Completion of shoot growth
Pure steam 3.8+0.29 1.3+0.09° 136.5+10.252 10.70.79 38.4£2.59 12.5+0.78
Mulching 4.5+0.32* 1.5£0.10 175.1+£10.69* 12.4+0.83 39.9%£2.66 13.3+0.83
Defoliation
Pure steam 4.2+0.34 1.6%0.10° 155.0+13.612 11.10.85 41.4+2.84 13.5+0.88
Mulching 4.8+0.28" 1.8+0.12° 228.5+15.65* 12.3+0.89 42.9%2.99 14.60.93

Note: “the difference between options is significant at P<0.05; and the difference compared to the previous stage of

organogenesis is significant at P<0.05

Table 2. Phytochemical composition of sweet cherry leaves of the Dilema variety depending
on soil maintenance in the garden (2018), M*m

Phenolic Ascorbate Glutathione Total reducing
Variant Sugars, % Titrated acids, %  substances, mg ma/100 ’ ma/100 ’ activity, ml of
GA/100 g 9/25% 9 9/25% 9 KJ0,/100 g
Flowering
Pure steam 2.8+0.20 0.9+0.06 8.8+0.56 7.0+0.29 26.1%¥1.58 8.5+0.49
Mulching 3.4%0.21" 1.1£0.06 13.8+0.61" 7.5+0.31 27.9%1.71 9.3+0.52*
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Table 1, Continued

Phenolic

Total reducing

Variant Sugars, % Titrated acids, %  substances, mg ﬁ:;;{z;t(;’ Grl:;j;rgg r;e, activity, ml of
GA/100 g KJO./100 g
Fruit ripening
Pure steam 3.0%0.22 1.0£0.07 48.6%2.62a 7.9%0.33a 29.2+1.85 9.5+0.59a
Mulching 3.7¥0.22* 1.2£0.07 68.7+2.81%a 8.4%£0.35a 30.7£1.89 10.1+0.63
Completion of shoot growth
Pure steam 3.4%0.25 1.1+0.08 153.5¢10.90a 8.8+0.41a 32.2+191 10.5%0.69
Mulching 4.1+0.26" 1.3%0.09 197.2+11.82*a 9.2+0.53a 35.3£2.19 11.5+0.74
Defoliation

Pure steam 3.8%0.27 1.4%0.09 174.5+13.32° 9.7+0.61° 36.8+2.54° 12.1£0.91°
Mulching 4.3+0.28 1.6%0.10° 257.1#15.11* 10.1+0.70° 39.9£2.72? 13.4+0.89°

Note: *the difference between options is significant at P<0.05; and the difference compared to the previous stage of

organogenesis is significant at P<0.05

Table 3. Phytochemical composition of sweet cherry leaves of the Dilema variety depending on soil maintenance in the
garden (2019), M£m

Phenolic Ascorbate Glutathione Total reducing
Variant Sugars, % Titrated acids, %  substances, mg mg/100 g’ mg/100 g ’ activity, ml of
GA/100 g KJO,/100 g
Flowering
Pure steam 2.9+0.11 1.0£0.06 11.2#0.75 9.5+0.27 46.1¥2.14 14.8+0.51
Mulching 3.5+0.18" 1.2£0.07 17.5+0.80" 10.6%0.39* 47.6%2.19 15.5+0.57
Fruit ripening
Pure steam 3.1+0.21 1.1+0.07 61.2%2.62a 11.4+0.51a 49.1+2.29 15.9%0.65
Mulching 3.6%0.22" 1.3£0.07* 87.2+2.82%a 13.2+0.67"a 52.1+3.20 17.1£0.49
Completion of shoot growth
Pure steam 3.5%0.20 1.2£0.08 195.5¢12.16a 12.320.65 55.3+3.51 17.8+0.87a
Mulching 4.2%0.22* 1.4%0.09* 250.4+15.28*a 14.1+0.67 56.8+3.49 18.5+0.83
Defoliation
Pure steam 3.9%0.24 1.3+0.09 242.3+15.65a 13.2+0.71 58.3+3.91 18.7£0.95
Mulching 4.5%0.26 1.5£0.09 298.1+¥16.98*a 15.5+0.79* 61.4£3.99 20.2+0.99

Note: *the difference between options is significant at P<0.05; and the difference compared to the previous stage of

organogenesis is significant at P<0.05

The content of ascorbate in sweet cherry leaves
varied between 7.0-13.2 mg/100 g of raw material un-
der conditions of pure steam and 7.5-15.5 mg/100 g of
raw material when the soil was covered with natural
grasses. In 2017 and 2018, there was no significant
difference in the content of ascorbate in the leaves.
In the experiment, the highest accumulation of ascor-
bate in leaves was noted in the November phase in the
year 2019, which was relatively satisfactory in terms
of moisture supply. Moreover, under the conditions of
mulching, ascorbate accumulated substantially more in
the leaves, compared to the conditions of pure steam:

in the flowering and leaf phases, respectively, by 12 and
17%. Ascorbate is a widespread and effective antiox-
idant associated with photosynthetic reactions, which
accumulates in high concentrations in both photosyn-
thetic and non-photosynthetic organs and tissues and
has many functions in plants, the main ones being the
protection of the glutathione pool and the proper func-
tioning of some enzymes (Gest et al., 2012).

Under the conditions of keeping the soil under
black steam, the content of glutathione in sweet cherry
leaves was in the range of 26.1-58.3 mg/100 g of raw
material. When the soil was covered with natural grasses,
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the studied indicator varied from 27.9 to 61.4 mg/100 g
of raw material. It should be noted that over the years of
research, no significant difference between the variants
of the experiment has been established. The tripeptide
glutathione (GSH, y-glutamyl-cysteinyl-glycine) is one of
the main components of the ascorbate-glutathione (AsA-
GSH) pathway and plays a significant role in protecting
cells from oxidative stress and the accumulation of
harmful LP products in plant tissues (Anjum et al., 2010;
Walker et al., 2018).

Notably, in 2018, when the weather conditions
were unfavourable, the total reducing activity in sweet
cherry leaves tended to decrease in both versions of
the experiment. Thus, the studied indicator decreased
by 14% when the soil was kept under black steam and
by 12% when covered with natural grasses. This was
probably due to a decrease in the content of ascorbate
and glutathione in leaves in 2018 compared to 2017.
Thus, the content of ascorbate in sweet cherry leaves in
2018 decreased by 15% when the soil was kept under
clean steam and by 22% when mulched compared to
since 2017. The content of glutathione in sweet cherry
leaves decreased in 2018 by 14% when the soil was
kept under clean steam and by 12% when mulched
compared to 2017. Similar trends have already been
described in the scientific literature: under the stress of
progressive drought in apple trees the initial response
was a slight oxidation of glutathione with a subsequent
increase in glutathione concentration, but as drought
stress continued to increase, glutathione concentration
decreased substantially (Polonskaya et al., 2007). In
2019 (with sufficient moisture supply), the total reduc-
ing activity significantly increased, compared to 2018,
in both variants of the experiment: under conditions of
pure steam by 66%, under conditions of mulching - by
62%. The content of ascorbate in leaves in 2019 un-
der conditions of pure steam increased by 41% com-
pared to 2018, under conditions of mulching - by 51%.
The same trend was observed regarding the content of
glutathione in leaves: in 2019, under the conditions of
mulching, this indicator was 64% more, compared to
2018, under the conditions of pure steam - by 69%.
If one compares the total reducing activity in sweet
cherry leaves in the favourable year of 2019 with the
average year in terms of climatic conditions in 2017,
then this indicator was 42% higher in both versions of
the experiment. Likewise, the content of ascorbate in
2019 was higher compared to 2017: under the condi-
tions of pure steam by 20%, under the conditions of
mulching - by 18%. The content of glutathione in the
leaves also increased in 2019, compared to 2017: under
the conditions of mulching - by 44%, under the condi-
tions of pure steam - by 45%. From the above, it can
be concluded that with sufficient moisture supply, the
content of ascorbate, glutathione, and general reduc-
ing activity in sweet cherry leaves increases. Ascorbate
consumption occurred under drought conditions, while
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under mulching conditions it was consumed more, but
also produced more. This is confirmed by the absence of
a significant difference in the investigated indicator be-
tween the variants of the experiment. Glutathione con-
tent and total reducing activity under drought condi-
tions decreased in the same way, both under mulching
conditions and under clean steam conditions, no sub-
stantial difference in these parameters between the ex-
perimental variants was noted during all three years of
research. The content of ascorbate, glutathione, and to-
tal reducing activity in sweet cherry leaves gradually in-
creased from the flowering phase to November and had
maximum values in the November phase. A decrease
found in the content of ascorbate, glutathione, and to-
tal reducing activity in leaves under drought conditions
indicates stress exhaustion of sweet cherry trees, when
a high level of stress leads to a decrease in the pro-
duction of protective antioxidants (Anjum et al., 2010).

In the flowering phase (BBCH 61-65), the sugar
content in the leaves was 2.8-3.2% when the soil was
kept under pure steam and 3.4-3.8% when covered with
natural grasses. In the fruit ripening phase (BBCH 87-89),
the sugar content in the leaves increased. Thus, on pure
steam, the sugar content in leaves was 3.0-3.4%, and
on mulching - 3.6-4.1%. In the phase of completion of
shoot growth, a difference between the experimental
variants was also observed. The content of sugars in the
leaves was higher under the condition of soil mulching
(4.1-4.5%) compared to pure steam (3.4-3.8%). However,
in the defoliation phase (BBCH 91), the difference be-
tween the test options was statistically significant (by
14%) only in 2017. In general, the highest content of
sugars in the leaves was accumulated before the de-
foliation phase and was 4.3-4.8% in the conditions of
mulching and 3.8-4.2% in the conditions of pure steam.
The content of sugars decreased under unfavourable
weather conditions in 2018 almost equally in both ver-
sions of the experiment - by 10-11%.

Organic acids in plant tissues perform several
essential functions, e.g., they help to change the turgor
pressure in the stomata, which provokes their movement
(Richter, 2021). During the growing season, the content
of titrated acids in sweet cherry leaves increased from
0.9 to 1.6% under the condition of pure steam and from
1.1 to 1.8% under the condition of mulching. The con-
tent of titrated acids in sweet cherry leaves under the
condition of being covered with natural grasses was
significantly higher compared to pure steam: in 2017, by
27,36 and 15% in the phases of flowering, ripening of
fruits and completion of shoot growth, respectively; in
2019,by 18 and 17% in the phases of fruit ripening and
the completion of shoot growth, respectively. In 2018,
there was no substantial difference between the exper-
imental variants in the content of titrated acids in the
leaves. Under unfavourable weather conditions in 2018
(compared to 2017), the content of titrated acids in the
leaves of sweet cherry trees decreased: under clean



steam conditions by 14%, under mulching conditions
by 16%. However, in the year 2019, which was more fa-
vourable in terms of moisture supply, the acid content
increased insubstantially compared to 2018 (only by 3%
under clean steam conditions and by 2% under mulching
conditions). Thus, in 2017, the content of titrated acids
in sweet cherry leaves was the highest in three years of
research. This can be explained by the cold conditions
of April and May 2017, which contributed to the shift
of leaf metabolism towards the accumulation of acids.

Total phenolic concentration in plant leaves is
a major component of stress tolerance (Cheynier et al.,
2013). The total content of phenolic substances in sweet
cherry leaves was 7.9-242.3 mg of GA/100 g of raw ma-
terial when the soil was kept under pure steam. Under
the condition of covering the soil with natural grasses,
the studied indicator increased significantly and ranged
from 10.2 to 298.1 mg GA/100 g of raw material. There
was a substantial difference between the variants of the
experiment in terms of the content of phenolic substances
throughout all years of research. Thus, the content of
phenolic substances in sweet cherry leaves was 16-56%
higher compared to pure steam. Under adverse weather
conditions in 2018, the content of phenolic substances
(in contrast to ascorbate, glutathione, sugars and titrated
acids) increased by 12% when the soil was kept un-
der pure steam and by 24% when covered with natural
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grasses. In 2019, the content of phenols increased by
30% compared to 2018 when kept under pure steam
and by 24% when covered with natural grasses. The
total content of phenolic substances in sweet cherry
leaves, established by our research in the fruit ripening
phase, is consistent with the data of Turkish scientists
(Uysal et al., 2020). As a result of the research, a gradu-
al increase in the content of the following biologically
active substances was recorded in sweet cherry leaves
from the flowering phase (BBCH 61-65) to the defolia-
tion phase (BBCH 91): ascorbate, glutathione, sugars, ti-
trated acids and phenolic substances. In the defoliation
phase, sugars and phenolic substances were substan-
tially more in the leaves of sweet cherry trees under
mulching conditions in 2017, phenolic substances in
2018, and phenolic substances and ascorbate in 2019
compared to the conditions of pure steam.

Correlation analysis confirms a strong direct
positive correlation between BAS content and total re-
ducing activity (Table 4). At the same time, the total re-
ducing activity in sweet cherry leaves was most closely
correlated with the content of glutathione and pheno-
lic substances. The accumulation of biologically active
substances occurred in a close correlation (Table 5). The
closest correlation was noted between the content of
phenolic substances and glutathione, sugars and titrated
acids, ascorbate, and glutathione.

Table 4. Correlation coefficients (r?) of general reducing activity (GRA) with the content
of biologically active substances (BAS) in sweet cherry leaves

Year of research Sugars Titrated acids Phenolic substances Ascorbate Glutathione
2017 0.81 0.71 0.93 0.85 0.98
2018 0.82 0.94 0.92 0.96 0.99
2019 0.85 0.82 0.95 0.91 0.99

Table 5. Correlation coefficients (r?) between the content of biologically active substances (BAS) in sweet cherry leaves

Sugars and Titrated acids and Ascorbate and Phenolic
Year . . . . substances
T|tr§ted Ascorbate Phenolic Glutathione | Ascorbate Phenolic Glutathione Phenolic Glutathione and
acids substances substances substances glutathione
2017 0.90 0.92 0.74 0.78 0.75 0.60 0.69 0.82 0.84 0.93
2018 0.89 0.77 0.76 0.81 0.90 0.76 0.91 0.93 0.98 0.94
2019 0.96 0.86 0.77 0.81 0.89 0.69 0.76 0.80 0.86 0.97

Similar trends have already been noted in the
studies of A.K. Polonskaya, V.N. Yezhov, and O.A. Greben-
nikova (Polonskaya et al, 2007; Grebennikova et al.,
2011). The content of biologically active substances in
plum leaves increased during the growing season and
was the largest in the defoliation phase, and there was
a close correlation between antioxidant activity and the
content of biologically active substances. Comparative

chemical analysis of fruits and leaves of apricot, plum,
nectarine showed that the leaves of these crops are a
valuable source of biologically active substances: the
ascorbate content in the leaves of these crops was
12.4-21.3 g/100 g of raw material, organic acids - 1.0-
2.1 g/100 g; carbohydrates — 8.0-14.8 g/100 g. Dry apri-
cot leaves collected during defoliation contained up to
56.8 mg/100 g of ascorbate (Polonskaya et al., 2007).
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Malondialdehyde (MDA) is one of the end products
of the peroxidation of unsaturated fatty acids in phos-
pholipids and is responsible for cell membrane damage
(Sharma et al., 2012). Under the conditions of mulching, the

content of MDA in the tissues of sweet cherry leaves in 2017
was substantially higher in the phases of flowering (by 58%)
and the completion of shoot growth (by 36%), compared to
the leaves of sweet cherry trees on pure steam (Table 6).

Table 6. The content of malondialdehyde (MDA) and the activity of ADS enzymes in the sweet cherry leaves
of Dilema variety depending on the content of the soil (2017), M*m

Variant MDA, nmol/g chgl;’/‘;n:;:‘ AP:)s’chb?cf::;:]/i;ed PPO, c.u./g-min PO, mcat/g
Flowering
Pure steam 35.1+1.44 5.5%0.39 5.4%0.44 7.4%0.45 3.5£0.29
Mulching 55.5%5.25" 5.50.43 6.3£0.54 10.7£0.49* 5.4%0.33"
Fruit ripening
Pure steam 104.3%9.812 6.54%0.532 7.2%0.697 14.2+0.577 5.9+0.452
Mulching 115.6+10.432 7.62%0.69° 8.3+0.712 16.9£0.55% 15.3£0.47*
Completion of shoot growth
Pure steam 219.7%¢17912 10.3+0.55 15.9£0.99° 30.9£0.79° 25.6+0.852
Mulching 297.8+20.93* 12.4+0.92% 17.3+0.75° 35.6*0.81* 33.1+0.88™
Defoliation
Pure steam 265.5+25.34 9.1+ 0.732 20.1+0.85° 35.4+0.88° 43.5%0.892
Mulching 288.5+16.55 9.3+ 0.82° 25.8+0.79 45.8+0.85* 45.9+0.96*

Note: *the difference between options is significant at P<0.05; and the difference compared to the previous stage of

organogenesis is significant at P<0.05

In the phases of fruit ripening and defoliation, there
was a tendency to increase the content of MDA in leaves
under the conditions of mulching, but the difference be-
tween the variants of the experiment was statistically

insignificant. In 2018, the content of MDA in leaves was
substantially lower under the conditions of mulching in
the phases of flowering (by 34%), ripening of fruits (by 40%)
and the completion of shoot growth - by 28% (Table 7).

Table 7. The content of malondialdehyde (MDA) and the activity of ADS enzymes in the sweet cherry leaves
of Dilema variety depending on the content of the soil (2018), M*m

CAT, pmol H,0,/

APO, mg of oxidized

Variant MDA, nmol/g g'min ascorbic acid/g PPO, c.u./g-min PO, mcat/g
Flowering
Pure steam 15.1%#3.35 3.8+0.23 4.1+0.34 5.6+0.35 2.7#0.19
Mulching 10.0+1.15* 4.5+0.20" 4.9+0.41 8.2£0.39" 4.10.24"
Fruit ripening
Pure steam 59.5%+ 14.57 7.2%0.25a 5.5%0.432 10.7%0.44° 4.4%0.35°
Mulching 35.8+8.35" 7.6*0.19a 6.3+0.51° 13.0£0.46™ 11.6%0.49"
Completion of shoot growth
Pure steam 191.3+18.477 12.2+0.32? 12.1+0.76° 23.4*0.74° 11.8+0.54°
Mulching 138.5%12.53"a 17.3%0.34" 13.3%0.79° 27.4%0.75 25.4%0.75*
Defoliation
Pure steam 255.4+20.152 10.0+ 0.30° 15.2+0.99° 26.9+0.81° 10.2+0.78
Mulching 223.8+20.172 9.4+ 0.32° 19.8+0.95™ 35.2+0.87* 35.3£0.99"

Note: “the difference between options is significant at P<0.05; and the difference compared to the previous stage of

organogenesis is significant at P<0.05

Scientific Horizons, 2022, Vol. 25, No. 6



The tendency to decrease the content of MDA in
the leaves on the mulching remained in the defoliation
phase, but the difference between the variants was in-
significant here. In general, the content of MDA in the
sweet cherry leaves on the mulching decreased in 2018
by 57% comparedto 2017.I1n 2019,atendencyto increase
the content of MDA in the leaves on the mulching was
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noted, and in the phases of flowering, fruit ripening and
defoliation, the MDA content was substantially larger
in the leaves of sweet cherry trees grown on mulching
(Table 8). The general trend for both variants of the ex-
periment was a gradual increase in the content of MDA
in leaf tissues during the growing season and the max-
imum accumulation of MDA in the defoliation phase.

Table 8. The content of malondialdehyde (MDA) and the activity of ADS enzymes in the sweet cherry leaves of Dilema
variety depending on the content of the soil (2019), M*m

. CAT, ymol .A.P 0, mg of . .
Variant MDA, nmol/g H,0,/g-min OXIdlze(‘:l ascorbic PPO, c.u./g-min PO mcat/g
acid/g
Flowering
Pure steam 13.5+2.67 12.2#0.35 6.0£0.43 8.3+0.23 3.9%0.25
Mulching 35.4%2.75" 17.9£0.30" 7.1£0.45* 12.1£0.29* 6.1£0.29"
Fruit ripening
Pure steam 138.0+10.44 19.0+0.25° 8.1£0.57° 15.9£0.35° 6.60.33°
Mulching 155.5%13.45"a 19.1+0.29° 9.4%0.60" 19.7£0.37* 17.2£0.37*
Completion of shoot growth
Pure steam 236.2+21.182 19.3+0.63° 17.8+0.882 34.6%0.67° 17.4%0.74°
Mulching 234.5%19.252 26.6+0.54 19.5+0.85° 40.2+0.75* 37.4%9.78™
Defoliation
Pure steam 255.6+11.28 272+ 0.332 22.5+0.90° 39.8£0.99° 15.1%0.89
Mulching 290.5+11.55"a 273+ 0.25° 29.2+0.93™ 51.7%0.84* 51.8+0.85"

Note: *the difference between options is significant at P<0.05; and the difference compared to the previous stage of

organogenesis is significant at P<0.05

Considering the extremely dry conditions of the
formation of the leaf plate in 2018, sweet cherry trees
suffered less from oxidative stress in the conditions of
mulching. However, during the 2018 growing season,
the MDA content also decreased in the leaves of sweet
cherry trees under pure steam conditions (by 29% on
average) compared to 2017. An increase in the MDA
content in sweet cherry leaves under the conditions of
mulching indicates a higher level of lipid peroxidation
and is an indicator of oxidative damage to cell mem-
branes. The presented data are fully consistent with
the previously described general trends inherent in the
non-specific response of plants to stress: a decrease in
the activity of metabolic processes, which is accompa-
nied by the induction of the formation of compounds
necessary for the preservation of the integral structure
of cells and the life potential of the plant as a whole
(Polonskaya et al., 2007). In 2019, the content of MDA in
sweet cherry leaves increased substantially, compared
to 2018, especially in the phase of fruit ripening: under
conditions of pure steam by 2.3 times, under conditions
of mulching - by 4.3 times. In general, the content of

MDA in sweet cherry leaves from both variants of the
experiment in 2019 was more, compared to the similar
phases of 2018, by an average of 2 times.

In 2017, the content of MDA in sweet cherry
leaves was strongly correlated with the activity of anti-
oxidant enzymes and the content of biologically active
substances (Table 9). The correlation of MDA content
with PPO activity and the content of phenolic substances,
glutathione, and total reducing activity was the stron-
gest in 2017. In 2018, the correlations of MDA content
with the activity of antioxidant enzymes and the content
of biologically active substances were much weaker,
compared to 2017.The highest correlation of MDA con-
tent in leaves in 2018 was noted with the activity of
APOQ, PPO, and the content of ascorbate and phenolic
substances. In 2019 (under conditions of satisfactory
moisture supply during the formation of the leaf blade),
the content of MDA was strongly correlated with the
activity of antioxidant enzymes and the content of BAS
in sweet cherry leaves, most strongly with the activity
of PPO and the content of glutathione, phenolic sub-
stances and general reducing activity.
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Table 9. Correlation coefficients (r?) of MDA content with general reducing activity (GRA), ADS enzyme activity and the
content of BAS in sweet cherry leaves

Correlation coefficients of MDA content with

Year of
research | AT | APO | PPO | PO | Sugars | irated Phenolic |\ orbate | Glutathione | GRA
acids substances
2017 083 088 095 090 0.8 0.50 0.95 0.90 0.91 0.91
2018 037 086 083 036 041 0.57 0.80 0.82 0.79 0.79
2019 076 082 090 058  0.63 0.62 0.91 0.81 0.93 0.93

The activity of catalase in both versions of the
experiment in 2017 and 2018 increased until the phase
of shoot growth completion and further decreased until
the defoliation phase. In 2019, catalase activity contin-
ued to increase until the defoliation phase. Under the
conditions of mulching during all three years of research,
a tendency to increase catalase activity in the tissues
of sweet cherry leaves was observed, but a statistically
significant difference between the experimental vari-
ants was only in the phase of the end of shoot growth
in 2017 (by 20%), in the phases of flowering and end of
shoot growth in 2018 (by 18% and 42%, respectively)
and in the phases of flowering and the end of shoot
growth in 2019 (by 47% and 38%, respectively). Cat-
alase activity in sweet cherry leaves in 2018 in the
flowering phase was significantly lower, compared to
the same period in 2017: under mulching conditions by
18%, under pure steam conditions - by 31%. But in the
future, the activity of catalase in sweet cherry leaves
increased, and in the phase of fruit ripening it was 40%
more in the conditions of mulching, and 10% more in
the conditions of pure steam, compared to the same
period in 2017. In general, it can be stated that during
the entire vegetation period of 2018, the activity of cat-
alase did not significantly differ from the level of 2017,
showing an increase of 4%. In 2019, catalase activity
also increased insignificantly compared to 2018 - by an
average of 2.6% in both variants of the experiment. But,
if we compare with 2017, in 2019, the activity of cata-
lase in leaves increased by 171% under the conditions
of mulching, and under the conditions of pure steam -
by 150%. Stresses have been reported to cause either
enhancement or depletion of CAT activity in plants, de-
pending on the intensity, duration, and type of stress.
Depletion of CAT activity is observed when the intensity
of protein turnover decreases under stress (Sharma et al.,
2012; Gill et al., 2013; Cai et al., 2019).

The activity of ascorbate peroxidase in leaves
increased throughout the growing season and reached
maximum values in the defoliation phase. Moreover,
under the conditions of mulching, APO activity in sweet
cherry leaves was significantly higher, compared to the
conditions of pure steam: in the defoliation phase of
2017 by 28%, in the defoliation phase of 2018 by 30%,
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in the flowering, fruit ripening and defoliation phases
of 2019, respectively, by 10%, 16%, and 29%. In 2018,
APO activity in leaves decreased by 23% under mulching
conditions and by 24% under clean steam conditions
compared to 2017.In 2019, APO activity in sweet cher-
ry leaves increased by 47% under mulching conditions
and by 50% under clean steam conditions couple com-
pared to 2018. But, if one compares the data of 2019
with the data of 2017, the activity of APO showed a ten-
dency to decrease (on average, by 6% for both variants
of the experiment).

The activity of polyphenol oxidase in sweet cherry
leaves increased continuously during the growing sea-
son, reaching a maximum in the defoliation phase. At
the same time, under the conditions of mulching, the
activity of polyphenol oxidase in sweet cherry leaves
was consistently higher, compared to the conditions of
pure steam: in the flowering phase by 45%, 46%, and
45% (in 2017,2018, and 2019, respectively). In the fruit
ripening phase - by 19.21% and 24%; in the phase of
completion of shoot growth - by 15%, 17%,and 16%; in
the defoliation phase - by 29%, 30%, and 29%. In 2018,
the activity of PPO in the leaves of both variants of the
experiment decreased, on average, by 24%. In 2019,
compared to 2018, PPO activity increased, on average,
by 48% for both variants of the experiment. But, if com-
pared with 2017, PPO activity increased in sweet cherry
leaves in 2019 by only 12% under pure steam conditions
and by 14% under mulching conditions.

Notably, PPO activity in sweet cherry leaves was
strongly and stably correlated with the content of phe-
nolic substances during all years of research (r?=0.99,
p=0.0001). APO activity in leaves was highly correlated
with ascorbate content (r?=0.96 in 2017 and 2018 and
r’=0.76 in 2019, p=0.0001).

The activity of peroxidase in leaves was signifi-
cantly higher under the conditions of mulching, com-
pared to the conditions of pure steam: in 2017, in the
flowering phase by 54%, in the fruit ripening phase
by 159%, in the phase of the completion of shoot
growth - by 29%; in 2018, in the flowering phase by
51%, in the fruit ripening phase by 164%, in the phase
of shoot completion by 115%, in the defoliation phase
by 246%; in 2019, in the flowering phase by 56%, in



the fruit ripening phase by 160%, in the phase of shoot
completion by 114%, in the defoliation phase by 243%.
But the dynamics of peroxidase activity differed over
the years of research. Thus, in 2017, peroxidase activ-
ity increased throughout the growing season in both
variants of the experiment, reaching a maximum in
the defoliation phase. In 2018 and 2019, an increase in
peroxidase activity was observed in both variants be-
fore the phase of shoot growth completion. Later, until
the defoliation phase, peroxidase activity in the leaves
of sweet cherry trees in pure steam slightly decreased
(statistically insubstantial), and under mulching condi-
tions it continued to increase, reaching a maximum in the
defoliation phase.

In 2018, peroxidase activity decreased in leaves
by 24% under mulching conditions and by 45% under
pure steam conditions compared to 2017. In 2019, PO
activity in leaves increased by 48% under mulching con-
ditions and by 47% under pure steam conditions com-
pared to 2018. If we compare the data of 2019 with the
data of 2017,the activity of PO in sweet cherry leaves un-
der the conditions of pure steam decreased by 19%, and
under the conditions of mulching, it increased by 13%.

The dynamics of APO and PPO activity in sweet
cherry leaves did not coincide with the dynamics of CAT
activity after the phase of shoot growth completion in
2017 and 2018 and with the dynamics of PO activity
after the phase of shoot growth completion in 2018
and 2019: APO and PPO activity after the completion of
shoot growth continued to increase to the defoliation
phase, while CAT activity significantly decreased and PO
activity showed a decreasing trend. Similar trends have
already been described by B. Cai: opposite trends in the
activity of CAT, PO, and APO were noted in the flower
buds of cherries when the resting period was disturbed.
Regarding the range of fluctuations in enzymatic activity,
our data are similar to fluctuations in the activity of
antioxidant enzymes under the action of exogenous
treatment of sweet cherry trees with gibberellins (Cai
et al., 2019). This suggests that phytohormones, which
are produced in leaf tissues under mulching conditions,
are involved in increasing the activity of antioxidant
enzymes in leaves under mulching conditions. We can
assume that the reason here is the activity of soil
microorganisms that exist in the rhizosphere of trees
and natural grasses, primarily plant growth-stimulating
rhizobacteria and mycorrhizal fungi, which can provide
trees with moisture, nutrients, hormones, enzymes
and increase the tolerance of fruit trees to abiotic
stresses. (Esitken, 2011; Turrini et al., 2017). Mulching
provides better conditions for the existence of soil
microorganisms (Yao et al., 2005, Balestrini et al.,
2018). Therefore, the greater number and activity of
soil microorganisms may be the reason for the increase
in the activity of antioxidant enzymes in sweet cherry
leaves under mulching conditions (compared to stan-
dard mechanical treatment).
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The BAR content in the leaves of fruit crops is of-
ten higher than in the fruits (Tabart et al., 2006; Teleszko
et al., 2015, Oszmianski et al., 2016). Organic practices
in horticulture contribute to the accumulation of bio-
logically active substances and antioxidants not only in
fruits,but also in plant leaves (Hallmann & Sabata, 2020).
In the study presented here, both variants of sweet cher-
ry trees were grown using organic technology, so they
contained a sufficiently large amount of biologically
active substances and antioxidants in the leaf tissues.
But trees under mulching conditions experienced added
stress due to competition with grasses, which led to in-
creased accumulation of protective anti-stress substances.
Thus, it can be stated that the leaves of sweet cherry
trees grown under mulching conditions are a powerful
source of biologically active substances and antioxidants
and can be used as a dietary supplement and medicinal
raw material.

CONCLUSIONS

1. Prolonged drought contributed to a substantial de-
crease in the content of ascorbate, glutathione, sugars,
total reducing activity and activity of antioxidant en-
zymes in the tissues of sweet cherry leaves, while the
content of titrated acids increased substantially in both
variants of the experiment.

2. The content of biologically active substances
(ascorbate, glutathione, sugars, titrated acids and phenolic
substances) in the leaves of sweet cherry trees gradu-
ally increased from the flowering phase to the defolia-
tion phase. In the defoliation phase, the leaves of sweet
cherry trees under mulching conditions had substan-
tially more sugars (by 14%) in 2017 and ascorbate (by
17%) in 2019 compared to pure steam conditions. Over
the years of research, under the condition of mulching,
the total content of phenolic substances in sweet cherry
leaves was 16-56% higher compared to the conditions
of pure steam.

3. The content of malondialdehyde tended to
increase under the conditions of mulching, and sub-
stantially increased in both variants of the experiment
during the growing season. In the defoliation phase, a
statistically substantial difference between the options
was noted only in 2019, when the MDA content under
mulching conditions was 14 % higher compared to keep-
ing the soil under pure steam.

4. The activity of antioxidant enzymes increased
during the growing season in both versions of the ex-
periment. Mulching increased the activity of antioxi-
dant enzymes, but statistically significant differences
compared to the conditions of pure steam were only
for ascorbate peroxidase (by 28-30%) and polyphenol
oxidase (by 45-46%) during all three years of research.
During 2018 and 2019, the activity of peroxidase in
sweet cherry leaves was substantially 2.4 times higher
under the conditions of mulching with natural grasses
compared to the conditions of pure steam.
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5.The established regularities can be explained 6.The leaves of sweet cherry trees under the con-
by the formation of stressful conditions of competition  ditions of mulching are a powerful source of biologically
with natural herbs that activate the synthesis of anti- active substances and antioxidants and can be used as
stress BASs. a dietary supplement and medicinal raw material.

REFERENCES

[1] Afonso, S., Oliveira, L.V., Meyer, A.S., Aires, A., Saavedra, M.J., & Gongalves, B. (2020). Phenolic profile and
bioactive potential of stems and seed kernels of sweet cherry fruit. Antioxidants, 9(12), article number 1295.
doi: 10.3390/antiox9121295.

[2] Anjum, N.A., Umar, S., & Chan, M.T. (2010). Ascorbate-glutathione pathway and stress tolerance in plants.
Dordrecht: Science + Business Media B.V.

[3] Atucha, A., Merwin, LA.; & Brown, M.G. (2011). Long-term effects of four groundcover management systems in
an apple orchard. Horticulture Science, 46(8), 1176-1183. doi: 10.21273/HORTSCI.46.8.1176.

[4] Balestrini,R. Chitarra, W., Antoniou, C., Ruocco, M., & Fotopoulos, V. (2018). Improvement of plant performance
under water deficit with the employment of biological and chemical priming agents. Journal of Agricultural
Science, 156, 680-688. doi: 10.1017/50021859618000126.

[5] Bastos, C., Barros, L., Duenas, M., Calhelha, R.C., Queiroz, M.J.R.P, Santos-Buelga, C. & Ferreira, I.C.F.R. (2015).
Chemical characterisation and bioactive properties of Prunus avium L.: The widely studied fruits and the
unexplored stems. Food Chemistry, 173,1045-1053. doi: 10.1016/j.foodchem.2014.10.145.

[6] Bonyanpour, A.R., & Jamali, B. (2020). Seasonal enzymatic and nonenzymatic antioxidant responses in seven
Iranian pomegranate cultivars. Advances in Horticultural Science, 34(3), 265-276.doi: 10.13128/ahsc8283.

[71 Gai,B.,Wang,H.,Liu,T.,Zhuang,W.,Wang,Z.,Qu, S.C., & Qin,Y.L. (2019). Effects of gibberellins A4 on budbreak,
antioxidant enzymes’ activity and proline content of flower buds in sweet cherry (Prunus avium). Acta
Physiologiae Plantarum, 41, article number 88. doi: 10.1007/s11738-019-2876-z.

[8] Cheynier,V., Comte, G., Davies, K.M., Lattanzio, V., & Martens, S. (2013). Plant phenolics: Recent advances on their
biosynthesis, genetics,and ecophysiology. Plant Physiology and Biochemistry,72,1-20.doi: 10.1016/j.plaphy.2013.05.009.

[9] Costa, H., Gallego, S.M., & Tomaro, M.L. (2002). Effect of UV-B radiation on antioxidant defense system in
sunflower cotyledons. Plant Science, 162(6), 939-945. doi: 10.1016/50168-9452(02)00051-1.

[10] Djilas, S., Canadanovi¢-Brunet, J., & Cetkovi¢, G. (2009). By-products of fruits processing as a source of
phytochemicals.Chemical Industry & Chemical Engineering Quarterly,15,191-202.doi:10.2298/CICEQ0904191D.

[11] Dziadek, K., Kope¢, A., & Czaplicki, S. (2018). The petioles and leaves of sweet cherry (Prunus avium L.) as
a potential source of natural bioactive compounds. European Food Research Technology, 244(8), 1415-1426.
doi: 10.1007/s00217-018-3055-y.

[12] Dziadek, K., Kope¢, A., & Tabaszewska, M. (2019). Potential of sweet cherry (Prunus avium L.) by-products:
bioactive compounds and antioxidant activity of leaves and petioles. European Food Research Technology, 245,
763-772.doi: 10.1007/s00217-018-3198-x.

[13] Esitken, A. (2011). Use of plant growth promoting rhizobacteria in horticultural crops. In D.K. Maheshwari (Ed.),
Bacteria in agrobiology: Crop ecosystems (pp.189-235). doi: 10.1007/978-3-642-18357-7_8.

[14] Frew, J.E., Jones, P, & Sholes, G. (1983). Spectrophotometric determination of hydrogen peroxide and
organic hydropheroxides at low concentrations in aqueous solution. Analytica Chimica Acta, 155, 139-146.
doi: 10.1016/S0003-2670(00)85587-7.

[15] Gerasko, T., Pyda, S., & lvanova, I. (2021). Effect of living mulch on soil conditions and morphometrical
indices of sweet cherry trees. International Journal of Applied Agricultural Sciences, 7(1), 50-56. doi: 10.11648/].
ijaas.20210701.14.

[16] Gest, N., Gautier, H., & Stevens, R. (2012). Ascorbate as seen through plant evolution: The rise of a successful
molecule. Journal of Experimental Botany, 2012, 64(1), 33-53. doi: 10.1093/jxb/ers297.

[17] Gil,, S.S., Anjum, N.A., Hasanuzzaman, M., Gill, R., Trivedi, D.K., Ahmad, |., Pereira, E., & Tuteja, N. (2013). Glutathione
and glutathione reductase: A boon in disguise for plant abiotic stress defense operations. Plant Physiology and
Biochemistry, 70, 204-212. doi: 10.1016/j.plaphy.2013.05.032.

[18] Gorodniy, M.M. (Ed). (2006). Applied biochemistry and quality management of crop products: Textbook, Kyiv:
Aristei.

[19] Grebennikova, O.A.(2011). Biologically active speech in fruits, leaves and processing products of promising varieties
in alichi. (Candidate thesis, Odesa I.I. Mechnikov National University, Odesa, Ukraine).

[20] Hallmann, E., & Sabata, P. (2020). Organic and conventional herbs quality reflected by their antioxidant
compounds concentration. Applied Science, 10, article number 3468. doi: 10.3390/app10103468.

[21] Ivanova, I., Serdyuk, M., Kryvonos, I., Yeremenko, O., & Tymoshuk, T. (2020). Formation of flavoring qualities of
sweet cherry fruits under the influence of weather factors. Scientific Horizons, 4(89), 72-81.

Scientific Horizons, 2022, Vol. 25, No. 6



Gerasko et al.

[22] Ivanova, |., Serdyuk, M., Malkina, V., Priss, O., Herasko, T., & Tymoshchuk, T. (2021). Investigation into
sugars accumulation in sweet cherry fruits under abiotic factors effects. Agronomy Research, 19(2), 44-457.
doi: 10.15159/ar.21.004.

[23] Ivanova, I., Serdyuk, M., Malkina, V., Tymoshchuk, T., Vorovka, M., Mrynskyi, I., & Adamovych, A. (2022). Studies of the
impact of environmental conditions and varietal features of sweet cherry on the accumulation of vitamin C in fruits
by using the regression analysis method. Acta Agriculturae Slovenica, 118(2), 1-12. doi: 10.14720/aas.2022.118.2.2404.

[24] Jesus, F., Goncalves, A.C., Alves, G., & Silva, L.R. (2019). Exploring the phenolic profile, antioxidant, antidiabetic
and anti-hemolytic potential of Prunus avium vegetal parts. Food Research International, 116, 600-610.
doi: 10.1016/j.foodres.2018.08.079.

[25] Mateos-Fierro, Z., Fountain, M.T., Garratt, M.P.D., & Ashbrook, K. (2021). Active management of wildflower
strips in commercial sweet cherry orchards enhances natural enemies and pest regulation services. Agriculture,
Ecosystems & Environment, 317, article number 107485. doi: 10.1016/j.agee.2021.107485.

[26] Methods of qualification examination of plant varieties for suitability for distribution in Ukraine. Methods for
determining the quality of crop products. (n.d.). Retrieved from http://www.minagro.gov.ua/.

[27] Oszmianski, J., Wojdyto, A., Lachowicz, S., Gorzelany, J., & Mattok, N. (2016). Comparison of bioactive
potential of cranberry fruit and fruit-based products versus leaves. Journal of Functional Foods, 22,232-242.
doi: 10.1016/}.jff.2016.01.015.

[28] Pereira, S., Silva, V., Bacelar, E., Guedes, F., Silva, A.P., Ribeiro, C., & Gongalves, B. (2020). Cracking in sweet
cherry cultivars early bigi and lapins: Correlation with quality attributes. Plants, 9, article number 1557.
doi: 10.3390/plants9111557.

[29] Picariello, G., De Vito, V., Ferranti, P., Paolucci, M., & Volpe, M.G. (2016). Species- and cultivardependent traits of
Prunus avium and Prunus cerasus polyphenols. Journal Food Composition and Analysis, 40, 50-57.

[30] Polonskaya, A.K., Ezhov, V.N., Korniliev, GV., & Grebennikova, O.A. (2007). Biologically active substances of
the leaves of some fruit crops in connection with the prospect of their use in food. Scientific Notes of the
Tavrichesky National University named after Vernadsky. Series “Biology, Chemistry”, 20(59), 122-127.

[31] Prvulovi¢, D., Popovic., M, Malenti¢, b., & Ljubojevic, M. (2011). Phenolic compounds in sweet cherry (Prunus
avium L.) petioles and their antioxidant properties. Research Journal of Agricultural Science, 43, 198-202

[32] Richter, A.A. (2001). Improving the quality of fruits of southern cultures. Simferopol: Tavria.

[33] Sharma, P, Jha, A., Dubey, R.S., & Pessarakli, M. (2012). Reactive oxygen species, oxidative damage, and
antioxidative defense mechanism in plants under stressful conditions. Journal of Botany, 2012, 1-26.
doi: 10.1155/2012/217037.

[34] Szpadzik, E., Krupa, T., Wojciech, N., & Jadczuk-Tobjasz, E. (2019). Yielding and fruit quality of selected sweet
cherry (Prunus avium) cultivars in the conditions of central Poland. Acta Scientiarum Polonorum Hortorum
Cultus, 18(3),117-126.doi: 10.24326/asphc.2019.3.11.

[35] Tabart,J., Kevers, C, Pincemail,J., Defraigne,J-0., & Dommes, J. (2006). Antioxidant capacity of black currant varies
with organs, season and cultivars. Journal Agricultural Food Chemistry, 54,6271-6276. doi: 10.1021/jf061112y.

[36] Teleszko, M., & Wojdyto, A. (2015). Comparison of phenolic compounds and antioxidant potential between
selected edible fruits and their leaves. Journal of Functional Foods, 14,736-746.doi: 10.1016/].jff.2015.02.041.

[37] Turrini, A., Caruso, G., Avio, L., & Gennai, C. (2017). Protective green cover enhances soil respiration and native
mycorrhizal potential compared with soil tillage in a high-density olive orchard in a long term study. Applied
Soil Ecology, 116, 70-78.doi: 10.1016/j.aps0il.2017.04.001.

[38] Uysal, S. (2020). Comparative antioxidant capacity and enzyme inhibitory effect of extracts from Prunus avium
leaves. Kastamonu University Journal of Forestry Faculty, 20(3), 234-242. doi: 10.17475/kastorman.849538.

[39] Walker, R.P, Benincasa, P., Battistelli, A., Moscatello, S., Técsi, L., Leegood, R.C., & Famiani, F. (2018).
Gluconeogenesis and nitrogen metabolism in maize. Plant Physiology Biochemistry, 130, 324-333.
doi: 10.1016/j.plaphy.2018.07.009.

[40] Waterhouse,A.L.(2002). Polyphenolics: Determinaiton of total phenolics. In R.E.Wrolstad (Ed.), Current protocols
in food analytical chemistry (pp.1111-1118). New York: John Wiley & Sons.

[41] Yao, S.R., Merwin, I.A., Bird, G.W., Abawi, G.S., & Thies, J.E. (2005). Orchard floor management practices
that maintain vegetative or biomass groundcover stimulate soil microbial activity and alter soil microbial
community composition. Plant Soil, 271(1/2), 377-389. doi: 10.1007/s11104-004-3610-0.

[42] Yiiksekkaya, S., Biilent, B., Saglam, H., Pekmez, H., Cansu, U., Karaaslan, A., & Karaaslan, M. (2021). Valorization
of fruit processing by-products: Free, esterified and insoluble bound phytochemical extraction from cherry
(Prunus avium) tissues and their biological activities. Journal of Food Measurement & Characterization, 15(2),
1092-1107.doi: 10.1007/511694-020-00698-5.

Scientific Horizons, 2022, Vol. 25, No. 6

87



88

Biochemical Composition of Sweet Cherry Leaves Depending on the Method...

BioxiMiUHMM cKNnapg NMUCTKIB YepeLUHi 3a1e)XXHOo Big cnocoby yTpUMaHHSA FPYHTY
B opraHiyHoMy cagy

TeraHa BonogumupieHa Mepacbko?, CBitnaHa BacunisHa Mupa?, KOnia MeTpieHa MaweHko?,
Jlo6oB AHatoniiBHa Mokonuesa?, TetaHa MukonaisHa TuMolLyk®

1 TaBpiliCcbKMiA AEPXKABHMIM arpoTEXHONOTYHMIA YHIBEpCUTET iMeHi [IMMTpa MoTopHoro
72312, npocn. b. XmMenbHUUbKOro, 18, M. Menitononb, YkpaiHa

2TepHONINbCbKMIM HaLiOHAaNbHWUI NefaroriyHmii yHiBepcuTeT iMeHi Bonoamumumpa [HaTioka
46024, Byn. Makcnma KpusoHoca, 2, M. TepHoninb, YKpaiHa

MMonicbKuiA HaLioHaNbHKMI YHiBEpCUTET
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AHoTtauig. BegeHHs cTanoro CinbCbKOro rocnofapcraa nepeadayae He nuile nigBULLEHHS NPOAYKTUBHOCTI KYNbTYp i
30inblIeHHs 00csriB BUPOOHULTBA POCAUMHHULBLKOI NPOAYKLIii, ane v 36epexeHHs eKoCUCTeM. 3aAePHIHHS IPYHTY Y
NA0J40BMX CafaX € OAHMM i3 WNAXiB 36epexeHHs NPpUPOAHOI piBHOBarK arponaHawadTie. Ane BNIMB KOHKYpeHLii
3 TpaBaMu Ha GIOXiMiYHMI CKNaf TKaHWH NIOAOBMX AepeB HAapasi OCTaTOYHO He 3'9COBaHWMA. MeTow A0oCiLKeHb
6yno BCTAaHOBWTW BIMJIMB YTPUMAHHS IPYHTY Nif 3aA4€PHIHHAM (MOPIBHAHO 3 YMCTUMM NAPOM) Ha BioXiMiUYHUI cknag,
TKAHWH NUCTKIB YepelHi. [locnigkeHHs NpoBOAMAM Y OpraHiyHOMY caay YepelwHi (Prunus avium L./Prunus mahaleb)
Bnpogosx 2017-2019 pp. B ymoBax iBaeHHoro Creny YkpaiHu. BcTaHOBNEHO iCTOTHE 3MEHLLIEHHS YMiCTy ackopbary,
rNyTaTiOHY, LYKPiB, 3arafbHOT pefyKyr4oi aKTUBHOCTI Ta aKTUBHOCTI aHTMOKCUAAHTHUX GEepMEHTIB 33 YMOB TPUBANOI
nocyxu Ta 30iNblUEHHS YMICTy TUTPOBAHMX KMCNOT. 3aranbHa pedykyrya aKTMBHICTb 33 YMOB 3a[epHiHHS Mana
TeHAeHUi0 Ao 306inblweHHs. Y nucTkax aepes yepelHi Big asu UBiTiHHS A0 nvucTtonady 3adikcoBaHO MOCTYNnoBe
30iNbLUEHHS YMICTY TUTPOBAHMX KMUCNIOT, ackopbary, LyKpiB, GEHONbHUX PEeYOBUHM i ryTaTioHy. Y dasi nucronaay y
JINCTKAX YepeLLHi 33 YMOB 3a[lepHiHHA BCTAHOB/EHO A0CTOBIpHE 36inblweHHs y 2017 p. uykpiB i eHONbHUX PEYOBUH,
y 2018 p. - dpeHonbHUx pevoBuH; y 2019 p.— heHonbHMX peyoBUH i ackopbaTy. YNpoaoBx BereTauii yepeLlHi Ha 060x
BapiaHTax 4ocniay BCTAHOBNEHO 30inblUeHHs YyMiCTy ManoHoBoro dianbaeriny (MOA) Ta akTUBHOCTI aHTUOKCUMAAHTHUX
depmeHTiB. Y dasi nuctonaay nuwe y 2019 p. smict MIA 6yB focToBipHO BinbwinM Ha 14 % 33 yMOBM 3aepHiHHS. 3a
YMOB 331€PHIHHA BM3HAYEHO J,0CTOBIpHE 36iNbLIeHHS ackopbaTnepokcmaasu (Ha 28-30 %) i nonipeHonokcmMaasm
(Ha 45-46 %)Y 2018 i 2019 p. BcTaHOBNEHO 36inblWEHHA Y 2,4 pa3un aKTMBHOCTI NePOKCMAA3N Y IMCTKAX YepeLLHi.
Pesynbtati pocnipkeHb 4ONOMArakoTb 3p03yMiTU MEXaHi3MuM aganTauii N1o040BMX POCAMH A0 CTpecoBmx (akTopis

(Nocyxu, KOHKYpeHLii 3 NPUPOAHUMM TPABAMM) i MOXYTb OYTM BUKOPUCTAHI K apryMeHT Ha KOPUCTb 33lePHIHHS Y
OpraHiYHMX Cafgax YepeLuHi

KntouoBi cnoBa: 3aaepHiHHS, BiTaMiH C, ryTaTioH, TUTPOBaHi KMCNOTH, KaTanasa, ackopbaTnepokcmaasa, noniheHonokcnaasm
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INTRODUCTION

Russia’s full-scale invasion of Ukraine in 2022 resulted in
the damage and mining of an agricultural land, destruc-
tion or damage of agricultural machinery, blockade of
Ukrainian ports, and the impossibility of exporting food
to countries that desperately need it. Ukraine ranked
second in grain exports in 2021 and is a powerful guar-
antor of food security in many countries around the
world. Therefore, recovery and further development of
agriculture in Ukraine and support of the least pro-
tected farming is a vital global issue. Experience of the
USA, EU countries, Canada, etc., shows that this can be
achieved by the development of an agricultural service
cooperation. Such international organizations as FAO,
IFAD and WFP note that “Agricultural cooperatives pave
the way to food security and rural development. They
facilitate the access of small producers to natural re-
sources (land, water), information, communications and
knowledge, as well as to markets, food and productive
assets, provide an opportunity to make their own de-
cisions and participate in the formation of policies”
(Agricultural cooperatives..., 2012). If A. Batzios et al.
(2021) consider only economic benefits for agricultural
producers from activities through agricultural service
cooperatives (hereinafter - ASC) and improvement of
product quality standards, then J. Parrilla-Gonzalez and
D. Ortega-Alonso (2021) entrust the ASC with the mis-
sion to implement social innovations, create jobs, and
develop rural areas sustainably.

For more than 150 years, developed countries
have been showing powerful potential of agricultural
cooperation in terms of entry of small farmers into world
markets. ASC turn them into large, competitive, and
sustainable agribusiness entities. A third of the largest
cooperatives in the world by turnover are agricultural
and agro-food cooperatives (Exploring the cooperative
economy, 2021). The turnover of ASC in Europe is the
largest among all types of cooperatives and amounts
to more than 39%, or 347 billion euros (The power of
cooperation, 2016). They account for 40-60% of all agri-
cultural trade. In Scandinavia, 80% of agricultural prod-
ucts are sold through ASC, more than 90% in China and
Japan, and 82% of processed milk in the USA (Ajates,
2020). 70% of olive oil in Spain is produced by ASC
(Parrilla-Gonzalez & Ortega-AlonThus, 2021). ASC has
prospered in the EU, the USA, Canada, Korea, and China.

While inthe fruitand vegetable sectorin EU coun-
tries, national cooperatives are successfully operating
within the framework of transnational cooperation, in-
creasing competitiveness of farmers and their coopera-
tives (e.g., European Fruit Cooperation), Ukrainian farm-
ers in 2021, due to a large harvest of apples, destroyed
their products because of extremely low purchase pric-
es and lack of own processing plants and storage facil-
ities (Bezus et al., 2019). If in Europe there are almost
180,000 cooperatives with an annual trade turnover of
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almost 1 trillion US dollars,where more than 4.5 million
workers work, then in Ukraine cooperatives create less
than 1% of the country’s agricultural GDP (FAO, 2020).

Despite the development of cooperatives in
most developed countries and their presence on inter-
national markets, scientists continue to use complex
mathematical calculations to prove the benefits of
membership in a cooperative for small agricultural pro-
ducers. In particular, K. Olagunju et al. (2021) see these
advantages in higher technical efficiency; T. Wossen et
al. (2017) - in the implementation and access to new
technologies, unhindered access to loans, high-quali-
ty consulting and joint services, increasing the level of
well-being; R. Ajates (2020) - in savings from whole-
sale, collective purchase of raw materials and payment
for expensive infrastructure, in access to training and
obtaining greater market power in the “farmer-consumer”
supply chain; J. Bijman & A. Saris (2012) consider ASC
as a tool to consolidate market position. And if the sci-
entists investigating the cooperative movement in agri-
cultural sector of developing countries’ economies and
countries of the post-Soviet system are sure that its de-
velopment is the only way to build a competitive small
and medium-sized business, as well as a sustainable
development in rural areas, then scientists studying the
behaviour and results of the activities of ASC in devel-
oped countries of the world, where they are producing
the most part in the turnover of agricultural sector, -
have doubts about preservation of cooperative princi-
ples and values in the conditions of fierce competition
with large corporations. They argue that to survive in
the “dominant capitalist system” and to be successful
while still being true to their values and principles,
agricultural cooperatives try to be “deviant” and at the
same time continue to portray the “prefigurative poli-
cy” that the broad public would like to see from them
(Ajates, 2020).

Having studied the latest publications of Ukrainian
scientists on the strategy of agricultural sector develop-
ment, it can be said that most of them do not consider
important mission of ASC in development of farming,
and their proposals lack measures to stimulate de-
velopment of those (Pronina et al., 2021; Haidai et al.,
2019). At the same time, while highlighting the prob-
lems and risks that only medium and small producers
of agricultural sector have (but not agricultural hold-
ings), scientists propose general measures that should
be applied to all subjects of agricultural sector (Pronina
et al.,2021). Given the strong influence and lobbying in-
terests of agricultural holdings, with such an approach
to the mechanism of agricultural sector development,
it can only lead to the development of agricultural
holdings and complete destruction of small and medi-
um-sized enterprises in agriculture. |. Ostapchuk et al.
have no doubt that agricultural holdings will acquire



farms. Their publications examine which farms will be ac-
quired first: unprofitable or profitable (Ostapchuk et al., 2020).

Since ASC in Ukraine have not become power-
ful competitors to developed and powerful agricultural
holdings, the negative consequences of whose activi-
ties are sufficiently covered in the scientific space, we
consider it necessary to deepen the study of factors that
inhibit ASC development.

The purpose of this study was to find the main
drivers of ASCdevelopment in Ukraine,to outline on this
basis the promising vectors for development of agricul-
tural policy in terms of stimulating ASC development
as a counterweight to agricultural holdings’ dominance.

MATERIALS AND METHODS

In this study, not all types of agricultural cooperation
that existinrural areas were studied,only the ASC,which
are a continuation of the food chain in agricultural pro-
duction (processing, storage, sale of products, etc.), and
also deal with the purchase of means of production and
provision of technical and information services to its
members. Agricultural production cooperation is not
the subject of the current study as such, effectiveness
of which is not confirmed either by the world or by rich
Ukrainian experience of the Soviet economic period.

When choosing the research methodology, the
authors rejected the methodology popular among econ-
omists, which is based on arbitrary mathematical as-
sumptions,based on which economic models are created
(Olah,2018).Because the limited reliability of the inputs
of such models, reinforced by the errors of systematic
multiplication of fragmentary assumptions, irrelevant
conclusions and results will be obtained, regardless of
the quality of economic and mathematical tools used.

When the optimal legal form of conducting agri-
business — ASC, that maximize profit of their members,
does not develop, atypical behaviour of agribusiness
subjects occurs from the standpoint of mainstream eco-
nomics and its inability to explain the extremely low
level of inclination of small agricultural producers to
cooperate in Ukraine. Comparative analysis of the dif-
ferences in effectiveness of identical government stim-
ulation tools of ASC development in different countries
with variable institutional environments indicates the
dominance of institutional factors in their development.
That is why institutional approach was chosen as the
methodological framework of this study. The research
was concluded in the following stages:

1. Study of the current state of ASC in Ukraine and
justification of reducing of their cooperative nature.
Statistical and graphic research methods were used
to analyse development of ASC in Ukraine. The data
of the State Statistics Service of Ukraine served as the
information base for this. The legislative framework of
the Verkhovna Rada of Ukraine and the international
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cooperative principles of the International Cooperative
Alliance, which have already proven their viability and
effectiveness, were used for a comparative study of the
regulatory and legal support for development of ASCin
Ukraine and economically developed countries of the
world. Using content analysis of the types and results
of individual ASC activities in Ukraine, according to the
open database “Opendatabot”(n.d.),numerous violations
of the current legislation on cooperation were found;

2. Using analysis and synthesis, the main factors
inhibiting development of ASC in Ukraine were deter-
mined, individual drivers of their development were
selected and ranked, and their influence on the cooper-
ative movement in historical perspective was traced. In
the study of informal institutions that were formed un-
der the influence of historical development of Ukraine as
part of the Soviet Union and whose role was determined
to be decisive, the study acquired an interdisciplinary
character, and to highlight the sociocultural aspect of
the problem, the results of sociological studies by G.
Hofstede (Hofstede,2011) on the peculiarities of nation-
al business cultures in different countries were used;

3. Systematization of institutional drivers of ASC de-
velopment and their visualization in a schematic form.
The systematization is based on institutions of their
coordination. At the same time, normative approach
was used, that focuses not on current disposition of the
subjects of coordination, but rather on the position that
will ensure the meeting of set goals of ASC develop-
ment and, as a result, an increase in competitiveness of
agriculture in the country as a whole;

4. Outline of the main directions of agricultural policy
for the formation of informal institutions, which should
contribute to ASC development in Ukraine. Considering
the information nature of modern society, informational
methods of forming informal institutions were chosen,
primarily advocacy.

The authors of this paper chose the period of
2009-2021 for the study, since the awareness of unre-
alized potential of ASC and purposeful stimulation of
their development by the Ukrainian government began
with the adoption in 2009 of the first state targeted
economic program for their support.

RESULTS AND DISCUSSION

Despite the government reports and research findings
of some Ukrainian scientists who insist on the increase
in the number of ASC over the past 10 years (Bezus et al,
2019; Petrova et al, 2020; State Statistics Service of
Ukraine, n.d.), Figure 1 shows only a slight growth, the
decrease in the number of production cooperatives and
the growth of service providers. And one may get the
impression that ASC are really developing in Ukraine.
But if one analyses the quality of these processes, con-
clusions will be opposite.
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Figure 1. Dynamics of cooperatives’ development in Ukraine
Source: compiled according to the data of the State Statistics Service of Ukraine (n.d.)

Almost half of the registered ASC in Ukraine are
not active. For example, in 2019, only 60% of the regis-
tered cooperatives were active (State Statistics Service
of Ukraine, n.d.). At the same time, most of the active
agricultural structures, which are registered as ASC, in
reality are not service cooperatives. In 2020, when the
Law of Ukraine “On Agricultural Cooperation” (1997)
was still in force and it defined ASC as non-profit or-
ganizations and those that cannot be engaged in the
production of agricultural products, but only in provid-
ing services to producers (sales, processing, preserva-
tion of products, etc.), the cooperative association ASC
“FAYNI GAZDY” still earned 16,300 UAH in net profit,
ASC “Yagidny Lan Shumshchyny” - 96,600 UAH (Open-
databot, n.d.),and ASC “Ratai”, which unites 250 farmers
and personal peasant households, has been engaged
in production activities, which it should not have, - in
particular, growing grain crops since 1997 (YouControl,
n.d.). And such violations are not unique throughout
Ukraine.Authors agree with V.Zinovchuk that in Ukraine
‘one part functions with significant violations of coop-
erative principles (pseudo-cooperatives), and the other
part only formally belongs to cooperatives (quasi-coop-
eratives)” (Zinovchuk, 2007).

An essential indicator of success and competi-
tiveness of ASC is turnover and the number of members.
The more members there are in a cooperative, the larg-
er the share of sales market it will have, or the larger
the wholesale batch of means of production it will be
able to buy at the wholesale price. Unfortunately, such
statistics are not kept in Ukraine at all, but analysis of
the income of cooperatives showed that these are small
cooperatives that are incapable of benefitting from the
scale and showing the farmers who do not work as ASC
its advantages, and such cooperatives cannot compete
with powerful agricultural holdings. That is why the
proposals of Ukrainian scientists to create agricultural
cooperatives of the second and third levels in Ukraine
(Bezus et al, 2020), when they are still far from creating
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an extensive and sustainable network of agricultural
cooperatives of the primary level, seem inappropriate.
As practices of economically developed coun-
tries of the world have shown, the only way for farming
to resist the dominance of agricultural holdings is their
activity through ASC. Since ASC are not developing in
Ukraine, the development of farming has also stopped -
the main guarantor of the country’s internal food se-
curity, especially in the conditions of Russia’s armed
aggression, providing the population with a variety of
healthy food, preserving ecosystem, creating jobs, and
effectively restoring and ensuring sustainable develop-
ment of rural areas. During the period of 2012-2019, the
number of farms in Ukraine increased by 5%. They cul-
tivate about 24% of agricultural land and produce less
than 12% of all agricultural products, and these indica-
tors practically stay constant (growth during the stud-
ied period by 3-4% cannot be interpreted as develop-
ment), which shows the lack of development of farming
in Ukraine (State Statistics Service of Ukraine, n.d.). For
comparison, in the USA, family farms make up 96% of
all farms, which cultivate 87% of agricultural land and
their specific weight in the value of all agricultural prod-
ucts sold is 82% (US Department of Agriculture, 2017).
In authors’ opinion, despite many scientific pub-
lications about the advantages of non-profit ASC, agri-
cultural cooperation in Ukraine has not been properly
developing for more than 20 years, as Yu. Lupenko et al.
(2021) believe, but it has no signs of development what-
soever, despite the existence of legislation that, until
2020, corresponded to the best European models and
the recommendations of neoliberal Western experts.
The question arises: why in Ukraine, where the relevant
legislation was created and the state with various for-
eign projects financially and informationally supported
creation of ASC, these measures did not stimulate their
rapid development, as in the EU countries and the USA?
According to the traditional economics, the main
driver of any business is profit maximization, because



a business entity will not be able to withstand com-
petition if it does not use all possible ways to reduce
the cost of production and increase price. That is why
competition among farmers in developed countries has
become a powerful driver for ASC development.

A powerful driver in the developed countries of
the world has been the national financial support for
ASC. Even many foreign grant programs for the devel-
opment of ASC in Ukraine were unsuccessful. To receive
financial support, peasants registered ASC, which were
not actually functioning. Therefore, the authors of this
paper cannot agree with those researchers who believe
that insufficient national financial support for agricul-
tural producers slows down the development of ASC,
that “development of ASC in Ukraine can take place at a
rapid pace due to combination of state support with the
implementation of grant projects of international tech-
nical assistance” (Prylipko, 2006). This approach will
only increase the number of registered cooperatives,
i.e.,increase their number ‘on paper”to receive financial
support, but the number of active, and even more so -
effectively active, cooperatives may not change at all.

Another powerful driver in developed countries of
the world is high-quality regulatory and legal support
for the effective functioning of ASC. Authors agree with
the statement that the Law of Ukraine “On Agricultural
Cooperation” of 1997 is imperfect (Petrova et al, 2020;
Lupenko et al, 2021), although compared to the legis-
lation of other countries of the post-Soviet space, it is
the closest to the cooperative principles declared by the
International Cooperative Alliance (ICA), the viability and
effectiveness of which have been verified by cooperative
movement in various countries of the world. At the same
time, this Law was not coordinated with other legislative
acts of Ukraine. For example, inconsistency with the Tax
Code of Ukraine resulted in the collection of taxes from
these entities, as tax service officials did not understand
the category of “non-profitability” regarding to the coop-
erative.As a result, farmers had to pay taxes twice, which
nullified positive effects of ASC operation and formed a
negative attitude of agricultural producers towards it.

However, instead of eliminating these legal
conflicts and creating favourable regulatory support
for ASC development, despite strong opposition from
stakeholders (Association of Farmers and Private Land-
owners of Ukraine, Union of Agricultural Cooperatives
of Ukraine, National Association of Agricultural Adviso-
ry Services of Ukraine, etc.), as well as leading Ukrainian
scientists from the Institute of Agrarian Economics and
the Institute of Economics and Forecasting of the Na-
tional Academy of Sciences of Ukraine, long-term lob-
bying by Ukrainian agricultural holdings ended with the
adoption of the new corporatized Law of Ukraine “On
Agricultural Cooperation” (2020) (Lupenko et al., 2021),
which was optimistically called by European Bank for
Reconstruction and Development and the Food and Ag-
riculture Organization a promising law that will “pave
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the way for modern agricultural cooperation in the
country.” They believe that “the law harmonizes the na-
tional legal framework on agricultural cooperation with
international principles of economic cooperation” (FAQ,
2020).

The Law of Ukraine “On Agricultural Cooperation”
of 2020 is ambiguously perceived by Ukrainian scientists.
If N.Rudik (2020) believes that with its help “at the legis-
lative level, the principles of the creation and operation of
agricultural cooperatives, which correspond to the gen-
erally recognized principles of cooperation of the Inter-
national Cooperative Alliance, will be consolidated”, then
Yu.Lupenko et al. (2021),whose opinion we share, believe
that its provisions largely do not correspond to gener-
ally accepted cooperative principles and values, create
legal conflicts, in particular with the Law of Ukraine “On
Cooperation” and bring agricultural cooperative closer
to a limited liability company, organizational structure
of the corporate type (Hryhorieva, 2020). For example,
in clause 13 of Art. 16 of the new Law it is stated that:
“The charter of an agricultural cooperative may provide
that its members, when making decisions at the general
meeting of such a cooperative on entire or a part of the
issues referred to their competence..., have an additional
number of votes proportional to their participation in the
economic activities of such a cooperative” (Law of Ukraine,
2020). This contradicts the second cooperative principle
of the International Cooperative Alliance on democratic
member control: in primary cooperatives, members have
equal voting rights ‘one member - one vote” (Bylaws,
2013). After the adoption of the Law of Ukraine “On Agri-
cultural Cooperation” (2020), some leading scientists of
the National Academy of Agrarian Sciences of Ukraine,
who study the problems of development of rural areas,
no longer rely on ASC as subjects of social infrastruc-
ture’s development in rural areas. For instance, if in the
publication of 2016 V. Ryabokon & N.L. Novikova (2016),
attributes a vital role to agricultural cooperation in this
direction, then in 2021 this driver of rural development
is not mentioned (Riabokon, 2021).

The authors of this paper, as well as the majority of
leading Ukrainian scientists investigating the coopera-
tive movement in Ukraine (Lupenko et al.,2021), believe
that such a change in legislation will lead to the liber-
alization of almost every cooperative principle, which
will nullify its special status compared to any other
organization (enterprise), which operates in a market
economy, and non-cooperative structures with some fea-
tures of a cooperative or, in general, a limited liability
company called a “cooperative” (to obtain various priv-
ileges from the state and foreign grants), will develop,
i.e. “pseudo- and quasi-cooperatives”, using the catego-
ries of V. Zinovchuk (2012). Moreover, we believe that
the new Law will destroy the sprouts of ASC in Ukraine.

But, in authors’ opinion, the above drivers are not
the main ones in ASC development in Ukraine. Improve-
ment of the legal framework and targeted financial
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aid, which the government of Ukraine has used over
the past decade, has yielded no results. The main rea-
son for inhibition of the cooperative movement can be
found in the history of the country’s agricultural devel-
opment. Historically, Ukraine had experience in the de-
velopment of agricultural cooperation, when peasants
themselves understood the advantages of cooperation
and initiated creation of such structures, but under the
Soviet government this idea was distorted by the col-
lectivization. In contrast to the voluntary cooperation,
which harmoniously combined individual interests of
private property owners and collective interests of
cooperative members, forced collectivization carried
out by the Soviet authorities involved unification of
peasant farms into large collective farms, elimination
of private ownership of land and means of production.
Peasants who refused to join collective farms were
sent to Siberia, their land and property nationalized.
Thus, as stated on the FAO (2020) website, there
is a negative attitude towards cooperatives in Ukraine,
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which are identified with collectivization and collective
farms,but this fact has its roots not in imperfection of the
Law of Ukraine “On Agricultural Cooperation” of 1997,
but in institutional memory of peasants about collective
farms and the lack of knowledge about the essence and
advantages of real cooperation, and ASC in particular.

After the collapse of the Soviet Union,the gover-
nance of Ukraine was dominated by the psychology of
unconscious copying and imitation of the Western way
of formation and development of ASC. And until now,
the mentality and institutional memory of the post-So-
viet peasantry is not considered in the formation of
legislation and strategic programs for ASC develop-
ment, which plays a decisive role in the effectiveness
of these measures. The long-lasting, almost age-old,
joint economic system of the Soviet period formed na-
tional business cultures with similar characteristics,
which are fundamentally different from the countries
of the EU and the USA and even from post-socialist
countries (Fig. 2).
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Figure 2. Comparative characteristics of cross-cultural characteristics of national business cultures of Ukraine,
some countries of the post-Soviet space, post-socialist countries and developed countries of the world
Source: compiled by the authors based on (Hofstede Insights, n.d.)

Implementation of cooperative idea, which had
such an immense potential in developed countries of
the world, could not yield the same results in Ukraine
due to the absence of new informal institutions that
could stimulate development of real ASC, as well as
because of specifics of national business’ cross-cultural
features in the country that were unaccounted for. As
for the EU countries, this figure shows the low cultural
gap in Western European countries, which contributes
to the further development of ASC in these countries,
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their entry into new international markets, creation of
international cooperative associations and international
cooperation between ASC (Bijman & Saris, 2012).
Authors see a problem in the fact that politicians
overestimate the role of formal institutions and under-
estimate informal ones in Ukraine (Pylypenko et al.,
2019), which can play a decisive role in the economic
behaviour of business entities, and, accordingly, in the
effectiveness of politics. Since formal institutions created
by the authorities can contradict with informal ones,



that were formed historically, its traditions, habits, insti-
tutional memory, which causes public opposition to the
formal institutions created by the state. And thus, the
measures of the state, which were aimed at increasing
well-being, are doomed to failure.

Authors agree with Yu. Pylypenko et al. (2019),
who believe that “.. any institutional changes can be
effective only when new formal rules are adapted to
existing informal norms within the limits of permissible
possibilities determined by social and cultural factors”.
Formation of formal institutions should be based on
the existing informal institutions in a country, which
will strengthen, and not counteract, the formal ones.
Adaptation of formal rules to existing informal norms
is necessary but insufficient condition for the forma-
tion of an effective institutional environment. If any
institutional changes contradict the existing informal
institutions, they should begin with formation of new
ideology, value orientations, culture, mentality, etc. The
study of factors stimulating entrepreneurial activity by
M-T. Méndez-Picazo et al. (2021) has proved that the
socio-cultural factor, rather than the economic one, has
a greater stimulating effect.

Thus, an important driver of ASC development in
Ukraine is the socio-cultural code, which consists of a
set of socio-cultural programs holding value and worl-
dview orientations, stereotypes of behaviour, commu-
nication methods, etc., formed under the influence of
generations’ experience. At the same time, the impact of
changes taking place in Ukrainian society during its re-
sistance to Russian armed aggression on socio-cultural
code should not be underestimated. The latter became
a factor in effective destruction of rudimentary informal
institutions of the Soviet model due to conscious need

[ INSTITUTIONAL FACTORS ]
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of Ukrainians to dissociate from the soviet ideals, which
are cultivated in Russian Federation. Authors have al-
ready observed the tendency to evolutional distancing
of Ukrainian society from other post-soviet societies
due to adulating of new generation not coloured by so-
viet stereotypes. The black swan of the war becomes the
catalyst of approaching to bifurcation point of change
of set of informal social institutes. It is the line with the
model of path dependency and critical junctures, devel-
oped by Arthur (1994), Dunning (2017), Zurn (2018) and
others.

There is a need for state to consider the insti-
tutional change to approach regulatory framework to
the current or even future (acting proactively) set of
informal institutions. It was a mistake of the Ukrainian
parliament, which, instead of creating informal institu-
tions of agricultural cooperation, changed the Law of
Ukraine “On Agricultural Cooperation”, thereby legiti-
mizing pseudo- and quasi-cooperatives, nullifying the
last hope for development of both agricultural cooper-
ation and farming, and therefore sustainable develop-
ment of rural areas of the country.

Institutional drivers of ASC development, which
are the basis for formation of formal and informal in-
stitutions of agricultural cooperation, can be structured
as shown in Figure 3. At the same time, for Ukraine,
competition and national financial support are not the
main drivers of ASC development, as they are in most of
developed countries of the world. The first step in this
direction is to form proper informal institutions for ASC
support. And although there is no proper institutional
coordination of the relevant informal institutions by the
government, this is the right vector to stimulate ASC
development in Ukraine today.

[ COORDINATION INSTITUTIONS ]

T Competition < Market ]
Socio-cultural code
of the nation
— Ideology <
State
——| Law |<—
—I State financial support |<—

Figure 1. Institutional drivers of ASC development

Source: compiled by the authors

Many Ukrainian researchers consider the imper-
fection of legislation (Trutenko, 2020), problems with
registration of non-profit organizations, insufficient
state support and problems of access to information and
consulting services (Petrova, 2020) to be the barriers
holding back ASC development in Ukraine. The following

main barriers to ASC development in Ukraine can be
highlighted:

- persistent post-Soviet stereotypes (Zinovchuk,
2019) - the Soviet legacy of collective farming (Wolz,
2020), that deforms consciousness of an agricultural
producer and preserves the gene of negative experience
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in collective farming, through which the concept of ‘ASC”
is perceived. This causes not just a passive attitude, but a
strong opposition of farmers to participation in the ASC
(Wolz, 2020). Effectiveness of ASC activity, first of all, de-
pends on the desire of its members to work in the cooper-
ative, understanding its advantages, conscious adherence
to cooperative principles (Zinovchuk, 2007), which cannot
be achieved only with the help of state financial incentives;

- economic and political power of agricultural hold-
ings, which lobby for legislation that inhibits ASC de-
velopment and with whom it is difficult for newly cre-
ated cooperatives to compete. At the same time, it is
the cause for concern that some scientists (Lukianova
& Hurska, 2018) and the newspaper of the Cabinet of
Ministers of Ukraine form a positive attitude of society,
and farmers, towards agricultural holdings, which help
create and develop ASC (Shot, 2018). At the same time,
ASCare not considered as a potential powerful competitor
of agricultural holdings, in the development of which
agricultural holdings are not interested;

- lack of political will, real interest of the authorities in
development of real cooperation in agriculture, which
is manifested in a) lack of an appropriate regulatory and
legal framework that can contribute to ASC develop-
ment; b) lack of statistical, especially reliable, data on
turnover, financial results, which would allow scientists
to identify real processes taking place in the created
ASC (Zinovchuk, 2007), and this, in turn, distorts the re-
sults of their research, which the authorities then rely
on when formulating the policy for ASC development;
) the absence of a controlling executive authority, that
would detect non-compliance of activities of ASC with
cooperative principles and monitor ASC development at
the national level (Zinovchuk, 2007); d) lack of large-scale
advocacy of ASC among peasants;

- lack of understanding of the true classic nature of
cooperatives, their non-profit status and mission both
by scientists and (and this is very important!) by repre-
sentatives of the legislative and executive authorities,
as a result of which structures are developed that de
jure are named as “ASC”, and de-facto have nothing to
do with the cooperative structure.

The authors believe that the formation of ardent
supporters of cooperative movementin ruralareasamong
the youth to be a crucial factor in ASC development. Cur-
rently, according to sociological survey conducted by
R. Korints & Ya. Rybak (2014), only 53.2% of surveyed
youth in Ukraine evaluate their knowledge of cooperative
awareness as ‘good’, and a fifth of respondents, including
youth and students, “does not know the real state and
real problems of agricultural cooperation or does not see
the need to be interested in this field of activity”. And this
is natural, because currently in Ukrainian higher educa-
tion institutions, the disciplines that explain the essence
and advantages of agricultural cooperation are selective.

When forming agricultural policy and the strategy
for rural areas development, a significant role in formation

Scientific Horizons, 2022, Vol. 25, No. 6

of a positive attitude of a farmer towards ASC could be
played by the use of positive narratives about these struc-
tures, which should become “viral” among Ukrainian farm-
ers. It takes at least 40 years to change the mentality of a
certain community, but the Russian-Ukrainian war radically
changes Ukrainian nation and forms a new socio-cultural
code, which is based on the desire for cohesion and trust
of each member of society in each other. Damaged or
destroyed material and technical base of agricultural pro-
duction, mined agricultural lands and the great desire of
Ukrainian peasants for the rapid recovery of agriculture af-
ter the war creates a powerful impetus for a broad coopera-
tion between agricultural producers and ASC development.

CONCLUSIONS

There was an attempt to develop a formal institution
of agricultural cooperation according to international
cooperative principles and values in Ukraine, but it was
made without consideration of the existing informal
institutions, historically formed institutional memory
of the negative consequences of collectivization during
the Soviet era, which was identified among agricultural
producers with the concept of “‘cooperative”. As a result
of the contradiction between formal and informal in-
stitutions of agricultural cooperation, Ukrainian agri-
culture fell into an institutional trap that blocked ASC
development and created favourable conditions for the
rapid development of agricultural holdings.

It is necessary to create new informal institutions
first that would stimulate implementation of coopera-
tive legislation, to form an effective regulatory and legal
field for ASC development. The Russian-Ukrainian war
united the Ukrainian nation, increased the level of trust
in society, and revolutionized the socio-cultural code of
Ukrainians, reducing cultural gap with Western Europe-
an countries and increasing the distance with the coun-
tries of post-Soviet bloc. This gives confidence, that in
the conditions of post-war recovery of agriculture in
Ukraine, there will be a need not only for the govern-
ment, but first, for agricultural producers to cooperate,
which creates a powerful impetus for ASC development.

The study showed that there are many deviations
from cooperative values and principles in the activities
of integrated structures that position themselves ASC
in Ukraine, which distorts the essence of a cooperative
idea and adversely affects the image and mission of
a cooperative movement. Therefore, we see the need
for further research in identifying the heterogeneity of
actors, their true aspirations and intentions regarding
creation of pseudo- and quasi-cooperatives, the causes
and consequences of these processes. In this context,
the consequences of coopetition between agricultural
holdings and farmers, which has recently started to re-
veal itself in Ukraine, requires further research. In addition,
further in-depth research of the national policy vectors
outlined in this paper regarding ASC development ac-
cording to the identified drivers is needed.
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CinbcbKorocnogapcbka o6cnyroByloda Koornepauis B YKpaiHi:
iHCTUTYLUINHI gpaBepun PpO3BUTKY

Anxenika l'puropiBHa Mepacumenko?, TetaHa CraHicnaBiBHa OxeneBcbkal,
JNlapuca BanepiaHisHa JlebepeBa?, OnekcaHapa MukonaiBHa MockaneHko?

1[lep>xaBHMI TOProBeNbHO-EKOHOMIYHUI YHiBEpCUTET
02156, Byn. Kioto, 19, M. KuiB, YkpaiHa

2KMIBCbKMI HaLiOHANbHMIM EKOHOMIYHMIA YHiBEpCUTET iMeHi Bagmma [eTbMaHa
03057, npocn. Nepemoru, 54/1, m. Kuis, YkpaiHa

AnoTauig. Po3BUTOK CilbCbKOroCcnoaapCbkoi koonepawii B YKpaiHi € 04HMM 3 rON0OBHUX HaMpsIMiB LUBMAKOMO BigHOBNEHHS
dhepMepcbkoro BUpOBHMLUTBA NiCNS POCIMCbKO-YKPATHCbKOI BiliHW, NiABULLEHHS MOr0 KOHKYPEHTOCMPOMOXHOCTI,
3abe3neyeHHs CTaNoro PO3BWTKY CifIbCbKMX TEPUTOPIM, 3POCTaHHS 3aMHATOCTI | AOBPOBYTY CiNlbCbKOro HaceneHHs.
[poTe B YKpaiHi cinbCbkorocnogapcbki 06CnyroByroYi KoonepaTneM He OTpMManM CBOro po3BUTKY. MeToo CTaTTi €
BM3HAYEHHS! OCHOBHWX ApaiBepiB PO3BUTKY CilbCbKOrOCNoAapCbKMX 0BCNYroByOUMX KoonepaTueiB B YkpaiHi, OKpecieHHs
Ha Lii OCHOBI NepCneKTUBHMUX HAMpPAMIB PO3BUTKY arpapHOi MOMITUKM B YAaCTUHI CTUMYNIOBAHHS iX PO3BUTKY IK NPOTUBAru
[OMIHYBaHHIO arpoxonauHrie. JJoBeaeHo, Wo ro0BHUM CTPUMYIOUYMM YMHHUKOM PO3BUTKY CiNbCbKOrOCMOAaPChKMUX
o0bcnyroBytoumx Koonepatueie B YKpaiHi € iIHCTUTYLiHA NamMaTb CENSIHMHA, L0 cOpMYBanacs nig, 4ac KonekTueisauii
33 PaAsSHCbKMX YaciB, i, IKa B Cy4aCHMX YMOBAX aCOLIIOETbCS 3 MOHATTAM «Koonepatus». Lle cTBoproe cynpoTme
CiNbCbKOroCnoAapCbKmMx BUPOOHMKIB MONITULI LepXKaBW LWOAO PO3BUTKY CislbCbKOrOCMOAAPCbKMX KOOMepaTUBIB, SKi
BiANOBIAAOTb MiXXHAPOAHMM KOONEPATUBHMUM MPUHLMNAM i, 9Ki LOBENM HA NPUKNAAi pO3BMHEHMX KPaiH CBITY CBOI
nepesaru y niaBuLLEHHI KOHKYPEHTOCMPOMOXHOCTI hepMepiB. HaronoweHo Ha TOMy, WO nepes 3MiHOK GOpManbHUX
iHCTUTYTiB Yepe3 3aKOHOTBOPEHHS, He0bXiaHO cPopMyBaTH BiLNOBIAHI HEDOPMANbHI IHCTUTYTH, AKi By AYTb MOCKUOBATH,
a He NpoTMAIATU, BNpOBamKeHHI0 dopManbHMX. CTaTTa Ma€e NpakTUYHe 3HAYeHHs ANS HAYKOBLIB Ta NpPeACTaBHUKIB
nybniyHoro ynpaeniHHs y chepi GopMyBaHHS CTpaTEriyHMX AePXKaBHMX Ta PerioHaNbHMX NPOrpaM Po3BUTKY SIK CilbCbKOro
rocnofapcrea B Linomy. lNoganbwmx AocnigkeHb noTpebye fAeTanisalis 3axo4iB Aep>KaBHOI NONITUKK BiANOBIAHO A0
BM3HAYEHUX ApaliBepiB PO3BUTKY CiflbCbKOroCnoaapcbkoi 06cyroByoyoi koonepawii

KntouoBi cnoBa: coLiOKyNbTYPHUI KOA, HaLiT, arpapHa NOMITUKA, iIHCTUTYLiOHANi3M, HepopManbHi iIHCTUTYTH
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INTRODUCTION

The current stage of economic development is charac-
terised by the processes of creating innovative and in-
tegrated structures that comprise interrelated objects
that perform various functions. An objective prerequi-
site for the development of these structures in the
agro-industrial complex is a balanced system of finan-
cial and industrial relations, both between all partici-
pants of innovative and integrated structures and with
external entities. Among external entities, a special place
is occupied by the state tax service bodies.

Creating integrated structures is a global trend.
Developed countries are currently undergoing processes
of agro-industrial cooperation and integration, which
allows these countries to ensure high socio-economic
development.

Agro-industrial integration unites agricultural pro-
ducers, processing, trade, and service entities, as well as
financial, insurance, and other organisations (Hrosul et al.,
2021). The main purpose of combining these objects is to
achieve a positive synergistic effect, to form an optimal
system of socio-economic relations. However, when cre-
ating innovative and integrated structures in the agro-in-
dustrial complex, it is necessary to consider the uneven
conditions for the development of interrelated industries
and the disparity in the distribution of added product
between them. Furthermore, in the context of the devel-
opment of digital technologies, there is a transformation
of industries (Bentley, 2019), including agricultural ones.

The evolution of humanity is always a wave-like
development, where “waves” are associated with techno-
logical leaps (Toffler, 1980). In agriculture, development
is also mainly driven by technological revolutions, the
introduction of achievements of which allowed consid-
erably increasing the level of production efficiency. Pres-
ently, humanity is on the brink of the Fourth Industrial
(digital) revolution, the achievement of which will sub-
stantially increase the profitability of agriculture, opti-
mise management, ensure the functioning of the system
in real time, achieve full control over processes, etc. The
main goal of introducing digital innovations in agricul-
ture is to increase productivity and quality of labour, to
increase economic efficiency. Even today, digitalisation is
actively penetrating all areas of agriculture (especially
those that are easily automated), including accounting
and monetary (Schwab, 2017). However, digitalisation
requires considerable financial investment and strong
human resources, which leads to the active implemen-
tation of digital solutions mainly by large holdings.

The existence of any business entity is associated
with the payment of taxes during its entire life cycle.
Therewith, business entities strive to minimise (opti-
mise) the amount of these deductions. Digitalisation is
transforming tax processes. The issues of tax optimisa-
tion with digital technologies are so significant that they
have aroused the interest of the “Big Four” companies
(PwC, KPMG, E&Y, Deloitte). Deloitte’s team of consulting
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companies deals with tax technologies. They consider
tax transformation as a holistic, closely intertwined sys-
tem of evolution of business operations and strategies
based on the use of digital technologies. The employees
of consulting companies include professionals with ex-
tensive experience in both tax and digital technologies.
This allows developing and implementing an individual
tax strategy, considering the specific features of the tax-
payer’s activities. Specialists of consulting companies
provide advice on tax legislation and obligations on real-
time tax reporting; assessment of tax policy and strategy,
etc. Global shifts towards digital transformation and
cloud applications provide unprecedented opportunities
for tax optimisation (Deloitte, N.d.; Ernst & Young, n.d.).
However, digitalisation affects several subjects: taxpayers
and tax authorities. The transformation of a typical av-
erage tax service into a modern high-tech one requires a
certain time and considerable effort. The introduction of
technologies that are really significant involves the ap-
plication of strategic changes that lead to time savings,
costs, increased efficiency, etc. Therewith, digital technol-
ogies is merely one (albeit mandatory) component of tax
service transformation (KPMG, 2018). Digital technolo-
gies are constantly developing, which leads to constant
transformations in all spheres of life, including in the tax
process. Furthermore, COVID-19 forced people to work
on-line, which led to an acceleration in the development
and introduction of digital technologies (Spotlight: robotic
process..., 2017).

There are certain features of optimising the taxa-
tion of agricultural producers, which is primarily associ-
ated with elevated risks of agricultural activities (due to
dependence on natural and climatic conditions, with the
specifics of the use of biological assets), the variety of bio-
logical objects, the complexity of technological processes,
the distribution of controlled parameters over a large area.
The digital revolution affects the optimisation of the tax
process. Small-scale agricultural producers, apart from the
above-mentioned problems, also face problems of limit-
ed human, financial, and other resources. The problem is
compounded by the fact that the current system of taxa-
tion of agriculture in Ukraine is mainly focused on large
businesses. The issues of taxation of small businesses are
not given due attention, and therefore the procedure for
their taxation is still undeveloped, which complicates its
implementation. Under these conditions, it is possible to
ensure efficient production and optimal tax burden for
small-scale agricultural producers by creating innovatively
integrated structures. It is these circumstances that de-
termine the relevance of research on tax optimisation of
Ukrainian small-scale agricultural producers by creating
innovative and integrated structures.

The purpose of this study was to develop a mech-
anism for optimising taxation of Ukrainian small-scale
agricultural producers by creating innovative and inte-
grated structures.
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LITERATURE REVIEW

Issues of optimising the tax burden are constantly at
the centre of scientific research. Thus, A.G. Karantounias
(2018) studies optimal fiscal policy with recursive pref-
erences. The study found that optimal policies require
more active use of debt obligations as a fiscal absorber.
D. Bentley (2019) investigates the process of adapting
taxation to the conditions of using digital technologies.
Bentley concludes that digital transformation leads to
changes in the tax procedure, which was developed for
the conditions of previous centuries.

S.M. Chaudhry et al. (2015) studies the issues
of tax optimisation of banking activities. Chaudhry’s
study proved that the tax on financial transactions is
economically inefficient and potentially costly for the
economy and cannot protect taxpayers; the bank fee,
which is used to finance deposit guarantees and bank-
ing resolution mechanisms, is potentially useful for
financial stability, but poses a risk of double taxation.
The authors support the abolition of value-added tax
(VAT) for financial services. A. Hansford & J. Hasseldine
(2012) investigated issues related to taxation of small
and medium-sized businesses. These scientists have
proved the need to reform the taxation system of small
and medium-sized businesses due to its excessive bur-
densome nature.

S.Eichfelder & F.Hechtner (2016) investigate the
costsoftaxcollectionprocedures.Asaresultoftheirstudy,
it was found that the cost of compliance with tax col-
lection procedures is too high for private entrepreneurs.

N.Shalimova (2019) investigated regional devel-
opment priorities in taxation of agricultural producers.
Her paper proves the need to expand the powers of local
self-government bodies, local authorities,and territorial
communities to establish local taxes and fees, develop
a mechanism for tax incentives that would contribute
to the activation of innovation activities and the devel-
opment of agriculture. The paper also notes the need
to correct the procedure for allocating budget funds for
national support to agricultural producers.

V.M. Savchenko et al. (2018) studies the impact
of the quality of information support on tax efficiency.
Savchenko’s study found that the effectiveness of tax
management primarily depends on the quality of its in-
formation support.

N.G. Mankiw et al. (2009) considered theoretical
and practical aspects of tax optimisation. In this paper, the
authors define how the main taxes should be formed.
N.N. Stern (1986) investigated models of optimal in-
come taxation. This scientist calculated the rate of opti-
mal income taxation. A. Maksymenko & V. Kozak (2021)
researched the issues of tax asymmetry of multina-
tional corporations in the context of uneven economic
development. As a result of their study, these authors
found that in underdeveloped countries, the tax system
encourages business activity to a lesser extent.
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0.Sarapina & O.Yeremian (2015) studied the spe-
cific features and issues of taxation in the agricultural
sector. In this paper, the authors, based on the analysis of
the advantages and disadvantages of applying a single tax
of Group IV, developed vectors for optimising the taxation
mechanism of agricultural enterprises.

Nesterenko et al. (2021) studied general issues
of development and functioning of the Ukrainian tax
system.The authors define the features of the evolution
of the tax system of Ukraine at the present stage. These
researchers focused on the necessity of adapting pro-
gressive international practices to Ukrainian realities
and the expediency of continuing tax reforms towards
their liberalisation.

The scientific developments of S.M. Homovij et
al. (2018) are aimed at research and improvement of
organisational and managerial aspects of taxation of
agricultural enterprises. As a result of the conducted
research, scientists based on the DEA analysis carried
out formed the main articles that allow optimising the
indicator of the tax burden of an agricultural enterprise.

Recently, many researchers have been concerned
about the creation and functioning of integrated struc-
tures. Thus, V. Hrosul et al. (2021) considered the processes
of integration of enterprises in the field of nutrition.
These scientists have established that in the future there
may be further integration of food enterprises in the
context of the regions of Ukraine. Furthermore, it was
concluded that the priority of creating a cluster based
on agricultural enterprises (or enterprises where agri-
culture is the main type of economic activity) is given.

A. Sumets et al. (2021) investigated the devel-
opment of agricultural clusters. They have developed
methodological approaches to choosing options for en-
suring the competitiveness of agricultural enterprises
during their integration. During their study, the authors
found that the problem of choosing the best option
should be reduced to finding the distribution of invest-
ment resources that is the most optimal.

O.Popelo et al. (2021) focus on the formation and
development of innovatively integrated agro-industrial
structures. Researchers have developed a conceptual
model for their creation and development. This model is
based onstructuralmodernisation ofthe economicspace,
solving issues of ensuring sustainable development
based on the effective use of available spatial resources.

Z. Rakhmetulina et al. (2020) investigated the is-
sues related to optimising the structure of an innovation
cluster. Therewith, scientists paid considerable attention
to competitive principles. As a result of their study, the
authors constructed a simulation model of the optimal
cluster (the model is focused on choosing the rational
composition of cluster participants, its structure and ac-
tivity goals).

V.Khmurova et al. (2021) researched the develop-
ment of public-private partnerships. As a result of their



study, researchers have established a general trend to-
wards the decentralisation of power. This trend leads to the
transfer of more powers to local self-government bodies.

MATERIALS AND METHODS

When preparing this paper, both general scientific and
special research methods were employed, namely: log-
ical generalisation - for theoretical justification of the
need to create innovative integrated structures to op-
timise the functioning of small-commodity agricultural
producers; mathematical and system analysis - to jus-
tify the feasibility of creating integrated structures to
optimise the taxation of small-commodity agricultural
producers. The initial basis of this study included the
regulatory documents of the Ministry of Labour and
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Social Policy (2003), data from the State Statistics Service
of Ukraine (2020).

Upon calculating the effectiveness of integration
of small-scale agricultural producers and advisory ser-
vices, the authors of this paper used the standards for
calculating the number of accountants and the norms
of their working time at Ukrainian enterprises, which
are governed by intersectoral standards for the number
of accounting employees, approved by Order No. 269
of the Ministry of Labour and Social Policy of Ukraine
(2003) of September 26, 2003. According to this doc-
ument, the time standards planned for an accountant
of a small-scale agricultural producer at the stage of
accounting and working on methodology and calcula-
tions with the budget are presented in Table 1.

Table 1. Planned working hours of an accountant of a small-scale agricultural producer at the stage
of drafting accounting records and working on methodology and calculations with the budget

Item No. Name of the type of accounting work Units of measurement Time standards, hours

1 2 3 4
Analytical accounting of settlements with tax payments and fees

1. and verification of these settlements by requlatory authorities Statement 0.2
(State Tax Service)

2. Keeping a Purchase and Sale Book Book 0.1

3. Study of accounting (methodological support provision) Consultation 0.25

4. Conducting ﬁrjancial and legal analysis of accounting policies applied Event 12.0
at the enterprise

5 Formation of methodological documentation on accounting issues Letter 2.00

: based on scientific and methodological sources (A4 format) ’

6. Visiting institutions and organisations Visit 13

(Tax Service, bank, State Treasury, etc.)
Total 15.85

Source: grouped based on Order No. 269 of the Ministry of Labour and Social Policy of Ukraine “Intersectoral standards for

the number of accounting employees” dated 26.09.2003 (2003)

According to the current intersectoral standards
for the number of accounting employees, the norms of
an accountant’s working time at the stage of working
on methodology and calculations with the budget do
not depend on the number of structural divisions of the
enterprise and on the number of employees in it (unlike
other norms of this document). Thus, upon delegating
these procedures to an agricultural adviser on account-
ing and taxation issues, most of these items will not
formally save time. However, the authors of this paper
believe that in reality there will still be time savings.

Items 3 “Study of accounting (methodological
support provision)” and 6 “Visit to institutions and or-
ganisations (Tax Service, bank, State Treasury, etc.)” under
the conditions of delegation of authority will allow the
adviser to considerably reduce the time spent on the for-
mation and submission of tax reporting. Therewith, it is
possible to extrapolate the amount of time savings from
attracting an agricultural adviser on accounting and tax-
ation from approaches to calculating equivalent income

from public use (in most cases, it is estimated within
30% for each subject) (Kisil, 2007). Therefore, under these
conditions, the following correlation is correct (1):

nn OPDST; *0.3 < Y™ OPSGOO; 1)

where Y. OPDST; is the amount of labour costs for
an employee of the accounting department of small-
scale agricultural producers; Y, OPSGOO; is the
amount of payment for the services of an agricultural ad-
viser on accounting and taxation issues; m is the lower
Llimit of summation; n is the number of farms.

Thus, the effectiveness of cooperation in the sys-
tem of small-scale agricultural producers and the advi-
sory service in this case will be determined according to
the following formula (2):

E =", 0PSGO0; — Xt OPDST; *0.3 (2)
where E is the economic effects of cooperation in the
system.
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RESULTS AND DISCUSSION
In the structure of innovative and integrated systems of
the agro-industrial complex, agricultural producers occu-
py the key position. Research by a group of scientists led
by V. Hrosul (2021) proves that “the most promising for

the formation of clusters is the creation of an integrated
structure based on enterprises whose main economic
activity is agriculture.” In Ukraine, agricultural produc-
ers are mainly represented by small business entities
(Table 2, Fig. 1).

Table 2. Dynamics of the share of agricultural, forestry and fisheries enterprises depending on the size for 2015-2020 (%)

No.seq. Size of the business entity 2015 2016 2017 2018 2019 2020
1 2 3 4 5 6 7 8
1 Large 0.0 0.0 0.0 0.0 0.1 0.1
2 Average 3.2 3.4 3.1 3.0 3.0 2.9
3 Small 96.8 96.6 96.9 97.0 96.9 97

Source: grouped based on information from the State Statistics Service of Ukraine (2020)
90000
80000 —
70000
The number 28883
of active economic 40000
entities 30000
20000
10000
0 ——
2015 2016 2017 2018 2019 2020
— Subjects of large
entrepreneurship 29 20 28 23 34 36
=== Subjects of medium
entrepreneurship 2535 2505 2391 2307 2285 2137
— Subjects of small
entrepreneurship | 76720 72095 74184 73998 73131 71195

Figure 1. Dynamics of the number of agricultural, forestry and fishing enterprises depending on their size for 2015-2020
Source: built by the authors based on information from the State Statistics Service of Ukraine (2020)

The information presented in Table 2 illustrates
the fact that from 2015 to 2020, the share of small enter-
prises in agriculture, forestry, and fisheries exceeded 95%.
Figure 1 clearly shows that the dynamics of the number of
agricultural, forestry, and fisheries enterprises depending
on the size for 2015-2020 is not observed. Unlike large
agricultural formations, the Ukrainian small-scale agricul-
tural producer is focused on the domestic market, which
means that it is at the present stage that ensures the coun-
try’s food security and raises living standards in rural areas.
However, it is these producers who have substantial prob-
lems with material and technical support, personnel sup-
port, elevated production costs, lack of sales markets, etc.

In Ukraine, in the component of the system of
support for agricultural producers, a large share belongs

Scientific Horizons, 2022, Vol. 25, No. 6

to the tax system (through the mechanism of tax incen-
tives). However, in relation to small-scale agricultural
producers, this mechanism is currently quite undevel-
oped. Thus, O. Sarapina and O. Yeremian (2021) note in
their study that “the system of taxation of agricultural
enterprises necessitates reformation to equalise the
competitive environment, eliminate imbalances in the
structure of the agricultural sector of the economy in fa-
vour of small and medium-sized socially oriented agricul-
tural businesses, increase the competitiveness of small
forms of management...” (Sarapina, & Yeremian, 2021).

As 0of 01/01/2022, agricultural producers had the
right to independently choose whether to apply the
simplified taxation system in the form of a single Group IV
tax or pay taxes under the general system (Table 3).
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Table 3. List of basic taxes to be paid by agricultural producers as of 01/01/2022

:::’ Tax name Rate (%) Added taxation terms
1 2 3 4
Land tax
o,
Up to 0.1% (of the standard monetary Forest lands
valuation of land)
From 0.3% to 1% (of the standard .
. Agricultural lands
monetary valuation of land)
The standard monetary o
valuation of which has Up to 1Av(:f‘ugr]c?oit%r;?:;%)monetary Public land
been carried out
Up to 3% (of the standard monetary _
v valuation of land)
o
1 _g' Up to 12% (of the standard monetary Land plots permanently used by business entities
L% valuation of land) (except for state and municipal property entities)
Up to 0.1% (of the standard monetary
valuation of land established Forest lands
in the region)
The standard monetary From 0.3% to 5% (of the standard
valuation of which has monetary valuation of arable land Agricultural lands
not been carried out established in the region)
Up to 5% (of the standard monetary
valuation of land established in the Land located within or outside localities
region)
10% (of the subsistence level) Group |
20% (of the minimum wage) Group Il
. In case of payment
)
3% (of income) of value-added tax (VAT)
Group Il
5% (of income) If VAT is included in the single tax
0,
0.95% (to the .standard Hayfields, pastures, and arable land
monetary valuation of land)
2. Single tax Hayfields, pastures, and arable land
0.57% (to the standard located in the Polissia territories
monetary valuation of land) and in mountainous areas
Perennial plantings
; - - . Group IV
0.19% (to the standard Perennial plantings located in Polissia
monetary valuation of land) territories and mountainous areas
o,
2.43% (to the .standard Water fund lands
monetary valuation of land)
6.33% (to the standard Agricultural land used
monetary valuation of land) in closed ground conditions
3. Income tax 18% -
20% -
4, VAT 14% Certain types of agricultural products
0% Export

Source: summarised by the authors based on (Tax Code of Ukraine, 2010)

An agricultural producer can choose the optimal  which not all farms can afford. Thus, for a small-scale
tax policy only based on complex calculations. This re-  producer, the procedure and choice of the optimal tax
quires the involvement of a highly qualified specialist, system (as well as the tax procedure itself) are quite
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complex issues. Presently, the Ukrainian tax policy is
focused on performing control functions. In its reports,
the State Tax Service of Ukraine notes the increase in
the number of control inspections with the increase in
the use of punitive (financial) sanctions as a positive
fact. Thus, the report of the State Tax Service of Ukraine
for 2020 indicates that the tax audit units of Ukraine
conducted 16.6 thousand factual inspections, and UAH
565.0 million in fine (financial) sanctions were applied
to violators. Accordingly, the report of the State Tax Ser-
vice of Ukraine for 2021 indicates that the number of
factual inspections increased by 62% and amounted to
26.8 thousand inspections. Accordingly, in 2021, “fine
(financial) sanctions in the amount of UAH 878 million
were applied to business entities, which is 55% (or UAH
313 million) more than in 2020” (Tax Service of Ukraine,
2022).In other words, the growth rate of the number of
inspections is higher than the growth rate of the ap-
plication of punitive (financial) sanctions. However, the
amount of paid fines (financial) sanctions, in percent-
age terms, is ahead of the increase in the number of
factual inspections carried out. Thus, in 2021, according
to the materials of factual inspections, 203 million UAH
were received, which is 88% or 95 million UAH more
than in the same period of 2020 (Tax Service of Ukraine,
2022). Global trends in the formation of tax policy and
tax administration indicate that factors that allow
transforming the tax process into a public service are
becoming increasingly important. With such approach,
certain economic incentives start working, the work of
tax authorities becomes optimised, and the tax culture
changes. However, as James Alm (2012) noted, some un-
resolved issues stay regarding the measurement, expla-
nation, and control of tax evasion. As for the system of
Ukrainian taxation (including agricultural producers), it
is advisable to apply foreign practices, namely: simplify
the tax system (number of taxes, rates, reporting, and
payment procedures); introduce a mechanism to help
the taxpayer in filing declarations and paying taxes;
create media campaigns that link taxes with public ser-
vices and motivate ethical behaviour (tax culture) (Alm,
2012). All this can be achieved by creating innovative
and integrated structures with the involvement of con-
sulting (advisory) services.

Due to the relatively small amount of tax reve-
nues to the budget, the issues of taxation of small en-
terprises at the present stage in Ukraine are not given
the necessary attention. The economic operations of a
small-scale agricultural producer are diverse and cover
the entire production cycle, which causes the complex-
ity and multidimensional nature of accounting and an-
alytical work (albeit small in volume). In this regard, the
issues of calculating and paying tax payments are han-
dled by an accountant (who, as a rule, is alone and works
as the chief) or directly by the director (owner), who does
not have the physical (and sometimes qualification and

Scientific Horizons, 2022, Vol. 25, No. 6

practical) opportunity to thoroughly study the features
of taxation of their farm, monitor changes in legislation,
and choose the best tax system at the given stage. The
authors of this paper support the opinions expressed by
O.Kilnitska, et al regarding unsatisfactory staffing in the
agricultural sector. Thus, these scientists note that agri-
cultural enterprises generally have a “shortage of labour
resources and a prominent level of personnel danger”
(Kilnitska et al, 2020). Furthermore, according to the
reports of the State Tax Service of Ukraine, the mecha-
nism of appealed tax notifications-decisions is currently
working effectively. Thus, in 2021, the share of appeals
against monetary obligations that were cancelled does
not exceed 17% (Tax Service of Ukraine, 2022). There-
with, “the main reasons for cancellations are as follows:
-ambiguous interpretation of tax legislation - 35.6%;
- provision of added documents by the payer during
the administrative appeal procedure - 31.8%;
-incorrect determination of the amount and applica-
tionoftheamountofpunitive(financial)sanctions-17.7%;
- poor-quality inspection and failure to prove estab-
lished violations — 11.0%;
- other - 3.9% (Tax Service of Ukraine, 2022).

However, the implementation of the mechanism
of appealed tax notices-decisions of the State Tax Service
of Ukraine also requires the presence of highly qualified
employees of the corresponding speciality.

Starting from 2021, the procedure for taxation of
small-scale agricultural producers was complicated by
the fact that taxpayers could use a single account to
pay monetary obligations or tax debt on taxes and fees
and other payments. Therewith, the taxpayer must sub-
mit an electronic notice about the use of a single account
and receive a receipt for the Register of Payers Using a
Single Account (Tax Service of Ukraine, 2022).

For VAT payers, the State Tax Service of Ukraine
has implemented opportunities for accepting and process-
ing tax invoices and calculating adjustments to cost and
quantitative indicators for tax invoices. These invoices
are drafted according to new forms, which make provi-
sion for the application of a rate of 14%, which directly
affects agricultural producers. In addition, in 2021, the
information and technological support (ITS) “Tax block”
of the State Tax Service of Ukraine implemented the entry
of data on persons related to the agricultural commod-
ity producer to the Register of recipients of budget sub-
sidies based on the application form No. 1-ROBD (Tax
Service of Ukraine, 2022). All these innovations were de-
signed to optimise cooperation between taxpayers and
the tax service. However, their implementation requires
some support (technical, qualification-related). Small-
scale agricultural producers generally do not have
access to high-quality Internet, to the services of IT
specialists, etc. The most problematic situation has de-
veloped with small businesses, as evidenced by the
data presented in Table 4.
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Table 4. Level and dynamics of the share of enterprises that used digital technologies depending on the number of
employees (individuals) in 2018-2020 (%)

have hired specialists in the field
No. Size of the business entity depending on the had access to the Internet pof IcT
seq. number of employees, individuals
2018 2019 2020 2018 2019 2020

1 2 4 5 6 7 8

1 10-49 86.3 84.4 84.5 15.1 14.5 14.2

2 50-249 93.5 93.0 93.8 40.1 39.1 420

3 over 250 95.9 94.8 94.5 75.1 73.9 74.1

Source: compiled by the authors based on the data from the State Statistics Service of Ukraine (2020)

Modern society is characterised by digitalisation
processes that cover all spheres of human life, including
agricultural production. Presently, ecosystems of market
participants have begun to be created in Ukraine, and
new types of partnerships are emerging (Khmurova et al.,
2021). Therewith, there is an integration of digital plat-
forms of many market participants. These processes are
available to large agricultural producers (classical hold-
ings, etc.), while small-scale agricultural producers face
many issues. Furthermore, the Fourth Industrial Revolu-
tion (like any other) is not smooth and gradual, but wave-
like (Toffler, 1980). This necessitates swift assimilation of
new knowledge and technologies, adaptation to perma-
nently improving technologies. There is a need for a
specialist capable of correctly and quickly adapting new
digital solutions, solve tasks, and understand modern
digital equipment. In general, digitalisation is considerably
influenced by the human factor. Thus, the average age
of the rural population of Ukraine as of January 01,2022 was
41.5 years. This, to some extent, causes some resistance
and concerns about the transition to digital solutions.

Notably, the regulatory framework leaves such
a category of agricultural producers as households out

of the legal field. They are not taxpayers, but they do
not have the opportunity to use national support pro-
grammes and count on social protection.

Currently, in most countries of the world, small
agricultural enterprises widely exercise the support of
agricultural advisory services (‘extension”). Employees
of advisory services provide advice on analysing and re-
solving issues by providing the necessary information,
take actions to encourage innovation, etc. In modern
conditions in developed countries, advisory services
place a substantial emphasis on ensuring long-term
well-being (Bloody, 2017). Substantial differences be-
tween advisory services and other consulting services
are that: first, they give advice on a fairly wide range of
issues, and secondly, for the most part, these consulta-
tions are free for the client. The staffing of these services
comprises highly qualified employees in various fields.
Therefore, the authors of this study consider it appro-
priate to cooperate with regional advisory services to
optimise accounting work (including tax optimisation).
Therewith, it is advisable to create an active-adaptive
model of the company’s accounting service with two-
way information communication channels (Fig. 2).

(o) (om) (o) (o] () (o) (o)

e

Agricultural adviser on accounting
and taxation (AAAT)

(o [Loms ) (o] [ ) (omer]

[ State Tax Service ]

Figure 2. Structure of relationships between small-scale agricultural producers — advisory service — State Tax Service
Note: DST is an accounting and analytical service (accountant) of a small-scale agricultural producer

Source: compiled by the authors
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Delegating complex and variable tasks will allow
the specialist to substantially optimise the tax policy of
an agricultural enterprise. One of the areas of tax op-
timisation at the level of a business entity is tax plan-
ning, which is part of corporate planning. Tax planning
involves the use of tax incentives, digital technologies,
planning forms of contractual relations, pricing policies,
agreements, etc. Furthermore, ways to optimise the tax
burden include creating a simulated financial model,
developing effective tax control, etc. (Olikhovskyi, 2018).
In any case, optimisation of the tax burden involves the
development of an active-adaptive model that consid-
ers permanent changes in tax legislation and responds
accordingly to them.

The implementation of the specified model re-
quires powerful personnel, information and technolog-
ical support, the implementation of which, for a small-
scale agricultural producer, is possible with the involve-
ment of an agricultural consultant. The current stage of
development is characterised by the active introduction
of digital technologies in all spheres of life, including
in tax payment administration (Schwab, 2017). This cre-
ates opportunities to optimise collecting and analys-
ing tax information, building a model for assessing tax
risks, improving tax planning, more efficient formation
and submission of tax reports, etc.

The use of digital technologies in corporate tax-
ation processes ensures the efficiency and transparency of
these processes. However, in Ukraine, the state of digi-
talisation of the tax sector considerably falls behind the
developed countries of the world. As for small-scale ag-
ricultural producers, the situation is much worse than
generally in the country. This once again underlines the
expediency of attracting an agricultural adviser on ac-
counting and taxation by small-scale agricultural pro-
ducers, which would efficiently organise a tax planning
system, reduce the cost of paying tax payments, and
consider the specifics of the activities of each small-scale
agricultural producer.

CONCLUSIONS

Agricultural enterprises occupy a key position in the struc-
ture of innovative and integrated systems of the agro-in-
dustrial complex. Among these enterprises in Ukraine,
the small-scale manufacturer prevails, which in its func-
tioning faces many problems due to the specifics of its
activity, size, and location. In modern conditions, such a
business entity needs certain support. In the component
of the system of this support, the largest share belongs to
the tax system. However, currently the mechanism of this
system for small-scale agricultural producers needs to be
finalised. The declared possibility of choosing the optimal
tax system for a particular enterprise requires the involve-
ment of a highly qualified specialist, who cannot always
afford the farm. Moreover, the current tax legal framework
is ambiguous and unstable, and the processes of imple-
menting digital technologies increase the requirements
for the qualification of employees.

Under any circumstances, the primary task in
optimising the taxation of small-scale agricultural pro-
ducers (as well as any other) has been compliance with
the norms of tax legislation. Therewith, a highly qual-
ified specialist in accounting and taxation can take ad-
vantage of gaps in the current legislation. Furthermore,
one of the key factors in preventing errors in calculating
tax payments is the use of modern digital technologies.
The use of a single software integrated into the software
of fiscal authorities allows automatically and remotely
checking the correctness and timeliness of calculating
and paying tax payments. To optimise the taxation of
small agricultural producers, especially in the context of
transformations caused by the Fourth Industrial Revolu-
tion, it is necessary to use fundamentally new approaches
by creating innovative and integrated structures with
the involvement of an agricultural adviser on accounting
and taxation. Delegating complex and variable tasks to
the adviser will substantially optimise the tax policy of
an agricultural enterprise, improve work with fiscal au-
thorities, make better use of the capabilities of digital
technologies and yield a positive synergistic effect.
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AHoTauiq. [1TaHHA ONTMMI3aLii 0NofaaTKyBaHHA CYOEKTIB rocnofaptoBaHHS 3aBXAM 3HAXOAMAUCH Y LEHTPi yBaru
NNaTHMKIB NoAaTKiB. BupileHHs LbOro nUTaHHA noTpebye NOTYXKHOro KaApoOBOro, TEXHIYHOMO Ta iHWMX BUAIB
3abe3neyeHHs. ICHYOTb CYTTEBI 0CO6IMBOCTI DYHKLiOHYBaHHS APiOHOTOBAPHMX CiflbCbKOrOCNOAAPCbKMX BUPOOHUKIB,
SKi 3yMOB/IIOKTb CKNAAHICTb ONTUMI3aLii iX ONOAATKYBaHHS. BUPILLMTK Le NUTaHHS HAa CbOroAHI MOX/IMBO LLSXOM
CTBOPEHHS IHHOBALLIMHO-IHTErPOBAHUX CTPYKTYp. METOK NPOBEAEHOro AOCNIAKEHHS € OOIPYHTYBAHHA AOLLINBHOCTI
CTBOPEHHS iIHHOBALLIMHO-IHTErPOBAHUX CTPYKTYP Y arponpoMUCIOBOMY KOMMAEKCI, LLLO MOBUHHO MPUBECTM A0 ONTUMI3aLLT
OMNoOJATKYBaHHN YKPAiHCbKMX APiIOHOTOBAPHMX CiNbCbKOroCnoAapcbkux BUpoOHUMKiB. Mpu nigrotosui ctaTTi 6yno
BMKOPUCTAHO K 3arajibHOHAYKOBI TaK i CneuianbHi MeToaM AOCNIOXKEHHS, @ CaMe: NIOFIYHOro y3arajbHeHHs — AN
TEOpPEeTUYHOro OBrpyHTYBaHHS HEOOXiAHOCTI CTBOPEHHS IHHOBALLIMHO — iHTEFPOBAHMX CTPYKTYP 3 METOH ONTUMiI3aLii
(bYHKLIOHYBaHHA ApiGHOTOBApHMX CiNlbCbKOroCNoAapCbKMX BUPOOHMKIB; MAaTeMaTU4Hi Ta CUCTEMHOrO aHanisy -
[Ns 06rpyHTYBaHHS LOLINbHOCTI CTBOPEHHS iIHTErPOBAHUX CTPYKTYP 3 METO OMTUMI3aLlii ONOAATKYBaHHS LPiOHOTOBAPHMX
CiNbCbKOrocnoAapcbkmnx BUPOOHUKIBTOLWO. [loCNiAXKEHHA TEOPETUYHUX 3aCaA Ta NMPAKTUYHOIO A0CBIAY ONOAATKYBAHHS
YKPAiHCbKMX APiOHOTOBAPHUX CiNlbCbKOrOCNOAAPCbKMX BUPOOHUKIB AaN0 3MOry 0BIpYHTYBATU AOLLINIbHICTb CTBOPEHHS
iHHOBALLiIHO-IHTErpoOBaHMX CTPYKTYP B arpapHOMY CEKTOPi EKOHOMIKK. BU3HaUeHO, Lo Y CTPYKTYPi CiNbCbKOroCnoaapcbkux
NiANPUEMCTB HaMbiNbWwa NMTOMA Bara HaNeXuTb ManuMM MigNPUEMCTBAM, AKi 3a cneundikow CBOEI LisNbHOCTI
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0MnoAaTKyBaHHS ApiOHOTOBAPHMX CilbCbKOrOCNoAaPCbKMX BUPOOHMKIB MOX/MBO LINSIXOM CTBOPEHHS iHHOBALLiAHO-
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i BapiaTMBHMX 3aBAaHb BUCOKOKBaNiPikoBaHOMY creLianicTy 403BONAUTb CYTTEBO ONTUMI3YBATU NOAATKOBY MOMITUKY
CiNIbCbKOrocnoAapcbKoro nianpuemcraa. lNoganblui AOCNiAKEHHS LOLIBHO NPOBOAMTU Y HANPsSMYy po3pobKKn MexaHi3my
ONTUMI3aLii DYHKLIOHYBAHHSA CiNlbCbKOrOCNOAAPCbKMX TOBaPOBUPOOHMKIB B yMOBaX po3BUTKY digital-TexHonorii

KntouoBi cnoBa: koHcynbTyBaHHS, digital-TexHonorii, cinbcbkorocnoaapcbki nopaadi cnyx6u, arponpomMmcIoBuin KOMNIEKC

Scientific Horizons, 2022, Vol. 25, No. 6



SCIENTIFIC HORIZONS g

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 25(6), 111-120

UDC 69.001.5
DOI: 10.48077/scihor.25(6).2022.111-120

Architectural Design of Universities for Green Campus in Guangdong-Hong
Kong-Macao Greater Bay Area and Singapore: A Comparative Aspect

JiaYue Fan?, JingXian Li*, Chen ZeHui** HuiYu Zhu!

1City University of Macau
Avenida Padre Tomas Pereira Taipa, Macau, People’s Republic of China

2Guangzhou Xinhua University
510006, 230 Wai Huan Xi Rd., Guangzhou, People’s Republic of China

Article’s History: Abstract. College campuses need the most attention to build. This article
Received: 17.07.2022 is relevant, as the design of green campus buildings is one of the essential
Revised: 18.08.2022 forms of the good ecological development concept that can best reflect
Accepted: 17.09.2022 the sustainable development of university campuses. The total energy

consumption of school buildings is second only to that of all kinds of
Suggested Citation: office buildings and accounts for a considerable proportion of the total.
Fan, J-Yu., Li, J-X., ZeHui, C., & The purpose of this study is to investigate the typical campus buildings in
Zhu, H-Yu. (2022). Architectural Singapore with mature development of green campus buildings to provide
design of universities for green a reference for the study of architectural development in the Guangdong-
campus in Guangdong-Hong Hong Kong-Macao Greater Bay Area with similar climate adaptability. This
Kong-Macao greater bay area paper uses Ladybug Tools to conduct quantitative analysis and compares
and Singapore: A comparative the Greater Bay Area with Singapore, which has similar conditions, to try to
aspect. Scientific Horizons, 25(6), summarize the universal design strategies and models suitable for it. It was
111-120. found that the university campuses in the Greater Bay Area have a better

development in the greening of building courtyards and building roofs,
while in the greening of building platforms and building walls, it still needs
to carry out more technical practice. It was established that among all kinds
of designs on the green campus of the Singapore universities, the energy-
saving-oriented design has the highest proportion. It was concluded that
only by absorbing more mature design experience and strategies can the
development of green campus buildings in the Greater Bay Area go further.
The findings of the paper will further provide more powerful data support
for the development of the Greater Bay Area and Singapore, and simply put
forward feasible and universal design patterns and strategies to a certain
extent

Keywords: green building, visualization, Grasshopper, Ladybug, campus building,
quantitative relationship

Copyright © The Author(s). This is an open access article distributed under the terms of the
BY Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author



112

Architectural Design of Universities for Green Campus in Guangdong-Hong Kong-Macao Greater Bay Area and Singapore...

INTRODUCTION

The development of the Greater Bay Area (GBA) is in-
separable from the construction of universities and per-
sonnel training. In 2008, the Ministry of Education and
the Ministry of Housing and Urban-Rural Development
jointly launched the “Opinions on Further Strength-
ening the Work of Energy-Saving and Water-Saving in
Colleges and Universities to Promote the Construction
of Energy-Saving Campuses” and the “Guidelines for
the Management and Technology of Conservative Cam-
pus Construction in Colleges and Universities (Trial)”
(Guangdong-Hong Kong-Macao Greater..., 2019). Since
then, major colleges and universities across the country
have extensively carried out the construction of green
universities, campuses, and energy-saving campuses.
With the continuous advancement of urbanization, the
upsurge in building university towns in China continues
to rise (Liu & Wang, 2022).

However, the extensive university development,
planning and construction in recent years have not
been environmentally friendly and have also brought a
series of problems, such as waste of land resources and
large energy consumption.According to Q. Lijuan (2018)
and Ya. Ibrahim et al. (2021), faced with these problems,
the development of university campuses has taken a
new direction. The construction of university campuses
is increasingly inclined to adapt to local conditions and
to the intensive development mode guided by the inner
needs of college students. Therefore, utilization of land
resources and the construction of energy-saving, and
green campuses have become major trends in the cur-
rent planning and construction of colleges and univer-
sities (Abdelkhalik & Azmy, 2022; Kelly & Igbal, 2021).

According to the opinion of W.Jianhua et al. (2018),
the three-dimensional greening of buildings at the uni-
versity campus of the Greater Bay Area is still restricted
by realistic conditions to a considerable extent. For ex-
ample, due to the high degree of urbanization and the
shortage of land, Hong Kong and Macao have always
been inclined to vertical greening in the development
of green campus buildings and are relatively mature in
terms of building roof greening and sky garden green-
ing. However, T. Chen (2021) considers that the green
campus buildings in Guangzhou and Shenzhen are in-
clined to ground and courtyard greening, but there is
a lack of architectural three-dimensional greening de-
signs with high greening efficiency. Overall, the green-
ing rate of three-dimensional greening in the campus
buildings of the Greater Bay Area is not high, and the
green area is small.

Singapore has a small land area, most of which is
hills and plains (Jing & Tuo, 2019). The overall climate
is hot and humid year-round, with rain and typhoons
(Gholami et al., 2020). According to B.Zhu et al. (2020),
the green building evaluation system guides the entire
process of green campus construction during the devel-
opment of university campuses in Singapore. Therefore,

Scientific Horizons, 2022, Vol. 25, No. 6

in the preliminary design of campus buildings, more
consideration is given to the green building design
strategy and the introduction of green space, which can
help achieve the coordination and unity of the green
space from the whole to parts. Unlike Singapore, which
has limited development space, the Guangdong-Hong
Kong-Macao Greater Bay Area has a vast land area.
X. Linji (2018) believed that these large-area resources
are still undeveloped, suggesting considerable devel-
opment space. Therefore, there is still a considerable
gap between greening in the campus buildings of the
Greater Bay Area and that in Singapore, another re-
search object of this paper. So, it is necessary to carry
out visual quantitative relationship analysis on climate
characteristics, energy consumption, solar radiation, and
other aspects to deeply investigate the universal strategy
for greening design of campus buildings.

The purpose of this paper is to study the campus
architecture with mature development of green campus
buildings in the Guangdong-Hong Kong-Macao Greater
Bay Area and Singapore.

MATERIALS AND METHODS

Singapore and the Greater Bay Area share hot and hu-
mid climates. Singapore has always attached foremost
importance to the exploration and development of
green buildings as a major strategy to relieve domestic
resource shortages and environmental pressure. Uni-
versities in Singapore use Green Mark, a green building
evaluation system (Green Mark Certification Scheme,
2021), to guide the construction of the Green campus,
which provides inspiration and reference for the update
and revision of the “Green Campus Evaluation Standard”
(2019) in China in terms of evaluation objects, evaluation
grading, category setting and provision integration.
The Green Mark evaluation standard system is
based on the core concepts of environmental friend-
liness and sustainable development in the whole life
cycle of buildings and is positioned as “a green certifi-
cation system for evaluating the environmental impact
and performance of tropical and subtropical buildings”.
This standard fully reflects the characteristics of a hot
and humid climate, thus being widely used in Singa-
pore and has been promoted internationally. Singa-
pore is located in a tropical coastal area with a typical
tropical climate of high temperature and humidity. The
Green Mark evaluation standard starts from the inno-
vative perspective of climate adaptation, considering
indoor and outdoor light and heat, environmental com-
fort, etc., and comprehensively considers coping strat-
egies from scales of single buildings, blocks and cities.
Furthermore, this system covers the comprehensive
utilization of water resources, materials, and waste and
accounts for a large proportion of the entire evalua-
tion system. In terms of indoor environmental quality,
it establishes a more systematic and effective feedback



mechanism through intelligent technology to achieve
precise indoor environmental control to carry out the
concept of healthy buildings.

To fulfil the main purpose of this study, the fol-
lowing scientific methods were used:

- Visual quantitative analysis: Visual quantitative
analysis is based on the plug-in Ladybug Tool of grass-
hopper, a commonly used analysis software. It provides
a multidimensional comparative quantitative analysis
based on meteorological data, including a compara-
tive analysis of sunshine time, annual monthly average
temperature, wind direction, wind speed, the relation-
ship between solar trajectory and thermal radiation,
etc., between the Guangdong-Hong Kong-Macao Greater
Bay Area and Singapore. It establishes a quantitative
relationship of a single variable, thereby conducting re-
search through reliable quantitative data support.

- Literature research: First, the issues and papers
on current green buildings were selected through CITE
Space software. Then, by reading many studies, the au-
thors conducted in-depth research and analysis of the
relevant theories. The literature relevant to the subject

Fan et al.

under study was selected according to the criteria of
originality and relevance to the green building design
of university campuses.

- Comparative study: The comparative study was
based on the high degree of similarity between the
green buildings of Singapore University campuses and
those in the Guangdong-Hong Kong-Macao Greater Bay
Area in terms of geography and climate.

RESULTS AND DISCUSSION

A quantitative analysis and comparison of climatic factors
between the Greater Bay Area and Singapore

The most representative universities in Singapore have
high greening rates overall, rich, and diverse ways of
building greening, and a general multilevel building
greening space (Fig. 1). These typical campuses have
the common feature that they all make full use of in-
door and outdoor green space to form a unique archi-
tectural form. In addition, the platform green space is
the main green space of these buildings, dominated by
the building veranda and the semi-outdoor space on
the ground floor.
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Figure 1. Horizontal comparison table of greening data of typical universities of green buildings in Singapore

Figure 2 is completed by Ladybug Tool sun Path
and sunlight Analysis. Based on the meteorological data
of the four representative areas of Guangdong-Hong
Kong-Macao Greater Bay Area and Singapore, according
to the single variable method, the solar trajectory, wind

speed and annual sunshine time from 9:00-15:00 of June
15% every year of the same building area are analysed
and then made into quantitative visualization charts. The
authors chose this time, because it was necessary to in-
vestigate the level of illumination, specifically in daylight.
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Figure 2. Comparison charts of solar trajectory and wind speed and thermal radiation and sunshine time in Singapore
and the Guangdong-Hong Kong-Macao Greater Bay Area

There are slight differences in the annual sunshine
duration in Shenzhen, Guangzhou, Macao, Hong Kong, and
Singapore, but they are all within the range of 1.2 h-6 h,
and the annual average sunshine duration of these five
places is higher than the average level of other regions in
China.The differences in wind speed variation in 6 hours of
the same day in these five places were also slight,and the
maximum wind speeds were all in the range of 5.00 m/s-
<1.00 m/s. However, with the movement of the solar track,
there were significant differences in wind speed in these
five places at the same time. The solar radiation range of
the same building area in these five places is the same.

In Shenzhen, Guangzhou, Macao, and Hong Kong,
the sunshine duration of the same building in the same
area is the same. In comparison, the sunshine duration
in Singapore is longer, exceeding the average duration of
the above four places by approximately 0.6-1 h.In Shen-
zhen, Guangzhou, Macao and Hong Kong, the wind speed
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in one day reaches the maximum value at noon, and in
the morning and afternoon it shows a gradually decreas-
ing trend, while the trend of wind speed in Singapore in
one day gradually increases from morning to night.

The Greater Bay Area and Singapore enjoy suffi-
cient average sunshine duration and light conditions,
with abundant solar energy being available, which is
one of the important conditions for the green campus
buildings. Although the Greater Bay Area and Singapore
have some differences in daily wind speed and direc-
tion, they both have sufficient wind energy to be consid-
ered as a means of developing energy efficient design.
The Greater Bay Area and Singapore share the same an-
nual sunshine duration and radiation range. Therefore,
for the green campus buildings in the Greater Bay Area,
the energy-saving (solar, wind energy) design models
and strategies of Singapore's buildings can be a good
reference. This induction produces design patterns and



strategies of general applicability. On this basis, gen-
eral design patterns and strategies can be inducted and
summarized.

Figure 3 isdone by Ladybug Windrose.Based on the
meteorological data of the four representative regions
of Guangdong-Hong Kong-Macao Greater Bay Area and

Singapore, the paper employs a single variable, that is,

wind speed and direction in the abovementioned five
places from January 1t 1:00 to December 31t 24:00
during the full year to conduct analysis and then make
a quantitative visualization chart.

The differences in wind direction among the five
places are slight: north winds prevail in Singapore and
Guangzhou, while northeast winds prevail in Shenzhen
and Macao, and east winds prevail in Hong Kong. These

five places all belong to a typical subtropical climate.

Fan et al.

Among them, the Guangdong-Hong Kong-Macao Greater
Bay Area shows more features of the subtropical mon-
soon maritime climate, with warm winters and hot sum-
mers. Its wind speed in summer is smaller than that in
winter, with unstable wind directions in spring and au-
tumn. Among the areas, the wind speed in Hong Kong
is lower than that in the other three places, which is
related to its unique urban density. Wind speed in Sin-
gapore varies within a small range. Therefore, its wind
energy is more stable than that in the Greater Bay Area
and is thus easier to use. Nevertheless, changes in wind
direction and speed in the Greater Bay Area are com-
plicated and related to urban buildings, so the use of
wind energy is not as convenient as that in Singapore.
Therefore, the use of wind energy should be considered
according to local conditions.
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Figure 3. Comparison charts of the wind roses and the annual monthly average dry bulb temperature
and annual thermal comfort temperature
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Figure 3 is partially completed with the help of
the Ladybug Monthly Bar Chart. According to the me-
teorological data of four representative regions of the
Greater Bay Area and Singapore, the monthly average dry
bulb temperature and comfort temperature of the five
regions based on the single variable, thermal comfort
of level 2 (naturally ventilated), are analysed in this pa-
per and further embodied in a quantitative visualization
chart. The highest temperature in the five places is the
same, approximately 28.4°C, and their highest tempera-
ture month is July every year (that is, the summer season).
The five places are warm throughout the year, and their
lowest temperatures are >13.8°C. It can be clearly seen
from the annual monthly average temperature changes
that the Greater Bay Area has four distinct seasons
throughout the year, with significant seasonal tempera-
ture changes and a maximum temperature difference of
approximately 12°C between summer and winter, while
Singapore experiences little change in temperature
throughout the year, with a maximum temperature differ-
ence of approximately 4°C between summer and winter.

The temperatures of the five places are the same
throughout the year,and they all belong to a typical sub-
tropical climate. The climate of Singapore is hotter than
that of the Greater Bay Area, which is affected by factors
such as wind direction and wind speed. Under the same
thermal comfort level, the suitable temperature ranges
of the five places are similar. Therefore, the indoor and
outdoor energy saving design modes and strategies of
Singapore are a good reference for the Greater Bay Area.

Quantitative analysis of energy consumption data in the
Guangdong-Hong Kong-Macao Greater Bay Area

According to the analysis of online data from 2000 to
2017, the total energy consumption of public buildings

and diverse types of energy consumption in four major
cities in the Greater Bay Area is shown in terms of energy
consumption. As early as 2000, the total energy con-
sumption of Hong Kong was as high as 3.5 Mtce, which is
much higher than the other three cities in the Greater
Bay Area, while the energy consumption of Macao, which
is sparsely populated, is less than 0.5 Mtce year-round,
ranking last in the Greater Bay Area.

South China University of Technology International
Campus is the third campus of South China University of
Technology in Guangzhou.The first two are the old Wushan
campus and the new campus of Guangzhou Panyu Uni-
versity Town. The International Campus is also located
in Panyu District, Guangzhou, facing the University Campus
across the bank. Adhering to the construction concept
of integrating Chinese and Western education concepts,
tradition and modernity, the International Campus adopts
high standard planning and stands at a high starting
point. It is committed to creating an innovative green
campus. The community building takes the green space
in the centre of the campus as the core of the land-
scape, thus extending to the north and south, and then
forms the multifunctional campus space through important
spatial nodes.

In terms of campus planning and zoning, it adopts
a horizontal and vertical pattern, with 7 sequences of
horizontal A-G and vertical 1-7, dividing the campus into
different blocks. Moreover, each block uses the same la-
bel and then sets a/b/c/d and other sublevel labels for
buildings. The C2-C3 group architectures (Table 1) are
connected by outdoor corridors on the second floor, and
vertical stairwells are used to organize space nodes. The
design of the platform corridor on the second floor also
adopts various forms with a sense of design.

Table 1. The C2-C3 building cluster analysis table of South China University of Technology international campus

Gross floor area 61300 m Green rate 26
Basic
building Land area 15200 m Building green rate 3952
information
Floor area ratio Building stories 6F

Cooling requirements for building spaces are kept
low through the design of campus building orientations,
shading between blocks and corridors. In addition, the
balance between daylight quality and shading is achieved
using solar analysis and daylight simulation tools to max-
imally reduce window heat gain (Fig.4). In the water man-
agement section, Stormwater Management encourages

Scientific Horizons, 2022, Vol. 25, No. 6

the treatment of stormwater before it enters public drains,
while the campus design incorporates protections against
stormwater runoff. Landscape water saving requires
“drought-resistant plants to be selected in the design to
reduce water demand. Therefore, in landscape design, local
landscape species with low water consumption are uni-
versally used (Fig. 5).
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Figure 4. Planning Zoning Map of International Campus of South China University of Technology
(Image source: South China University of Technology)

Figure 5. Singapore Sunlight Hours Analysis

Green Building encourages the use of green build-
ing practices in the design, construction,and renovation
of buildings in the area. This campus consists of several
enclosed buildings designed with natural ventilation
principles,cooling technology, covered walkways, louvered
curtain walls, open spaces, indoor sunlight, and water
treatment equipment. Its buildings have obtained plat-
inum-ranking certification from the Singapore Green
Label. Green mobility requires compact and walkable
zoning patterns in the master plan with walking dis-
tances within 500 m of the main building entrance and
with shelters and connections. The campus buildings
are completely open and highly connected. In addition,

the introduction of diagonal viewing corridors and various
vertical and horizontal connections can help create an
open campus walkway. The geometry of the building
allows for a perfect ventilation path for outdoor gather-
ing spaces such as the inner courtyard. Shaded sidewalks
also serve as external circulation routes, helping to create
a walkable, low-carbon campus.

In Singapore, the development of green campuses
has always employed the green building evaluation
system as the guideline during the entire construction
process. Therefore, in the preliminary design of cam-
pus buildings, more consideration is given to the green
building design strategy and the introduction of green
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space, which can help achieve the coordination and unity
of the green space from the whole to parts (Table 2).
Since the popularization of higher education in
Singapore in the 1990s, the construction of university
campuses in Singapore has paid increasing attention to
campus green space. They all enjoy a higher average green-
ing rate and larger average greening area than univer-
sities in the Guangdong-Hong Kong-Macao Greater Bay
Area in China. In the design process of green space, uni-
versities in Singapore focus on the integration of build-
ings and the overall environment of the campus and in-
tegrate the design of green space into the cultural spirit
of the campus to achieve a campus cultural atmosphere
that is free and natural. The specific campus building
greening space design is not limited to the traditional
ground type and integrated greening landscape design
but a combination of various greening space design
methods, which is conducive to improving the overall

greening environment of the campus and creating bet-
ter learning and communication space for students. All
of these have constructed a pleasant university campus
for students to study and travel and truly achieved the
reinforcement of a pleasant environment and academic
governance, which is worth learning from.

Furthermore, it shows the comprehensive appli-
cation of the latest building greening technology on the
campus of Singapore University, especially the appli-
cation and practice of building platform greening and
building wall greening technology, which is an excellent
example for our reference. The Greater Bay Area needs to
give full play to the unique advantages of the university's
combination of production, education, and research, pay
attention to the trial and use of green innovative tech-
nologies first on campus, and provide comprehensive
feedback on the application and effects, thus laying a
solid foundation for the promotion of the whole society.

Table 2. Comparison of green building indicators for green campus buildings
in Singapore and the Guangdong-Hong Kong-Macao Greater Bay Area

Project Singapore Nine cities of Guangdong Hong Kong and Macao
Land area(km?) 719.1 54954 1137
Population
(10000 people) 564 6150.6 814.8
GDP (trillion yuan) 239 8.10 2.88
GDP per capita
(ten thousand yuan) 423 13.2 35.3
Number of universities 56 139 31
University density 0.078 0.0025 0.027
(university/km?)
Number of universities
per 10,000 people 0.099 0.023 0.038
Average university 9 9 9
greening rate 62% 25% >1%
Average green area of
university buildings 0.0858 0.0018 0.728

(university/10 km?)

National University of
Singapore, Singapore
University of Technology
and Design, Nanyang
Technological University

Representative universities

Sun Yat-sen University, South
China Normal University,
Jinan University, Shenzhen

University, Southern University ~ University of Science and Technology,

of Science and Technology

Chinese University of Hong Kong,
Hong Kong University of Science and
Technology, Hong Kong Polytechnic
University, University of Macao, Macao

Macao Polytechnic Institute,
City University of Macao

According to H.Jun et al. (2020), the microclimate
optimization in the environmental planning section calls
for validation of the optimized design through simulation
of major climate data and field measurements before and
after development to improve microclimate, for exam-

ple, the use of natural planting and water optimization.

M.A.Alim et al. (2022) convinced that small plants on the
campus can be planted along corridors, hanging gardens
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and green roofs from the external area to the building
space to regulate the microclimate.J. Ren et al. (2022)
considered that the overall campus design integrates
with natural environment through facade plantings, green
roof terraces and hanging gardens, as well as extensive
planting of small native trees and flower-watching plants.

Site planning and building orientation calls for
minimizing heat gain or loss using passive solar strategies



to reduce energy demand (Bakhshoodeh et al., 2022). Ac-
cording to J.A. Puppim de Oliveira et al. (2022), cooling
requirements for building spaces are kept low through
the design of campus building orientations, shading
between blocks and corridors. In addition, the balance
between daylight quality and shading is achieved using
solar analysis and daylight simulation tools to maxi-
mize the reduction window heat gain. This statement is
consistent with the results of our study.

In the water management section, Stormwater
Management encourages the treatment of stormwater
before it enters public drains, while the campus design
incorporates protections against stormwater runoff (Bin &
Zhongkai, 2017). According to these researchers, land-
scape water saving requires drought-resistant plants to
be selected in the design to reduce water demand. We
agree with this opinion, because also discovered that
in landscape design, local landscape species with low
water consumption are universally used.

According to N. Fezzioui & M. Benaichata (2021),
the microclimate optimization in the environmental
planning section calls for validation of the optimized
design through simulation of major climate data and
field measurements before and after development to
improve the microclimate, for example, the use of nat-
ural planting and water optimization. Small plants on
the campus can be planted along corridors, hanging
gardens and green roofs from the external area to the
building space to regulate the microclimate. In this way,
the overall campus design integrates with natural envi-
ronment through facade plantings, green roof terraces
and hanging gardens, as well as extensive planting of
small native trees and flower-watching plants.

Fan et al.

CONCLUSIONS

The findings of this paper revealed that the collabora-
tive social architecture adopted by the campus makes
connectivity, collaboration, and sociability the core el-
ements of the new campus design. It was shown that
green universities will play a role in cultivating talent,
which is also called “environmental education’, includ-
ing the role of microclimate regulation played by green
campus landscapes and the advanced benchmarking
role of eco-city construction. In addition, it was found
that the university campuses in the Greater Bay Area
have a better development in the greening of building
courtyards and building roofs, while in the greening of
building platforms and building walls, it still needs to
carry out more technical practice.

Based on the analysis of the characteristics of cam-
puses in Singapore, the recommendations for Chinese
campuses were provided as follows: active response to
the unique geographical climate of the Greater Bay Area;
sustainability, which helps improve the entire life cycle
of buildings and greening; full integration with the archi-
tectural form; integration with traffic space; combination
with the shared communication space on campus; the
maximized use of roof space; integration of indoor and
outdoor campus landscape; and rational use of planting
devices.
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ApXiTeKTypHe NpoeKTyBaHHS YHIiBepPCUTETIB A/ 3eJIeHOro KaMnycy B panoHi
Benukoi 3aToku NyaHayH-FOHKOHr-Makao Ta CiHranypi: NnopiBHSAIbHMW acneKT

Lizsoe dan?, UziHcaub Jlit, YeHb Lizexyiil?, Xyeit O Yxy?!

Micbkuit yHiBEpCMTET Makao
Mpocnekt MNagpe Tomac Meperipa Tanna, Makao, Kutaicbka HapogHa Pecnybnika

ZYHiBepcuTeT [yaHuwKoy
510006, pop. Bait XyaHn Ci, 230, lyaHuxoy, Kutaiceka HapogHa Pecnybnika

AHoTauig. CryaeHTCbKi MicTeuka noTpebyoTb HanbinbLwoi yBarv npu 6yaiBHULTBI. [JaHa CTATTS € aKTyanbHO, OCKiNIbKM
NpOeKTYBAHHSA 3eNneHnx byaiBenb KaMNycCiB € OAHIEK 3 OCHOBHUX GOPM KOHLENLii LOOPOro eKoNOriYHOro PO3BUTKY, KA
MOXE HaWMKpaLLMM YMHOM BigobGpaxKaTH CTanui PO3BUTOK YHIBEPCUTETCbKMX KaMMyCiB. 3arasibHe eHeprocrnoXXmMBaHHS
YHiBEpCUTETCbKMX OymiBenb MOCTYMAETbCA NIMLIE EHEProCrOXMBAHHIO BCiX BMAIB OdicHMX OyaiBenb i CTaHOBUTHL
3HAYHY YacTKy Bif 3aranbHOro 0bcary. MeToto LbOro AOCHIAKEHHS! € BUBYEHHS TUMOBUX Byaisens kamnycy B CiHranypi
3i chOpMOBAHUM PO3BUTKOM 3eneHux ByaiBenb kammycy, Lwob 3abe3neynT OCHOBY A/ BUBYEHHS apXiTEKTYPHOro
pO3BUTKY B paioHi Benukoi 3aToku yaHayH-TOHKOHM-Makao 3i CXOXO0K afanTMBHICTIO A0 KAiMaTy. Y uwin pobori
BMKOPUCTOBYHOTbCS iHCTPyMeHTH Ladybug Tools ans npoBefeHHS KinbKiCHOrO aHanisy Ta NopiBHSAHHSA paioHy Benukoi
3aToku 3 CiHranypoM, iK1t Ma€ CX0Xi yMOBMU, 06 cnpobyBaTh y3arafbHUTU YHIBEPCANbHI CTpaTerii Ta MoAeni AM3aiiHy,
AKi NigxoaaTb AN HbOro. byno BMABNEHO, WO YHIBEPCUTETCbKI KaMMycu B paioHi Benmkoi 3aToku MatoTb KpaLimi
PO3BMTOK B 03€/IeHeHHI BHYTPILUHiX ABOpiB OyAiBent Ta AaxiB OyaiBenb, TOLi K B 03e1eHeHHI byaiBenbHUX nnathopm
Ta CTiH 6ynisBenb Bce we noTpibHO NpoBOAMUTM Binblue TEXHIYHOI NpakTUKKU. BCTaHOBNEHO, WO cepen yCix BUAIB
[M3aMHY 3eNeHUX KaMMyCiB CiHranypCcbKUX YHIBEPCUTETIB HAMBINbLLy NUTOMY Bary Ma€ eHeprosbepiratoumii au3aiiH,
OpIiEHTOBaHMI Ha eHeprozbepexkeHHs. 3po6IeHO BUCHOBOK, LLO TifIbKM LLMSXOM 3aCBOEHHS bl 3pinoro foceigy Ta
CTpaTeriii NPOeKTYBAHHS MOXHA AOCAITU NOAA/bLIONO PO3BUTKY OyaiBeNb 3eNeHNX KaMNyciB y panoHi Benukoi 3aTtoku.
BucHoBkwm cTaTTi Hapani 3abe3neyatsb Binbw epekTMBHY iHhDOPMaLLiMHY NIATPUMKY PO3BUTKY parioHy Benukoi 3aToku Ta
CiHranypy, a TakoX 3anponoHYOTb YHiBEPCANbHI MOAENI Ta CTpaTerii NPOeKTyBaHHS

Kniouogi cnoBa: 3eneHa byaisns, Bidyanisauis, Grasshopper, Ladybug, 6yaisns kamnycy, KinbKiCHe CriBBiAHOLWEHHS
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INTRODUCTION

An analysis of current socio-economic conditions of
Ukraine’s national economy shows that they are ex-
tremely dynamic, which in turn requires constant
changes in the approaches used for economic devel-
opment. Therewith, the state, as an institution of power,
governs this issue and implements proper structuring
of the national economy (Lindholm-Dahlstrand et al.,
2019; Parsons et al.,2019). This is conditioned upon the
fact that this entity is empowered to implement opera-
tional, and most importantly, structural reforms, which
should be aimed at increasing the economic growth,
greening of the state and socio-economic improvement
(Garibaldi & Pérez-Méndez, 2019). All these aspects are
necessary to establish and ensure an appropriate level
of economic development that meets the interests and
needs of all citizens (Onegina & Vitkovskyi, 2020; Pry-
shchepa et al., 2020).

Based on this, the targeted area of the system’s
structural changes of the national economy of the
country is to increase the level of economic develop-
ment in the long term. C. Elleby et al. (2020) interpreted
this concept as a systemic process consisting of sev-
eral quantitative and qualitative changes introduced
into the structure of the national economy. According
to O. Kravchenko et al. (2020), the result of such pro-
cess is expected to be a transition to a better form of
organisation and control of economic relations, and the
implementation of established economic growth rates,
which should be accompanied by an increase in pro-
duction potential.).E. Amords et al. (2019) believed that
this procedure is closely related to economic growth,
since the latter implies the material wealth of citizens.
As a result of such changes, both the current and future
needs of society in the context of goods and services
are expected to be met (Szafranska et al., 2020; Yaky-
mchuk et al., 2021). Thus, the changes currently taking
place in the system of the national economy pursuing
the idea of the correlation in their structure of both
macro-level economic elements and stable structural
ties, for the proper establishment and implementation
of favourable conditions under which all subjects of
socio-economic relations can develop effectively. This
condition is mandatory since the quality and success of
the national economic system depend on the possibili-
ty of endowing its citizens with the most profitable and
necessary socio-economic means (Farooq et al., 2020;
Nicola et al., 2020; Dema et al., 2019).

As for the agricultural sector, it certainly occu-
pies one of the leading places in the structural changes
that are actively being introduced in Ukraine’s national
economy.This factor is absolutely justified since Ukraine
is one of the most developed agricultural countries. Ac-
cording to P. Gai & S. Kapadia (2019), this property is
determined by such economic characteristics as a share
of agricultural sector in the structure of exports, share
in employment, investment attractiveness, gross value
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added, and the share in taxes paid to the state bud-
get. These parameters in the context of agriculture are
certainly positive since this sector of the economy has
the largest share in the system of Ukrainian exports, in
particular - almost 42% (Attri et al., 2020). Furthermore,
about 33% of foreign exchange earnings were obtained
through agriculture (Berezyuk et al., 2019). Therewith,
approximately 12% of GDP is concentrated in this sec-
tor of the economy (Kaletnik et al., 2020). Moreover, the
agricultural sector is the only sphere that has never
been characterised by a negative foreign economic bal-
ance of payments (Lemishko, 2018; Reznik et al., 2018).

Based on this, the prospects for investigating
and developing latest trends for improving and increas-
ing efficiency of agricultural sector are, admittedly, ex-
tremely high.For that reason,in the current programmes
for implementation of national economy of Ukraine, the
issue of modernisation of the above-mentioned sector,
increasing its adaptability and flexibility to dynamic
climatic and socio-economic conditions in society, is
actively raised. To a greater extent, this development
concerns technologies and innovations, which is a
well-founded aspect, since currently one of the main ar-
eas of national policy in all sectors is their digitalisation.

Therefore, the purpose of this study is to investigate
the current state and promising areas of agriculture in
the national economy of Ukraine.

MATERIALS AND METHODS

To analyse the essence of the issue under study, it should
be established that the said issue is quite broad, which
indicates the complexity of its investigation. Moreover,
it includes several elements that require individual
consideration to acquire a reading object of this study
based on the properties and foundations obtained. It is
important to pay attention to functional and system-
atic methodological approaches. Their role is extremely
important since they are used during the study of the
structural part. Based on the functional approach, a plan
for conducting the analysis was defined, and the purpose
and tasks of the study were established. For the study to
have an integral structure and the elements under con-
sideration to be interrelated, a systematic approach was
applied. It ensured unity in the use of all other method-
ological tools.

Moreover, the study used analysis and synthesis,
which to a greater extent played the role of theoretical
elements. Thus, based on the analysis method, several
concepts were identified that should be considered sep-
arately, while their specific features should be estab-
lished. Such concepts include agriculture, and national
economy. The synthesis method allowed combining the
separated concepts into a single general question, inves-
tigating the connections between them, and analysing
the relationship between these categories. A prominent
place in this study is occupied by the comparison method



since it allowed qualitatively finding the dependence of
the agricultural sector on the national economy. In ad-
dition, on its basis, various trends in this process were
compared and their priority for the future economic de-
velopment of Ukraine was proved.

The method of deduction was used so that the
study has a perfect logical structure. The study devel-
oped in the following area: from general to specific. In
the theoretical part of the study, the essence and prop-
erties of the main general concepts related to the issue
under study were found. In the practical part, this analysis
was narrowed down to particular concepts and a certain
context in which they need to be considered. Further, a
generalisation method was used to examine the results
in detail and draw conclusions based on them. Further-
more, on its basis, a priority area was established for the
continuation of the investigation of this issue. The study
was conducted in three stages:

1) at the first stage, the basic organisational founda-
tions that concern this study were established.Atheoret-
ical analysis of the issue under study was also initiated;

2) at the second stage, the specific features and areas
in which agriculture is developing in Ukraine during
the implementation of the national economy were in-
vestigated;

3) at the third stage, the essence of the main results ob-
tained was found and conclusions were drawn on their basis.

RESULTS AND DISCUSSION

Presently, the characteristic factors for the develop-
ment of the world economy are deep structural and in-
tegration reforms, which provoke a change in the areas
of the national economy of different states, including
Ukraine. Consideration of such global conditions is a
mandatory factor in determining and consolidating the
national foundations of the functioning of the economy.
During the development of a full-fledged algorithm for
improving various sectors of the national economy, it is
important to consider the features caused by both the
social and economic needs of a particular society. Ad-
mittedly, for the qualitative and rapid economic growth
of the state, it is necessary to find its starting economic
sectors characterised by high profitability and academic
performance, since this approach allows implementing
an effective national policy characterised by high results,
particularly in the sphere of the national economy.
When investigating the features of the agricultural
sector, it should be agreed that they are formed based
on the dynamics of evolutionary changes, including the
qualitative parameters of resource elements, i.e., land,
specific species of plants or animals. Their development
and order of priority were established according to the
level of implementation of the country’s innovative
path, which consists in mastering production technol-
ogies, tools, and mechanisms necessary for the organi-
sation of labour in the agriculture. Admittedly, Ukraine
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adheres to this approach in its development. Thus, cur-
rently,an innovative development model prevails in the
field of agriculture, which allows it to effectively affect
the overall system of the national economy. For current
programmes and plans, it is inherent to attract modernised
approaches based on the use of digital tools, which al-
lows increasing the level of attractiveness of this sector
of the national economy.

As for statistical data, respectively, in 2021, the
share of the agricultural sector in Ukraine’s GDP amounted
to more than 12%, which, admittedly, is the highest among
other developed sectors of the national economy. There-
with, agriculture is characterised by the highest increase
in production over the past year,which amounts to 15.4%.
Furthermore, this trend is growing, since the results of
last year show that production at agricultural enter-
prises increased by 19.2%. The agriculture sector is ex-
tremely important for the national economy of Ukraine
in the context of exports as well, since it accounts for
the largest share of it, almost 42% per year (Ukrinform,
2022). Therewith, the data on the success of indicators
of the agricultural sector showed that in 2021 the larg-
est crop of early grains and legumes was obtained -
46.4 million tonnes. This indicates that Ukraine is de-
veloping effectively in the agriculture, in particular, this
is reflected in revenues to the state budget.

Ukraine is on the way to obtaining the status of
one of the largest guarantors of world food security,which
also confirms the effectiveness of the chosen state in-
novation area for the development of this industry. To
confirm this statement, there is an example that during
the 2000s Ukraine supplied grain resources to 40 mil-
lion people around the world. Therewith, Ukraine cur-
rently sells its agricultural resources to about 400 mil-
lion people, excluding the share of Ukrainian citizens
(Kanmani et al., 2020).

Furthermore, attention should be paid to such
factor as a sharp increase in the investment attractive-
ness of this industry. Admittedly, this is conditioned by
introduction of and market in the context of agrarian
reform onJuly 1,2021.Thus, by the end of 2021, 27.3 thou-
sand contracts for the purchase and sale of agricultur-
al land were implemented on the territory of Ukraine
(Shkola et al.,2021). Attention should be focused on the
fact that all these buyers are private individuals, that
is, citizens of Ukraine. Presently, the legislation makes
provision for the operation of the land market without
the involvement of both commercial organisations and
foreigners in it. Therewith, the maximum limit for the
purchase of agricultural land by one person is 100 hect-
ares. Nevertheless, starting from January 1, 2024, it is
expected to expand the boundaries of this limit up to
10 thousand hectares for one person and grant the
right to buy land to legal entities with the condition
that foreign citizens do not belong to the list of its
owners (Kharchenko, 2021).
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The land market is one of the characteristic ad-
vantages, which testifies to the successful process of
European integration of Ukraine. Due to its functioning,
it becomes possible to introduce European principles
of regulation and organisation of the agrarian sector
into the Ukrainian environment. In addition, because
of such actions, an even greater increase in Ukraine’s
investment potential is expected, including in the in-
ternational arena. These changes can have a positive
impact on ordinary citizens, including those who own
shares, since the cost of land is projected to increase,
which is proportional to the increase in rent.

This fact is confirmed by the successful involve-
ment of the latest mechanisms and approaches to this
sector, which usually occurs in the context of general
digitalisation. Thus, it is important to continue to analyse
social conditions and, accordingly, consider all factors
that affect the results of agricultural activities of enti-
ties of Ukraine. This condition is necessary because the
socio-economic parameters of society are quite dynamic,
which obliges business entities to consider all possible
external and internal factors.

The destruction of the economic system oc-
curred because of the collapse of the USSR and, ac-
cordingly, the collapse of the planned economy. Sim-
ilar processes took place in all post-Soviet countries,
as showed by inflation in Ukraine in 1993-1995, which
exceeded 10,000%. Based on this, it can be established
that as a result of choosing the wrong approaches and
areas for economic development, there was a deep and
sharp decline, which was certainly reflected in a num-
ber of other social relations. Nevertheless, the number
of obstacles and problems created in economic devel-
opment of Ukraine shows that more time is needed for
the development of high-quality market, non-market
institutions, and other tools to accelerate this process.
In 2000, the first wave of economic revival became
visible in Ukraine, characterised by an increase in po-
tential and volume of the business climate. In addition,
incomes of citizens increased along with incomes of
various organisations, activities of which concerned the

16.4;
31%

3.6;
7%

leading sectors of the national economy, including ag-
riculture, which to a certain extent allowed Ukraine to
consistently enter the international market. Neverthe-
less, the global budgetary crisis of 2008-2009 played a
significant role in the national economy. Thus, the indi-
cators of GDP growth rates typical for this period were
7.5% (Pronko et al., 2020).

A considerable role in the development of the
national economy of Ukraine was played by the armed
aggression of the Russian Federation in 2014, which
continues to this day. Precisely because of the dramatic
change in socio-political conditions, both the humani-
tarian and economic potential of the country was con-
siderably reduced. Based on this, over the next seven
years, this factor continues to be clearly reflected in the
state of economic development and programmes for
its improvement. The coronavirus crisis caused a sharp
drop in entire economic system of the world and cer-
tainly affected the state of Ukraine. Economic processes
in Ukraine in 2019-2021 were to a certain extent more
positive in contrast to several European countries, in-
cluding Great Britain, Germany, and France. Therewith,
one of the main drawbacks in this process was that, due
to the establishment of quarantine restrictions by the
state authorities, there were no effective mechanisms
in Ukraine that would allow continuously providing cit-
izens with wages, controlling the incomes of the popu-
lation,and implementing measures to support business.

Thus, it is necessary to consider the ability to ful-
fil relative economic advantages in international mar-
kets to implement qualitative and effective economic
changes. In this context, attention should be paid to the
agricultural sector, which in turn is intricately linked to
the food production industry. The share of agricultural
products in Ukrainian exports is growing dynamically.
In 2000, it was up to 20.1%, and in 2021 - 42% (DLF At-
torneys-at-Law Ukraine, 2020). Notably, structurally this
indicator is divided between such agricultural prod-
ucts as sunflower oil (5.5 tonnes), corn (21.5 tonnes),
barley (3.6 tonnes), wheat (16.4 tonnes), soya beans
(2.2 tonnes), sunflower meal (4.5 tonnes) (Fig. 1).

m Sunflower oil

m Corn

Barley

Wheat
m Soya beans

m Sunflower meal

Figure 1. Agricultural exports from Ukraine

Source: DLF Attorneys-at-Law Ukraine (2020)
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In current structural changes in the national
economy, particularly the development of new mech-
anisms in the agricultural sector, more and more at-
tention is paid to two areas, namely increasing the in-
vestment potential for this industry and increasing the
share of extracted resources for their implementation
on international market. It is necessary to support and
improve agriculture to continue ensuring a rational and
effective national policy in the sphere of economy. Such
choice not only develops a certain industry but, admit-
tedly, improves the quality and accelerates overall eco-
nomic growth of Ukraine.

Currently, the free trade zone between Ukraine
and the European Union plays an essential part since
such condition causes an increase in the orientation
of producers towards European markets. This approach
allows stabilising both internal and external produc-
tion, which affects quality and efficiency of the devel-
opment of Ukraine’s export capacity. This is evidenced
by statistical data, namely the fact that in 2020 export
of agricultural resources to 28 EU countries amounted
to $21.7 billion, which exceeded the data for 2013 by
25% (Hryhoruk et al., 2020). In general, the percentage of
exports of goods to European countries increased from
24.5% in 2013 to 53.5% in 2021. However, one of the
key roles in these indicators is played by agricultural raw
materials, which indicates the prospects for their further
development and improvement.

Presently, society is undergoing dynamic informa-
tion changes. They are caused by digitalisation, which
is global since it concerns each of the developed coun-
tries. Thus, to implement the structure of the national
economy, it is necessary to involve several information
and digital means. As for the current state of digital
development of agriculture in Ukraine, it is at the ini-
tial stage and is characterised by a slow pace and low
prospects. This is conditioned upon the discrepancy be-
tween the approaches and mechanisms used to imple-
ment this process. Computers and software are used to
perform tasks such as economic management, collec-
tion of analytical information, and provision of finan-
cial and statistical reporting, which certainly does not
correspond to the practical foundations of the activity
of this sector. Moreover, for current information sup-
port, presence of the necessary set of structural tech-
nical functions needed for its prompt updating is not
inherent. Nevertheless, one of the most acute problems
is the low level of provision of agricultural sector with
modern computing equipment of various classes. This
factor plays vital role since the functioning and qualita-
tive improvement of agricultural enterprises take place
on its basis, including their management. Moreover,
possession of reliable and updated information allows
business entities to quickly establish contact and track
changes that occur during production. In this context,
the digitalisation of the agricultural sector is a mech-
anism through which it is possible not only to monitor
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the management process but also to manage risks and
other features that arise during the interaction of pro-
ducers and consumers.

In this way, it is possible to simplify several pro-
cesses that are quite important and complex for the sale
of agricultural resources and to influence their economic
growth. For that reason, digitalisation takes a prominent
place in programmes and plans aimed at national econ-
omy, since modern technologies on its basis are used
to obtain effective and operational results due to the
introduction of specific changes. As a result, a dynamic
increase in the competitiveness of a particular indus-
try is expected not only at the national but also at the
international level. Nevertheless, without the introduc-
tion and development of digital tools and innovative
programmes, it is impossible to integrate the agricultural
sector into the high-tech industry.

According to O. Grishnova et al. (2019), one of the
most successful sectors of Ukrainian national economy
is agriculture.AJ. Abdulloev (2020) emphasised that it
is a source capable of providing food resources, namely
raw materials, to society and other sectors of the economy.
Moreover, agriculture can ensure the development of
such category as food security systems (Ostrovska et al.,
2020). Based on this, agriculture is being improved during
the development of the national economy since it is a
priority area for Ukraine. The active development of this
branch of the economy in recent years allows clearly
determining its state and trends. As a result, there is a
full-fledged understanding of the specific processes and
mechanisms operating in its structure. Thus, the analysis
of such structural elements enables qualitative influ-
ence and development in the necessary areas (Latinin
& Kharchenko, 2021; Cioffi et al., 2022).

0.Khodakivska & O.Mohylnyi (2018) believed that
the agricultural sector certainly occupies a key place in
the national economy. In this context, it directly concerns
the land issue, namely the category of private ownership
of land, the purchase and sale of agricultural land (One-
gina et al., 2020). Admittedly, according to T. Shtets et al.
(2020), this is conditioned upon the fact that this area is
one of the most relevant and promising for the develop-
ment of the economy at the expense of agriculture. The
above refers to the land market built in 2021, which has
been mentioned in the study by H. Zelinska et al. (2020).
Currently, most experts state that this tool can quite
quickly and, most importantly, qualitatively change some
processes in economic relations concerning the agricul-
tural sector, namely agriculture (Yang et al., 2021; Shpak
etal.,2020; Bardash & Osadcha, 2020; Saher et al., 2020).

Furthermore, special attention is focused on these
sectors of the national economy because a considerable
part of the country’s labour resources is concentrated in
them (Gadzalo et al., 2021). Thus, the major structural
changes are related to increasing the investment po-
tential of Ukraine. This is conditioned upon the fact that
this approach enables a considerable development of
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production volumes, which affects the export indicators
of agricultural resources. Moreover, it is expected that
the wages and incomes of citizens working in this sector
of the national economy will increase.

CONCLUSIONS

This study determined the priority of the agricultural
sector for the entire economy of the state and its devel-
opment in the international arena. The main stages that
contributed to both the economic development and the
decline of Ukraine were considered. It was found that
the current state of digital development of agriculture
in Ukraine is at the initial stage and is characterized by
a slow pace. Main structural changes that were intro-
duced in the system of the national economy of Ukraine
were found, and their effectiveness was analysed. The
study established that the increase in investment poten-
tial enables a considerable development of production

volumes, which affects the export performance of agri-
cultural resources.

The study examined the priority areas of devel-
opment of the agricultural sector. It was found that cur-
rently Ukraine is on the path towards European inte-
gration, which positively changes the approaches and
tools chosen by the state authorities for the national
economic development. It was found that agricultural
activity is more oriented towards the international market,
which is also an advantage for Ukraine, as this factor
affects its competitiveness among other states. It was
also found that the development of agriculture in the
context of the national economy takes place in three
vectors: increasing the investment potential, digitali-
zation, and entering the international market. Future
studies should expand research of the impact of digita-
lization on the development of the national economic
system of Ukraine.
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CTaH i TeHAEeHLIii pO3BUTKY CifibCbKOIro rocrnogapcrsea
B CTPYKTYPi HaLliOHaNnbHOi eKOHOMIKU YKpaiHu

KOpin OnekciioBuy Jlynenko, Onbra BacunisHa XopakiBcbka,
Onekcangp Mukonaiosuy HeunnopeHko, Onekcanap MNpuropoeuy LLinukynsk

HauioHanbHMIM HAYKOBUI LLEHTP «IHCTUTYT arpapHOi eKOHOMIKM»
03127, Byn. lepois O6opoHu, 10, M. Kunis, YkpaiHa

AHotauig. B yMoBax akTMBHMX COLianibHO-€KOHOMIYHMX 3MiH Ta peiHTerpaLii eKOHOMiYHOro po3BUTKY YKpaiHM akTyanbHUM
€ BM3HAYEHH$s MicCLs CilbCbKOro rocnoAapcTsa B LbOMy npoueci. Buxoasum 3 uboro, METOK A3aHOMO AOCNIAXKEHHS €
BCTAHOBJIEHHS Cy4aCHOrO CTaHy Ta POJii CiIbCbKOrO FOCNOAAPCTBA B HALLiOHANbHIM eKOHOMILi YKpaiHW. [Jns AoCArHeHHs
nocTaBieHoi MeTu Oyno BMKOPUCTAHO Pi3HOMAHITHWUI HAayKOBO-METOAMYHMUI iHCTpPyMeHTapii. MeTogom aHanisy
PO3MEXO0BAHO MOHATTS «CiNbCbKE rOCNOAAPCTBO» | «HALLIOHaNbHA €KOHOMIKa» Ta BCTAHOBNEHO iX 03HAKW; METOAOM
CUHTE3Yy JOCNIAXKEHO 3B'3KM MK UMW NOHATTAMM; METOAOM MOPIBHSHHS BUSIBJIEHO 3a/1€XHICTb PO3BUTKY arpapHoro
CeKTOPY Bif HALiOHAaNbHOI EKOHOMIKM; METO[, y3araNbHEHHS BMKOPUCTAHO AN AETaNbHOr0 aHanisy pesynbraTis i
(OpMynOBaHHS BUCHOBKIB. B yMOBax AMHAMIYHOIO pO3BMTKY HaLLiOHANbHOI EKOHOMIKM BUSBAEHO iCHYKOYMI CTaH
Ta NepcneKkTMBHI BEKTOPM PO3BUTKY arpapHoro cektopy. [piopuTeT HagaHo NiaXoAy, KU NONSra€ y BNPOBaAXKEHHI
6i0- i HAHOTEXHONOTi Ta PiI3HOMAHITHUX BUAIB rEHETUYHMUX PO3POOOK. PO3KPUTO CYTHICTb CTPYKTYPHMUX 3PYLUEHD, LLO
30iACHIOTLCA B HALLIOHANbHI eKOHOMI L. BCTaHOBNEHO, WO OCHOBHI CTPYKTYPHI 3pYLIEHHS MOB'A3aHi 3 NiABULLEHHAM
iHBecTMUiiHOro noteHuiany Ykpainu. JocniokeHo NpiopuTeTHI BEKTOPW NOAANBLLONO PO3BUTKY CiIbCbKOMO rocnoaapcTaa.
BcraHoBnEHO, WO TakMMKM BEKTOpPaMM € BMPOBALXKEHHS B YKPAiHCbKe CepefoBuLie €BPOMENCbKMX MPUHLMMIB
perynoBaHHA Ta OpraHisaii arpapHoro cektopy. [1pakTMyYHa WiHHICTb AaHOIO AOCNIAXEHHS NONSra€ B TOMY, WO BOHO
Moxe ByTu BUKOpUCTaHe K O)Xepeno npu CTBOPEHHI BiAMNOBIAHMX NNAHIB i Mporpam, CNpsIMOBaHMX Ha PO3BUTOK
HaLioOHaNbHOI EKOHOMIKM

KntouoBi cnoBa: arpapHuii cektop, GopMu rocnoaaproBaHHS, PUHOK 3eMJi, EBKOHOMIYHMI NOTeHUian
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INTRODUCTION

The Russian invasion in Ukraine has subjected the inter-
national markets to more vulnerabilities due to shocks
and be more volatile. On average, both nations account
for 19%, 14%, and 4% respectively, of worldwide produc-
tion of wheat, barley, and maize for 2016-2020. In terms
of oilseed production, their output globally was signifi-
cant for sunflower oil, in which half of the global produc-
tion originated from two nations (Astrov, 2022; Blinnikov,
2021).In 2021, both Russia and Ukraine were among the
world's top three producers of corn, wheat, sunflower oil,
seeds, and rapeseed, while Russia ranked the world's top
three for nitrogen fertilizer supplier, potassium fertilizer
export, and phosphorus fertilizer supplier, respectively
(Boincean & Dent, 2019; Mbah & Wasum, 2022). The on-
going invasion in Ukraine has therefore subjected global
markets to shock since food markets are striving because
of increasing prices and other constraints faced globally due
to the COVID-19 pandemic. Several nations that highly
depend on Russia and Ukraine for importation of food
products and fertilizers including less developed coun-
tries are currently facing serious deficits since they had
the challenges of soaring prices globally of foodstuffs
and fertilizers as well as dealing with the COVID-19 pan-
demic (Butzen, 2013; Calabi-Floody et al., 2012).

Further, the invasion in Ukraine has led to per-
sistence in insecurity and eventually the disruption of
local and state supply chain which has resulted to in-
dividuals falling into more hunger and increased cas-
es of malnutrition (Nagarjuna, 2022; Nevzorova, 2020).
Particularly, the war has disrupted winter harvest and
spring planting and has also led to agricultural labour
accessibility due to massive displacement that has tak-
en place. This invasion has also led to limited access to
agricultural inputs including fuel, seedlings, fertilizers
as well as insecticides and eventually disrupted logis-
tics and every aspect of food supply chain. The military
activities in Ukraine have also damaged food crops and
destructed agri-food systems and infrastructure (Calabi-
Floody et al., 2018; Dobermann et al., 2020).

According to M. Ranjith and S. Surapaneni (2021),
world population growth will increase, as will the pres-
sure on global food systems and agriculture. Therefore,
it will be extremely necessary to use modern technol-
ogies in agroecosystems to ensure adequate nutrition
and minimise the adverse environmental impact caused
by chemical fertilizers and inadequate processing of
agricultural waste. A. Dobermann et al. (2020) noted
that the next 10-20 years will be crucial for the transi-
tion to a global food system wherein mineral nutrients
in agriculture must be used in a more holistic way, and
achieving this requires highly efficient use of all avail-
able organic and inorganic nutrient sources substances
adapted to the specific features of food systems and
agroecosystems in different regions of the world.

Continuous application of fertilizers is essential
to support and increase food production. However, there
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are problems associated with the use of mineral fertil-
izers due to the low uptake of nutrients by crops in pro-
ductive systems (Hunt et al., 2021). To provide solutions
for current and future issues in agriculture and the pos-
sibilities of solving them, the optimal combination of
biotechnologies and nanotechnologies has great poten-
tial. According to foreign studies by M.Y.Naz and S.A. Su-
laimann (2016) - the development and use of intelligent
fertilizers with controlled release of nutrients together
with biopreparations based on bacteria or enzymes
is essential for the revolution in agricultural systems.

M. Calabi-Floody et al. (2018) conducted research
to provide a critical understanding of current food secu-
rity challenges and the role of smart fertilizer develop-
ment in future food production. The authors also focused
on advances in the development of biofertilizers and the
use of crop residues as coating and carrier materials. Fur-
thermore, R.K. Sastry et al. (2021) have argued in their
paper “Smart Fertilizers as a Strategy for Sustainable
Agriculture” that new types of smart fertilizers with con-
trolled nutrient release are needed to improve nutrient
use efficiency. The development of such fertilizers can be
based on the use of microorganisms (biofertilizers) and/
or nanomaterials (nanofertilizers). In this context, nan-
otechnology is a promising and rapidly developing field
of interdisciplinary research that can revolutionise food
systems. Nanotechnology involves the development,
synthesis, and use of materials at the nanoscale level
from 1 to 100 nm. In this aspect, the properties of mate-
rials are fundamentally different from the properties of
individual atoms, molecules, or mass of matter (Mamma-
dov, 2022). The ability to manipulate matter at the na-
noscale can lead to a better understanding of biological,
physical, and chemical processes and to the creation of
improved materials, structures, devices, and systems that
can be used in agroecosystems (Jelo¢nik et al., 2020; Qian
& Hinestroza, 2004).

The purpose of this study is to present the modern
aspects related to the use of smart fertilizers as an op-
portunity to ensure food security. Since there is a great
interest in the development of new innovative fertil-
izers to increase the efficiency of growing agricultural
crops, this is of particular relevance to the research.

MATERIALS AND METHODS

The current study used a systematic review method to
analyse existing literature on the topic under study. The
theoretical framework of this study included the main
provisions and results of the studies carried out by many
researchers, which relate to the use of smart fertilizers in
the technologies of growing agricultural crops to overcome
the issue of ensuring food security.

Scientific literature was analysed through a series
of searches refined by journal type, year of publication,
subject area, and specific keywords. The procedure that
was followed involves first identifying the articles, then



screening them and including only those publications
that are relevant to the current topic under study. Infor-
mation gathered was analysed by use of the Farm Eco-
nomics and Solvency Projector model while assuming
that the fertilizers utilised in farming were procured
in 2022.

Since the purpose of this study was to identify
modern aspects of the use of smart fertilizers as an
opportunity to ensure food security and biodiversity, it
was important to analyse the world practices of using
smart fertilizers and their impact on the environment.
Furthermore, an essential aspect was also to find the
future perspective of the use of smart fertilizers and the
possibility of their introduction in Ukraine, especially
against the background of the risk of military aggression
and the growing food crisis.

In the article, the following methods were used:
dialectical method of scientific cognition, general sci-
entific and special methods. To summarise the scientific
and methodological nature, an abstract-logical method
of approach to studying the possibilities of using smart
fertilizers in agriculture and drawing conclusions was
used. In addition, the method of logical observation and
analysis was used in the study, based on input data and
correlations, conclusions were made that correspond to
the object under study. To conclude the results of the
study, the generalisation method was used.

The presented study was carried out in three main
stages.

1. Theoretical analysis was used to identify the
available methodological approaches dedicated to the
issue of ensuring food security, especially as a result of
military aggression; the problem, purpose,and methods of
study were identified, and a plan of scientific research
was drawn up.

2.An analysis of the results of the use of smart
fertilizers was carried out; scientific research, analysis,
and formation of the results obtained during the study.

3.Based on the obtained results, the final conclu-
sions of this study were formulated; the main aspects
of the possibilities of using smart fertilizers to ensure
food security and biodiversity were analysed; the ob-
tained results were summarised and systematised.

The provisions and proposals formulated and
substantiated in this paper constitute a strong basis for
solving the research-to-practice foundations concerning
the organisational and economic justification of devel-
oping opportunities for solving the global food crisis
through the rational use of smart fertilizers.

RESULTS

The Russian invasion of Ukraine will affect the global
food security and biodiversity because the world com-
munity is so interconnected that a crisis at any point
is felt everywhere. The war in Ukraine has an impact
on losses that lead to critical disruptions in the supply
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chain, food production,access to fertilizers, energy carriers,
which were already barely organised due to the global
pandemic. Furthermore, the cost of food products and
basic niche agricultural products is rising rapidly. As a
result, more people are at risk of becoming vulnerable
to famine. The very issue of preventing a food crisis has
become serious, especially against the background of
Russia’'s war against Ukraine.

The significant role played by Russia and Ukraine
in the agricultural arena globally is clear as seen in the
global trade viewpoint. The two nations are the biggest
suppliers of agricultural goods globally. For instance,
Russia is the net exporter of wheat globally since in
2021, it shipped 32.9 million tonnes of wheat which
translates to 18% of worldwide shipment. In addition,
Ukraine ranked sixth amongst the top wheat exporters
in 2021, supplying 20 million tonnes of wheat which
stands for 10% worldwide market share (Jorquera et al.,
2021). Russia and Ukraine are also both prominent in
the international trade arena since they are the larg-
est exporters of maize, barley, and rapeseed as well as
sunflower oil in which they hold a market share of ap-
proximately 80% from the year 2018 to 2021 (Kirilenko
& Dronin, 2022). Apart from exporting food products,
these two countries also important in the export of fer-
tilizers with Russia being the lead exporter of fertilizer.
In 2021, the Russia was ranked as the leading supplier
of nitrogen (N) fertilizers, came in second position of
supplying potassium (K) fertilizers and in third position
in exporting phosphorous (P) fertilizers (Korovkin &
Makarin, 2021). Both Russia and Ukraine are the big-
gest exporters to several nations that entirely depend
imported agricultural products and fertilizers. Many of
these nations fall under the group of the less-developed
nations while others are characterised by low-income
economies. For instance, a country like Eritrea entirely
sourced its wheat products in 2021 from Russia 53%
and Ukraine 47%. Additionally, several nations located
in North, West, and Central Africa entirely depend on
supplies from Russia and Ukraine (Kumar et al., 2007;
Lang & McKee, 2022).

The actual level of application of smart fertilizers
in different countries of the world is quite high. First of
all, the highest indicator is observed in the Netherlands,
where on average 258 kg of fertilizers are used for agri-
cultural production per 1 ha of available land, in Great
Britain — 247 kg, Israel - 240 kg, Germany - 202 kg,
Poland - 176 kg, France - 169 kg, the Czech Repub-
lic - 153 kg, the USA - 137 kg, Italy - 129 kg, Hungary -
118 kg, Turkey - 107 kg (Gutiérrez-Moya et al., 2021).
During 2021-2022, the total amount of smart fertiliz-
ers applied in agricultural enterprises of Ukraine with
a land use area of more than 1 ha increased from 98 kg
to 123 kg (Hosseini, 2022). However, the current level of
use of smart fertilizers in Ukrainian agriculture, despite
the positive trends of recent years, is still quite low.
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According to preliminary data, the average yield
of wheat in the territories controlled by Ukraine in 2022
is 4.14 t/ha (Lang & McKee, 2022). Odesa region be-
comes the main “wheat region of Ukraine” in the war-
time agricultural season. Here, in the part controlled by

Ukraine, 18.1 million tons of wheat grain were collected.
The application of smart fertilizers positively affected
the growth and development of wheat and at the same
time increased the yield in the final result (Fig. 1).
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Figure 1. The number of productive stalks of wheat, depending on the application of reasonable fertilizers

Source: compiled by the author

Canada is Ukraine's closest competitor on the
world wheat market (Fig. 2). Analysts of Agriculture and
Agri-Food Canada (2022) in the May report increased the
forecast of wheat production in Canada in 2022-2023 by
0.4 million tons to the previous indicator (31.6 million

tons). It will also significantly exceed the grain harvest
collected in the previous season (21.7 million tons). In
turn, USDA experts left unchanged the wheat production
forecast for Ukraine for 2022-2023, which amounted to
19.5 million tons (World Agricultural Supply..., 2022).
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Figure 2. Wheat production forecast for Ukraine and Canada for 2022-2023

Source: compiled by the author

Experts (Astrov et al., 2022) warn that Russia's
military actions on the territory of Ukraine will nega-
tively affect the functioning of food systems and even
lead to serious threats to global food security. Con-
sidering the exceedingly difficult conditions in which
Ukrainian farmers have to work, it is necessary to take
a very rational approach to all production processes, as
well as to the selection of fertilizers. Mineral fertilizers
help farmers get high yields and feed the population,
however, they still harm nature. In turn, smart fertilizers
are in special “‘capsules’, they enter the soil more slowly,
which allows plants to absorb them more than once.
The capsules can be set to release doses of fertilizer at
specific intervals, depending on the nuances of the soil,
temperature, acidity, and humidity. This allows saving
on costs and improve the condition of local ecosystems.
When using smart, high-quality fertilizers, farmers can
reduce the rate of sowing, shorten the time of sowing,
and reduce the use of added nutrition.
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The outcome of the invasion in Ukraine implies
that nations that entirely depend on Russia and Ukraine
for essential foodstuffs and fertilizers ought to produce
other approaches including the use of smart fertilizers
as a solution for the biodiversity and food security during
this war period in Ukraine. The invasion has resulted in
limited supply of food products and fertilizers to the in-
ternational food system resulting to food insecurity.As a
result of the looming food shortage across the globe, it is
imperative that nations that initially depended on Russia
and Ukraine for foodstuffs and fertilizers adopt innova-
tive technology with the aim of producing enough food
and agricultural inputs to curb food insecurity. This can
be achieved through combining biotechnology and nan-
otechnology to transform the agricultural system and of-
fer a solution to the present and imminent challenges as-
sociated with food insecurity. Innovative technology that
can be adopted include the adoption of smart fertilizers
while controlling nutrients released as well as the use of



bioformulations composed of bacteria and enzymes. Fer-
tilizers can only be classified as smart if, on application
to the soil surface, it can allow control over the amount,
time, and period of nutrient release. Therefore, smart fer-
tilizers can be defined as a single or composition of (sub)
nanomaterials, multi-components as well as bioformula-
tions which contain various nutrients that can physically,
chemically or biologically adapt the timing of releasing
nutrients to the plants as per their demand and enhance
the agricultural output as well as be able to reduce the
environmental effect at sustainable expenses in compar-
ison to traditional fertilizers (Gutiérrez-Moya et al., 2021,
Hartmann et al., 2010).

To ensure global food security, sustainable meth-
ods of agriculture are needed, which today faces several
urgent and complex challenges that require innovative
solutions. The three most significant are population
growth, escalating consumer demand, and the introduc-
tion of innovative technology. Farming systems in the
world involve the intensive use of substantial amounts
of fertilizers and plant protection products to achieve
higher productivity per unit of arable land to support
and increase food production. However, there are prob-
lems associated with the use of mineral fertilizers, such
as soil, water, air pollution, low efficiency of their use,
development of resistance to diseases, pests and weeds,
soil degradation, etc., which leads to increased doses of
fertilizers. Unfortunately, more fertilizers do not guarantee
increased crop yields, and nutrient utilisation efficiency
is still extremely low due to many loss pathways, such as
leaching, denitrification, microbial immobilisation, fixation.

Scientists have proposed several strategies to
increase the efficiency of fertilizer use, such as preci-
sion fertilizer application, split or localised application,
fertigation, and the use of nanofertilizers. Nanofertilizers
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are nanoparticle-based fertilizers where nutrients are
provided to maximise plant growth, have higher utilisa-
tion efficiency by recycling plant-unavailable nutrients
in the rhizosphere, and can be delivered to the rhizo-
sphere in real-time or through foliar spray (Hosseini,
2022). The small size, high surface area and reactivity
of nanofertilizers increase the solubility, diffusion, and
availabilityof plant nutrients and increase the produc-
tivity of crops. Biopreparations are microbial prepara-
tions containing specific beneficial microorganisms
that can fix, solubilise, or mobilise plant nutrients to
promote plant growth and yield. Smart fertilizers are a
better choice for farmers to increase crop yields with
low inputs in an environmentally friendly way without
degrading the natural environment.

The review of existing literature showed that
nano fertilizer which is a form of smart fertilizers has
the capability of increasing the use of nutrients in an ef-
ficient manner and subsequently minimise negative en-
vironmental impact as opposed to the use of traditional
fertilizers (Manjunatha et al.,2016; Ramona et al., 2020).
A study by L. Mastronardi et al. (2015) showed three dif-
ferent forms of nano fertilizers: nanoscale fertilizers,
nanoscale additives and nanoscale coated fertilizers
(Table 1). Nano fertilizers and nano composites that are
slowly released are proper substitutes to solvent fertil-
izers. The release of nutrients takes place slowly when
crops are growing which reduces losses. To ensure that
nutrients are released slowly to the environ, there is
need to use zeolites or natural clay, which plays the role
of reserving nutrients (Shahini et al., 2022). That nutri-
ents which the plants for growth can be compressed in
the nano materials including nano tubes as well as nano
porous constituents, covered with a slight shielding
polymer coat or nano scale elements (Lun et al., 2021).

Table 1. Changes in price of organic fertilizers

Price of organic fertilizers Year 2020 Year 2021 Year 2022
Nitrogen Fertilizer -3.22 7.29 9.94
Potassium Fertilizer -0.79 5.87 13.61
Phosphate Fertilizer -6.05 4.78 7.67

Source: compiled by the author

According to the application method, it is likely to
utilise artificial as well as natural nano particles acquired
through different means such as plants, soil surface as
well as microbes. Nano clays, which by nature are found
on the soil surface are incredibly significant in today’s
agricultural activities since they hold physicochemical
properties elements. Nano clays play a key role in terms
of stabilising enzymes and in that way enhance their
catalytic action for various biotechnology related func-
tions (Hosseini, 2022). According to the works of some
scientists (Jorquera et al., 2011), the impact of synthetic
allophane which is composed of artificial iron-covered

allophanes as well as naturally occurring solid mont-
morillonite functions as support of phytases. This study
further showed that immobilisation pattern within di-
verse pH values highly depend on enzymes and sup-
port features. Additionally, montmorillonite is seen as
suitable immobility support for Escherichia coli phy-
tase, while it inhibits Aspergillus Niger phytase action.
M. Calabi-Floody et al. (2012) did another study aimed
at evaluating and implementing the utilisation of natu-
ral clay and nano clay acquired from montmorillonite as
well as allophonic clay as supporting elements for Acid
Phosphatase in nano clay-cow manure-AP components.
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The study established the existence of an obvious stabi-
lisation of Acid Phosphate by the components through
the process of encapsulation. It was further established
an upsurge of both precise action at 48% and Vmax at
38% of the enzymes. Acid Phosphate was also found
to immobilise on allophonic nano clay which enhances
the process of releasing inorganic P from cow manure
in comparison with free Acid Phosphate (Kirilenko and
Dronin, 2022).

Advances in the application of biotechnology and
nanotechnology have the potential to improve the man-
agement and efficiency of nutrient use in agroecosys-
tems, including in Ukraine. Slow/controlled release smart
fertilizers increase crop yields, improve soil productivity,
and provide less nutrient loss compared to conventional
fertilizers. Thus,as a result of this study, it was established
that the use of smart fertilizers optimises the absorption
and use of resources by agricultural crops, ensures lower
losses in the form of leaching, run-off, denitrification,
and a favourable impact on the natural environment.
Furthermore, the use of smart fertilizers is a necessary
approach to increase food production, which is incumbent
to support the world's population in overcoming the food
crisis and supporting economic development.

DISCUSSION

The modern agricultural system faces several challenges,
the most important of which is the ability to supply food
for a growing world population and mitigate climate
change.To ensure food security for a growing world pop-
ulation, sustainable agricultural practices are required.
The production of foods is usually associated with a
high supply of nutrients in the form of mineral fertiliz-
ers, which are not always fully used by the plant itself.
Since the beginning of agriculture, this practice has led
to soil degradation and the release of environmental
pollutants. In this context, increasing the effectiveness
of fertilizers while reducing their cost and impact on
the environment is one of the most critical tasks. Scien-
tists and researchers have made many efforts to develop
innovative fertilizers, defined as “smart fertilizers”.

In the coming decades, pressure on global food sys-
tems will increase, and agriculture will face the challenge
of ensuring food security for a growing world popula-
tion without affecting environmental security. It will be
necessary to use modern technologies in agroecosys-
tems to ensure sufficient food and reduce the adverse
environmental impact caused by chemical fertilizers and
inadequate disposal or reuse of agricultural waste.

As for today, the issue of the ability of current
crop improvement methods to ensure food security in
the future still is uncertain. The demand for agricultural
products will be further impacted by such factors as
the reduction of the workforce in rural areas, climate
change, moisture deficit, etc., which can have a massive
impact on the quantity and quality of food products
(FAO..., 2020). New types of smart fertilizers with con-
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trolled nutrient release are required to improve nutrient
use efficiency. The development of modern fertilizers
can be based on the use of microorganisms (biofertilizers)
and/or nanomaterials (nanofertilizers).

In this context, nanotechnology constitutes a
promising and rapidly developing area, as nanotechnology
has many potential benefits, ranging from improving
the quality and safety of food products to reducing the
costs of agricultural production (Veronica et al., 2015).

The combination of biotechnology and nanotech-
nology has the potential to revolutionise agricultural
systems and provide solutions to current and future
challenges. These include the development and use of
smart fertilizers with a controlled release of nutrients
together with biologics based on bacteria or enzymes.
Smart fertilizers can also be a solution to increase food
production and environmental quality.

Polymers are also smart fertilizer formulations
that can serve as a solution for biodiversity and food
security. Polymers are to a considerable extent utilised
in agriculture particularly for the development of fer-
tilizers. Smart polymeric components are applicable to
smart delivery mechanisms of various agrochemicals
(Puoci et al., 2008; Jelocnik et al., 2020). Different type
of artificial components including polymers based on
petroleum are useful in the encapsulation of solvent
fertilizers. The key components that are presently uti-
lised in coating include Polysulfide, polyacrylonitrile,
polyvinyl chloride, polyurethane, as well as polystyrene
(Sindhwani et al., 2022). A study was carried out by A.Ja-
rosiewicz and M. Tomaszewska (2003) with the aim of
comparing the usage of the artificial polymers; polysul-
fide and polyacrylonitrile together with the recyclable
cellulose acetate to develop a fertilizer that can be grad-
ually released. The study established that physical fea-
tures of the coating are capable of influencing the mac-
ronutrients including N, P,and K are released which are
mainly found in the centre of the fertilizers with a coat-
ing. In addition, artificial nondegradable components
have a gradual releasing rate as opposed materials with
cellulose acetate. Another study by Y. Tao et al. (2011)
was done to determine the utility of triple polymer fer-
tilizers in encapsulating and enhancing the functional
features of urea. The data obtained showed that the use
of polyethylene, acrylic acrylamide, and butyl methacry-
late as the third layers improved the controlled produc-
tion of urea. Additionally, incorporating triple polymer
fertilizers into the soil surface improves its ability to
hold water which enhances the intake of nutrients and
crop produce. However, replacing sulphur with dicyclo-
pentadiene to enhance coating features, humidity as well
as abrasion resistance and mechanical ability enhances
the gradual release of fertilizers. The mechanical ability
of the covering is associated with the dicyclopentadi-
ene component, which is released efficiently by ame-
liorated nutrients (Blinnikov, 2021; Boincean and Dent,
2019).



Biodegradable polymers have also been widely
utilised as alternatives of other polymers in farming. It
was found that biodegradable polymers can be utilised
for the gradual release of N and K fertilizer. A study by
J.Zhang et al. (2016) showed polymer-covered N fertil-
izer can be developed by use of biobased polyurethane
acquired through liquifying grasshopper sawdust as
coating element. This study proved that the fertilizer
showed high efficiency in releasing N to maize plants
as opposed to traditional form of urea. Biodegradable
polymers can therefore be utilised in bioformulations
where they act as bacterial carriers. The carriers safe-
guard bacterial inoculants from distinct types of stress
and extend their survival (Hartmann et al., 2010; Kumar
et al.,2007). For instance, calcium alginate gel can pro-
tect bacterial cells as well contribute to increased du-
ration of survival. In addition, Sodium alginates are to
a great extent utilised for bioformulations, particularly
microbial fertilizers together with insecticides. Despite
being highly affordable and environmentally friendly, it
is significant to blend biodegradable polymers with ar-
tificial materials to enhance their performance (Shahini
et al.,2022; Richardson et al., 2016).

The research of M. Mora et al. (2021) serves as
a confirmation of the results of this study, according to
which, since the beginning of the development of agricul-
ture, the practice of mindless application of fertilizers has
led to soil degradation and the release of environmental
pollutants, and therefore it is essential to focus on inno-
vations in the production of organic and inorganic fertil-
izers and the development of smart fertilizers, including
biological preparations with mineral particles, nanoma-
terials, and microorganisms that promote plant growth.

Furthermore, this study correlates with scientific
claims (Veronica et al., 2015; Butzen, 2013) that nano-
biotechnologies can improve the understanding of the
nature and genetics of various agricultural crops and
thus potentially increase the yield or quality of prod-
ucts. As nutrient leaching causes environmental and
water pollution, and excess nutrients promote the wide
spread of pests and weeds, the rationalisation and opti-
misation of resources is a pressing issue and increasing
the efficiency of plant nutrition without compromising
productivity and economic sustainability will be imper-
ative. Moreover, there is an opportunity to develop and
improve systems to monitor environmental conditions
and improve the ability of plants to absorb nutrients or
respond to pesticides. Advances in the application of
biotechnology and nanotechnology have the potential
to improve nutrient management and utilisation and
overall efficiency in agroecosystems.

The results of this study especially demonstrate
the conclusions of many researchers, who claim that
smart fertilizers due to their availability of nutrients are
considered a new and effective way to achieve sustain-
able existence, the main thing is to develop the correct
concept of using smart fertilizers.

Shahini et al.

Although knowledge of the balance between
benefits and potential risk is in the initial stages of de-
velopment, nanotechnology has the potential to improve
agricultural productivity and contribute to food security.
And among the latest lines of technological innovation,
nanotechnology occupies a prominent place in the trans-
formation of agriculture and food production. The de-
velopment of nanodevices and nanomaterials can open
new areas of application in plant biotechnology and ag-
riculture. Therefore, smart fertilizers due to the availability
of nutrients are considered a new and effective way to
achieve sustainable management in agriculture.

CONCLUSIONS

The Russian invasion on Ukraine has led to various neg-
ative impacts on food security in the domestic and in-
ternational arena. In the domestic setting, the invasion
has constrained the nation’s agricultural production
which in turn will lead to food shortage in the whole
country. In the global arena, the invasion has resulted
to limited supply of food products as well as fertilizers
to other countries which entirely depend on Russia and
Ukraine for agricultural inputs and food stuffs.

Global challenges are changing rapidly, and with a
growing population,limited resources and climate change,
the complex challenge of providing the world with food
is emerging. Increasing global food production sustain-
ably can only be achieved thanks to balanced and ra-
tional use of fertilizers and organic agriculture because
global food security is clearly impossible without fertil-
izers. The scientific research performed was undertaken
to provide a critical review of information related to
current food security issues and the role of smart fertilizer
development in future food production.

Smart fertilizers such as slow and controlled release
fertilizers, nanofertilizers, and biofertilizers are emerg-
ing technologies to improve nutrient use efficiency by
increasing crop yields sustainably. The use of slow and
controlled release fertilizers increases the efficiency of
nutrient use and minimises the risks of water and en-
vironmental pollution.

Thanks to nanotechnology, many unresolved issues
in the field of agriculture can be solved. The authors of this
study expect that more focused research on energy, envi-
ronment,crop improvement,disease control,and resource
efficiency is needed to increase productivity and profit
without harming the natural ecosystem. Future research
should continue to evaluate the composition, produc-
tion, agronomic, and environmental performance of dif-
ferent smart fertilizers.

It is recommended that the trade in food stuffs and
fertilizer products is kept open through prevention of the
invasion from having an impact on production and trade
to make it possible to supply these products locally and
internationally. It is also recommended that nations rely-
ing on Russia and Ukraine for food stuffs and fertilizers
produce modern and diverse sources for these products.
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Po3yMHi oo6puBa K pilleHHS ana 6iopi3HOMaHITTAa Ta NpoaoBoOsIbY0iI 6e3neKn
nig Jyac BiMHU B YKpaiHi
Epwmip LWaxini', Eren Ckypaii?, @ar6apa Cannaky?, lnexp, WaxiHi?
tNlyppcbkuit yHiBepcuTeT iMeHi Onekcanapa Moliciy
2001, Byn. Currila, 14, m. lyppec, AnbaHis
ZArpapHuii yHiBepcuteT TupaHu
1025, Byn. Paisi Vodica, M. TupaHa, AnbaHis

AHorauia. TpuBatoua BiliHa Mix Pocieto Ta YkpaiHoto npu3Bena 40 LUMPOKOMACLITAOHMX pyiHYBaHb Ta 3arnbeni noaein
y FYCTOHACENEeHNX MiCTaX, Y CiNbCbKil MICLLEBOCTI, a TAKOX A0 BEIMYE3HOro nepemileHHs HaceneHHs. Lii agi kpainu €
K/IIOHYOBMMM €KCnopTepamim CilbCbKOroCnoAapCbKoi NPOAYKLIT i BiZirpatoTb BeMUe3Hy posb Y MOCTAYaHHI MiXKHAaPOAHWUX
PVHKIB NMPOAYKTaMM XapyyBaHHS Ta obpuBamu, a BiliHa, WO TPUBAE, NpM3Bena Ao AedilumTy NOCTaBOK LMX ToBapiB. MeTa
LbOro JOCNIOXKEHHS — NPeACTaBUTU CY4aCHI aCneKTW, NOB'S3aHi 3 BUKOPUCTAHHSAM PO3YMHUX LOOPUB SIK MOXIMBOCTI
3abe3neyeHHs NpPoAoBONLYOI 6e3nekn Ta 6iopi3HOMAHITTS. [ LOCArHEHHS Li€i MeTM Byno NpoaHani3oBaHO HayKOBI
nybnikaLii, @ TakoXX BMKOPWCTAHO TaKi rpynu METOAIB: AianeKTUYHWIA MEeTOA, HAyKOBOTO Mi3HAHHS, 3ara/bHOHAYKOBI Ta
cneuianbHi MeToaun. [lng y3aranbHeHHS! HAyKOBO-METOAMYHOIO XapakTepy 6yn10 BUKOPUCTAHO abCTPaKTHO-N0TYHWIA METOA,
niaxoau A0 BUBYEHHS MOX/IMBOCTEN BUKOPWUCTAHHS PO3YMHUX AOOPMB Y CiNlbCbKOMY rocnofapcTBi Ta GOPMYHOBAHHS
BMCHOBKIB. KpiM TOro, BUKOPUCTOBYBABCS METOZA, NIOMYHOr0 CMOCTEPEXEHHS Ta aHanisy, Ha OCHOBI BMXiAHMX AaHWX Ta
Kopensuin 6ynm 3pobneHi BUCHOBKM, LU0 BiAMNOBIAAOTb 06'EKTY AOCNIMKEHHS. [INs y3arafbHEHHS pe3ynbTaTiB LOCiIKEHHS
BMKOPUWCTaNM METOZ, y3arasibHeHHs. B pe3ynbtati AOCnigKeHHS 6yN0 BCTAHOB/EHO, L0 BUKOPUCTAHHS iHTENEKTYaNbHUX
[06pKB NPU3BOAMTL SO MEHLLIOMO MOMMHAHHSA PeCcypCiB CilbCbKOrOCNoAAPCbKUMU KYNbTYPaMU, MEHLUMX BTPAT Y BUMISA)
BWNTYrOBYBAHHS, CTOKY Ta AeHiTpudikaLii, @ TakoX CNpUATAMBOrO BNMBY HA HAaBKONMLLIHE NpUpOAHe cepenosuiue. Kpim
TOrO, iX BUKOPUCTAHHA € HEODOXiAHMM NigXoAoM A0 36iNnbleHHS BUPOOHMLITBA MPOAYKTIB XapyyBaHHS, WO HeobXifHO
ons 3abesneyeHHs HaceneHHs Ta NiATPUMKM eKOHOMIYHOTO PO3BMTKY. Pe3ynbTaTv LbOoro A0CAIMKEHHS NOKA3YHTb, WO
PO3yMHi 106pKBa MOXYTb BYTU BUPILLEHHAM NpobieMu Biopi3HOMAHITTS Ta NPOAOBO/BYOT Ge3neKku Nij, Yac poCiicbKoro
BTOPrHEHHS B YKpaiHy

KniouoBi cnoBa: pociiicbke BTOPrHeHHS, iIHHOBALLiT, CTilKe CifibCbKe FOCNOAAPCTBO, HAHOTEXHONOT T, MDXHAPOAHI PUHKM
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