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Determination of the Therapeutic Effect
of the Use of Bacillus Coagulans in Calf Dyspepsia
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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 microfora, 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, O.(2022). Deter-  statistical. Studies have shown that the use of B.coagulans ALM 86 contributes
mination of the therapeutic effect of to a decrease in the number of opportunistic microfora 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. Scientifc Horizons, 25(6), 130.8-151.58% and Bifdobacterium 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 frst 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

Keywords: diarrhoea, probiotic, microbiome of the gastrointestinal tract,
average daily growth in calves, lactic acid bacteria
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INTRODUCTION

Raising young cattle is a diffcult and responsible task
for producers. New-born calves immediately encounter
an environment for which the body is not suffciently
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 microfora 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 microfora 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 (Yanetal.,2022) found changesin 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.

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

Furthermore, as an alternative to antibiotics, sci-
entists (Zhou etal.,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 benefcial for the gas-
trointestinal tract as an alternative to antibiotics (Kha-
ziakhmetov et al., 2020). Intestinal microfora plays a
vital role in the assimilation of organic substances. Bac-
teria produce specifc amino acids that regulate host
immunity, microfora composition, and metabolism. Recent
data (Chuang et al., 2022) show that synbiotics, probi-
otics, and phytochemicals promote the mobilisation of
amino acids by intestinal microfora. Scientists (Abdallah
et al., 2020) recognise probiotics as a live microbial feed
additive that benefts 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 in the stomach,and growand
multiply in the animal’s intestine (Xie et al., 2022). In the
study by (Aulitto etal.,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 insuffcient data on the effect
of B. coagulans on the intestinal microfora, 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
microfora 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 microfora 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” agrofrm 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 frst 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 microfora, 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 microfora 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, bifdobacteria, 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/Q). Species membership of bacteria was
determined using Bergey’s Manual of Systematics Bac-
teriology tests, Himedia Laboratories Prv. Limited.

Determination of sensitivity of microfora 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 frst to the

Shkromada et al.

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:
+ 0

= @

where Wt is 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 fnd
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 microfora 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 microfora 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).

35
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Clostridium sp.
Escherichia coli enterohaemorrhagic
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¥ Citrobacter sp.
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Figure 1. The results of the study of the spectrum of the microfora 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 antibiotic to which the isolated patho-
genic microfora showed maximum sensitivity (Table 1).

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

Sensitivity of isolates

Antibiotics

S.aureus E. coli

58 Ampicillin — +
32 Amoxicillin+clavulonic acid - -
5 @ -
-t Cloxacillin + +

3 Gentamicin + +
5@
s} Streptomycin - +
S
oD .
& 2 Kanamycin + -

£ .

© Neomycin + +
s § Tylosin - -
o=

= . .
3 Azithromycin - +
68 ; ;

1S Spiramycin — -

1 +
2 g Enrofoxacin * +
Sz Norfoxacin * -
2s
= Ciprofoxacin * +
o5 :
Levofoxacin * +
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Table 1, Continued

Sensitivity of isolates

Antibiotics
S.aureus E. coli
Oxytetracycline + +
% Levomycetin (Chloramphenicol) + +
o Co-Trimoxazole — +
g Ceftioclin + +
'E 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 microfora 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 benefcial microforae did not
signifcantly 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%, Bifdobacterium sp.— by 12.3%, which
is a low indicator compared to the experimental groups.

In the frst 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 microfora consists in replacing the functions
of lactobacilli in the gastrointestinal tract. Due to the
insuffcient amount of Lactobacillus sp. and Bifdobacte-
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
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Bifdobacterium sp. increased in the frst 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 frst 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 microfora of calves. They are

permanent representatives of normal microbiota, but
their number can signifcantly increase during infam-
matory processes in the intestine. In the frst 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 frst 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 signifcantly 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 signifcantly.

On the twenty-frst 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 frst experimental group increased by
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19.7%, in the second — by 23.4%, compared to the control.
Accordingly, feed consumption in the frst 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 confrmed 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) confrm that the colonisation of the intes-
tines of animals with benefcial microfora accelerates
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the development of the scar. This became possible
thanks to the probiotic, which accelerates the settle-
ment of the microfora 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 infuence 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/I 71.74+0.24* 74.21+0.31* 60.50+0.20 55.0-76.0
Albumins, g/I 35.40+0.12 33.22+0.10 30.41+0.17 25.0-375
Total globulins, g/l 35.34+0.14* 37.25+0.20* 23.67+0.25 25.0-385
Urea, mmol/I 4.56+0.04 4.47+0.05 3.05+0.02 3.0-6.5
Total cholesterol, umol/I 2.02+0.03* 1.42+0.02* 3.46+0.02 1.3-4.0
Glucose, mmol/I 3.55+0.07 3.63+0.02 3.22+0.04 3.0-4.2
ALT, mmol/h | 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/I 80.4+0.52* 75.5+0.45* 97.0+0.32 70-110
Circulating immune complexes, mg/ml 0.05+0.03 0.07+0.05 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 frst 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 signifcantly higher in the frst 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 frst 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 frst 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 signifcantly lower in the frst 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
et al., 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 frst 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
infammatory 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 microfora 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-
Ffora and contributes to the increase in benefcial micro-
forain calves with the symptom of diarrhoea. At the end
of the study, in the frst 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 Bifdo-
bacterium sp. increased in the frst 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 frst 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
frst experimental group by 18.57%, in the second by
22.6%. The level of total globulins was probably higher
in the frst experimental group by 49.3%, in the second
by 57.37% (p<0.05). Creatinine content in the frst ex-
perimental group was lower by 17.11%, in the second by
22.16%,comparedtothecontrol (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 frst 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 signifcantly lower in the
frst 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 frst 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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Bun3HaueHHs TepaneBTUYHOro epeKkTy Bia 3acTtocyBaHHA Bacillus coagulans
npwv aucnencii Tenart

OkcaHa IBaHiBHa LLIkpomaga, TeTaHa IBaHiBHa doTiHa, AHApPI BonoavMmposuy bepe3oBcbkulid,
tOnis AHgpiiBHa AyadveHko, Onekcin Bonogmmuposny PoTiH

CyMCbKWIA HaLiOHa/IbHUIA arpapHuii yHiBepcuteT
40021, Byn. I KoHgpareesa, 160, M. Cymu, YkpaiHa

AHoTaLif. AKTyanbHICTb AOCMIIKEHHS Nonarae y 3acTocyBaHHi NPOGiOTUYHOTO LWTaMy MiKpoopraHiamy B. coagulans
ALM 86 nnsa nikyBaHHS fiapei y MOIOYHMX TENAT Ta 3MEHLLEHHA BUKOPUCTaHHA aHTUBIOTUKIB Y TBAPUHHULTBI. MeTot
po60TK ByN0 BU3HAYEHHSA TEpaneBTUYHOIO edeKTy Npu NikyBaHHI Aiapei y Tenat, cknady Mikpodniopu, hisionoriyHmx
NMoKasHUKIB Ta MeTaboni3amy 3a BUKopuctaHHsa Bacillus coagulans ALM 86. B po60Ti BUKOpPUCTOBYBa/IM METOAM:
MiKpPO6IONOriYHMIA, MIKPOCKONIYHWIA, 6iOXIMIUHWIA, i3i0NOrIUHMIA, CTATUCTUYHWIA. [JOCNIIKEHHAMM BCTAHOB/IEHO, LLO
BUKOpUCTaHHA B. coagulans ALM 86 cnpusie 3MeHLUEeHHHO KiflbKOCTi yMOBHO-NaToreHHoi Mikpodiopu E. coli—Ha 90,8 %,
S.aureus—Ha 92,4 %, S. enterica— Ha 88,01, 36inbLweHH0 Lactobacillus sp. Ha 130,8—151,58 % Ta Bifdobacterium sp.
Ha 272,7—469,8 %. BBefieHHs 3 B. coagulans ALM 86 B koHUeHTpauii 1x10° KYO/ry f03i 3—5 r cnpursino NpUnuHeHHo
Liapel Ta NPUCKOPEHHIO PO3BUTKY PyBLEBOrO TPaBNEHHS Ha YOTUPY L06M Y MONOYHUX TENIAT, MOPIBHAHO 3 rPYnoto,
[le 3aCTocoBYyBa/IM aHTMOIOTUK. BCTAHOBNEHO 36iNblUeHHs CepefHb0A060BOro NPUPOCTY Ta CMOXMBaHHA KOPMY Y
nepLin gocnigHin rpyni Ha 19,7—15,0 %, y apyrili—Ha 23,4—19,9 % (p<0,05). loBeAeHO 3HNKEHHS PiBHSA 3aranbHOro
XOMecTepuHy 3a BMKopUcTaHHA B. coagulans ALM 86, 36inbLueHHs piBHA 3araibHOro npoTeiHy Ha 18,57—22,6 %, 3a
paxyHOoK 36i/bLUEHHS BMICTY 3arasibH1X rnobyniHis Ha 49,3—57,37 % BignosigHo (p<0,05). BeefeHHs 3 B. coagulans
ALM 86 B KoHLUeHTpauii 1x10° KYO/ry fo3i 3—5 r cnprsno NpUnuHeHHHo Aiapel Ta NprckopeHH0 PO3BUTKY py6LIEBOrO
TPaBNEHHS Ha YOTMPW [06M Y MOMIOYHMUX TENAT, MOPIBHAHO 3 rpymnoto, e 3acTOCOBYBal aHTUOIOTUK. OTpMUMaHi
pe3ynbTaTu JOCiMKEeHHS BKa3ylTb Ha BiCYTHICTb TOKCMYHOIO BM/IMBY 3anponoHOBaHoI f03K B. coagulans ALM 86
LNA NiKyBaHHA AWUCMENCIT Y TeNAT Ta OTPUMAHHA MO3UTUBHOIO epekTy. MpakTuyHa LiHHICTb OTPUMaHWUX Pe3y/bTTaTiB
nossrae y MoX/mMBOCTI 3acTocyBaHHA B. coagulans ALM 86 npu nikyBaHHi giapel y MONOYHUX TeNAT 6e3 BUKOPCTaHHA
aHTUBIOTUKIB Ha TBAPUHHULEKMX (hepMax Pi3HOro CrnpsiMyBaHHSA

KntouoBi cnoBa: giapes, Npo6ioTyK, Mikpobioma LW1yHKOBO-KULWIKOBOrO TPaKTy, CEpPeAHbOA060BMI NpUPICT y TensT,
MOJIOYHOKMCA GakTepii
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Article’s History: Abstract. Mammalian yersiniosis is of interest to researchers around the
Received: 14.07.2022 world, due to the expansion of the range of spread of the disease. Most
Revised: 16.08.2022 publications of previous years concerned productive animals and the
Accepted: 15.09.2022 spread of the pathogen in environmental objects. Recently, isolated reports

have begun to appear about the isolation of pathogens, yersinioses, from
Suggested Citation: unproductive animals and a rather specifc course of diseases. The interest

Zon,H.,Truba, O.,Ivanovska,L.,Zon,l.,& of bacteriologists and epidemiologists is based on the increasingly frequent
Petrov, R. (2022). Pathomorphological detection of Y. Enterocolitica pathogen in the body of so-called companion
changes in intestinal yersiniosis in cats. animals, which are often directly in close contact with the host. To date, the
Scientifc Horizons, 25(6), 21-31. possibility of human infection from a bacterial carrier has already been proven.
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
affnity of many pathogens of yersiniosis in animals and humans, it becomes
both epizootological and epidemiological in nature. The most signifcant
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 infammation; 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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INTRODUCTION
Earlier studies have established that intestinal yersiniosis
is a zooanthroponotic disease caused by a gram-negative
bacterium from the Yersinia genus (Yagiie-Mufioz 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 signifcance 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). Scientifc information
about feline yersiniosis is still limited. The study of this
problem in cats was infuenced by the opinion of scien-
tists J. Remsty and B. Tennant that Y. enterocolitica can
be a natural commensal of the autochthonous micro-
fora 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 microfora,
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 confrmed 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 0:9 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
diffcult 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 confrms 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
infammation 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-
fammation 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 frst episode of short-
term diarrhoea (Bohn et al., 2019). The scientifc 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 frst 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 defned 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 scientifc purposes) and
designed per Order No. 624 “On Changes to the Com-
position of the Commission on Bioethical Expertise of
Scientifc 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 O: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 fnished 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 Fxed 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 paraffn, 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 magnif-
cation of 100 and an added magnifcation 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 flled 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 faccid
presence of fhbrin fakes. 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 diffcult outfow 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-  the liver were characterized by granular dystrophy, with
cesses and catarrhal bronchopneumonia were found in  signs of focal necrosis of hepatocytes and liver beams
the affected areas of the lungs. Histological changes in  (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  reproduction and proliferation of various populations of
due to effusion of fuid from the liver vessels. A substan-  macrophages, which are located both in the vascular mem-
tial sign of the duration of this process is the pronounced  branes themselves and in their surrounding space (Fig. 7).

a, H+E, x100 b, H+E, x400
Figure 7. Hyperaemia of the liver (a) and perivascular oedema (b)

Achange in the morphological state of the endo-  vessels exert pressure on their smaller representatives
thelium of vessels is quite noticeable, which can affect  in the microcirculatory channel and on the bile ducts
their anatomical and physiological features, namely ri-  of the liver, which provokes their further dysfunction
gidity, elasticity, plasticity, etc. Filled with blood, large  (Fig. 8 a-h).

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 infammation, 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
infammation (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 immunodefciency (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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9. N 7%

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-h).

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 flled 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
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28

Pathomorphological Changes in Intestinal Yersiniosis in Cats

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-flled, 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 signifcant
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 fuid 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 0O: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 0:9, 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 infammation, which indi-
cates the possible permanent presence of microorgan-
isms in these areas. Furthermore, the limited number
of polymorphonuclear leukocytes in the specifed areas
indicates the absence of stimuli for the development
of exudative-destructive infammation. Studies of some
scientists describe mainly dystrophic, less often — in-
fammatory 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 immunodefciency.

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-fbrinous infammation 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 infuence 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 identifed 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, infam-
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 defned as an uneven catarrhal in-
fammation 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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MaToMopdoNorivyHi 3MiHM 3a KNLLKOBOIO iEPCUHIO3Y KOTIB
lpuropiin AHatoninoBmy 3oH, Onbra OnekciiBHa Tpy6a,
ogmuna bopuciBHa IBaHOBCHKaA, 1115 puroposuy 3oH, PomaH Biktoposuy MeTpos

CymMCbKMIA HaLiOHa/IbHUIA arpapHUii yHiBepcuTeT
40021, Byn. I KoHapatbesa, 160, M. Cymu, YkpaiHa

AHoTaLifl. lEPCMHIO3M CCaBLiB BUK/MKAIOTH 3aLiKaBeHiCTb JOCNIAHWUKIB Pi3HWX KPaiH CBITY, Yy 3B'A3KY 3 PO3LLUMPEHHAM
apeany po3noBCHMKEHHS XBOPOOU. MepeBaxkHa KifbKiCTb Ny6iKauii MUHYANX POKIB CTOCyBanach MPOAYKTUBHMX
TBapPWH Ta PO3MOBCIOPKEHHS 30yAHMKA B 0OEKTaX AOBKI/A. B OCTaHHI poKv noYanu 39BASTUCS NOOANHOKI NOBIAOM/IEHHS
Npo BWAINEHHA 30YAHWKIB, iIEPCMHIO3IB, Bif HENPOAYKTUMBHUX TBapUH Ta AOCWTb cneumdgivyHuiA nepebir XBopoo.
3auikaBnieHicTb 6akTepionoris Ta enifgemionorie 6a3yeTbca Ha BCe YacTiLLoOMy BUSAB/IEHHI 30yaHuKa Y. Enterocolitica B
OpraHi3mi Tak 3BaHVX TBAPUH-KOMMaHbIOHIB, SiKi YacTo 6e3nocepeHb0 3HAX0AATLCS B TICHOMY KOHTaKTi 3 rocrnogapem. Ha
CbOTOAHILLHIN AEHb BXE 0BEAEHa MOX/IMBICTb IH(DIKYBaHHS IF0AMHM Bij, 6akTepioHocis. MeToro focnimpkeHb Oyo 3cyBaTu
rO/I0BHI BEKTOPW NaTOreHe3sy CMOHTAHHOIO KMLLUKOBOIO i€PCUHIO3Y KOTIB LUIAXOM BUBYEHHSA 3MiH B apXiTEKTOHiLi
napeHxiMaTo3HUX opraHie. MatepianamMu 4158 LOCNiAKeHb BYNN BHYTPILWHI OpraHy KOTiB, AKi 3arMHynM BHACif0K
CMOHTAHHOTO KULLIKOBOTO IEPCUHIO3Y, AiarHO3 KW BCTAHOB/IOBa/IM Ha NifACTaBi KAIHIYHOT KapTUHM Ta BU3HAYEHHS
[iarHOCTUYHUX TUTPIB @HTUTIN L0 CTaHAAaPTHUX IEPCUHIO3HUX @HTUTEHIB. BCTAHOBNEHO, L0 3aXBOPIOBAaHHSA Y KOTIB
nepebirae nepeBaxxHO 6e3CUMNTOMHO, a Y 3B'A3Ky 3i CNOPigHEHICTI0 6aratbox 36y AHUKIB IEPCUHIO3Y Y TBAPUH | IIOLUHM
HabyBae K eni300TON0rNYHOrO, TaK i eNifeMioNoriuHoro xapaktepy. BusBneHi HanbinbLw cyTTeEBI NAaTOMOPGONOriYHI
3MiHM B OpraHax KOTIiB 3a KMLUKOBOrO iEPCMHIO3Y; B OpraHax LUTyHKOBO-KWLLKOBOIO TPakTy (3acTiiiHi aBuLLa,
HepiBHOMIPHE MOLKOAXEHHS BOPCUHOK KULIEYHWKY, IHOAI KPUMT MiACAN30BOro Wapy Ta CTIHOK CyAWH, aKTUBHa
KNiTMHHA nponiepalia B finsgHkax feckBamalil); B nedviHui —nepeBaXHO GiNKoBi AUCTpodii, NOKanbHi LiNsAHKM
HeKpo6io3y i LMTONI3y renaToumTiB; B HAPKaX BUSBASAN 3aCTiliHy rinepeMito Ta po3BUTOK reMopariyHoro Aiaresy,
03HaKW NamKOoCTi Cy1H Ta fianefe3Hy KpoBOTOUMBICTb, @ B Pa3i XpOHi3auil npoLecy — BinoBifb Ha YLWKOOXEHHS
€HAOTENI0 CYAVH Y BUIMAAI Mirpauil MOHOHYK/ieapiB y MaiibyTHE BOTHULLE 3ana/ieHHst; B CenesiHui Ta NimgaTuyHmnx
By3/1ax crioctepirasiack genimgotunsadis 6in101 nynsnu, B iIHWKX BUNaAKax B cenesiHui BUSBAAAN 36i/bLUEHHS KifIbKOCTI
BTOPUHHUX TIM(ATUYHMX BY3/NKIB 3 YTBOPEHHAM BENNKNX PEAKTUBHUX LLEHTPIB

Kntouosi cnosa: iepcrHios y KoTiB, natomopdonoris, Y. enterocolitica, KNiTUHHI 3MiHU
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INTRODUCTION

Since their domestication over 30,000 years ago, dogs
have played a signifcant 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 interspecifc
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 feld of law enforcement and rescue struc-
tures (army, border guards, police, fre 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
specifc features of their maintenance and use, which in
turn creates the presence of specifc health issues.

Issues with the incidence of service dogs are
widely covered in the scientifc 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 refexes, 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 identifed quantitative characteristics
allow analysing and identifying the causes of diseases,
generalising by breed, age, features of maintenance and
performance of offcial tasks, etc.Equallyimportantis the
creation of open databases, based on which to determine
the full profle 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 qualifed 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 fulfl 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 scientifc 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 frst 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 second stage, the received datawas verifed.

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 fgure may be
higher now, given the growing need for trained pups to
help offcers 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 offcial
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 fnal 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 specifcs of the
tasks they perform. Therefore, frst, 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.

RUSSIA

?
B

o
Luhansk

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
dogsinthe service of the US Army (Lagutchiketal.,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 signifcantly 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 6-7years  Over 7 years

Amount, % 1.95 11.9 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 fgure 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 Iragi 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%

== Eastern 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 effcient
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 feld 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/sniffng dogs (50.65%). They accompany



police offcers 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%

Traumatic
injuries 16.7%

Diseases of the
joints 5%

Tumors 3%

Surgical
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 scientifc 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-specifc (22.7%) cases.

Quantifcation 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 2.6x0.5) 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-specifc 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%

Alimentary enteriti

" Intestinal bleeding
0.6%

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

. Acute expansion of
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.Rakhaetal. (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%

" | Conjunctivitis
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
ftness 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% CI: 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, defned 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-
fed astraumatic.Causes of death or euthanasiaincluded:
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
identifed 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 frst study exam-
ined 27 dogs of the New York City Police Department, the
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second — 96 search and rescue dogs. Specifc conditions
related to cuts accounted for 9.3 cases per 1,000 hours
of active deployment in the frst 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).1n
117 records about skin diseases, eczema accounted for
6.67%,dermatitis—6.91% (of the total number of 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 between the animal and 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 ffth 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 Ffth 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 signifcant 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 (Saarietal.,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 identifed: ticks (Rhipicephalus
sanguineus sensu lato, Haemaphysalis leachii and Am-
blyomma variegatum), feas (Ctenocephalides canis and
C.felis) and louse (Heterodoxus spiniger). The most com-
mon was R. sanguineus s.I. (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 fotation 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 microflariasis (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 microflariae 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 diroflariasis 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 signifcantly 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
signifcant 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 offcial 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 fve 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 profle 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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3axBOPHOBaHICTb CNY>X60BNX COO6aK B KiIHOMOTIYHUX LLleHTpax YKpaiHn
TeTaHa MuxalinisHa Cynposu4, Mukona MNeTtposuy Cynposuy,
CsiTnaHa BacunisHa Mlaintep-Mockantok, Bsuecnas Bonogmumumposuy Tpad, TetsiHa CepriiBHa Tokapyyk

3aknag BuLLOT OCBITK «[MOAINBCLKNIA AepXXaBHUI YHIBEPCUTET»
32316, Byn. LLleBueHkKa, 12, M. Kam'iHeLb-INoainbcbkuid, YkpaiHa

AHoTauist. Cny60Bi cobaky € BaX/IMBUM aKTUBOM CUTOBUX CTPYKTYP. TOMY PO3YMiHHSA TX MeANYHUX MPO6IEM, 3HAHHSA
3arasilbHUX XapakTepucTuk, Takmx SIK YNCeNbHICTb, BiK, MOPOAaA, CTaTb, MPU3HAYEHHA € BUPILWA/IBHUM AN1S NiLATPUMKM
TX 300pOBA Ta rOTOBHOCTI 40 BMKOHAHHA HUMMW CKNafHWX 3aBAaHb. AHai3 Ta NoWMpPeHHs nogibHoT iHhopmauii €
aKTyanbHUM 3aBAaHHAM A1 creLianicTiB Ta HayKoBLiB, AKi 3aliMatoTbCst NPo6iemMamMn yTpuMaHHs, 3abe3neyeHHs, Ta
BETEPMHAPHOro 06C1yroByBaHHs CNyX60BMX cobak. TeMa HayKoBO-40C/iAHOT poboTy Nonsdrae B aHanisi pesynsraris
CTATUCTUYHUX 3BITIB LWOAO 3aXBOPHOBAHOCTI CMYXO60BUX C06aK 3 24 perioHalbHUX KiHONOMIYHMX LEHTPIB CUIOBUX
CTPYKTYP YKpaiHu. Bcboro po3rnsHyTo faHi no 822 cnyx60BrM cobakamu Ta 3anucy npo 839 B1NajKiB 3aXBOPHOBAHb.
TakoX npoaHanisoBaHO faHi LWOLO YMCENbHOCTI, BiKy, CTaTi Ta HanpsAMKY BUKOPUCTaHHSA Cnyx60BMX cobak. byno
BUSABNEHO, WO cepef 3axBOPHOBaHb BU3HAYaIMCS BHYTPIWHI He3apas3Hi xBopobw. Haiibinbwe npobnem 6yno 3
LU/IYHKOBO-KULLIKOBVM TPAKTOM: AWCMENCIS, aniMEHTapHNIA EHTEPUT i racTpuT. BCTaHOBNEHO, LLLO Cepef, XBOPO6 opraHis
30py Ta CyXy HaivacTile BUSBASINCA OTUTU Ta KaTapakTta. TpaBMaTuuHi ypaxkeHHs cknanm 16,7% Big ycix 3anwcis,
GiNbLLICTb AKX KNacuikyBanacs Ak paHu. BcTaHOBEHO, LLIO KOXXHE CbOME 3aXBOPOBaHHSA By/10 NOBA3aHO0 3i LWKIPOHo.
Cepep, HUX 3HaYHe nepeBaXkKaHHA Masin [Bi XBOPOOMW: AepMaTuT Ta ek3emMa. 3 4acToTor noHag 5% Buasnsnaca Lie
0flHa rpyna — napasmTapHi XBopoou, 3 SKUX HaibifnbL NowmnpeHnum 6yB 6abe3io3. TakoX Y AOCAIAKEHHI BUSIBNIEHO,
WO KOXHa ABafudTa TBapvHa Masia 3aXBOPKBAHHA OMOPHO-PYXOBOMO anapaty, 3 SKUX NMepeBaxHO 3ycTpivanmcs
apTpuT i Aucnnasia KynbwoBoro cyrnoby. CraTuCTUYHI po3paxyHKM NoKasaiv HEOLHOPIAHICTb LWifbHOCTI po3noginy
cobak, fiK Mo BiJHOLEHHIO [0 YMCENbHOCTI HaceNeHHs, Tak i A0 NoLwi perioHy. Havikpalli NOKasHUKM LiNnbHOCTI
mMana YepHiBelbka, a HaiiMeHWi — XXutommupcbka. Cepeq cnyx60BMx cobak nepeBary mMawTb CamKu — cTaTeBa
AndepeHuialia cknana 1/1.15. BusBneHo piBHOMIPHUIA PO3MOAIN YACENbHOCTI CYXO0BMUX CObaK 3a BIKOM B MeXax
Bifl 2 10 7 POKIiB 3 CepeaHbO3BAXKEHUM 3HaUYeHHAM BiKy Y 4,9 poky. Halibifbll NoWMpeHMN Nopogamv BUSBUNCS:
HiMeLlbka Ta Genbrilicbka BiBYapKM, a TakoxX nabpagop. 3a Npu3HaYeHHAM NepeBaxan cneviasibHi Ta po3LUyKOBI
cobaku. MNpakTUyHa LiHHICTb aHOr0 AOCNIKEHHS NONArae B TOMY, O BU3HAYEHi 3aKOHOMIPHOCTI 3aXBOPHOBAHOCTI
CNy>X60BUX COBaK, AatoTb MOXMBICTb A1 3MiHW cTpaTerii ixX BiA60opy, HaBYaHHA Ta NiKyBaHHS, W06 6i/bLL epeKTUBHO
BUKOPUWCTOBYBATY LW LiiHHWIA pecypc

KnoyoBi cnosa: KiHoNOrivHi Nigpo3ainy, audepeHuialisa 3axsBoptoBaHb, YACEbHICTb, BiK, MOPOAK, CTaTb, HAMPAMU
BUKOPUCTaHHA CMY>X60BMX cO6aK
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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 fnd 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 specifc
features of their migration in agricultural ecosystems.

Even today, a signifcant 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 signifcant
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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
coeffcient 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 coeffcient 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
intensifcation 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 etal.,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 feld
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

Group | Adricultural land Number of samples
No P contamination Farm name Location taken, pcs.
' density (**Cs) Feed Milk
SE EF “Nova Peremoha” of the PIRE Liubarskyi district, 4 12
) of the NAAS village of St. Chortoryia
1 Up to 1 Ki/km? Pobilnianskyi distri
“ ” opilnianskyi district,
PAF "Yerchyky village of Yerchyky 30 12
i 2 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
. village of Kupech
3 Over 5 Ki/km? .
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, sunfower 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 (*97Cs) 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

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

47



48

Monitoring of Heavy Metals in Fodder and Animal Husbandry Products of the Polissia Zone of Ukraine

Feed sampling was carried out according to DSTU
ISO 6497:2005 (2005), milk—DSTU 1SO 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
Scientifc 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 Scientifc 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
0,
n Mtm % of samples above MPC~ n Mzm above MPC
Grain and legume hay, 43 2.462%0.134 0 43 0.323+0.023 419
winter straw
Alfalfaand mixed grass 54 4 50120,075 0 24 017940017 8.3
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
Sunfower cake and meal 25 1.639+0.134 25 0.478+0.053 60.0

Maximum permissible « 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).
Sunfower cake and meal imported to the farms of the
Polissia zone also contain a signifcant 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-
Fower 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
€ 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 *¥7Cs
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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/kq) in farms with a soil contamination level of
1-5 Ki/km?2, The concentration of Pb in sunfower 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 sunfower 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-
nifcant difference (P>0.95). An inverse linear relationship

was established for the content of Cd in sunfower 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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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

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

51



52

Monitoring of Heavy Metals in Fodder and Animal Husbandry Products of the Polissia Zone of Ukraine

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 diffcult, which is confrmed 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 sunfower

cake and meal (2,462 mg/kg and 1,639 mg/kg), 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 BaXKKUX MeTas1iB Y KOpMax i MpPoAyKLii TBApUHHULTBA
30HM lNMonicca YkpaiHu

IBaH Mukonaiiosuy CaBuyk?, flogmuna [loHaTiBHa PomaHuyk?, IHHa BacuniBHa Auyyk?,
CeiTnaHa lNetpisHa Kosanbosal, flapuca BonognmupisHa BoHaapuyk®

HHeTuTyT cinbebkoro rocnogapctaa Moniccs HAAH YkpaiHm
10007, woce Kuiscbke, 131, M. XXutomup, YkpaiHa

ZMonicbKWiA HalioOHaNbHWIA yHIBEpCUTET
10008, 6-p Crapuia, 7, M. XXutommp, YkpaiHa
3CyMCbKWIA HaLioHaNbHWIA arpapHuWin yHiBepcuTeT
40021, Byn. . KoHgpatbeBa, 160, M. Cymun, YKpaiHa

AHoTauis. MNMpu 3HauHil KOHUEHTpaLT 3a6pyAHI0BaYIB Y HABKO/MLLIHBOMY CEpeAOoBULL BifOyBaeTbCs iX HarpoOMamKeHHSs
Y POC/IMHaX, 3rofloByBaHHSA AKMX Y NOAA/LLLOMY NPU3BELE MO Nepexoay TOKCUYHUX eIEMEHTIB 40 OpraHi3my TBapuHU.
HaBiTb HEBENMKA KOHLEHTPALiS BXKMX MeTaniB UM pagioHyKidiB Mae HeratvBHUA BMMB SIK HA OpraHiam TBapuHu,
TaK i Ha opraHiam nauHW. Tomy MOHITOpWHT Pb i Cd y KopMax, MosoLi Ta MAci 3a IX BUPOOHULTBA Ha TePUTOPIT 30HK
Monicca YkpaiHu € akTyasibHUM i NoTpebye NoAanbLLIoro BCebiYHOro BUBYEHHS. MeTor po6oTun 6yno Aocnignt BMIcT
BaXXKMX MeTaNiB y Kopmax i NpofyKrax 3ab0t0 TBAPWH, L0 BUPOLLYHOTLCA Ha TepPUTOPIT 30HM Moniccs 3 pi3HUM PiBHIB
pagfioakT1BHOIO 3abpyaHeHHs. JocnigxeHHs NPOBOAMAN Ha MOMOAHSAKY CBUHEN Ta Ha Byraiiusx, ki noctaBneHi Ha
BiAroAisto. Y poboTi 6ynu BUKOpUCTaHi aTOMHO-abcopbLiiiHMii METOA BU3HAYEHHS BMICTY TOKCUKAHTIB Y 3pa3kax
Ta MeToZ, BapiayiliHOT cTaTUCTUKM AN 06p0obKU pesynbTaTiB AOCAIMKEHHS. Pe3ynbTatn gocnigxeHs Bmicty Pb i Cd y
3paskax cBifyaTtb NMpo HasABHICTb ICTOTHUX KOIMBaHb BaXXKMX METaNIB Y MeXax OKpeMuX rocnogapcrs. 3i 36inbLeHHAM
piBHA 3a6pyAHEHHS 'PYHTY 137Cs NiABULLYETLCA KOHLEHTPAL, IS TOKCUKAHTIB Y KOpMax, MOJIOLL, Ha40BLLOMY MA3i CIIMHK
[oCnifKyBaHNX TBAPVH. BCTAHOBNEHO NEepeBULLIEHHA TPaHNYHO AOMNYCTUMOIT KOHLeHTpaLii Pb y monoui (33,8%) i Cd
(41,2%). KoHueHTpauis Cd nepeBuLLlyBaia BCTaHOBAEHUI piBEHb Y 72,2% A0CNifKyBaHMX 3pa3kiB Hag0BLLOIO M3y
CMUHWN BENVKOI poratoi xyfo6u Ta 80,0% 3pa3kiB HaliAoBLIOrO M3y CNHM CBUHER. BmicT Cd y BCix AOCAigpKyBaHNX
3paskax KopMmiB 6yB 3Ha4YHO BMLLMM BCTAHOBIEHOTO HOPMATUBY. HailbinbLue nepeBuLLEHHS TOKCUKAHTOM BCTaHOB/IEHO
y 3paskax ciHa, conomu (41,9%), makyxu Ta Wwpoty (60%). TakMM YAHOM NMOKa3HWKM AKOCTI KOPMIB Ta TBAPUHHULLLKOT
NPOAYKLT, AKa BUPOBNAETLCA Y rocnofapcTBax NnonicbKol 30HU XXUTOMUPLLMHK, NOCTPaXKAaMX BHACNiAO0K aBapii Ha
YAEC, cBigyaTbh Npo Te, WO KoHLeHTpauis Pb i Cd y Monoui AifHNX KOpiB, MA30Biil TKAHUHI MOMOAHSKY BEMKOT porartoi
Xy[o6m i cBUHel Y 6iNbLLOCTI MpoaHani3oBaHNX Npo6 NepeBuLLYE CaHITapHO-TiriEHIYHI BUMOry. ToMy A4/ 0fepXKaHHS:
MOJIOKa | M'Aica y Mexax Aito4nx HOPMaTVBHUX BUMOT HarasibHO Npo6/1eMOt0 3a/IMLIAETHCA 3MEHLLEHHS HAKOMUYEHHS
BaXKMX MeTasliB y KOpMax Ans roAiBAi TBAPWH Ta MTULL

Kntouosi cnosa: Mnombym, Kaamiii, KOHLEeHTpauisi, 3abpyAHEHHS, MOMIOKO, HAlA0BLUWIA M3 CNIVHN
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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 eff-
cient cultivation of the feld crops in the areas with mois-
ture defcit 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 defcit and
use it sparingly. This biological feature makes it possible
for sorghum to develop high and stable grain yields
in the conditions of moisture defcit and elevated tem-
peratures. In this respect, sorghum is a leader among
other feld 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 four, 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 effciency 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 intensifcation 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-scientifc-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: frstly, 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 confrms 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 frst 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 frst 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
suffcient moisture supply of the sown areas at the frst
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 classifed 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 frst 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 infuence 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 Si’mﬂg;ﬁ;& Panicle number, Panicle Mass of Grain mass from
cm (factor A) (factor B) (facto.r <) 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

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

57



-8 Elements of Plant Productivity and Biological Yield Capacity of Grain Sorghum Hybrids Depending...

Table 1, Continued

Sowing rate,

Inter-row width, Hybrid thous /ha Panicle number, Panicle graininess, Mass qf Grain mass 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 (¢) 140 67.7 1,946 20.3 39.5
180 (c) 874 1,896 20.2 38.3
70 ©) 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 43.5
Average by factor A 45 78.0 1,758 25.0 42.9
70 (c) 78.0 1,676 24.7 40.4
Average by factor B Svat (c) 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 (c) 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 felds 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 Sﬁmﬂg;s;e’ Panicle number, Panicle Mass of Grain mass from
cm (factor A) (factor B) (factolr 0) thous. pcs/ha graininess, pcs 1,000 grains, g panicle, g

100 41.8 1,618 204 32.9

140 55.5 1,609 20.3 32.7

Svat 180 67.1 1,583 202 32.0

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 Sﬁmﬂg;ﬁ;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
5 100 437 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 29.0 373
100 38.3 1,590 20.2 32.1
Svat (¢) 140 50.3 1,543 20.1 30.9
180 (c) 57.0 1,456 20.1 29.2
70 ©) 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 (c) 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
140 55.3 1,488 24.7 36.3
Average by factor C 180 (¢) 66.4 1422 24.6 34,5
220 58.2 1,344 24.5 32.3

Similar regularities were recorded in the felds 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 felds 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.

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

59



60

Elements of Plant Productivity and Biological Yield Capacity of Grain Sorghum Hybrids Depending...

In the feld 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 infuence of a seed sowing rate was frst
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 fnal result, i.e.,
the plant grain productivity per unit of a sown areg;
the best option is the one which will ensure the high-
est yield capacity of the felds. 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 infuence of the
studied factors, authors considered their infuence 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 1.46 3.50
140 2.75 191 4.66
Svat
180 3.50 2.23 5.73
36 220 4.09 1.87 5.96
100 241 192 4.33
140 3.32 2.57 5.89
Flagg
180 4.14 3.08 7.22
220 471 2.75 7.46
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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 (c) 3.35 1.74 5.27
220 3.72 1.40 5.12
70 (c)
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 (c) 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¢<FT 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 signifcant. 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 signifcant 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 confrm 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 felds 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
1 e . ! . 0,50
9 0.86 2 9 B 9 05478 —— 9 - 2
0.44 %/ 0.98 595077 o7 7078 0,97 05 0%
/ 0 0 0.16/0 0.05
8 <09 05 060\ 3 8<091 9° 068\ 3 8<go2 0° 043] 3 g8 75 05 051 3
-1 -1 Sl S -1
\ 055 -0.65 /0.72
o 048 oan DB T 025071
7 3 4 7 -0,18-0:36 4 7 -0.21 4 7 078 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: 1¢ — 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 (r=—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 (r=—0.44-0.48),
whereas in the treatments with the inter-row width of
70 cm this connection was weak (r=—0.05-0.16). In the
treatments with the inter-row width of 35 cm an average
reverse connection (r=—0.36-0.47), (r=—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 (r=—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 defcit, 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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EnemeHTN NpoayKTUBHOCTI POC/MH Ta 6ionoridyHa BpoXKaHIiCTb 3epHa ribpuais
COpPro 3epHOBOI0 3a/1EXXKHO Bif LULMPUHN MiDKPSAAb Ta HOPMW BUCIBY HacCiHHSA

CtaHicnas HOpinosuy [aBmnaeHko!, Aptyp OnekcaHapoBmy POXKKOB?,
Neca MuxainisHa Kapnyk?,Ceprili IBaHoBuY Nonos?, BaneHTuH lropesny MuxainuH*

1lep>xaBHWIA GIOTEXHONMOTIYHWI YHIBEPCUTET
61002, Byn. AnyeBCbKUX, 44, M. XapkKiB, YKpaiHa
2binouepKiBCbKMiIA HaLLiOHATbHWIA arpapHUiA yHiBepcUTeT
09110, nn. CobopHa, 8/1., M. 6ina Liepksa, YkpaiHa

3IHCTUTYT pocnnHHMLTBA iM. B.A. FOpeBa HAAH
61000, Byn. lepoiB XapkoBa, 142, M. XapKiB, YkpaiHa

*lHCTUTYT oBOYIBHMLTBA i 6awTaHHMUTBA HAAH
62478, Byn. IHCTUTYTCbKa, 1, c. CenekuiiiHe, XapkiBcbka 0671., YKpaiHa

AHoTauis. Copro € ogHi€eto 3 HanbiNbLL BaXX/IMBUX MPOAOBO/bUMX, KOPMOBYX Ta EHEPreTUYHMX KyNbTyp B CBiTi. KynbTypa €
CTIiKOIO 10 CTPECOBUX YMHHWKIB, 0CO6MBO AedhiLmTy Bonoru. Lis 6ionoriuHa ocobamBicTb 403BONSE AOMY POPMYBaTL
BMCOKI Ta CTabiflbHi BpoXai 3epHa B yMoBax Aediluty BOMOrM i BUCOKOI Temnepatypu. Copro 3epHOBE Mae 3HauHy
nepesary 3a psagom isionoriyHmx, 6ionoriyHnX, BpoXaiHNX 03HaK MOPIBHAHO 3 IHLLIMMU Ky/bTypaMu,ane NoCiBHi NaoLLyi
B YKpaliHi nig HUM 3anmwatorbes obMexeHnMn. OCHOBHOK NMPUYMHOK LibOro €, Hacamnepes, BifCyTHICTb COPTOBMX
TEXHOSOrili 10ro BUPOLLYBaHHA 3 YAOCKOHANEHUMUN eneMeHTaMun. A TOMY BUBYEHHS KOMM/IEKCHOTO BM/IMBY HOPMU
BUWCIBY HaCiHHA Ta LWMPUHM MDKPALb HA POPMYBaHHS eNeMeHTIB NPOAYKTMBHOCTI € Hapasi akTya/lbHUM Harpsamom
pocnigpkeHs. OCHOBHOIO METOH LOCNILKEHb 6YN10 BUBYEHHSA BM/IMBY KOMMIEKCY YAHHUKIB: LUIMPUHWU MDKPSAb, HOPMU
BVCIBY HaCiHHS Ha MPOAYKTUBHICTb Ta 6i0N10riYHY BpOXaliHICTb 3epHa. JocnigpkeHHs nposoauav npotsarom 2019—2021 pp.
Ha 6a3i ®I «/[jtoHic» KpemiHcbkoro paioHy JlyraHcbKoi o6nacTi. Cxema gocnify: wmprHa mikpsgs — 35,45 1 70 cwm,
riépuam — Ceart i ®narr, Hopmun Bucisy — 100 tuc. wr./ra, 140, 180 i 220 tuc. wr./ra. Ti6pug copro 3epHoBoro dnarr
cthopmMyBaB BULLY NPOAYKTUBHICTb BOMOTI FOMOBHOT i 6iYHOT cucTem cTeben. Maca 3epHa 3 BOMOTi FONIOBHUX i BIYHUX
crebeny Hboro ctaHoBuna 45,1 39,0 r BignosigHo, To4i AK y ribpuaa Ceat—39,5 i 31,1 r. BuLia npofyKTBHICTL BONOTENR
riopuay ®narr popmyBanacs 3a paxyHoK 3Ha4Ho BuLoi macu 1000 3epeH (Ha 35—40 %), Npu LibOMY KiNbKiCTb 3epeH
y BOMOTI 060X cuctem cTeben Ginblioto 6yna B ribpuay copro Ceart. bionoriyHa BpOXaiiHiCTb 3epHa 060X CMCTEM
cTeben BULLOK Byna Takox y ribpuay copro ®narr — 5,87 1/ra, npotn 4,75 1/ra — y paHHbocTUrAoro ribpuga Ceat

Knto4oBi cnoBa: KifibKicTb BONOTEN, FO/I0BHI cTeb1a, 6ivHi ctebna, 03epHeHIcTb BOMOTI, Maca 1000 3epeH, KopensauiiiHmia
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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-
fcient use of organic fertilisers, the increase in the
share of row crops in crop rotation, in particular the
oversaturation of sunfowers, as well as the spread of
erosion processes. To form stable harvests and obtain
a full-fedged, 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 frstly 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 infuencing 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; Panflova 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;
Panflova & 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
scientifc 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 1 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) feld experiment
conducted by S.I. Kudria at the experimental feld 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 signifcant 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 OJV. 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
signifcant 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
signifcant areas into crop rotation for sunfower, 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 feld of the Educational-Scientifc-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).
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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 infuence 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 fxation — 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 I/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 frst
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 specifc features of the soil and climatic
conditions of the region, predecessors, and varieties of
winter wheat (Panflova 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 N_P,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) Mean + To control
preparations (factor C) Black steam Peas White mustard 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 NP, 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 NP, 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

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



The conducted research also determined that un-
der the infuence 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 signifcant
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 specifed
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 infuence of the studied factors (average for 2019-2021)

Precursor (factor A)

Treatment-W|th 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 NP 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 signifcantly 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 signifcantly
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 signifcantly de-
termined and varies under the infuence 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 signifcantly 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 infuenced by many factors
the weather conditions of the year, biological features of
the variety, crop care, including agrotechnical measures,
namely mineral nutrition of plants (Panflova 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 infuence of mineral fertilisers, the number
of productive stems increases (Table 3).

Table 3. The infuence of the investigated factors on the number of plants before harvesting
and the number of productive stems (average for 2019-2021), pcs/m2

Treatment with biological

Doses of mineral fertilisers (factor B)

preparations (factor C)

Without fertiliser (control) N,,P..K,, Ng.Pe.Ksa
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?2 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

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

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 infuenced 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 | No,PoK

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 NP K. and foliar fertilisation with
the bacterial preparation Biocomplex-BTU-r, which is
3.1 pcs or by 10.3% 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 specifed 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 infuence 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).
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Figure 1. The infuence of the precursor, mineral fertilisers and biological preparations
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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 NP, 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 infuence 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 signifcantly 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
signifcantly, and this applies even more to cultivation
after depleted predecessors — peas and white mustard.

The use of biological preparations has a signif-
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 signifcantly higher yield of winter wheat
grain is formed by black steam. The level of grain yield
increases signifcantly 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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PopmMyBaHHSA NPOAYKTUBHOCTI MLUEHULi O3UMOT 3a/1€XKHO BiJ nonepeaHuKa,
003 MiHepa/sibHUX A06pKB Ta 6ionpenapaTiB
BaneHTuHa BacuniBHa NamatoHoBa, Oner AHaToninoBuy KoBasnieHKo,
IpnHa BikTtopiBHa CMipHOBa, Mapraputa MuxainisHa Kopxosa

MuKonaiBCbKNil HaLlioOHaNbHWIA arpapHUiA yHiBepcuTeT
54008, Byn. leoprisa foHragse, 9, M. Mukonais, YkpaiHa

AHoTauisl. MWeHULA € OCHOBHOIO CiflbCbKOroCnoAapcbKo KybTypoto B 6aratbox KpaiHax CBITY, a TakoX OCHOBHOH
MPOAOBO/BLYOK0 — Y CTEMOBIN 30Hi, TOMY C/CTEMa arpoTEXHIYHUX 3aX0fiB NOBMHHA BYTU cnpsiMOBaHa Ha CTBOPEHHS
CMPUSATANBKX YMOB /11 OTPUMAHHS BUCOKOT BPOXaMHOCTI. MTaHHs iHTeHcudiKaLii BUpOOGHULTBA 3epHa HEBIAAINbHI
BifL BUPOOGHMLTBA Ta BUKOPUCTAHHA HOBUX GIOTEeHHUX epeKTUBHUX npenaparis, AKi NO3UTUBHO BNAMBAKOTL Ha picT
i PO3BUTOK Ky/TYPHMX POCINH. MeToto poboTu 6y/10 BCTAHOBUTI BIN/MB MNO3aKOPEHEBOTO NiMKMBIEHHA 6aKTepiabHUMK
npenapaTramu, NonepeaHnKie Ta 403 MiHepa/lbHUX JO6GPMB Ha YPOXalHICTb 3epHa Ta efeMeHTV NPOAYKTUBHOCTI
MnweHuLi 031MOT. Y cTaTTi HaBefeHo faHi NPo pe3ynstaTv LOCNiMKEHHS MWeHuLi 031MoT copTy [lyma ofecbka B
yMoBax HaBuasibHO-MpaKTUYHOro LeHTpy Mukonaiscbkoro HAY y 2019—2021 pp. Y xo4i NpoBeAeHHs AOCNIIKEHHS
BMKOPWCTOBYBANNCA 3ara/lbHOMPUIAHATI METOAW: MOHOTPagiuHWA, CUCTEMHWIA NigXid | CMCTEMHUIA aHani3, aHani3 i
CVHTE3, MONbOBUI Ta CTATUCTUYHWIA. Byno mpoaHani3oBaHO BMUB MONepefHVKa, N03akOPeHEBOro MiMKUBNEHHS
GakTepiabHUMKU cydacHMMK GionpenapartaMun Ta 3acTOCyBaHHSA Pi3HMX 403 MiHepanbHUX JOOPUB HA eNeMeHTU
CTPYKTYPU BPOXato Ta BPOXaHICTb 3epHa MNiieHnLi 031MOoi. BcTaHOBNEHO, L0 PiBEHb YPOXat0 3a/1eXaB i 3MiHIOBaBCS
Bifl nonepefHuKa, B3ATOr0 AN MO3aKOPEeHeBOro NifxmeneHHs GakTepiasibHOro npenapary, PiBHA MiHEpPasIbHOro
XXMBJ/IEHHSA | 3HAYHOI MIPOI 3a BMNIUBY MOFOAHMX YMOB POKY BMPOLLYBAHHSA. 3a POKM AOCMIIKEHb, NOMEPEHUKN,
MiHepa/ibHI fo6pmBa Ta 06pobka MociBy poc/ivH Gionpenaparamyt BMSIMHYNM Ha KifbKiCTb NPOAYKTUBHUX cTeben,
KifIbKiCTb 3epeH 3 KO/I0CY, Macy 3epHa 3 0AHOro Kosiocy Ta Macy 1000 3epeH nLleHUL 031MOl. INMpoBeaeHUMIM AOCNIMKEHHAMN
NiATBEPKEHO LOLIMBHICTL NO3aKOPEHEBMX MifKMBEHb B OCHOBHI Nepiofn BereTallii 6ionpenaparamu A8 onTuMisaLii
YXUBIEHHS POC/INH NLWEHULi 03UMOT 3 METO (HOPMYBaHHS CTas101 BPOXaHOCTI 3epHa. OTprMaHi HayKOBi pe3ynbTaTy
[OCNIAKEHb CNPUATAMYTb LIMPOKOMY 3aCTOCYBaHHI0 Gionpenaparis, ki 3abe3neyars WBWAKMWIA Ta MOBHOLiHHWIA picT
i PO3BMTOK POCAMH MLIEHMLi O3UMOI, O B NOAAMbLIOMY CAPUSTUME MiABULLEHHIO BPOXANHOCTI Ta Ba/IOBUX 300piB
3epHa

KntoyoBi cnoBa; ypoxaiiHiCTb 3epHa, MiAKMBEHHS, NPOAYKTUBHI CTeba, KifbKiCTb 3epeH 3 1 konocy, Maca 1000 3epeH
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INTRODUCTION
The development of sustainable agricultural produc-
tion requires the creation of a suitable scientifc 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 benefcial insects-entomophages and
pollinators (Mateos-Fierro et al., 2021), promotes the
development of symbiotic mycorrhizae (Balestrini et
al.,, 2018) and benefcial 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; Ivanova 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 (Prvulovi¢ 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, frstly, 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
fnd 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 Scientifc 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
insuffcient 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 frst
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 fowering (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 fltrate 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:
635- 600

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 coeff-
cient of the trimethyl complex for a beam path length
of 1 cm (E=1.55%x10° 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:

:(_)x X 1
X 2

, (2)

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 infuence 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 fnal 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 signifcance 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 8.5-18.7ml of 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 signifcantly greater
under mulching conditions only in the fowering 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 ';Sg%g%tg G;;Jgt?;r:)igr;e, activity, ml of
GA/100 g KJ0,/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 10.1%£0.63
Mulching 3.8+0.24" 1.4%0.08" 10.2#0.65" 9.7%0.64 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 4.1+0.27* 1.5+0.08" 50.4£3.76" 10.6%0.75 36.8%2.29 12.1#0.76
Completion of shoot growth
Pure steam 3.8+0.29 1.3%0.092 136.5+10.252 10.7#0.79 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+0.102 155.0¢13.612 11.1#0.85 41.4+2.84 13.5+0.88
Mulching 4.8+0.28" 1.8%0.122 228.5%+15.65* 12.3#0.89 42.9+2.99 14.6+0.93

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

organogenesis is signifcant 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 g/vee C KJO,/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 3.4x0.21" 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 ﬁfg%g%tg G;;Jgtz;;r:)igr;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%¥1.91 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¥13.322 9.7%0.612 36.8+2.542 12.1+0.91°
Mulching 4.3+0.28 1.6+0.102 257.1%#15.11* 10.1#0.702 39.9+2.722 13.4+0.89°

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

organogenesis is signifcant at P<0.05

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

. . . Phenolic Ascorbate Glutathione TOt"’.lI _reducing
Variant Sugars, % Titrated acids, %  substances, mg mg/100 g’ mg/100 g ' activity, ml of
GA/100 g KJ0,/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 12.3%0.65 55.3#351 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 signifcant at P<0.05; and the difference compared to the previous stage of

organogenesis is signifcant 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 signifcant
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 fowering 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 signifcant 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 signifcant 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 scientifc 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 suffcient moisture supply), the total reduc-
ing activity signifcantly 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 suffcient 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 confrmed by the absence of
a signifcant 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 fowering 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 Fowering 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 signifcant (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
signifcantly higher compared to pure steam: in 2017, by
27,36 and 15% in the phases of fowering, 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 signifcantly 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 fowering 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 confrms 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 coeffcients () 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 0.95 091 0.99

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

Sugars and Titrated acids and Ascorbate and Phenolic
Year | Tj d Phenoli Phenoli Phenoli substances
Itrate Ascorbate €NolIC | Glutathione | Ascorbate €nolic | G1utathione enolic | 61utathione 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 0.76 091 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 9/100 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 fowering (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 ch'gz /gmL APSS:Crgrgbicg:g:jd/iéed 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%0.69% 14.2+0.57° 5.9+0.452
Mulching 115.6%10.432 7.62%0.692 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%0.992 30.9+0.792 25.6%0.852
Mulching 297.8+20.93* 12.4%0.92 17.3%0.752 35.6+0.81" 33.1#0.88"
Defoliation
Pure steam 265.5%25.34 9.1£0.73® 20.1#0.852 35.4+0.882 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 signifcant at P<0.05; and the difference compared to the previous stage of

organogenesis is signifcant 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

insignifcant. In 2018, the content of MDA in leaves was
substantially lower under the conditions of mulching in
the phases of Fowering (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, umol 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+0.442 4.4%0.352
Mulching 35.8+8.35" 7.6%0.19a 6.3+0.512 13.0%0.46™ 11.6%0.49™
Completion of shoot growth
Pure steam 191.3£18.472 12.2+0.322 12.1+0.762 23.4*0.742 11.8+0.542
Mulching 138.5£12.53*a 17.3%0.34" 13.3+0.792 27.4%0.75" 25.4%0.75"
Defoliation
Pure steam 255.4£20.152 10.0% 0.30° 15.2+0.992 26.9+0.812 10.2+0.78
Mulching 223.8+20.172 9.4+ 0.32¢ 19.8+0.95™ 35.2£0.87*2 35.3+0.99"

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

organogenesis is signifcant at P<0.05
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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-
signifcant here. In general, the content of MDA in the
sweet cherry leaves on the mulching decreased in 2018
by57% comparedto2017.In2019,atendencyto increase
the content of MDA in the leaves on the mulching was
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noted, and in the phases of fowering, 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), Mtm

. CAT, umol .A.PO’ mg of . .
Variant MDA, nmol/g H,0,/g-min OX|d|zec_| 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+0.252 8.1¢0.572 15.9+0.352 6.6+0.332
Mulching 155.5+13.45*a 19.1#0.292 9.4%0.60" 19.7%0.37* 17.2+0.37*
Completion of shoot growth
Pure steam 236.2+21.182 19.3#0.632 17.8+0.882 34.6+0.67° 17.4%0.74
Mulching 234.5%+19.25° 26.6%0.54" 19.5+0.85° 40.2%0.75* 37.4+9.78"
Defoliation
Pure steam 255.6+11.28 27.2%£0.332 22.5%0.902 39.8+0.99° 15.1+0.89
Mulching 290.5+11.55% 27.3+0.252 29.2#0.93% 51.7+0.84 51.8+0.85"

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

organogenesis is signifcant 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-specifc 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 coeffcients (r?) of MDA content with general reducing activity (GRA), ADS enzyme activity and the
content of BAS in sweet cherry leaves

Correlation coeffcients of MDA content with

Year of
research | car APO PPO PO | Sugars Titrated Phenolic Ascorbate | Glutathione | GRA
acids substances
2017 0.83 0.88 0.95 0.90 0.68 0.50 0.95 0.90 0.91 0.91
2018 0.37 0.86 0.83 0.36 0.41 0.57 0.80 0.82 0.79 0.79
2019 0.76 0.82 0.90 0.58 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
signifcant 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 fowering and end of
shoot growth in 2018 (by 18% and 42%, respectively)
and in the phases of fowering and the end of shoot
growth in 2019 (by 47% and 38%, respectively). Cat-
alase activity in sweet cherry leaves in 2018 in the
fowering phase was signifcantly 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 signifcantly differ from the level of 2017,
showing an increase of 4%. In 2019, catalase activity
also increased insignifcantly 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 signifcantly 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 Fowering, 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 fowering 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 signif-
cantly higher under the conditions of mulching, com-
pared to the conditions of pure steam: in 2017, in the
fowering 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 fowering 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 fowering 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).

Gerasko et al.

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 suffciently 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 fowering 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 signifcant 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.
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BioxiMiuHMI cKkaa NNCTKIB YepeLLHi 3a/1eXKHO Bif, CNOCOBY YTPUMaHHSA I'PYHTY
B OpraHiyHomy caay

TeTtsHa BonogumunpisHa lepacbko?, CiTnaHa BacunisHa Muga?, Konis MeTpiBHa MalueHKo?,
lo6oB AHatoniiBHa MNMokonuesa?, TeTsHa MukonaisHa TumoLyk®

1TaBpiiicbKuii fepxaBHUiA arpoTEXHONOTIYHNIA yHIBEpCUTeT iMeHi Amutpa MoTopHOro
72312, npocn. b. XmenbHuubkoro, 18, M. Menitonosb, YkpaiHa

2TepHONINbCLKUIA HaLliOHaNNbHWUIA NeJaroriyHnii yHiBepcuTeT iMeHi Bonoanmupa MHaTioka
46024, Byn. Makcuma KpuBoHoca, 2, M. TepHonNifb, YKpaiHa

3MMonicbKniA HalioHaNbHWIA yHIBEpCUTET
10008, 6-p Crapwid, 7, M. XXutommp, YkpaiHa

AHoTaLisl. BeleHHA CTanoro CiflbCbKOro rocrnogapcrsa nepegbayae He nvLle NigBULLLEHHS NPOAYKTUBHOCTI KyNbTyp i
36iNbLIEHHS 06CATB BUPOGHMLITBA POCMHHULLKOT NPOAYKLIT, ane i 36epeXeHHs eKoCcUCTeM. 3alepHIHHS IPyHTY Y
NN0LOBUX caflaX € OAHUM i3 LUNAXIB 36epexeHHs NPUMPOLHOT piBHOBArK arponaHawadris. Ane BnavB KOHKYpeHLit
3 TpaBamuy Ha GioXiMiYHWIA CKNnaf TKaHWH NN0LOBMX AEPEB Hapasi O0CTaTO4HO He 3hcoBaHuMiA. MeTow AoChimKeHb
6yno BCTAHOBWTMW BMAMB YTPUMAHHSA IPYHTY Mif 3aepHIHHAM (MOPIBHAHO 3 YMCTUM Mapom) Ha GioXiMiuHWIA cknag
TKaHWH NNCTKIB YepeLuHi. JocnifkeHHA NPOBOAWAM Y opraHiyHoMy cafy YepeluHi (Prunus avium L./Prunus mahaleb)
Bnpososx 2017—2019 pp. B ymoBax [iBgeHHoro Creny YkpaiHu. BcTaHOB/IEHO ICTOTHE 3MEHLLEHHS YMICTy ackopbary,
rNyTaTioHy, LYKpPiB, 3ara/ibHoi peflyKytouoT akTUBHOCTI Ta aKTUBHOCTI aHTUOKCUMAAHTHUX (DEPMEHTIB 38 YMOB TpUBa/ol
NMocyxu Ta 306i/bLUEHHSA YMICTY TUTPOBaHWUX KUCNOT. 3ara/ibHa pefykyroya akTMBHICTL 3a YMOB 3aflepHiHHA Mana
TeHAEHL0 [0 36i/bLUEHHSA. Y NIUCTKaX AepeB YepeLlHi Bif ha3un UBITIHHA [0 nuctonagdy 3adikcoBaHO NOCTyrnose
36i/bLUEHHS YMICTY TUTPOBAHWX KWCOT, ackopbarty, LyKpiB, (heHONbHUX PEeYOBUHM i ryTaTioHy. Y thasi nuctonagy y
JINCTKaxX YepeLLHi 3a YMOB 3ajepHiHHSA BCTAHOB/IEHO A0OCTOBIpHE 36iMblueHHs Yy 2017 p. LyKpiB i PeHONBHUX PEYOBUH,
y 2018 p.— heHoNbHNX peyvoBuH; y 2019 p.—(heHONbHMUX PEYOBUH | ackopbary. YNpoAoBxX BereTav il yepeLl