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after calving should determine the tendency of the Holstein breed to
ketosis. It is also important to investigate the relationship between changes
in blood biochemical parameters and the development and treatment of
ketosis. The purpose of the study was to determine the effectiveness of
using a probiotic strain of bacteria in subclinical ketosis in cows during
drying off and after calving. The following methods were used: testing for
determining the level of beta-ketones in the blood of cows; biochemical
method of blood testing; clinical method; statistical method. A study of
cows in the drying off group showed that the level of 3-ketones ranged
from 0.2 to 1.0 mmol/L.Application efficiency of Bacillus Pumilus L.A56 in a
concentration of 1x10°% CFU/g at a dose of 30 g per animal was determined
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to be 100%. In the study of metabolic changes in the body of cows after calving patients with ketosis, the content
of total protein, albumins globulins of the enzyme aspartate aminotransferase, and urea at the beginning of the
study was increased and went beyond the maximum permissible limits of the reference level. After seven days of
using the probiotic, the content of ketone bodies and biochemical parameters decreased to normal. It was proved
that at the end of the study, the activity of alanine aminotransferase increased, the level of potassium, vitamins
A and E increased. Thus, it was determined that the enzyme alanine aminotransferase is one of the metabolites,
an increase in the level of which indicates the accumulation of lipids in the liver. In addition, the content of Ca, P,
and vitamin D decreased during treatment, which indicates the risk of hypocationemia. In the group of cows after
calving, the incidence of ketosis was 27%. The therapeutic efficacy of a probiotic of 35 g per animal in the post-
calving distribution group was 73%. The practical value of the study lies in the prevention of subclinical ketosis in
cows in deep drying off and after calving, reducing the cost of treating concomitant diseases, and culling animals.

Keywords: ketone bodies; probiotic; metabolic disorders; negative energy balance; enzyme activity; vitamin and

mineral balance

INTRODUCTION

The period in cows three weeks before calving (late
drying off) and three weeks after calving is a stressful
period due to metabolic disorders such as ketosis. Keto-
sis is a common metabolic disease that causes substan-
tial economic losses for dairy farms. Despite the fact
that selective selection for ketosis resistance has been
examined by a large number of researchers (Yan et al,
2020), the genetic and biological causes of ketosis are
poorly understood.

Negative energy balance is one of the causes of
ketosis in the postpartum period and can cause meta-
bolic and immunological changes in cows. The stability
of the immune defence is of great importance for pro-
tecting the animal from infectious diseases (Dai et al,
2023). However, there are currently no studies on how
negative balance affects the resistance of the body.
Milk production technology determines the profitabil-
ity of production. Diseases in cows cause an increase
in the cost of veterinary care. Cows after calving often
face diseases such as: ketosis, fatty hepatosis, cicatricial
acidosis, mastitis, subclinical hypocalcemia, placental
delay, and metritis.

Negative energy balance leads to increased forma-
tion of ketones as a result of the mobilisation of a large
amount of lipids in the body. Metabolic disorders lead
to a decrease in fertilisation and lactation. Researchers
(Zhang et al., 2020) prove that propylene glycol reduces
the negative energy balance through gluconeogenesis
and inhibits the synthesis of ketone bodies. However, a
large dose of the drug (more than 500 g/day) has toxic
effects and side effects in cows. Thus, there is a need for
further studies of cow metabolism after calving.

All dairy cows have a negative energy balance be-
cause, at the beginning of distribution, the need for
energy for milk production is greater than is obtained
with feed (Dehghan Shahreza et al, 2022). Negative
energy balance is not always the cause of ketosis, and
the main problem is how the cow overcomes metabolic
adaptation during the transition period from pregnancy
to calving. However, the researchers do not offer how to
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help the cow during the adaptation period and restore
normal metabolism.

Researchers (Pascottini et al, 2020) considered
possible risk factors for cows in the prenatal period. It
was determined that it is important to monitor adap-
tive changes in cows during drying off and after calving.
However, studies have not considered the predisposi-
tion of certain breeds of cattle to metabolic diseases.

In addition, one of the most common diseases of
the transition period, along with metabolic disorders of
dairy cows, is mastitis, which has a clinical or subclinical
manifestation (Zazharska et al., 2021). Subclinical mas-
titis can only be diagnosed by determining indicators
of inflammation or mastitis pathogens in milk (Fotina
et al, 2018). However, there is currently insufficient
information on the relationship between the develop-
ment of subclinical ketosis and udder inflammation in
dairy cows during drying off and after calving.

A study by researchers (Mohsin et al., 2022) proves
that high levels of growth hormone in the postpartum
period in the blood of cows with subclinical ketosis
cause lipid mobilisation, which leads to hyperketone-
mia. There is a decrease in the level of amino acids and
glycogen, and vice versa, an excess of ketogenic and
lipogenic compounds (Nazeer et al.,, 2019; Yang et al.,
2022). However, these studies lack information on the
mechanism of the development of postpartum meta-
bolic disorders in dairy cows.

In a study by (Deli¢ et al., 2020), differences in
metabolism in the first week after calving between
healthy cows and those with ketosis were determined.
It was established that metabolic shifts can be pre-
dicted by the level of ketone bodies in the first week
after calving. In sick cows, the level of beta-ketones
was substantially higher (10.9-18.5%) than in healthy
cows (2.5-9.1%). In addition, cows with ketosis tended
to have elevated levels of total bilirubin and AST. The
study allowed diagnosing ketosis early in cows after
calving, but no possible way to prevent the disease
has been proposed.




Genetic studies, conducted by (Weigel et al., 2017)
showed a tendency of Holstein cows to develop ketosis,
especially in the postpartum period. The researchers do
not offer possible solutions to this problem in their pa-
per. It is also known (Cao et al, 2017), that cows with
clinical ketosis have high hematocrit and haemoglobin
values, while the number of white blood cells (neutro-
phils and eosinophils) was substantially lower than in
healthy ones. In addition, cows with ketosis show an in-
crease in the level of unesterified fatty acids in the blood.
However, there are no studies on the association of ke-
tosis during deep drying off and the postpartum period
with the biochemical parameters of blood serum.

The purpose of the study was to investigate the ef-
fect of probiotics on cows of the drying off period and
after calving for subclinical mastitis. The objectives of
the study were: investigation of the development of ke-
tosis in cows during the period of deep drying off and

Shkromada et al.

after calving, determination of metabolic shifts in the
body of dairy cows using a probiotic.

MATERIALS AND METHODS

The studies were conducted in the period from Octo-
ber to November 2021 on Holstein cows in the Limited
Liability Company of the agricultural firm “Lan” of the
North-Eastern region of Ukraine. A total of 81 animals
were involved in the study, of which 27 were heads of
deep drying off period and 54 - after calving.

The effectiveness of the probiotic was tested
based on an experimental sample of the Bacillus
Pumilus L.A 56 strain in a concentration of 1x10° CFU/g
produced by the private enterprise “Kronos Agro” com-
pany. The dosage of the probiotic for the group after
calving was 35 g per animal, in the group of deep dry-
ing off - 30 g. The animals received a diet according to
the production group (Table 1-3).

Table 1. Ration for cows, depending on the production group

Ration 7 daysNzla\lfltlg:‘ galving 14 dayr::flélenrgcalving late drying off

Number of heads 133 152 42
silo 28 28 22
haylage 12 12 -

hay 3 3 1.5

straw - 1.5
canned corn 6.5 6.5 2
mixed feed No. 2 8.5 8.5 -

Mixed feed No. 4 - 3.5

Table 2. Mixed feed recipe No. 2 for cows (group after calving)

No. Component % of input per 500 kg per 1 tonne, kg for 1.5 tonnes, kg for 2 tonnes, kg
1 Barley+Wheat 89 445 890 1335 1780
2 Premix TC VMP CD 7 35 70 105 140
3 Probiotic 3 15 30 45 60
4 Insorb 1 5 10 15 20
Total 100 500 1000 1500 2000
Table 3. Mixed feed recipe No. 4 for cows (late drying off)
No. Component % of input per 500 kg per 1 tonne, kg for 1.5 tonnes, kg for 2 tonnes, kg
1 Barley+Wheat 26 130 260 390 520
2 Sunflower meal 67 335 670 1005 1340
3 Insorb 1 5 10 15 20
4 Prorbiotic 1 5 10 15 20
5 Premix TCVMP CS 5 25 50 75 100
Total 100 500 1000 1500 2000

Note: Premix TK BMIT KC of Tekro (Czech Republic), which includes a set of vitamins and microelements, according to the

production group (drying off or milking cows)
Source: compiled by the authors
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Examination of cows for ketosis. The level of
beta-ketones in the blood of cows was determined
using a KetoSens ketometer (FDA). Blood for the ex-
amination was taken in the morning before feeding.
Indicators were determined in cows of deep drying
off (three weeks before calving) at the beginning of
probiotic use and after seven days. The level of ke-
tone bodies in cows was also determined on the sev-
enth and fourteenth days after calving. The level of
beta-ketones was used to determine sick cows that
received additional treatment.

Examination of biochemical parameters of cow blood
serum. Metabolic parameters were determined in seven
cows from the post-calving distribution group with ele-
vated levels of ketone bodies at the beginning and end of
the study. The content of total protein (SOP-BP-02-2017),
urea (SOP-BP-03-2017), albumin (SOP-BP-25-2018),
urea nitrogen, Ca/P and globulins was determined by
calculation, total cholesterol (SOP-BP-07-2017), aspar-
tate aminotransferase AST (SOP-BP-09-2017), alanine
aminotransferase ALT (sop-BP-08-2017), Total Ca (SOP-
BP-05-2017), inorganic P (SOP-BP-04-2017), magnesium
(SOP-BP-06-2017), potassium (SOP-BP-11-2017), vita-
min E (SOP-BP-12-2018), vitamin A (SOP-BP-14-2018),
vitamin D (250H) (SOP-BP-18-2020).

Statistical analysis. Statistical data were calculated
using the Fischer-Student method, considering statis-
tical errors and the probability of comparable similar

indicators. Indicators were considered probable with a
level of more than 95% (p<0.05).

All experimental studies were conducted in accord-
ance with modern methodological approaches and in
compliance with the relevant requirements and stand-
ards, in particular, they comply with the requirements of
DSTU ISO/IEC 17025:2005 (2006), in accordance with
directive 2010/63/EU (Hartung, 2010), which were ap-
proved by the conclusion of the commission on ethics
and bioethics of the Faculty of Veterinary Medicine of
Sumy National Agrarian University dated 05.03.2022.
The keep of animals and all manipulations were con-
ducted in accordance with the provisions of the pro-
cedure for conducting experiments and experiments
on animals by scientific institutions (Law of Ukraine
No. 249, 2012),the European Convention for the Protec-
tion of Vertebrate Animals used for Experimental and
other Scientific Purposes (European convention...,1986).

RESULTS AND DISCUSSION

Results of the examination of cows for ketosis. The study
began with the determination of the level of ketone
bodies in animals during drying off and after calving
(Table 4). During the experiment in all animals in the
group of deep drying off (three weeks before calving)
with the use of premix based on Bacillus Pumilus L.A 56
on the corresponding diet, the indicators fluctuated
within the normal range from 0.2 to 1.0 mmol/L.

Table 4. The level of ketone bodies in the blood of cows when using probiotic premix

Late drying off group Post-calving group
No. of the Start of the After 7 No.of the 7 days after 14 days No. of the 7 days after 14 days
animal study days animal calving after calving animal calving after calving
7658 1.0 0.8 7351 0.7 0 107 1.0 0
6266 1.0 0.8 6852 3.5 0.7 2522 0.9 0
6915 0.7 0.7 7658 0.7 0 3861 0.7 0
0357 0.7 0.5 1627 0.8 0 9683 0.7 0
0944 1.0 0.4 0340 1.1 1.0 6707 0.8 0
6949 0.8 0.8 6905 1.5 1.0 6896 0.5 0
7632 1.0 0.9 6266 1.1 0.8 2514 0.7 0
3061 0.7 0.6 3940 1.4 0.9 0982 0.4 0
1941 0.7 0.7 0944 0.8 0 6949 1.6 0.6
7603 0.7 0.8 6886 0.6 0 3928 0.5 0
7791 0.7 0.5 4089 0.7 0 6187 3.8 24
6281 0.7 0.6 6915 23 0.7 7633 0.7 0
6674 0.6 0.4 7497 0.6 0 2563 1.8 0.6
6870 0.6 0.7 4077 0.4 0 0357 0.7 0
1981 0.6 0.6 2545 13 0.7 7603 1.2 0.4
3929 0.5 0.6 3630 0.8 0 4636 0.6 0
7327 0.6 0.4 3061 1.4 0.5 7328 0.6 0
4584 0.2 0.2 19706 0.7 0 6657 1.0 0
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Table 4, Continued

Late drying off group Post-calving group
No. of the Start of the After 7 No.of the 7 days after 14 days No. of the 7 days after 14 days
animal study days animal calving after calving animal calving after calving
1008 0.7 0.7 1941 0.5 0 3853 0.7 0
6661 0.8 0.7 3086 0.6 0 7614 0.8 0
6843 0.7 0.6 6302 0.6 0 5892 0.6 0
6872 0.8 0.8 0314 0.8 0 7642 1.9 0.8
4325 1.0 0.5 7781 0.5 0 7696 0.5 0
3956 0.9 0.4 6133 0.5 0 7331 0.4 0
4853 0.7 0.6 3870 0.5 0 6674 0.3 0
1983 0.8 0.6 7640 0.8 0 9765 0.9 0
3942 0.7 0.5 3891 2.0 0.9 7791 0.4 0
Average 0.73 0.60 Average ) ) 1.79 1.33
value *0.03 *0.03 value *0.19* *0.20"

Note: * - p<0.05, compared with similar indicators of the late drying off group with the post-calving distribution group

Source: compiled by the authors

During the experiment, it was determined that in
experimental animals of the late drying off group of
27 heads, the level of ketone bodies was lower than at
the beginning of the study (1.0-0.2 mmol/L), and after
seven days of using premix (0.9-0.2 mmol/L). There was
no substantial difference in group scores at the begin-
ning and end of the study, but the group average im-
proved by 17.80%. The effectiveness of premix in the
drying off group is 100%, no cases of increased ketone
bodies were determined out of the 27 heads tested

In the milking group of 54 heads, seven days after
calving, the level of ketone bodies in the blood of cows
ranged from 3.5 to 0.3 mmol/L. On the 14th day after
calving, the indicators ranged from 2.4 to 0 mmol/L.
The difference between the initial and final values was
25.6%. In addition, out of 54 heads of the distribution
group, 15 heads showed signs of clinical ketosis.

Thus, cow No. 6852 on the seventh day after calv-
ing had an 80% lower content of ketone bodies com-
pared to the end of the study on Day 14. During the
entire experiment, the level of beta-ketones decreased
in animals No. 0340 by 9.09%, No. 6905 - by 33.33%,
No.6266 - by 27.27%, No. 3940 - by 35.71%, No. 6915 -
by 69.56%, No.2545 - by 46.15%, No. 3061 - by 64.28%,

No. 3891 - by 55.00%, No. 107 - by 100%, No. 6949 - by
62.50%,No.2563,and No.7603 - by 66.66%,No.7642 -
by 57.89%, compared to the beginning of the study.

Additionally, 15 heads were treated, 14 heads
were cured, and 1 head had a relapse of the disease.
It should also be noted that there was a substantial
difference between similar indicators of the begin-
ning and end of the experiment in the groups of deep
drying off and milking after calving. All animals in
which the indicators of ketone bodies were increased
were prescribed specific treatment with drugs based
on hepatoprotectors and minerals, animals are better
able to recover, they have a reduced indicator of ke-
tone bodies, relapses decreased to a minimum, and
all animals in which ketone bodies were increased re-
tained milk productivity, after completing treatment
gained total weight faster. The overall incidence rate
is 27% out of 100%, and the effectiveness of treat-
ment is 73%.

Results of the study of biochemical parameters of cow
blood serum. For the effect of premix on the animal
body, blood tests were performed at the beginning and
after performing the experiment in a group of animals
after calving (Table 5-7).

Table 5. Results of biochemical studies of cow blood serum, M*m, n=3

Start of the study Indicators
No. Total . Urea
End of the study protein, Albu7|1_|ns, Globulins,g/L  Albumins, % Globulins, % (3{2’ mlrjr:f)?}L nitrogen,
g/L 9 mg/dL
SOP-BP-
No. of the animal 3?"23{’7 ZS ?F;grs Calculation 03-  Calculation
2017
75.09 35.42 40.67 46.45 53.63 0.84 8.26 2243
+0.45 *0.68* *0.33 *0.62* *0.80* 0,04 *0.50* +0.48*
1 6905
74.90 31.61 42.34 42.33 57.50 0.76 5.37 14.69
*0.09 *0.96 *1.13 *0.54 *0.43 £0.06  *0.61 *0.73
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Table 5, Continued

Start of the study Indicators
No. Total . Urea
Endof the study  protein, APUMINS, ¢ bilins,g/L  Albumins, % Globulins, % (A/G)  Urea, G en,
g/L units mmol/L
g/L mg/dL
SOP-BP-
) SOP-BP-  SOP-BP- ) i
No. of the animal 02-2017  25-2018 Calculation 03- Calculation
2017
86.80 31.40 55.20 36.75 63.33 058 635 1772
£0.81* £0.58 £0.50" £0.39 £037*  *001* *0.04" 015
2 6852
73.54 33.35 40,66 4524 54.81 082 696 19.48
£0.76 23, £0.85 £0.43" £0.51 £001 007 £0.29
79.48 3355 45.62 4237 5753 073 843 23.45
£0.30" £0.28 £0.34 £0.31 $0.39 004 *0.28 +0.37
3 6915
72.88 32.59 40.60 43.62 56.03 076 821 23.26
£0.36 0.37 £0.85 £0.57 X067 006 *0.14 £0.39
81.35 31.18 50.42 38.26 61.67 063 587 16.57
£0.33* £0.41* £0.46" £0.40" £069*  *005° £0.33 £0.43
4 7642
89.19 23.92 65.17 26,80 73.11 037 631 1731
23, £0.19 £0.62 £0.75 £056 002 *0.53 £0.50
72.24 36.42 35.63 50.20 49.84 101 798 22.18
£0.61* +0.54 £0.83* £0.65* £077* 001 *030°  *042°
5 6187
75.63 32.33 4331 4267 57.36 073 618 17.26
£0.37 0.48 £0.46 £0.71 $0.53 004  *0.44 £0.49
68.39 30.70 37.73 44.88 55.42 083 683 19.11
£0.40° £0.71* £0.68* £0.18* £047*  *005* *0.18 £0.68
6 2563
95.70 2477 71.08 25.63 74.22 035 653 18.13
018 £0.72 £0.48 £0.41 043 004 *040 £0.93
63.39 31.81 3177 49.57 50.26 095 514 14,51
£0.56" 0,21 £0.53* £0.41* £080°  *015 040 £0.47*
7 3891
87.08 31.12 55.79 35.64 64.42 056 432 11.49
£0.69 £0.39 £0.29 £0.58 £0.54 012  *0.39 £0.32
Reference values 59-85 27-43 25-45 38-50 50-62 %61' 36'-7’7%' 8-20

Note: * - p<0.05, compared to the start of the study
Source: compiled by the authors

It was determined that the albumin level of cow
No. 6905 was substantially higher by 10.7%, compared
to the beginning and end of studies, but within the
physiological norm. The content of urea and urea ni-
trogen was increased by 34.98% and exceeded the ref-
erence level. At the start of the study, the AST enzyme
was substantially higher by 24.18% compared to the
end of treatment.

Vitamin and mineral metabolism in animal No.6905
was within the physiological norm, and the vitamin A
content increased by 6.81% at the end of the study. In
cow No. 6852, the level of total protein, globulins, and
albumins was higher than the permissible limits of the
reference level at the beginning of treatment. At the
end of the study, all indicators returned to normal. Ini-
tial examination in cow No. 6852 showed substantially
higher total protein content by 11.04%, globulins - by
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8.52%, and albumins - by 14.54%. Urea and urea nitro-
gen levels were higher by 9.60-9.93%, respectively.
The level of the AST enzyme was higher than the
reference level at the start of the study. At the end of the
experiment, the level of AST substantially decreased by
12.95%. However, ALT levels at the beginning of treat-
ment were 50.34% lower compared to data after seven
days. The content of calcium and phosphorus in the an-
imal’s blood serum was within the physiological norm
and practically did not differ during the entire study pe-
riod. The level of potassium in the blood of cow No. 6852
at the end of the study increased by 30.52% and went
beyond the upper limit of the reference level. In addition,
the content of vitamin E increased by 56.30%, vitamin A -
by 10.42% and vitamin D - by 29.27%. It should be indi-
cated that the level of magnesium in the blood serum of
animals with ketosis was within the physiological norm.
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Table 6. Biochemical examination of cow blood serum, M*m, n=3

Start of the

study Indicators
N Endofthe Total ALT (AST/Alt),  TotalCa, InorganicP,
cholesterol, AST, units/L . LD ’ 9 > Ca/P, units
study units/L units mmol/L mmol/L
mmol/L
: SOP-BP- SOP-  SOP-BP- : SOP-BP-  SOP-BP- :
No. of the animal 07-2017 BP-09-2017 08-2017 Calculation 05-2017 04-2017 Calculation
iy 1062 1952 fris 2208016  2.27:041  1.19%0.13
1 6905
o so70  sLeer S0 1985026 179:0.13 1112006
5 e B S 293014 193:018 1542040
2 6852
e e 285 Sy 2196032 201#012  1.08:004
iy 1ear M8 S 284:009 2042026 1362036
3 6915
e s 2ae 5 213£030  188:020  118+037
28 ey B S8 248026 2302028 1084005
4 7642
212 8> e AN 168031 2202029 0742003
5% o 5330 242:028 2062037 1162034
5 6187
502 &3 sa2 20 2112055 2042038 1.07:005
2554 e La 2. 1852028 2045018  095:0.10
6 2563
2 1o 1028 b 206£051 2026017  1.07+017
e D0 SEL 2032048 2372034 088:0.16
7 3891
A 7ot e oo 2132067 2124019  1.04+0.04
Reference values 2.20-6.60 220-6.60  48-108 17-40 1034 198312 150-2.90

Note: * - p<0.05, compared to the start of the study
Source: compiled by the authors

On the seventh day after calving, cow No. 6915 had
an increased level of total protein by 8.30%, assumably
due to an imbalance towards globulins by 15.16%, com-
pared to albumin. After seven days of using a probiotic
strain-based premix Bacillus Pumilus L. A 56 globulin
levels decreased by 11.00%.The urea level was high and
exceeded the upper limit of the physiological norm. At
the end of the experiment, the content of urea and urea
nitrogen decreased by 2.60% and 0.82%, respectively,
but the indicators still exceeded the reference limits.
The level of AST in the blood serum of cow No. 6915 at
the beginning of the study was higher by 10.63%. After
seven days, ALT, on the contrary, increased by 10.04%.

Therewith, the AST/ALT ratio was higher by 16.28% and
went beyond the reference level. Calcium and phos-
phorus levels were within normal limits throughout the
study period. In addition, on the 14th day of the study,
the level of potassium increased by 33.74%, vitamin
E - by 55.18%, vitamin A - by 8.46, and vitamin D - by
15.18%, but all within the physiological norm.

Notably, in the conducted studies, the content of to-
tal cholesterol in the blood serum of cows with ketosis
during the entire treatment period fluctuated in cows
No. 6905, No. 6852, and No. 6915 and did not exceed
the reference level. The exception was animals No.2563
and No. 3891, whose cholesterol levels were lower by
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10.52% and 133.51%, respectively, at the beginning of
the study, which indicates a recovery in liver function.
In addition, the cholesterol level of animal No. 7642
decreased by 23.18% at the end of the study. Therewith,
the level of AST in animal No. 7642 decreased at the
end of the study by 6.68%, ALLT - by 29.96%, total Ca -
by 3.25%, inorganic P - by 4.34%. In addition, in cow
No.7642,the total protein content decreased by 9.63%,
albumin - by 23.28%, globulin increased by 29.25%,
compared to the beginning of the study. The globulin
content exceeded the upper permissible limit of the
reference level at the beginning and end of the study.

In addition, the animal’s potassium and magnesium
content did not change during the studies, vitamin E
increased by 25.53%, vitamin A - by 4.94%, and vita-
min D decreased by 44.09% (below the reference level),
compared to the beginning. The results indicate severe
metabolic adaptation in cow No. 7642 during the tran-
sition period.

In animal No. 6187, the level of total protein in-
creased by 4.69%, globulins - by 21.55%, albumins de-
creased by 11.23%, urea content increased by 22.55%
and urea nitrogen - by 22.18%, compared to the begin-
ning of studies and above the reference level.

Table 7. Vitamin and mineral composition of cow blood

Start of the study Indicators
" eorthesusy  Munehmo belmsm Vi Vempa | vieeind

No. of the animal SOP-BP- SOP-BP- SOP-BP- SOP-BP- SOP-BP-
06-2017 11-2017 12-2018 14-2018 18-2020

1.02+0.05 4.15+0.58 3.19+0.51 44.48+0.82* 22.07+0.38

' 6905 1.03£0.04 4.56+0.36 4.30%0.74 47.52%0.55 22.54+0.56

1.11+0.08 4.39+0.37 3.41%0.35 45.10%0.63" 32.55%0.61"

? 6852 0.88+0.23 5.73%0.72 5.33+0.74 49.80%0.95 23.02+0.64

1.01+0.09 4.15+0.14 3.43%0.35 44.43%0.45* 36.16*0.53"

’ oo 0.95+0.15 5.55%£0.70 5.27%0.78 48.19+0.52 41.65+0.42

1.08%0.20 5.03+0.87 3.87%0.84 44.25%0.34 22.52+0.64

4 rea2 1.06%0.07 5.18%0.79 4.86%0.41 46.44%0.73 12.59+0.36

0.97+0.12 4.92+0.53 3.62%0.24 44.93%0.63" 20.06+0.55

° o8y 0.90+0.14 5.60+0.70 4.72%0.57 47.94+0.54 22.35%0.66
1.10+0.31 3.73%0.32 3.16%0.24 43.76%0.94* 43.0+0.89"

¢ 2963 0.79+0.07 5.62%0.71 4.90+0.65 49.19+0.63 24.94+0.51

1.010.23 4.07+0.55 3.00+0.33 46.19%0.67 55.06%0.60"

’ 39t 0.95+0.14 6.401.02 5.20+0.82 48.16%0.58 16.67+0.74
Reference values 0.70-1.23 0.70-1.23 4.0-5.3 2.0-9.0 25.0-80.0

Note: * - p<0.05, compared to the start of the study
Source: compiled by the authors

The level of total protein in animal No. 2563 in-
creased by 39.93%, assumably due to globulins — by
88.39%, while the content of albumins decreased - by
19.31%. The content of urea and urea nitrogen de-
creased by 4.39% and 10.71%, respectively. The indica-
tors went beyond the reference level.

At the end of the experiment, the level of the AST
enzyme decreased by 30.28%, and ALT increased by
6.19%. At the beginning of the study,AST and ALT levels
exceeded the physiological norm. The total Ca content
was 11.35% lower than standard indicators at the start
of the study compared to the end of treatment. Also
in cow No. 2563, the level of potassium increased by
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50.67%, vitamin E - by 55.06%, vitamin A - by 12.40%,
and vitamin D decreased by 42.00%.

At the end of the study, the total protein content
in cow No. 3891 increased by 37.37%, globulins - by
75.60% and went beyond the reference level. Urea
levels substantially decreased by 15.95% and urea
nitrogen - by 20.81%, compared to the beginning of
the study. The level of the AST enzyme decreased by
12.0%, alt increased by 18.64%, Ca/P ratio - by 18.18%,
compared to the beginning of the study. The content
of potassium substantially increased by 57.27%, vita-
min E - by 73.33%, vitamin A - by 4.26%, vitamin D de-
creased - by 30.23%.




According to the results of the conducted studies
on cows with ketosis, the positive effect of using a
probiotic based on Bacillus Pumilus L. A 56 in a con-
centration of 1x10% CFU/g in the dry period of 30 g per
animal, and 35 g per animal after calving, was proved.

The study showed that all animals in the deep dry-
ing off group had a ketone body level of no more than
1.0 mmol/L (Zhang et al, 2021). Researchers (Daros
et al., 2020) believe that limping cows in deep drying
off are at risk of developing diseases such as ketosis,
metritis, placental retention, hypocalcemia, and rennet
displacement. Therefore, much attention is paid to all
pregnant animals on the farm, especially during the
transition dry and postpartum period.

A week after calving, the ketone body levels of 54
animals increased. Seven days after applying a pro-
biotic based on Bacillus Pumilus L. A 56, indicators de-
creased to normal, except for 15 heads. Researchers
(Rodriguez et al., 2022) in their studies report that ke-
tosis in the first week of lactation in cows is due to low
milk yields. In the second week of lactation, this trend
was not recorded. However, the model developed by re-
searchers is not perfect, has assumptions and is limited
by current research.

Researchers (Ayemele et al., 2021) determined that
the introduction of amino acids, vitamins, microele-
ments, and plant extracts into the diet of cows exposed
to oxidative stress showed promising results due to the
strengthening of immune functions and the repair of
damaged cells.

Studies by (Denis-Robichaud et al., 2022; Williamson
et al., 2022) confirm that the ketone body levels in the
range of 1.2 to 2.9 mmol/L are a signal of possible ex-
acerbation of ketosis and health risks during early lac-
tation. The critical point for the occurrence of subclin-
ical ketosis is the level of ketone bodies in the blood
greater than 1.2 mmol/l, and a critical level - greater
than 3.0 mmol/L usually indicates the development of
a clinical form.

ALT levels have increased by the end of the study.
This proves that ALT levels are associated with mani-
festations of ketosis in cows and can fluctuate during
treatment (Pinedo et al., 2021).

Researchers (Gross & Bruckmaier, 2019) deter-
mined that low albumin levels usually indicate liver
failure. Previous studies by researchers (Kozat & Yuksek,
2017) showed that ALT is insensitive to ketosis in cows.
However, in other studies (Du et al., 2017), liver apop-
tosis and high ALT levels were observed in dairy cows
with ketosis.

When investigating the biochemical parameters of
blood serum in cows with signs of ketosis, it was de-
termined that in animals the content of total protein,
globulins, and albumins fluctuated within the maxi-
mum permissible limits and even went beyond them
(Ha et al, 2022). In addition, (Puppel et al, 2019) ob-
served increased urea and urea nitrogen content, which
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decreased at the end of treatment. The aspartate ami-
notransferase (AST) enzyme is an indicator of liver and
muscle function (Ma et al.,, 2022). An increase in AST at
the beginning of treatment indicates a substantial load
on the liver, while ALT increased at the end of the study
(Theinert et al., 2022). A study by researchers (Giannuzzi
et al, 2021) determined that cows with ketosis have
increased levels of aspartate aminotransferase and
cholesterol.

The group of animals with ketosis included cows
with a body condition of more than three points, who
also had complications such as placental delay and me-
tritis. Studies (Garzén-Audor & Oliver-Espinosa, 2019)
have shown that the overall frequency of ketosis in
dairy cows is 26% of all animals examined.

Ca and P levels were determined to be associated
with ketosis and depend on the manifestation of the
disease (Pacifico et al., 2021). Blood magnesium levels
did not change substantially throughout the experi-
ment. The content of potassium, vitamins A and E in-
creased at the end of treatment. Therewith, the vitamin
D content decreased in all experimental cows, regard-
less of the severity of the metabolic adaptation of the
body. It is believed that a substantial amount of vita-
mins and minerals was involved in the restoration of
metabolism in the body of animals, and therefore their
level in the blood serum was not high.

CONCLUSIONS

It was determined that in cows in the group of deep
drying off on the corresponding diet, the content of ke-
tone bodies ranged from 0.2 to 1.0 mmol/L. After using
the probiotic, the average number of ketone bodies in
the group improved by 17.80%. The effectiveness of us-
ing premix in the drying off group was 100%.

In the distribution group, seven days after calving,
the level of ketone bodies in the blood of cows ranged
from 0.3 to 3.5 mmol/L, the incidence rate was 27%.
Two weeks after the probiotic was administered, the ke-
tone level was in the range of 2.4 to 0 mmol/L, which
is a 25.6% decrease compared to the start of the study.

The overall incidence rate in the post-calving dis-
tribution group was 27% out of 100%, and the thera-
peutic efficacy of probiotic use was 73%. 15 cows out of
54 needed additional treatment, 14 heads fully recov-
ered, and one animal had a relapse of the disease.

Studies of metabolic shifts in the body of cows
showed that the level of urea was high and went be-
yond the upper limit of the physiological norm. At the
beginning of the study, cows had an increased total
protein content of 8.30-11.04%, globulins - by 8.52-
11.00%, albumins - by 10.7-14.54%. At the end of the
experiment, the content of urea and urea nitrogen de-
creased by 2.60-0.82%. The level of AST in the blood
serum of cows at the beginning of the study was higher
by 6.68-10.63%. After seven days of probiotic use, ALT
increased by 10.04-29.96%. Ca, P, and vitamin D levels
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Anotauis. [JocnigkeHHs 4acToTVM NiABMLLEHHS KETOHOBMX Tifl Yy KOpiB y mepexigHui nepiog 3a Tpu TUXKHI A0
POAIB Ta TPU TUMXKHI MICNS OTENEHHS MAE BM3HAUYUTU CXMIbHICTb FONLUTUHCBKOT MOPOAM A0 KETO3Y. TakoX BaX/MBO
[OCNIAUTY B3AEMO3BA30K Y 3MiHi BiOXiMiYHMX NOKA3HMKIB KPOBI, PO3BMUTKY i JikyBaHHIO KETO3Y. MeTO J0CNIAKEHHS
6yno BM3HAUYUTU ePEKTMBHICTb 3aCTOCYBaHHA MpobIiOTMYHOro WTaMy GakTepi 3a CyOKNiHIYHOro KeTo3y y KOopiB
CYXOCTIMHOTO Mepioay Ta Nicns oTeneHHs. BuKOpUCTaHi MeToaM: TecT ANS BM3HAUYEHHS PiBHA (3-KETOHIB B KPOBI
KOpiB; 6iOXiMiYHMIA METOA, AOCNILKEHHS KPOBI; KNiHIYHMI METOA; CTAaTUCTUYHMI MeToA,. [JocnifAKeHHs KopiB B rpyni
CYXOCTOH MOKa3asno, Wo piBeHb 3-KeTOHIB KonmBaBcs B Mexax Big 0,2 1o 1,0 MMonb/n. EQeKTUBHICTb 3aCTOCYBaHHS
Bacillus Pumilus L. A 56 B kKoHueHTpauii 1x10°% KYO/r B go3i 30 r Ha TBapuHy nokasano 100 %. Mpu pocnigkeHHi
MeTaboniYHMX 3MiH B OpraHi3Mmi KopiB Micns OTeneHHs XBOPMX Ha KeTo3 BMICT 3aranbHoro 6inka, anbbyMmiHis
rnobyniHiB GepMeHTy acrnapTaTaMiHOTpaHCPepa3n Ta CEYOBMHM Ha MOYATKY LOCNIMKEHHS OyB MigBULLEHMIA i
BMXOOMB 33 MeXi MaKCMMasbHO LOMYCTUMUX MeX pedepeHTHOro piBHs. Yepes cim fib 3acTocyBaHHS NpobioTuky
BMICT KETOHOBMX TiNl Ta BiOXiMiYHi NMOKA3HWMKM 3HMXKYBABCS A0 HOpMU. [loBeAeHO, MO 3aBEPLUEHHIO AOCTIAKEHHS
30inbllyBanach aKTUMBHICTb anaHiHaMiHOTpaHcpepasn, 36inblwmnBcs piBeHb Kanito, BiTamiHiB A Ta E. TakuM unHOM
BCTAHOB/IEHO, WO depMeHT anaHiHaMiHOTpaHchepas3a € 04HMM 3 MeTaboniTiB, MiABULLEHHI PiBHS SKOr0 BKA3yeE Ha
HakonuyeHHs ninigis B neviHui. Kpim Toro, BMmicT Ca, P Ta BiTaMiHy D 3HM3MBCA NpOTAroM NiKyBaHHS, O BKA3YE Ha
3arpo3y BUHWKHEHHS rinokauMeMii. B rpyni KopiB po3ain nicns oTeneHHs 3aXBOPIOBAHICTb HA KeTo3 cknana 27 %.
TepaneBTMYHa ePEKTUBHICTb Bifl 3aCTOCYBaHHSA NP0BiOTMKY 35 I Ha TBAPMHY Y rpyni po3A4ii Nicas OTeneHHs CTaHOBWAA
73 %.TpakT1UHa LiHHICTb AOCNIAXKEHHS NONArae y NpodinakTuLi cybKniHiYHOro KeTo3y y KOpiB MMBOKOro CyXoCTo
Ta NicnNs OTEeNEeHHS, 3MEHLIEHHS BUTPAT NiKYBAHHA CYMYTHIX 3aXBOPOBAHb Ta BUOPAKyBaHHS TBapUH

KniouoBi cnoBa: KeTOHOBI Tina; NpobioTuk; MeTabonivyHi po3nasau; HeraTUBHUI eHEpPreTUUYHMIA BanaHc; akTUBHICTb
(dhepMeHTiB; BiTaMiHO-MiHepanbHUit 6anaHc
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Influence of various phosphoric concentrations on tissue...

it accumulates in the liver, and gills and decreases in the kidneys, while the concentration is maintained at a
relatively constant level in the blood serum of fish. An increase in the concentration of inorganic phosphorus
in the water environment significantly affects the processes of energy generation in the mitochondria of fish
livers. A change in the phosphorus content in the habitat of fish has a significant impact on tissue bioenergetic
processes, which is manifested in a change in the adenosine triphosphate content, and alkaline phosphatase
activity. Significant changes in these indicators are observed in the gills and kidneys. The research results can
be used for the formation of adaptive and compensatory regulatory mechanisms in the organism of hydrobionts
during their adaptation to certain conditions of cultivation and reproduction

Keywords: Cyprinus carpio; fish liver; gill; kidney; blood serum; bile

INTRODUCTION
All aquatic animals require minerals for their vital phys-
iological and biochemical functions and their normal
life processes. Regulation of phosphate is considered
more critical than that of calcium because fish must ef-
fectively absorb and conserve phosphate in both fresh-
water and seawater environments.

A study by (Costa et al, 2018; Boyd et al, 2020)
found that phosphorus is an essential nutrient in all
aquatic ecosystems. The solubility of inorganic phos-
phorus in water systems is regulated by the physical
and chemical characteristics of the water column. Zhao
et al. (2019), and Yang et al. (2021) believe that, un-
like terrestrial animals, which receive phosphorus com-
pounds mainly with food, hydrobionts can assimilate it
from the aquatic environment.

According to (Sugiura et al, 2018; Lei et al., 2021)
phosphorus is one of the components of nucleic acids
DNA (deoxyribonucleic acid) and RNA (ribonucleic acid)
and phosphoproteins ADP (adenosine diphosphate) and
ATP (adenosine triphosphate), therefore it is a neces-
sary element for the existence of biological systems.

Aietal. (2019),Zhao et al. (2021),and Yu et al. (2021),
note that phosphorus is an important component of the
endoskeleton of fish. More than a third of phosphorus
in the body is contained in phospholipids, cell mem-
branes and energy-rich compounds. Thus, phosphorus
plays an important role in carbohydrate, lipid and ni-
trogen metabolism, in the metabolism of muscle and
nerve tissues, as well as in various metabolic processes
involving buffers in body fluids.

The effect of increased levels of inorganic phos-
phorus in water on metabolic processes in the body of
fish was studied by (Jothy et al., 2019; Zhao et al., 2019;
Wang et al,, 2022). At the same time, special attention
was paid to the orientation of bioenergetic processes,
since phosphate, which is utilized from water and food,
can be a part of high-energy compounds that play an
important role in the life support of all living organ-
isms without exception.

According to the data obtained by (Solomatina
et al., 2018; Pouille et al., 2018; Saurette et al., 2019),
the lack of mineral phosphorus compounds is a limiting
factor for all hydrobionts. Phosphorus not only affects
bone mineralization but also metabolic processes in
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fish, such as nutrient digestion and lipid catabolism in
the liver. According to (Souders et al., 2018; Musharraf
et al., 2019; Wang et al.,, 2022), phosphorus is present
in water bodies in the form of insoluble mineral com-
pounds - tricalcium phosphate or as part of organic
compounds contained in plant and animal remains and
excrement of living organisms. Organic and inorganic
phosphorus compounds are mineralized and solubi-
lized by microorganisms (bacteria and fungi).

Huang et al. (2019), Svitelskyi et al. (2020), and
Zhang et al. (2022) established that the content of min-
eral phosphorus in the water environment ranges from
0.02 to 0.6 mg/L.Phosphorus mineral compounds reach
their maximum concentration in water in summer, as
their amount formed in the process of regeneration
of organic substances exceeds consumption by phyto-
plankton. The level of phosphates in reservoirs changes
significantly as a result of anthropogenic influence.

Fedonyuk et al. (2019),and Xu et al. (2021) note, es-
tablishing the optimal concentration of phosphorus in
the water is very important for the vital activity of fish.
The role of phosphorus in hydrobionts is determined
by the features of its entry into the body. Phosphorus
ions entering the body of fish from the environment are
found in large quantities in the places of penetration
and absorption - gills, mucous membrane of the mouth,
intestinal walls, and skin, but are also absorbed during
metabolic processes. It should be noted that (Lall, 2022)
experimental studies that reveal the peculiarities of the
use of phosphorus by fish were carried out using radio-
active and elemental phosphorus.

Areview of literature sources indicates a lack of in-
formation regarding the impact of inorganic phospho-
rus in the aquatic environment on its accumulation
in organs and tissues, as well as related changes in
tissue metabolism. Therefore, the goal of this research
was to establish the influence of different inorganic
phosphorus content in water on metabolic processes
in the body of fish.

MATERIALS AND METHODS

The research was conducted during the autumn pe-
riod of 2022 in the conditions of Limited Liability Com-
pany “Skvyraplemrybhosp” of Bilotserkiv district, Kyiv




region. The study analysed 50 specimens of two-year-
old carp (Cyprinus carpio L.) with an average weight of
255.0%9.7 g. The study of the effect of different concen-
trations of phosphorus in the aquatic environment on
Cyprinus carpio L. was carried out in the glandular tis-
sues of the gills, kidneys, liver,serum and bile after 1 and
7 days of exposure. Before the experiment, the caught
fish were kept in stationary containers with a volume
of 4 m3. Aquariums were filled with settled tap water
with the main mineral components’ concentration:
Na*-11.7; K*-6.4; Ca?*-50-100.0; Mg*-120.0 mg/L.
Determination of the ATP (adenosine triphos-
phate), ADP (adenosine diphosphate) and AMP (aden-
osine monophosphate) levels were carried out by thin
layer chromatography on Merck plates. The activity of
Na* K* Mg?*- adenosine triphosphatase and alkaline
phosphatase was judged by the increase of inorganic
phosphorus in the incubation medium, consisting of
adenosine triphosphatase - 0.025 M tris - HCl; 0.1 M
NaCl; 0.005 M MgCl,; 0.02 M KCl, 0.001 M ATP. Incu-
bation period - 1 hour. For alkaline phosphatase, the
incubation medium consisted of 2 ml of 1% Na-B-glyc-
erophosphate solution, 0.5 mlL 0.001 M MgCL,. Incuba-
tion period - 2 hours. Enzymatic activity was expressed
in pg phosphorus/mg protein/1 hour. Lipid and protein
phosphorus had been determined after their extraction
from tissues of homogenates with chloroform-ethanol
mixture and combustion in a mixture of sulfuric and
nitric acids, inorganic phosphorus, and total phospho-
rus according. To study the impact of phosphorus in the
aquatic habitat on some indicators of their intracellular
metabolism in osmoregulatory organs, subcellular par-
ticles were isolated, particularly mitochondria, where
the main biosynthetic and bioenergetic processes of
the cell took place. To obtain mitochondria, the tissue
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was homogenized in a homogenizer with a Teflon pes-
tle diluted with the environment at 1:7. Debris of the
cell and nucleus were precipitated at 3000 rpm/min -5
minutes. Isolation of mitochondria had been carried out
at 12-14 thousand rpm/min. After washing twice, the
mitochondria were diluted based on a ratio of 0.2 ml of
environment per original gram of tissue. Mitochondria,
isolated from fish liver, contained 36-40 mg of protein
per millilitre and 10-15 mg from gills.

During the experiment, microscopic research meth-
odsandthethin-layer chromatography method were used.
Study results were calculated as average * standard devi-
ation (SD). The obtained digital data were processed us-
ing standard methods of variational statistics and special
computer programs MS Excel and Statsoft Statistica 6.0.

The Ethical Committee approved the use of ani-
mals in this study of the Bila Tserkva National Agrarian
University on the treatment of animals in research and
the educational process (protocol No. 9 of October 1,
2020) following the Law of Ukraine “On the Protection
of Animals from Cruelty” (Law of Ukraine..., 2006) and
Directive 2010/63/EC of the European Parliament and
of the Council of 22 September 2010 on the protec-
tion of animals used for scientific purposes (Directive
2010/63/EU..., 2010).

RESULTS

The data received on the tissue content of total phos-
phorus confirms the conclusion about the great signif-
icance of the gills in their absorption from water. Thus,
the quantity of total phosphorus in the glandular tissue
of the fish’s gills, contained in a habitat with 0.3 and
0.6 mg/L of phosphorus, had increased sharply, espe-
cially after keeping them for 7 days in such an environ-
ment (Table 1).

Table 1. Influence of phosphorus various concentrations in aquatic habitat on the total phosphorus content in tissues
(% dry tissue) and liquids (mg %) of the carp body

Day of experiments

Phosphorus concentration in 1

water, mg/L 7
Mim Deviation from control, % Mzm Deviation from control, %
Liver
0.06 (conditional control) 1.16%0.17 1.43%0.07 -
0.3 0.85+0.06 -26.72 1.85+0.14* +29.37
0.6 1.420.21 +22.41 1.42%0.12 -
Gills
0.06 (conditional control) 3.36*0.24 3.36*0.24 -
0.3 3.32%0.27 +13.69 5.14%0.46* +52.38
0.6 2.84+0.09 -15.48 4.02%0.20* +19.14
Kidneys
0.06 (conditional control) 1.37%0.18 2.16%0.08 -
0.3 1.65+0.04 +20.44 1.32+0" -38.89
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Table 1, Continued

Day of experiments

Phosphorus concentration in 1 7
water, mg/L
Mim Deviation from control, % M£m Deviation from control, %
0.6 1.29+0.06 -5.84 0.86+0.02* -60.19
Blood serum

0.06 (conditional control) 18.50+1.81 - 19.00+1.08 -
0.3 22.25%2.35 +20.27 19.00+1.09* -
0.6 30.50+0.54" +64.86 20.00+1.45 +5.26

Bile

0.06 (conditional control) 16.00+1.09 - 10.50+1.09 -
0.3 32.50+1.27* +103.13 7.500.77* -28.57
0.6 13.001.09 -18.75 12.50+0.54 +19.05

Note: * reliable result
Source: compiled by the authors

With a duration increase of staying fish in water
with a lower phosphorus concentration (0.3 mg/L), more
phosphates are found in the gill tissue than when they
had been adapted to a higher concentration (0.6 mg/L).
It provides the reason to believe that with an excessive
increase of phosphorus level in the water to a certain
level (0.3 mg/L), the glandular apparatus of the gills
not only absorb but also removes phosphates in large
quantities from the body. Quite unexpectedly, the total
phosphorus level in the renal tissue was reduced at its
higher concentrations in the aquatic habitat. A particu-
larly significant drop in the total phosphorus level in the
fish’s kidneys was observed during their prolonged stay

in a high phosphate content environment. At the same
time, the quantity of total phosphorus in the fish’s blood
serum, kept in a habitat with its level increased to 0.3-
0.6 mg/L, increased in a short-term period. During long-
term (7 days) carp’s acclimation to such conditions, the
phosphorus level in the blood serum was close to the
control value. The mentioned changes in total phospho-
rus content in blood serum may be explained by the oc-
currence of such mechanisms in carp that make it possi-
ble to regulate this element quite effectively.An increase
of inorganic phosphorus content in the fish’ habitat to
0.3-0.6 mg/L also has caused certain changes in calcium
metabolism (Table 2).

Table 2. Influence of phosphorus in aquatic habitat on the calcium content in tissues (% dry tissue) and liquids (mg %)

of the fish’s body
Day of experiments
Phosphorus concentration in 1 7
water, mg
Mzm Deviation from control, % Mzm Deviation from control, %
Liver
0.06 (conditional control) 127.00£9.00 - 147.00£8.00 -
0.3 232.00+21.00* +82.68 119.00£11.00 -19.05
0.6 188.00+4.00" +48.03 71.00£5.00 -51.70
Gills
0.06 (conditional control) 1512.00£90.00 - 1098.00+40.00 -
0.3 831.00£77.00* -45.03 843.00+63.00 -23.22
0.6 1280.00£23.00 -15.34 1024.00£73.00 -6.73
Kidneys
0.06 (conditional control) 122.00£3.00 - 106.00£1.00 -
0.3 111.00£7.00 -9.02 87.00%6.00" -17.92
0.6 159.00+16.00 +30.33 109.00+1.00 +2.83
Blood serum
0.06 (conditional control) 29.40%2.70 - 25.40%+2.40 -
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Table 2, Continued

Day of experiments

Phosphorus concentration in 1

water, mg 7
Mzm Deviation from control, % MZm Deviation from control, %
0.3 27.90£2.10 -5.10 26.40£1.10 +3.94
0.6 32.90%+2.90 +11.90 18.50£1.30* -27.17
Bile
0.06 (conditional control) 42.00£2.10 - 136.00£1.40 -
0.3 100.00+4.00* +138.10 199.00+7.90* +44.20
0.6 78.80£7.90* +87.62 198.00+19.70* +43.48

Note: * reliable result
Source: compiled by the authors

Thus, in the liver tissue, the calcium content was
increased in one, decreased during the seven-day time
day, and decreased during the seven days of the fish
acclimation to the increased phosphorus levels envi-
ronment. The calcium content decrease in the fish’s gill
tissue was noted, which was more pronounced during
the fish’s acclimation to a relatively low phosphorus
content in water (0.3 mg/L). As for the blood serum,
the calcium concentration in it practically remained at
the control values level. The only exceptions are the
received data during a long-term (7 days) of carp’ keep-
ing in a 0.6 mg/L phosphorus habitat when the calcium
content in the blood serum was an average of 27.2%.

It should be noted, that there is not a clear de-
pendence of the calcium content in the fish’s kidneys
on the phosphorus present in their habitat. Thus, dur-
ing one fish acclimation in a habitat of 0.6 mg/L phos-
phorus, the calcium content in the renal tissue exceeds
the control level by more than 30.0%. With long-term

carp acclimation to a lower (0.3 mg/L) concentration of
phosphorus in water, the calcium content in the renal
tissue was reduced.

An analysis of received data shows that during the
seven days of carp acclimation to an enriched with in-
organic phosphorus environment, it accumulates in the
glandular tissues of the liver and gills, and a slight de-
crease in the kidneys. As for the blood serum, its level is
kept at a relatively constant level. The noted changes in
the total phosphorus content and calcium in a carp’s body
during its acclimation to the increased phosphorus con-
centration may be due to the activation of organ regula-
tion mechanisms, in particular,an excretory processes in-
crease. The intensity of the phosphorus excretion process
with excretion products depends on its concentration in
water and the fish’s residence time in such conditions.
Attention should be paid to the fact that quantitative-
ly more phosphorus and calcium are excreted from the
fish body with the faeces than in the urine (Table 3).

Table 3. Influence of phosphorus in aquatic habitat on the calcium and phosphorus excretion with fish excrement

(mg/kg of weight/day)
Day of experiments
Phosp]\orus concentration 1 7
in water, mg/L
Mzm Deviation from control, % Mzm Deviation from control, %
Daily urinary phosphorus excretion

0.06 (conditional control) 2.07%0.25 - 1.34%0 -
0.3 2.030.31 - 1.62%0.09* +20.90
0.6 1.19+0.23* -42.52 2.28%0.22" +70.15

Daily phosphorus excretion in faeces

0.06 (conditional control) 4.05+0.33 - 3.08+0.33 -
0.3 7.81+0.14" +92.84 2.85%0.32 -7.47
0.6 3.00£0.22* -25.93 0.56+0.06" -81.82

Daily urinary calcium excretion

0.06 (conditional control) 2.85*0.32 - 2.30%0.17 -
0.3 4.040.27* +47.75 2.39%0.09 +3.91
0.6 1.54+0.12* -45.96 2.23%0.26 -3.04
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Table 3, Continued

Day of experiments

Phosphorus concentration
. 1 7
in water, mg/L
Mzm Deviation from control, % Mzm Deviation from control, %
Daily calcium excretion in faeces

0.06 (conditional control) 6.89%0.21 - 7.09%0.37 -

0.3 9.33+0.16" +35.42 9.32+0.05* +31.45

0.6 8.20+0.20" +19.01 9.59+0.05* +35.26

Note: * reliable result
Source: compiled by the authors

Thus, the phosphorus excretion with urine in con-
trol fish, kept in a habitat with a 0.06 mg/L (conditional
control) phosphorus level was 1.34-2.07 mg/kg of body
weight/day, with faeces - 3.08-4.05 mg/kg day. With the
phosphorus concentration increase in the aquatic en-
vironment to 0.3 and 0.6 mg/L, its excretion naturally
increases mainly with urine, and this is especially re-
vealed during a long period of acclimation.

It should be noted that the higher the phosphorus
level in the water, the more it is excreted in the urine.
During seven days of fish acclimation in a phospho-
rus 0.3 mg/L habitat, its excretion in urine increased
by 20.9% and in 0.6 mg/L - by 70.15%. These results
again confirm that the kidneys play a significant role
in a fish’s phosphate metabolism. The correlation be-
tween urinary phosphorus excretion and its feed in-
take has been shown by (Dilelis et al., 2021). The phos-
phorus excretion dynamics through the fish’s digestive
system kept for a long time in an environment with an
increased phosphorus level (0.6 mg/L) was reduced.
In these experiments, the phosphorus excretion with
urine and with fish faeces was lower than the control
one during their short-term (1 day) acclimation and
similar environmental conditions. However, with the
same exposure, but keeping fish in a habitat with a
lower (0.3 mg/L) phosphorus concentration, its excre-
tion with the faeces increased sharply (by 92.8%). Thus,
the digestive system takes an active part in the elimina-
tion of the excess phosphorus, entering the fish’s body,
with a short fish kept in an environment with a relatively
low level of phosphorus (0.3 mg/L). It was also estab-
lished that by keeping fish for 1 day in a habitat with an
increased phosphorus level (0.3 mg/L), the total phos-
phorus content in bile sharply increases (by 103.13%).
With a longer (7 days) exposure of the experiment, the
excretion of phosphorus in the bile was not so high.

The fish’s acclimation to a habitat with an increased
phosphorus level increases calcium excretion (Table 3)
throughthedigestive system (by19.01-35.42%).Herewith,
calcium concentration in the bile of experimental fish, in-
creased by 43.48-138.10. It should be noted that the ex-
cretion of calcium in the urine changes to a lesser extent
infish keptinincreased water phosphorus concentrations.

A significant change in the daily calcium contents in
the urine was noted only in fish, and they acclimated for
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1 day to an increased phosphorus content in water. So, if
the phosphorus concentration in water equal to 0.3 mg/L
caused an increase in the daily calcium excretion with
carp urine by 47.75%, then keeping them in water with
0.6 mg/L of the element, its excretion was 45.96% lower
than in the control fish. Based on the received data, it can
be concluded that the increase in excess phosphorus ex-
cretion from the fish body, kept in water with its increased
level of 0.3-0.6 mg/L, is accompanied by significant cal-
cium losses, especially through the digestive system.

Features’ research of phosphorus metabolism in
the fish’ glandular organs, involved in osmoregulation
(liver, kidneys, gills) has revealed several regularities
not only in the total phosphorus distribution but also
in the adenyl nucleotide exchange. At the same time,
changes in the high-energy phosphorus compounds
level in the fish’ glandular tissues, exposed to high
(0.3-0.6 mg/L) phosphorus concentrations in water, are
especially noticeable. Thus, the ATP content in the kid-
neys was reduced by 39-56%, when the fish were kept
in a habitat with 0.3 mg/L of inorganic phosphorus, and
the liver, by 29-42.0% at both element concentrations.
A significant ATP value decrease in the gill tissue oc-
curred by the end of the 7th day keeping fish in water
with a total phosphorus concentration of 0.3 mg/L, and
with an increase in its level to 0.6 mg/L - on the first day.

The influence of inorganic phosphorus increased
level on adenylates in experimental fish is expressed
by a large ATP concentration decrease without a sig-
nificant ADP and AMP increase, which leads to their
decrease. In contrast, the content of these (ADP, AMP)
adenyl system components has been reduced in fish
tissues, exposed to increased phosphorus levels in the
water. Thus, the content of ADP decreases to the great-
est extent in the carp’s gill tissue, which has been kept
in the habitat with both 0.3 and 0.6 mg/L of inorganic
phosphorus in water (by 26.9-69.5%). At the same time,
in the fish’'s kidneys and liver, a significant decrease in
the ADP level has been noted only when a habitat is
exposed to 0.6 mg/L of phosphorus. As for AMP in the
researched tissues, it did not differ from the control
level during fish acclimation to a lower phosphorus
concentration in water (0.3 mg/L). However, with the
phosphorus concentration increase in the aquatic hab-
itat to 0.6 mg/L, the AMP level decreases only in the
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carp’s kidneys. In the gills and liver, the AMP level was changes develop in the glandular fish organs’ ex-
significantly higher than the initial one. change of the high-energy organophosphate com-

Based on the research results, it can be concluded pounds. This conclusion is confirmed by the energy
that during the fish’ acclimation to the increased charge calculations of the experimental fish tissue
level of phosphorus in the aquatic habitat, significant  adenylate system (Table 4).

Table 4. Influence of increased phosphorus level in water on the content of adenine nucleotides in carp tissues
(uM adenine/g dry tissue)

Day of experiment

Phosphorus
concentration Indicators Control 1 7
in water, mg/L Deviation from control, % Deviation from control, %
Liver
0.3 ATP 7.390.47 4.28+0.71* -42.08 5.200.36" -29.63
0.6 5.68+0.61 3.92%0.25" -30.99 3.37%0.40" -40.67
0.3 ADP 2.930.35 3.16%0.35 +7.85 2.86%0.28 -
0.6 4.50%0.33 2.700.35* -40.00 3.28%0.27* -27.11
0.3 AMP 2.27%0.23 2.09+0.20 -7.93 1.31+0.14* -42.29
0.6 2.93%0.10 1.63+0.15" -44.37 3.60%0.31* +22.87
0.3 AN sum 12.52+1.28  9.74*0.87* -22.20 9.27+0.52* -25.96
0.6 13.01+0.81  8.37*0.51" -35.66 10.32+0.95* -20.68
0.3 AEC 0.70+0.03 0.60+0.02* -14.29 0.72+0.02 +2.85
0.6 0.59+0.01 0.64+0.02* +25.42 0.49+0.012* -16.95
Gills
0.3 ATP 9.43+1.40  10.12%0.44 +7.30 3.59+0.23" -61.93
0.6 10.84+0.35  5.970.69" -44.92 7.500.87* -30.81
0.3 ADP 7.18+1.12 3.58+0.18" -50.14 2.19+0.32* -69.90
0.6 9.43%0.50 5.28%0.44" -44.01 6.890.27* -26.94
0.3 AMP 2.07+0.22 2.32%0.12 +12.08 1.91+0.32 -7.73
0.6 2.07+0.22 2.400.14 +5.94 2.47+0.24" +43.48
0.3 AN sum 18.70¢1.69  12.01*0.69" -35.78 7.850.23* -58.02
0.6 22.68+042 17.67%0.25* -22.09 17.36%1.15* -23.46
0.3 AEC 0.69+0.01 0.66%0.03 -4.35 0.60+0.03* -13.04
0.6 0.69+0.01  0.70%0.012 +1.45 0.63+0.02* -8.70
Kidneys

0.3 ATP 11.00+0.64  6.70+0.45" -39.00 4.84%0.26" -56.00
0.6 8.80%0.63 8.97+0.62 +1.93 7.61%0.90 -13.52
0.3 ADP 3.42%0.71 3.52%0.56 +2.92 2.96%0.26 -13.45
0.6 6.060.42 4.37+0.28" -27.89 5.28%0.22 -12.87
0.3 AMP 2.78+0.35 2.84%0.34 - 3.43%0.26 +23.40
0.6 4.38+0.35 2.500.28" -42.92 3.35£0.17* -24.07
0.3 AN sum 17.29+1.07 13.12#0.51" -24.12 11.35%0.52* -34.36
0.6 18.31%0.56  15.45%0.85 -15.62 16.30%0.97 -10.97
0.3 AEC 0.74+0.02 0.65+0.02* -12.16 0.56+0.02* -24.32
0.6 0.67+0.02 0.72+0.04 +7.46 0.62+0.02 -7.46

Note: AN sum - the sum of adenyl nucleotides; AEC - adenylate energy charge.* - the reliable result
Source: compiled by the authors
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Thus, the adenylate system energy charge in the
kidneys of carp, which acclimated to a phosphorus con-
centration of 0.6 mg/L in water, has been maintained at
the level of control fish. In the liver of these fish, with
a short-term experiment exposure, the adenylate energy
charge has been for 25.4% higher than the control level,
while simultaneously, the AMP content in it decreased.
During a seven-day carp’ acclimation period to a

containing phosphorus 0.6 mg/L habitat, the adenylate
energy charge in the carp’s liver and gills was reduced.

Dynamics change comparison in the content of
adenyl nucleotides and inorganic phosphorus in the
fish’ tissues acclimated in a habitat with an increased
phosphorus level (Table 5) gives reason to assume the
activation of glycolytic processes and oppression of tis-
sue respiration.

Table 5. Influence of increased phosphorus level in water on the phosphorus compounds content in the fish tissues
(mg% dry tissue)

Day of experiments

Phosphorus concentration 1 7
in water, mg/L . .
Mem > ontrol % Mém ontrol %
Liver
Inorganic phosphorus
0.06 527.80+11.66 - 446.92+45.302 -
0.3 394.15+14.88" -25.30 506.10%36.62 +13.20
0.6 536.59+1.20 +1.70 698.38+18.84" +35.00
Protein phosphorus
0.06 248.88+12.11 - 132.70+4.74 -
0.3 347.32%11.22% +39.60 344.27%13.15* +159.40
0.6 366.67%3.70" +47.30 299.52%4.80" +125.70
Lipid phosphorus
0.06 139.01+13.00 - 88.63+3.82 -
0.3 303.41+11.22" +118.30 188.73+27.70* +112.90
0.6 271.76*15.74* +95.50 234.30+25.12* +164.40
Gills
Inorganic phosphorus
0.06 689.08%+74.14 - 559.22#25.29 -
0.3 629.31%4.37 -8.70 640.91+90.26 +14.60
0.6 976.70+41.50* +41.70 571.52+88.48 +2.20
Protein phosphorus
0.06 360.34+20.11 - 231.62*16.76 -
0.3 451.15%27.01" +25.20 504.55%22.72* +117.80
0.6 545.89+26.03" +51.50 377.58+27.27* +63.00
Lipid phosphorus

0.06 155.17+8.04 - 118.72%7.26 -
0.3 190.80%16.67 +23.00 137.95%8.44 +16.20
0.6 237.67%14.38* +53.20 113.33%7.88 -4.50

Note: * reliable result
Source: compiled by the authors
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Switching energy metabolism in the fish’s body,
exposed to an increased phosphorus content in the
aquatic habitat to the glycolytic path, leads to less fat
usage for energy purposes, which the lipid phosphorus
content has confirmed.

It was established that the lipid phosphorus level
significantly increases in the carp’s liver, acclimated to
the content of phosphorus in water equal to 0.3 and
0.6 mg/L.The lipid phosphorus content in experimental
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Figure 1. The activity of Na* K* Mg*-ATP-ase (ug P/mg protein/1 hour) (a) and alkaline phosphatase (b) in carp’s tissues
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fish’s gills was increased only with a short-term (1 day)
keeping fish in a habitat with 0.6 mg/L of phosphorus.
The lipid phosphorus noted an increase in fish tissues,
kept in an increased level of the element environment,
which can occur due to its fast integration into organic
compounds Huser et al. (2021).

An inorganic phosphorus increase in water has affected
the activity of Na*, and K*, activated by Mg* - dependent
adenosine triphosphatase of the studied fish organs (Fig. 1).
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Herewith, the reactions of different tissues to the
phosphates action are not the same. So, if the adeno-
sine triphosphatase activity was reduced in the fish’s
gills and kidneys when they were kept in water with
0.3 mg/L of inorganic phosphorus, but in the liver,
vice versa, it was much higher. At a higher inorganic
phosphorus concentration (0.6 mg/L), the gills and kid-
neys’ ATP-ase activity stayed as that at the control fish
level and sharply decreased in the liver. The changes
in adenosine triphosphatase activity may indicate the
phosphates’ transport decreases through the fish’ gills
at a sufficiently high content of it in the aquatic habitat.
It consists of the value data of total phosphorus and
phosphorus ATP in the tissues (Table 1, 4).

Under conditions of a significant phosphorus con-
tent increase in water, the tissue activity of alkaline
phosphatase also changes (Fig. 1). Hence, in the gills’
glandular tissue, the activity of the enzyme changed
significantly only by the end of the seven-day exper-
iment at both studied phosphorus concentrations in
water. The alkaline phosphatase activity did not change
in the liver during the fish was kept in a habitat with
0.3 mg/L of phosphorus. With an increase of inorgan-
ic phosphorus concentration in water up to 0.6 mg/L,
the highest enzymatic activity (almost twice the control
one) of glandular tissues was observed on the first day
of keeping fish in such habitat. With an increase in time
acclimation, the activity of alkaline phosphatase in the
liver has continued to remain high. The most noticeable
changes in the activity of alkaline phosphatase were
registered in the renal tissue. The enzyme activity was
significantly increased in the renal tissue at 0.3 and
0.6 mg/L of inorganic phosphorus in the water.

The enzymatic activity of the liver, kidneys, and gill
tissues shows that its regular increase is observed only in
the kidneys while keeping fish in an environment with 0.3
and 0.6 mg/L of phosphorus. In other organs, phosphatase

activity increases only on particular days. An increase in
alkaline phosphatase tissue activity in the kidneys may be
related to eliminating excess phosphates from the fish’s
body, kept in a habitat with its high content (Table 3).

Thus, the research showed that with a phosphorus
concentration increase in the aquatic habitat up to 0.3-
0.6 mg/L, it accumulated in the liver and gills, and de-
creased in the kidneys, while in the fish’s blood serum,
its concentration was maintained. at a relatively con-
stant level. A greater extent causes the accumulation of
phosphates in fish tissues due to organic compounds,
including lipid and protein fractions. In the excretion
from the body phosphates, along with the kidneys, the
liver plays a significant role, as evidenced by the in-
creased calcium and phosphorus excretion with the
fish’s bile during their acclimation to an increased
phosphorus level in the water. The phosphorus con-
tent change in the fish habitat significantly influences
the tissue bioenergetics processes, which shows as the
change in ATP content, the activity of ATP-ase and alka-
line phosphatase. The most profound changes in these
indicators have been noticed in the gills - that is the
responsible organ for the intake and excretion of phos-
phates from the body, as well as in the kidneys, which
provide a high rate of phosphates excretion.

As illustrated above, a phosphorus content change
in the fish habitat has a significant influence on its tis-
sue accumulation, as well as the high-energy phospho-
rus compounds supply, which has an extremely impor-
tant role in bioenergetics processes. Following these
data, there are also the results of the cellular processes
research in the glandular organs of fish, acclimated to
an increased inorganic phosphorus level in the water.
At the same time, the total phosphorus content in the
carp’s mitochondria was in a certain dependent on this
element amount in water and the time of its influence
on the fish organism (Table 6).

Table 6. Influence of increased phosphorus level, in the aquatic habitat, on the total and inorganic phosphorus content
in the mitochondria of carp’gills and liver (ug/mg protein)

Phosphorus concentrations in water (mg/L)

Indicators Day of 0.06 (control) 0.3 0.6
experiment . .
Deviation from Deviation from
control, % control, %
Gills
Total phosphorus 1 6.22%+0.62 5.78%*1.27 -71 5.30%0.73 -174
Inorganic * -
phosphorus 0.52+0.06 0.65%0.08 +25.0 0.35%0.03 32.69
Total phosphorus 7 5.50+0.38 7.63*0.50" +38.7 2.71+0.28* -50.7
Inorganic * ; * ;
phosphorus 0.93%0.07 0.36%0.04 61.29 0.33%0.07 64.52
Liver
Total phosphorus 1 5.42+0.69 3.78+0.26" -31.7 3.70+0.36* -31.7
Inorganic 0.55£0.05 0.64£0.05 +16.36 0.39£0.03* -29.09
phosphorus
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Table 6, Continued

Phosphorus concentrations in water (mg/L)

Indicators DaY of 0.06 (control) 0.3 0.6
experiment .. P
Deviation from Deviation from
control, % control, %
Total phosphorus 7 6.98+0.91 5.91+0.37 -15.3 4.12%0.16" -41.0
Inorganic * *
phosphorus 0.52%0.06 0.19+0.02 -63.46 0.29+0.01 -44.23

Note: * - reliable result
Source: compiled by the authors

Thus, in the mitochondria of the fish’s gills glan-
dular apparatus, when they were kept for 3 days in a
phosphorus habitat with 0.3 mg/L, the total phospho-
rus content remained unchanged and only by the end of
the seventh day it has been slightly exceeded the con-
trol value. With the inorganic phosphorus level increase
in water to 0.6 mg/L, the total phosphorus concentra-
tion in the mitochondria of the gills has decreased more
than two times, which was especially clearly shown on
the 7" acclimation day.

Although phosphorus content increases in the fish
habitat, mitochondrial accumulation of phosphates has
not been observed. Nevertheless, in the mitochondria
of the liver and gills’ glandular cells, significant chang-
es in the energy metabolism indicators were registered,
particularly in the exchange of adenyl nucleotides and
the activity of Na*, K*, and Mg**-ATP-ase.

Thus, the amount of ATP (Table 7) in the glandular
cells’ mitochondria of the carp’s gill apparatus, during its
daily acclimation to 0.3 mg/L of phosphorus, was sharply
increased in the aquatic habitat. Further, fish acclimation
to the increased inorganic phosphorus concentrations in
the aquatichabitat wasaccompanied bysignificantenergy
consumption necessary to support homeostatic balance
in their body. At the same time, the high fish’requirement
for metabolic energy has been provided by the reserves of
ATP.This is confirmed by its content decrease in the glan-
dular organs’ mitochondria, especially during prolonged
(7 days) acclimation to an environment with 0.6 mg/L of
phosphorus, with a simultaneous increase of the ATP-
ase activity in these cellular structures. This direction
of the mitochondria’ bioenergetic processes in the fish’s
liver and gills ensures the adaptive capacities of their
body to a sharp phosphorus content increase in water.

Table 7. Influence of increased phosphorus level in the aquatic habitat on the exchange of adenine nucleotides in the
fish’ mitochondria tissues (UM adenine/100 mg protein)

Phosphorus concentrations in water (mg/L)

Indicators eeral}i, :; nt 0.06 (control) 0.3 . 0.6 :
% concerning % concerning
control control
Gills
ATP 1 2.90£0.18 5.400.65 +86.21 2.60£0.20° 10.34
ADP 2.60£0.21 2.70%0.23* +3.85 1.30£0.20 -50.0
AMP 0.80£0.02 1.30£0.23 +62.5 2.50£0.12 2125
The adenylates’ 6.20%0.50 9.40£0,63 +51.61 6.40+0.69" 323
AEC 0.66£0.015 0.71#0.031* +75 0.50£01.006 24.24
ATP 7 2.50£0.09 3.50£0.21 +40.0 1.08£0.18 56,8
ADP 1.000.11 2.50£0.23 +150.0 2.67£0.033 +1670
AMP 0.80£0.01 1.30£0.12 +62.5 1.04£0.079 +30.0
The adenylates' 430£0.11 7.45£0.33 +73.26 4.80£0.29° +11.62
amount
AEC 0.70£0.011 0.65£0.002 714 0.50£0.015 2857
Liver
ATP 1 1.50£0.017 1.300.08* 13.33 1.50£0.12* .
ADP 1.10£0.15 2.50£0.18 +127.27 1.50£0.12 +36.36
AMP 0.90£0.09 1.600.11 +77.78 2.06£0.20 +128.89
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Table 7, Continued

Phosphorus concentrations in water (mg/L)

. Day of 0.3 0.6
Indicators experiment 0.06 (control) - -
% concerning % concerning
control control
The adenylates’ 3.700.36 5.40£0.25 +45.95 5.100.29 +37.84
amount
AEC 0.56£0.019 0.480.036 -14.29 0.46+0.016 -17.86
ATP 7 1.70+0.08 2.200.06 +29.41 1.17+0.013 -31.18
ADP 0.800.10 1.600.16 +100.0 1.17+0.043 +46.25
AMP 0.60£0.04 1.20£0.10 +100.0 1.13+0.031 +88.33
The adenylates’ 3.1240.09 5.0240.31 +60.0 3.44%0.037" +10.26
amount
AEC 0.70£0.009 0.60£0.019 -14.29 0.51£0.003 2714

Note: * AEC - adenylate energy charge; * - the reliable result

Source: compiled by the authors

Analysis of other adenyl system components shows
that the level of ADP, and AMP is influenced by an in-
creased phosphorus content in the aquatic habitat, the
adenyl nucleotide amount has been increased. It should
be mentioned that more pronounced changes in these
indicators were noted during acclimation in a habitat
containing phosphorus of 0.6 mg/L.The energy charge of
the adenylate system, which characterizes the metabol-
ically available energy presence in the carp’s mitochon-
dria of the glandular tissues, exposed to an increased
phosphorus level in the water, has been kept at a level
lower than the control level (by 7.5-31.18%). Such a de-
crease in the adenylate charge level contributes to the
activation of various energy generation mechanisms,
as a result, the ATP content in the mitochondria of the
carp’ gills and liver, while they were kept in a habitat
with a lower (0.3 mg/L) phosphorus concentration in
water, or with a short (1 day) phosphorus exposure to
0.6 mg/L, is maintained at a close to the control level.

Thus, the change in phosphorus content in the hab-
itat of fish significantly affects its tissue accumulation,
as well as the content of macroregion phosphorus com-
pounds, which ensure the high intensity of phosphate
excretion. Wang et al.,, (2022) found that about half of
the absorbed phosphorus is retained in the fish liver. A
similar pattern is revealed in the fish’s phosphate con-
tent indicators in their liver tissue during their accli-
mation to these inorganic phosphorus concentrations.
However, it should be noted that the opinion of re-
searchers regarding the dependence between the ab-
sorption of phosphorus from the aquatic habitat and
its level in it is somewhat contradictory. Thus, (Dilelis
et al, 2021; Hrynevych et al, 2022) had been shown
that with phosphorus concentration increases in the
aquatic environment, its accumulation by fish also in-
creases. At the same time, a high number of phospho-
rus can adversely influence the branchial membranes,
thereby reducing the actual absorption and phosphorus
transport (Villeger et al, 2017). The unequal influence
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of the different phosphorus concentrations that come
with feed on the processes of its absorption was also
shown by the works of (Costa et al., 2018; Knopfel et al.,
2019; Gao et al., 2023).

The renal system plays a fundamental role in the
phosphates’ excretion from the fish organism (Wang
et al, 2021).The data has also confirmed the high phos-
phorus lability content in the fish’s kidney tissue, during
theiracclimationtoitsincreased concentrationsin water.

The deviations found in the exchange of calcium in
the carp’s body acclimated to an increased phosphorus
content in the aquatic habitat, show the interrelation of
tissue metabolism in these elements in terrestrial and
aquatic animals. In experiments on birds, an increased
calcium content in the serum of chickens who get a low
phosphorus content feed was observed (Fedoniuk et al.,
2019). With an increase in the content of phosphorus in
the diet of poultry, changes in the content of calcium
in the blood became less noticeable. A negative linear
relationship between the amount of phosphorus ab-
sorbed by carp and the calcium content of the feed has
been shown (Huser et al,, 2021; Lall, 2022). According
to other data, the level of calcium in the blood of carp
did not depend on the amount of phosphorus in the
food (Saurette et al.,, 2019). Musharraf et al. (2019) have
observed the violation of tissue calcium metabolism
with enhanced carp phosphorus excretion, fed with a
phosphorus diet enriched.

The data received does not align with the previously
obtained results of a study by Pouil et al. (2018), which
showed that the phosphorus excretion from the fish’s
body happened mainly through the kidneys, gills and,
to a lesser extent, with faeces. However, in the research
(Fedonyuk et al,, 2019; He et al., 2022), the digestive sys-
tem, under normal keeping fish conditions, is assigned a
significant role in phosphorus elimination from the body.

The confirmation of the glycolytic processes’ acti-
vation and inhibition of such fish tissue respiration re-
actions are established by Wang et al. (2022) decreased




activity of respiratory enzymes, glycogen level and ac-
cumulation of glycolysis products in the liver and gills.

Other researchers (Solomatina et al.,, 2018; Sugiura
et al, 2018; Huang et al,, 2019), showed that signifi-
cant phosphorus reserves in aquatic organisms can be
found in the form of lipid and protein compounds in the
hepatopancreas. This is confirmed by the protein phos-
phorus amount significant (by 25.2-159.4%) increase in
the liver and gills of fish, kept in an inorganic phospho-
rus high-level environment.

The researchers (Romanchuk et al., 2018; Pinkina
et al, 2019; Solomatina et al, 2019), also found that
the mitochondrial content of inorganic phosphorus and
total phosphorus was reduced in fish kept in water with
elevated levels. This happens in contrast to calcium, the
accumulation of which increased sharply in the mito-
chondria of the liver and especially in the gill apparatus
with the increase of this element in the habitat. Re-
searchers (Ai et al., 2019; Wang et al., 2022) found phos-
phorus in the aquatic habitat reduces the adsorption
and transport of ions, negatively affecting the mem-
branes of gill cells. This can explain the decrease in the
accumulation of phosphates in the mitochondria of the
glandular organs of the liver, especially the gills, during
the maintenance of carp in a high-phosphate environ-
ment with a high level of phosphates.

Comparison of the tissue and cellular changes in
the liver and glandular gills apparatus content of cal-
cium and phosphorus, during the fish acclimation to
an increased level of this element in water, reveals the
unequal mitochondria participation in ensuring the
adaptive organism’s reactions to the ionic effects of the
aquatic habitat. If, after an increased calcium intake into
the fish’s body from the aquatic habitat, it increases in
the mitochondria of the glandular cells, then during the
fish acclimation to a high phosphorus content, and vice
versa, its mitochondrial content decreases. Therefore, it
can be concluded that, if mitochondria play a signifi-
cant role in the fish calcium metabolism, cytoplasmic
structures are more important in phosphate metabo-
lism. This proposal corresponds with the data received
on the cytosol and mitochondria of the warm-blooded
animals’ hepatocytes when their body is loaded with in-
organic phosphorus (Sun et al., 2018; Wang et al., 2021).
Thus, after a 20-minute hepatocytes incubation with
620 mg of inorganic phosphorus, its content in isolated
mitochondria has not changed, but it increased almost
2 times in the cytosol.

The above-noted deviations in the energy supply for
the fish’acclimation process to an increased phosphorus
level in the aquatic habitat happened due to the signifi-
cant deviations in the links of mitochondrial respiration.
Caused by swelling of mitochondria and uncoupling of
oxidative phosphorylation Souders et al. (2018).

Described orientation of metabolic processes pro-
vides adaptive capabilities of the fish organism to a
sharp increase in the phosphate content in the water.

Hrynevych et al.

Thanks to this, Cyprinus carpio L. fish can tolerate high
levels of phosphorus fluctuations in the aquatic envi-
ronment.

CONCLUSIONS

As a result of the study, it was established, that with a
duration increase of staying fish in water with a lower
phosphorus concentration (0.3 mg/L), more phosphates
are found in the gill tissue than when they had been
adapted to a higher concentration (0.6 mg/L).

A particularly significant drop in the total phospho-
rus level in the fish’s kidneys was observed during their
prolonged stay in a high phosphate content environment.
At the same time, the quantity of total phosphorus in
the fish’s blood serum, kept in a habitat with its level in-
creased to 0.3-0.6 mg/L, increased in a short-term period.

The calcium content decrease in the fish’s gill tis-
sue was noted, which was more pronounced during the
fish’s acclimation to a relatively low phosphorus con-
tent in water (0.3 mg/L). As for the blood serum, the
calcium concentration in it practically remained at the
control values level. With long-term carp acclimation to
a lower (0.3 mg/L) concentration of phosphorus in wa-
ter, the calcium content in the renal tissue was reduced.

It was also established that by keeping fish for 1
day in a habitat with an increased phosphorus level
(0.3 mg/L), the total phosphorus content in bile sharply
increases (by 103.13%). The influence of inorganic phos-
phorus increased level on adenylates in experimental
fish is expressed by a large ATP concentration decrease
without a significant ADP and AMP increase, which leads
to their amount decrease. In contrast, the content of
these (ADP, AMP) adenyl system components has been
reduced in fish tissues, exposed to increased phosphorus
levels in the water. Thus, the content of ADP decreases
to the greatest extent in the carp’s gill tissue, which has
been kept in the habitat with both 0.3 and 0.6 mg/L of
inorganic phosphorus in water (by 26.9-69.5%).

Switching energy metabolism in the fish’s body,
exposed to an increased phosphorus content in the
aquatic habitat to the glycolytic path, leads to less fat
use for energy purposes, which the lipid phosphorus
content has confirmed. In the mitochondria of the liver
and gills’ glandular cells, significant changes in the en-
ergy metabolism indicators were registered, particularly
in the exchange of adenyl nucleotides and the activity
of Na*, K*, and Mg?*-ATP-ase. The perspective of further
research is the influence of different concentrations of
phosphorus in the aquatic environment on the tissue
and intracellular metabolism of predatory fish species.

ACKNOWLEDGEMENTS

Bila Tserkva National Agrarian University, represented
by the rector, Professor Shust O.A.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

Scientific Horizons, 2023, Vol. 26, No. 5

33



34

Influence of various phosphoric concentrations on tissue...

REFERENCES

[1] Ai, F.,Wang, L., Li,J., & Xu, Q. (2019). Effects of a-ketoglutarate (AKG) supplementation in low phosphorous
diets on the growth, phosphorus metabolism and skeletal development of juvenile mirror carp (Cyprinus
carpio). Aquaculture, 507, 393-401. doi: 10.1016/j.aguaculture.2019.03.047.

[2] Boyd,C.E.,DAbramo, L.R., Glencross, B.D.,Huyben, D.C.,Juarez, L.M., Lockwood, G.S., McNevin,A.A., Tacon,A.G.).,
Teletchea, F., Tomasso, J.R., Jr, Tucker, C.S., & Valenti, W.C. (2020). Achieving sustainable aquaculture: Historical
and current perspectives and future needs and challenges. Journal of the World Aquaculture Society, 51(3), 578-
633.doi: 10.1111/jwas.12714.

[3] Costa, J.M,, Sartori, M.M.P.,, Nascimento, N.F.D., Kadri, S.M., Ribolla, PE.M., Pinhal, D., & Pezzato, L.E. (2018).
Inadequate dietary phosphorus levels cause skeletal anomalies and alter osteocalcin gene expression in
zebrafish. International Journal of Molecular Sciences, 19, article number 364. doi: 10.3390/ijms19020364.

[4] Dilelis, F., Freitas, LW., Quaresma, D.V,, Reis, T.L., Souza, C.S., & Lima, CA.R. (2021). Determination of true
ileal digestibility of phosphorus of fish meal in broiler diets. Animal Feed Science and Technology, 272, article
number 114742.doi: 10.1016/j.anifeedsci.2020.114742.

[5] Directive 2010/63/EU of the European Parliament and of the Council of 22 September 2010 on the protection
of animals used for scientific purposes.(2010).Retrieved from https://eur-lex.europa.eu/LexUriServ/LexUriServ.
do?uri=0J:L.:2010:276:0033:0079:En:PDF.

[6] Fedoniuk, T.P,, Fedoniuk, R.H., Romanchuk, L.D., Petruk, A.A., & Pazych, V.M. (2019). The influence of landscape
structure on the quality index of surface waters. Journal of Water and Land Development, 43(1), 56-63.
doi: 10.2478/jwld-2019-0063.

[7]1 Fedonyuk, T.P., Fedoniuk, R.H., Zymaroieva, A.A., Pazych, V.M., & Aristarkhova, E.O. (2019). Phytocenological
approach in biomonitoring of the state of aquatic ecosystems in Ukrainian Polesie. Journal of Water and Land
Development, 44(I-111), 65-74. doi: 10.24425/JWLD.2019.127047.

[8] Gao,S.,Sun, P, Ren, H., Chen,J., Shen, Y., Wang, Z., Huang, Y., & Chen, W. (2023). Effects of dietary phosphorus
deficiency on the growth performance, hepatic lipid metabolism, and antioxidant capacity of Yellow River Carp
Cyprinus carpio haematopterus. Journal of Aquatic Animal Health, 35(1), 41-49. doi: 10.1002/aah.10177.

[9] He, Y., Song, Z., Dong, X., Zheng, Q., Peng, X., & Jia, X. (2022). Candida tropicalis prompted effectively
simultaneous removal of carbon, nitrogen and phosphorus in activated sludge reactor: Microbial community
succession and functional characteristics. Bioresource Technology, 348, article number 126820. doi: 10.1016/].
biortech.2022.126820.

[10] Hrynevych, N., Svitelskyi, M., Solomatina, V., Ishchuk, O., Matkovska, S., Sliusarenko, A., Khomiak, O.,
Trofymchuk, A., Pukalo, P.,, & Zharchynska, V. (2022). Acclimatization of fish to the higher calcium levels in the
water environment. Potravinarstvo Slovak Journal of Food Sciences, 16,101-113. doi: 10.5219/1732.

[11] Huang, C-L., Gao, B., Xu, S., Huang, Y., Yan, X., & Cui, S. (2019). Changing phosphorus metabolism of a global
aquaculture city. Journal of Cleaner Production, 225,1118-1133.doi: 10.1016/j.jclepro.2019.03.298.

[12] Huser, BJ., Bajer, P.G., Kittelson, S., Christenson, S., & Menken, K. (2021). Changes to water quality and sediment
phosphorus forms in a shallow, eutrophic lake after removal of common carp (Cyprinus carpio). Inland Waters,
12(1), 33-46.doi: 10.1080/20442041.2020.1850096.

[13] Knopfel, T., Himmerkus, N., Glinzel, D., Bleich, M., Hernando, N., & Wagner, C.A. (2019). Paracellular transport of
phosphate along the intestine. American Journal of Physiology-Gastrointestinal and Liver Physiology, 317, 233-
241.doi: 10.1152/ajpgi.00032.2019.

[14] Lall, S.P.(2022). The minerals. In Fish Nutrition (469-554). Cambridge: Academic Press.

[15] Law of Ukraine No. 27 “On the Protection of Animals from Cruelty”. (2006, February). Retrieved from
https://zakon.rada.gov.ua/laws/show/3447-15#Text.

[16] Lei, Y., Sun,Y.,Wang, X., Lin,Z., Bu, X.,Wang, N., Du, Z., Qin,J., & Chen, L. (2021). Effect of dietary phosphorus on
growth performance, body composition, antioxidant activities and lipid metabolism of juvenile Chinese mitten
crab (Eriocheir sinensis). Aquaculture, 531, article number 735856. doi: 10.1016/j.aquaculture.2020.735856.

[17] Musharraf, M., & Khan, M.A. (2019). Dietary phosphorus requirement of fingerling Indian major carp, Labeo
rohita (Hamilton). Journal of the World Aquaculture Society, 50,469-484. doi: 10.1111/jwas.12521.

[18] Pinkina, T., Zymaroieva, A., Matkovska, S., Svitelskyi, M., Ishchuk, O., & Fediuchka, M. (2019). Trophic
characteristics of Lymnaea stagnalis (Mollusca: Gastropoda: Lymnaeidae) in toxic environment. Ekologia, 38(3),
292-300. doi: 10.2478/eko-2019-0022.

[19] Pouil, S., Bustamante, P., Warnau, M., & Metian, M. (2018). Overview of trace element trophic transfer in fish
through the concept of assimilation efficiency. Marine Ecology Progress Series, 588, 243-254. doi: 10.3354/
meps12452.

[20] Romanchuk, L., Fedonyuk, T., Pazych, V., Fedonyuk, R., Khant, G., & Petruk, A. (2018). Assessment of the stability
of aquatic ecosystems development on the basis of indicators of the macrophytes fluctuating asymmetry.
Eastern-European Journal of Enterprise Technologies, 4(10), (94), 54-61. doi: 10.15587/1729-4061.2018.141055.

Scientific Horizons, 2023, Vol. 26, No. 5



https://www.sciencedirect.com/science/article/abs/pii/S0044848618326061?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1111/jwas.12714
https://www.mdpi.com/1422-0067/19/2/364
https://www.sciencedirect.com/science/article/pii/S0377840120306465?via%3Dihub
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:276:0033:0079:En:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:276:0033:0079:En:PDF
http://archive.sciendo.com/JWLD/jwld.2019.43.issue-1/jwld-2019-0063/jwld-2019-0063.pdf
https://journals.pan.pl/dlibra/publication/127047/edition/110851/content
https://afspubs.onlinelibrary.wiley.com/doi/10.1002/aah.10177
https://www.sciencedirect.com/science/article/abs/pii/S0960852422001493?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0960852422001493?via%3Dihub
https://potravinarstvo.com/journal1/index.php/potravinarstvo/article/view/1732
https://www.sciencedirect.com/science/article/abs/pii/S095965261931008X?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/20442041.2020.1850096
https://journals.physiology.org/doi/full/10.1152/ajpgi.00032.2019
https://linkinghub.elsevier.com/retrieve/pii/S0044848620316586
https://onlinelibrary.wiley.com/doi/epdf/10.1111/jwas.12521
https://sciendo.com/article/10.2478/eko-2019-0022
https://www.int-res.com/abstracts/meps/v588/p243-254/
https://www.int-res.com/abstracts/meps/v588/p243-254/
https://www.researchgate.net/publication/328238220_Assessment_of_the_stability_of_aquatic_ecosystems_development_on_the_basis_of_indicators_of_the_macrophytes_fluctuating_asymmetry

Hrynevych et al.

[21] Saurette,M., & Alexander,R.T.(2019). Intestinal phosphate absorption: The paracellular pathway predominates?
Experimental Biology and Medicine, 244, 646-654. doi: 10.1177/1535370219831220.

[22] Solomatina, V.D., Pinkina, T.V., & Svitelskyi, M.M. (2018). The effect of the temperature of rearing young fish
of different species on the content of organophosphorus high-energy compounds in their tissues. Water
Bioresources and Aquaculture, 2,79-88.

[23] Solomatina, V.D., Pinkina, T.V., Svitelskyi, M.M., & Feduchka, M.I. (2019). Changes in calcium and phosphorus
metabolism in fish with their warm-water growing. Water Bioresources and Aquaculture, 1,51-62.doi: 10.32851/
wba.2019.1.5.

[24] Souders 2nd, C.L.,Liang, X.,Wang, X., Ector,N.,Zhao, Y.H., & Martyniuk, CJ. (2018). High-throughput assessment
of oxidative respiration in fish embryos: Advancing adverse outcome pathways for mitochondrial dysfunction.
Aquatic Toxicology, 199, 162-173. doi: 10.1016/j.aquatox.2018.03.031.

[25] Sugiura, S.H. (2018). Phosphorus, Aquaculture, and the Environment. In Reviews in Fisheries Science &amp.
Aquaculture, 26(4), 515-521. doi: 10.1080/23308249.2018.1471040.

[26] Sun,Y., Li,B.,Zhang, X., Chen, M., Tang, H., & Yu, X.(2018). Dietary available phosphorus requirement of crucian
carp (Carassius auratus). Aquaculture Nutrition, 24(5), 1494-1501. doi: 10.1111/anu.12686.

[27] Svitelskyi, M.M., Ishchuk, O.V., Fediuchka, M.l., Klymchyk, O.M., Pryshchepa, M.A., & Pylypchuk, N.V. (2020).
Intracellular calcium metabolism of fish under hypercalcemic conditions of the aquatic environment. Bulletin
National University of Water and Environmental Engineering, 1(89), 63-72.

[28] Wang, L.,Fan,Z.,Zhang,Y.,Wu, D., Li,J., & Xu, Q. (2022). Effect of phosphorus on growt h performance, intestinal
tight junctions, Nrf2 signaling pathway and immune response of juvenile mirror carp (Cyprinus carpio) fed
different a-ketoglutarate levels. Fish & Shellfish Immunology, 120, 271-279. doi: 10.1016/].fsi.2021.11.040.

[29] Wang, P, Li, X., Xu, Z, Ji, D., He, M., Dang, J., & Leng, X. (2021). The digestible phosphorus requirement in
practical diet for largemouth bass (Micropterus salmoides) based on growth and feed utilization. Aquaculture
and Fisheries, 7(6), 632-638. doi: 10.1016/j.aaf.2020.11.002.

[30] Wang, Y., Geng, Y., Shi, X., Wang, S., Yang, Z., Zhang, P., & Liu, H. (2022). Effects of dietary phosphorus levels
on growth performance, phosphorus utilization and intestinal calcium and phosphorus transport-related
genes expression of juvenile chinese soft-shelled turtle (Pelodiscus sinensis). Animals, 12, article number 3101.
doi: 10.3390/ani12223101.

[31] Xu, C.M., Yu, H.R., Zhang, Q., Chen, B.B., Li, L.Y., Qiu, X.Y., Qi, T., Liu, J.Q., & Shan, L.L. (2021). Dietary phosphorus
requirement of coho salmon (Oncorhynchus kisutch) alevins cultured in freshwater. Aquaculture Nutrition, 27,
2427-2435.doi: 10.1111/anu.13374.

[32] Yang, Q.,Liang, H.,Maulu, S., Ge, X.,Ren, M., Xie, J., & Xi, B.(2021). Dietary phosphorus affects growth, glucolipid
metabolism,antioxidant activity and immune status of juvenile blunt snout bream (Megalobrama amblycephala).
Animal Feed Science and Technology, 274, article number 114896. doi: 10.1016/j.anifeedsci.2021.114896.

[33] Yu, H., Yang, Q., Liang, H., Ren, M., Ge, X., & Ji, K. (2021). Effects of stocking density and dietary phosphorus
levels on the growth performance, antioxidant capacity, and nitrogen and phosphorus emissions of juvenile
blunt snout bream (Megalobrama amblycephala). Aquaculture Nutrition, 27,581-591. doi: 10.1111/anu.13208.

[34] Zhang, J., Zhang, S., Lu, K., Wang, L., Song, K., Li, X., Zhang, C., & Rahimnejad, S. (2022). Effects of dietary
phosphorus level on growth, body composition, liver histology and lipid metabolism of spotted seabass
(Lateolabrax maculatus) reared in freshwater. Aquaculture and Fisheries, 8(5), 528-537. doi: 10.1016/].
aaf.2022.02.004.

[35] Zhao, )., Liu,M., & Chen, M. (2019). Analytical errors in the determination of inorganic and organic phosphorus
in waters based on laboratory experiences. Journal of Water Resource and Protection, 11(1), 53-67. doi: 10.4236/
jwarp.2019.111004.

[36] Zhao, M., Luo,J.,Zhou, Q.,Yuan,Y., Shi,B.,Zhu, T., Lu,J.,Hu, X., Jiao, L., Sun, P., & Jin, M. (2021). Influence of dietary
phosphorus on growth performance, phosphorus accumulation in tissue and energy metabolism of juvenile
swimming crab (Portunus trituberculatus). Aquaculture Reports, 20, article number 100654. doi: 10.1016/.
agrep.2021.100654.

Scientific Horizons, 2023, Vol. 26, No. 5

35


https://pubmed.ncbi.nlm.nih.gov/30764666/
http://wra-journal.ksauniv.ks.ua/archives/2018/2/10.pdf
http://wra-journal.ksauniv.ks.ua/archives/2018/2/10.pdf
http://www.wra-journal.ksauniv.ks.ua/archives/2019/1/7.pdf
http://www.wra-journal.ksauniv.ks.ua/archives/2019/1/7.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0166445X18303011?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/23308249.2018.1471040
https://onlinelibrary.wiley.com/doi/10.1111/anu.12686
https://visnyk.nuwm.edu.ua/index.php/agri/article/view/1109
https://www.sciencedirect.com/science/article/abs/pii/S1050464821004162?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2468550X20301635?via%3Dihub
https://www.mdpi.com/2076-2615/12/22/3101
https://onlinelibrary.wiley.com/doi/10.1111/anu.13374
https://www.sciencedirect.com/science/article/abs/pii/S0377840121000821?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1111/anu.13208
https://www.sciencedirect.com/science/article/pii/S2468550X22000491?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2468550X22000491?via%3Dihub
https://www.scirp.org/journal/paperinformation.aspx?paperid=89899
https://www.scirp.org/journal/paperinformation.aspx?paperid=89899
https://www.sciencedirect.com/science/article/pii/S2352513421000703?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352513421000703?via%3Dihub

36

Influence of various phosphoric concentrations on tissue...

Bnnue pisHUX KOHUeHTpauin pochopy Ha TKAHUHHUMN Ta BHYTPILUHbOKNITUHHUNA
MeTabonism Cyprinus Carpio L. y BogHOMY cepenoBuULLi iCHYBaHHA

Hatania €BreHiiBHa puHeBUu
[lokTop BeTepMHApHUX HayK, npodecop
binouepkiBCbKMIM HaLiOHAaNbHUI arpapHMii yHiBepCUTET
09111, Byn. lepois YopHobung, 3a, m. bina Llepksa, YkpaiHa
https://orcid.org/0000-0001-7430-9498
Mukona Muxainosuy CBiTeNbCbKUiA

Kananaat cinbCbKorocnofapCbkux HayK, 4OLEHT
MonicbKMi HaLioOHaNbHWIA YHIBEPCUTET
10008, Crapwuin 6ynbBap, 7, M. XKutoMump, YkpaiHa
https://orcid.org/0000-0003-1501-4168

Onekcanap AHppirioBuy XoM’aK

KaHaunaaT CinbCbKOrocnoaapCbKnx Hayk, AOLEHT
binouepkiBCbKMIM HaLLiOHAaNbHUI arpapHMii yHiBepCUTET
09111, Byn. l[epois YopHobuns, 3a, M. bina Liepkea, YkpaiHa
https.//orcid.org/0000-0003-3010-6757
OkcaHa BacuniBHa lwyk

KaHaMAaaT CinbCbKOrocnoaapcbkMx Hayk, LOLEHT
onicbKuMii HaWiOHaNbHWIA YHiBEpCUTET
10008, Crapuin 6ynbBap, 7, M. XKutoMup, YkpaiHa
https://orcid.org/0000-0002-8993-8366
CeitnaHa IBaHiBHa MaTKoBCbka

KaHaMApaT CinbCbkOrocnoaapcbKMx Hayk, LOLEHT
Nonicbkui HaLiOHaNbHWIA YHiBEPCUTET
10008, Crapwuii 6ynbBap, 7, M. Xutomup, YkpaiHa
https://orcid.org/0000-0002-8019-5498
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and their distribution and dependence on environmental factors, such
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region of Albania, 22 species of the Diplopoda class of the Myriapoda group
were identified, among which mainly decomposers of organic remains and
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with the highest diversity of millipedes. In addition, it was established that
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Ecology of soil animals (Diplopoda class, Myriapoda group)

INTRODUCTION

Myriapoda group are important components of eco-
systems on Earth. Myriapoda includes the following
classes: Diplopoda (millipedes or millipedes), Chilopoda
(scolopendras), Symphyla (symphylls) and Pauropoda
(pauropods). They have very different ecology and per-
form different ecological functions in soil ecosystems
(Mukundan et al.,, 2020).

The very study of the diversity and role of organ-
isms in soil ecosystems is extremely relevant, because
the soil is a living environment in which millions of
different microorganisms live, performing various eco-
logical functions, such as processing organic residues,
forming humus, storing and transporting nutrients,
maintaining the soil structure and protection against
pests and pathogens.

In addition, the study of the diversity and ecology
of these organisms helps to better understand their
functions in the soil and influence the preservation and
improvement of the state of soil ecosystems.

Soil animals, including the class Diplopoda, play a
critical role in the maintenance and functioning of soil
ecosystems. The class Diplopoda, commonly known as
centipedes, are arthropods found in a variety of habi-
tats around the world. In Albania, the density of their
populations is limited, and some of them can serve as
indicators of the state of the environment (Zhao et al,,
2020). The class Diplopoda has an important ecological
role in soil ecosystems, which is related to the decom-
position of organic matter, nutrient cycling, and soil
structuring. Understanding their importance is impor-
tant for ensuring the stability of soil ecosystems, which
adds relevance to the research.

Study of the class Diplopoda in Albania is quite lim-
ited. Only more than 80 species of representatives of
this class are known, which is a relatively small num-
ber compared to the area of the country. However, it
is believed that the Diplopoda fauna in Albania may be
represented by a slightly larger number of species. This
expectation is based on the diversity of these species
in the region and their wide distribution (Zahnle et al.,
2022). Research by G.L. Nunes et al. (2020) has estab-
lished that the ecology of the class Diplopoda can vary
greatly depending on habitat and diet. Most often, they
can be found in a moist environment, for example, un-
der fallen leaves, in the soil or under logs. Some species
feed on fungi, roots and other soil organisms, which can
affect the balance of the soil ecosystem.

The class Diplopoda can also play an important role
in soil structure and humus formation. Members of this
class help return nutrients back into the soil, which
can improve soil fertility and plant growth. In addition,
centipede activity in the soil can help enrich it with
oxygen and improve water infiltration, which reduces
erosion and run-off (Téth & Hornung, 2019). C. Wang
et al. (2020) note that invertebrate members of the
class Diplopoda help provide the soil with important
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minerals. They also promote the development of fungi
and other organisms that depend on the decomposition
of organic matter in the soil (Wang et al., 2020). Accord-
ing to L. Bundone et al. (2022), the class Diplopoda is an
important component of soil, and understanding their
role and interactions with other organisms is critical
to maintaining healthy and sustainable soil ecosystems.

N. Pano et al. (2006) claim that an important factor
that regulates the number of millipedes is external con-
ditions.Thus,temperature and humidity affect the distri-
bution and activity of soil animals,and the study of these
factors can help in the development of strategies for
the conservation and management of soil ecosystems.

Therefore, an objective study of the distribution
factors and species diversity of the Diplopoda class can
help ensure optimal conditions for the development of
plants and other organisms in the soil, reduce the risk of
its contamination and preserve biodiversity in soil eco-
systems, which is the relevance of the study. Outlining
the existing problems of the topic, the purpose of the
conducted research is to identify the existing species of
soil animals of the Diplopoda class and to determine the
environmental factors affecting their distribution.

To achieve the goal, the following tasks were per-
formed: to determine the existing species of soil an-
imals of the Diplopoda class, to establish climatic,
edaphic, and trophic factors that can affect their distri-
bution, to evaluate the ecological aspects of centipede
development.

MATERIALS AND METHODS

The criteria used to determine the areas of collection
and the definition of soil animals are geographical
location of the sites, soil types, habitat type, altitude
above sea level, climatic conditions.

Sampling was carried out at different heights
above sea level up to 2000 m, where soil animals were
found under stones, in fallen leaves, in the bark and
hollows of trees, as well as in the upper layers of the
soil. All the material was collected by hand, with the
subsequent sifting of the soil using a soil sieve. A soil
sieve is a special tool consisting of a metal frame and a
mesh with different sizes of holes. The net was placed
on the frame, after which a small amount of soil was
poured on it and sifted. Parts of the soil that did not
pass through the mesh remain in the sieve, and soil ani-
mals that are in smaller fractions fall through the holes
in the mesh. The species were collected at all times of
the year, but in the summer, they were collected in lim-
ited microbiotopes, under the bark, in wet areas places
or in the soil that is associated with arid period.

In order to preserve the collected living material,
individuals of soil animals were preserved in 80% al-
cohol with the addition of ether (several drops). The
addition of ether to alcohol helps to reduce the possi-
bility of damage to soft tissues during the preservation




process, because ether affects the preservation of the
morphology of animals and avoids their decomposition.

In order to reflect the diversity of soil animals in a
certain environment and changes in their distribution
depending on time and climatic factors, records were
made about the temperature of the environment, the
date of collection, the flora, and the type of locations
of the samples.

The following criteria were used to determine the
type of soil animals:

1. Morphological characteristics: size, body shape,
colour,number of segments, presence of antennae,num-
ber of pairs of legs, presence,or absence of gonopods, etc.

2. Location and habitat type.

3. Analysis of morphological features under a mi-
croscope: Morphological features such as the presence
of antennae and microscopic structures on the body
were studied in more detail using a stereomicroscope.

In addition, the determination of soil types in the
study was based on the appropriate methodology
(Mauries et al., 1997).

The climate of the research area is influenced by
the geographical location and the topography of the
area.However, this is a typical Mediterranean climate, in
which there is sometimes a deviation from the average
long-term indicators, in particular in the minimum and
maximum temperature, amount of precipitation, solar
insolation, etc. In the southern region of Albania, some
subtypes of the Mediterranean climate are observed,
namely: the lowland Mediterranean climate charac-
teristic of the Albanian Riviera and the high-altitude
Mediterranean climate, mainly on the mountain tops.

Processing of the received research results for re-
liability was carried out using the multivariate method
of variance analysis MANOVA using Microsoft software
Excel and Statistica 10 software package. Differences
received results possible per level significance P<0.05
according to the Student’s test.

RESULTS

Diplopoda - a group of arthropods with jaws and ap-
pendages, whose body consists of several ring seg-
ments with many pairs of legs. A distinctive feature of
this group is the presence of duplicated body segments
or diplosegments, resulting from the fusion of two in-
itially separate segments. Each diplosegment has two
pairs of legs, hence the name of the class. Diploseg-
ments are also visible from the inside, where there are
two pairs of nerve centres in each segment. The ma-
jority of representatives of this class have black-brown
colour,some can be red and orange, while spotted types
are not common (Kime & Golovatch, 2000).

Diplopoda are heliophobes, sensitive to sunlight
light, that’s why they are hiding, to avoid it. Light and
temperature as well as other environmental and physi-
ological factors are more favourable when they are sta-
ble. It is worth noting that relatively a bit of millipedes
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is able to dive deep into the water, even up to 30 cm
(Giribet & Edgecombe, 2019).

In the class Diplopoda, there are a lot of families,
most of which include millipedes that live in the soil
and decompose organic matter. Some of the more com-
mon families in this class include:

1. Julidae - the family includes most of the common
millipedes that live in the soil.

2. Spirostreptidae - the family that includes long
millipedes with a spiral body shape.

3. Polydesmidae - the family includes millipedes
with a harder outer shell.

4. Glomeridae - the family includes millipedes with
a hard outer shell and the ability to curl into a ball.

5. Sphaerotheriida - includes millipedes capable of
curling into a ball, with a large, hard outer shell.

6. Blaniulidae - this family includes short-bod-
ied, ground-dwelling millipedes with flat feet (Toth &
Hornung, 2019).

There are several environmental factors that influ-
ence the distribution of Diplopoda and other soil inver-
tebrates. The main ones are the following:

1. Climatic conditions: the class Diplopoda, like
most invertebrates, depends on temperature and soil
moisture. They usually live in warm and humid places,
but can survive in conditions of reduced humidity and
temperature.

2. Soil Type: Diplopoda are usually more common
in fertile soils with a high organic matter content. They
can also be found in other soil types, but their numbers
may be smaller.

3. Food availability: Millipedes are phytophagous
and saprophagous, so their distribution may depend on
the availability of food in the soil. Their number can
increase in places with a high concentration of organic
substances.

4. Competition with other organisms: Different or-
ganisms in the soil, such as insects and other inverte-
brates, can compete with millipedes for access to food
and other resources.

5. The presence of predators: frogs, lizards, birds,
and some invertebrates can affect the number of mil-
lipedes, limiting their distribution in some areas (Qu
et al., 2020).

All these factors can interact with each other and
affect the distribution of the Diplopoda class in different
areas. Understanding these factors can help to explore
species diversity and distribution possibilities.

Orders, families, and species found in areas that are
observed in the southern region of Albania are:

- Family Julidae. In the conducted study, the most
representatives of this family were found, they were
found in almost every type of soil. Identified genera are
given below:

- Genus Pachyiulus: Pachyiulus cattarensis, Pachyiulus
dentiger, Pachyiulus varius, Pachyiulius valonensis, Pachyiulus
hungaricus.
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- Genus Brachyiulus: Anoploiulus apfelbecki, Brachy-
iulus littoralis.

- Genus Megaphyllum: Megaphyllum karschi.

- Genus Ommatoiulus: Ommatoiulus sabulosus.

- Genus Cylindroiulus: Cylindroiulus boleti.

- Genus Leptoiulus: Leptoiulus trilineatus, Leptoiulus
macedonicus, Typhloiulus albanicus.

- Family Blaniulidae. In the study, representatives of
this family were found under leaves, rotten wood, in the
soil. One genus has been identified:

- Genus Nopoiulus: Nopoiulus kochii.

- Family Glomeridae: Found in soil,under stones and
in forest areas. One genus was identified in the study:

- Genus Glomeris: Glomeris hexastica var.,, Glomeris
pulchra, Glomeris bureschi, Glomeris balcanica, Glomeris
pustulata, Glomeris latermarginata. Family Glomeris is
widespread in Europe, as well as in Albania. Its repre-
sentatives are found in all investigated areas at an alti-
tude of up to 2000 m.

- Family Polydesmidae. Soil animals are identified
in the undergrowth, on the meadows, especially in wet
places, are characterized by saturated colours, and were
represented by two genera:

- Genus Polydesmus: Polydesmus complanetus.

- Genus Strongylosoma: Strongylosoma stigmatosum
balcanicum.

Family Julidae is one of the richest families of the
Diplopoda class and has about 900 species. Members
of this family have a thin body with 15-100 pairs of
legs that allow them to move in an ant-like manner.
They feed mainly on dead plant remains and fungi, and
can also be predators, preying on smaller invertebrates.
Since these soil animals cannot efficiently digest leaf
litter, they eat a large amount - 5-50% of their weight
per day, and produce a huge amount of faeces, which
are transported into the deeper layers of the soil.

Together with the rainy worms, they are of great impor-
tance for the fertility of soil. In some sandy soils, poor
nutritious substances and moisture, these invertebrates
fully replace rainy worms and are the only one’s humus
formers among macrofauna (Kime & Enghoff, 2017).

It is worth noting that interrupting physiological
cycle was observed in many species when the temper-
ature dropped. Slowing down and then its stopping at
5-10°Cwas noticed.Such adaptation allows soil animals
to experience cold periods of the year. However, at very
high temperatures, their life activity also suspends, dry
soils are one of the factors affecting this. In places with
moderate climate, most animals of the class Diplopoda
maintain their activity during the whole life cycle. In
the completed research, it is established that during
preparation for winter, they burrow deeper under-
ground, and then stop their activity and reproduction.

A great diversity of soils was observed on the territory
of the study. It is the result of the interaction of soil-forming
factors (relief, climate, vegetation cover, types of breeds),
which differ depending on each other from height. The
most common ones were brown soils, gray brown soils
and less alluvial soils. In view of all changes observed in
places of research, it was noted that millipedes can be met
in almost all types of soil. However, they avoid limestone
soils and soils with high salinity. They are found more fre-
quently on brown and gray-brown soils at an altitude of
up to 600 m. But their dissemination depends on combi-
nations of different other factors, for example on the type
and characteristics of places of existence.

According to the data of meteorological observa-
tions, it was noticed that on the territory of research
the lasted summer drought may be observed (Table 1).
Indexes of temperature and quantity of precipitation
were used for constructing ombrothermal diagram of
Gaussen for the zone of research.

Table 1. Climatic Indexes of the southern region of Albania (average for 2011-2022)

Months | Il 11 v Vv Vi Vil viil IX X Xl Xi
Temperature, °C 9.2 10 114 144 18.3 22 241 24.2 21.6 17.9 141 10.8
Number of falls, mm 126 99 83.5 69.6 53.5 22.8 16.7 29 579 111 148 136

Source: compiled by the authors

The number of centipede species collected in
July-August is lower compared to the number collected

in May-June and September, this may be due to the in-
fluence of temperature and humidity (Table 2, 3).

Table 2. Quantity of collected species by month

Months | 1l 1 \" v Vil Vil IX X X1 X1
In total 3 - 34 110 168 218 101 77 146 364 123 1458
Source: compiled by the author
Table 3. Quantity of found species by month
Months | 1 1 \% \' Vil Vil IX X Xl X1
In total 1 - 3 3 7 5 4 7 13 5 1

Source: compiled by the author
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The largest number of species was identified in
the temperature range of 15-25°C. These temper-
atures, based on the collected data, are character-
istic of the following months: May, June, as well as
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September, October. The period July-August and par-
tially June-September is confirmed as the dry period
of the year according to the ombrothermal diagram of
Gaussen (Fig. 1).
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Figure 1. Gaussen ombrothermal diagram

Source: compiled by the author

For the specified species, the collection time by
month is indicated and the different periods of activity
of each species are clearly defined (Table 4). The ab-
sence of precipitation, that is accompanied by low tem-
peratures, leads to low activity of soil animals and even
to their falling into diapause. On the researched terri-
tories, this period is quite short in January and February

due to the predominance of the Mediterranean climate.
And in coastal areas,only a decrease in the activity of in-
dividuals, but not an interruption of activity, is observed.
Thus, the climate has a significant influence on the
distribution and activity of soil animals of the class
Diplopoda, especially it relates to the combination of
temperature and humidity of the environment.

Table 4. Identified species of the Diplopoda class by months

No Species/Months | Il ]| v \J Vi Vil Vil IX X Xl Xil
1 Pachyiulus cattarensis + + + +

2 Pachyiulus dentiger + + + + +

3 Pachyiulus various + + + + + +

4 Pachyiulus hungaricus +

5 Pachyiulus valonensis + + + + +

6 Ommatoiulus sabulosus + + + + + + +

7 Anoploiulus apfelbecki + +

8 Cylindroiulus boleti + +

9 Megaphyllum karschi + + + + + +
10 Brachyiulus littoralis + + + +

11 Leptoiulus macedonicus +

12 Glomeris hexastica + +

13 Leptoiulus trilineatus + +

14 Typhloiulus albanicus +

15 Nopoiulus kochii + +

16 Glomeris Balkan +

17 Glomeris pulchra + + + + +

18 Glomeris bureschi +

19 Glomeris latermarginata +
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Table 4, Continued

No Species/Months | Il ][] v \ Vi Vil Vil IX X Xl Xi

20 Glomeris pustulata +

21 Strongylosoma ;tigmatosum . .
balcanicum

22 Polydesmus complanatus +

Source: compiled by the author

Given the climatic values, it was noted that two pe-
riods are characterized by a relatively low number of
collected species and individuals: the winter diapause
period (January-February) and the dry season period
(July-August). Pachyiulus cattarensis was detected in the
period June, September-November, Anoploiulus apfel-
becki - June, November, Glomeris pulchra May-July, Sep-
tember-October, Pachyiulus varius - May-October. The
presented species are widely distributed. Such species
as: Polydesmus complanatus, Glomeris latermarginata,
Typhloiulus albanichus, Pachyiulus hungaricus, Glomeris
pustullata have a shorter active period.

So, in the course of the research carried out in the
southern region of Albania, 22 species of soil animals
of the Diplopoda class of the Myriapoda group were
identified, which are typical representatives of soil an-
imals. The regions with the highest diversity are the
districts of Llogara and Shashica. The presence of for-
est habitats, decomposing organic matter and favour-
able elements of the microclimate affects a high level
of species variation. The influence of temperature and
humidity is a determining factor of their distribution in
various biotopes of the studied territory.

DISCUSSION

Soil animals of the Diplopoda class are useful because
they participate in decomposition processes. They can be
found everywhere in places where there are plant re-
mains, in wet areas, especially in wooded areas. In these
environments, they can find a sufficient amount of food
and the necessary moisture for their development. How-
ever,according to N.Pano et al. (2006), the distribution of
invertebrates is more related to hydrothermal conditions,
while the type of forest and soil is of secondary impor-
tance, which was also established in the conducted study.

Another confirmation of the obtained results is
found in research by V. Fontana et al. (2020), who note
in his writings that there is a significant influence of
altitude on the diversity of soil animals, and most soils
and vegetation play a secondary role. According to
E. Kostantinidis et al. (2020), only some millipedes are
found in dry places, because their cuticle does not have
layers that protect them from lack of water. In addition,
they are very sensitive to air humidity. This is usually
the main reason for choosing their place of residence.
These soil animals prefer to stay in the environment
of the remains of leaves, wood, under the bark of trees,
stones, under tree trunks, in bird nests, worm shelters,
etc. (Kostantinidis et al.,, 2020).
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The class Diplopoda plays an important role in soil
ecology because it promotes nutrient cycling and the
breakdown of organic matter. Millipedes are detriti-
vores, that is, they feed on decaying plant remains, and
other substances contained in the soil. They use their
mandibles to grind food and then swallow it with their
mouthparts. By doing this, they help break down com-
plex organic molecules into simpler ones that can then
be used by plants and other organisms in the soil.

Millipedes also play an important role in soil struc-
ture and aeration. By sinking into deeper layers, they
create tunnels and channels that allow air and water to
more easily penetrate through the soil. This helps main-
tain favourable soil conditions for the growth of plants
and other soil organisms. In addition, centipedes can
serve as an important food source for other animals such
as birds and small mammals, thereby contributing to bi-
odiversity. And in recent decades, in the light of dynamic
climate changes, it is especially important to preserve
biodiversity to ensure ecological sustainability and pre-
serve valuable natural resources for future generations.

A number of scientists, including Y.Zhao et al. (2020),
L. Gong et al. (2020) and W.L. So et al. (2022), various
aspects of centipede biology and ecology were investi-
gated, including their distribution and dependence on
environmental factors. As a result of these studies, the
authors found that millipedes can be found in a variety
of environments, including forests, fields, water bodies,
and mountainous regions. They can also spread by trans-
ferring soil, plants, and other materials, which is also re-
flected in the obtained results of the performed research.

In addition, research by H. Kicaj and M. Qirjo (2008)
confirm that centipede activity can depend on various
environmental factors, such as climatic conditions, soil
type and availability of food resources. G. Giribet and
G.D. Edgecombe (2019) research shows that some cen-
tipede species may be more common in temperate cli-
mates, while others may be found in more tropical re-
gions. Also, the presence of plant cover and other food
sources that can provide a sufficient level of nutrition
for these soil animals is important.

L. Moritz and T. Wesener (2021) used a regression
analysis of the influence of climatic factors on the num-
ber of millipedes and established that the composition
of soil organisms is formed precisely from environmen-
tal changes related to water availability, energy supply,
and climatic stability. Considering the active period of
centipede activity, research by G.L. Nunes et al. (2020),
shows that these animals can be active throughout the




year, although some species may be less active in win-
ter. There is also information about the interruption of
centipede activity, when they may be in a state of di-
apause or hibernation, which also correlates with the
conducted research.

As for the number of individuals identified, this de-
pends on many factors, including the type of environ-
ment, collection methods and the centipede’s own biol-
ogy. So,J.C. Means et al. (2021) state that the number of
millipedes found can vary depending on the type of soil
in which they live and the presence of plant cover. In
addition, collection methods may affect the number of
individuals caught, as some methods may be more ef-
ficient than others. And research by Y. Shen et al. (0202)
shows that the use of traps can be more effective for
centipede collection than methods that require active
search and collection.

In addition, the own physiology of millipedes can
also affect their number. For example, some species may
be more susceptible to population fluctuations, while
others are less sensitive to environmental changes.
In addition, millipedes can have different growth and
reproduction rates, which can affect their total abun-
dance in a given environment (Téth & Hornung, 2019).

M.E. Brookfield et al. (2020) believe that some
centipede species are quite common and have a large
range. For example, Glomeris pulchra, Anoploiulus
pusillus and Pachyiulus cattarensis are ubiquitous, which
may indicate their adaptability and ability to adapt to
different environmental conditions. However, according
to A. Perrigo et al. (2019), other species can be more
specific and can be found only in certain conditions. For
example, Anoploiulus apfelbecki, Leptoiulus macedonicus,
Glomeris hexastica, Typhloiulus albanichus, Glomeris
balcanica, these species probably have limited ranges
and can only be found in certain ecosystems or envi-
ronments with specific microclimate conditions.

The results of the performed research are also
reflected in scientific works by C. Powell et al. (2020),
who argue that centipedes are an important link in
food chains that help maintain healthy and sustaina-
ble biotopes. Millipedes can be indicators of the state
of the natural environment, as their presence, diversity,
and number can indicate the stability of the ecosystem.
Research on the study of the class Diplopoda helps to
establish ecological processes in natural environments,
which is important for understanding the functioning
of ecosystems and developing strategies for the conser-
vation and protection of biodiversity (Tyagi et al., 2020).

However, L.F. Iniesta et al. (2020) believe that
changing environmental conditions can affect the ex-
istence of millipedes, which are so necessary for the
ecosystem. For example, the construction of roads or
the development of territories can lead to the loss of
natural habitats of centipedes, so it is imperative to
make decisions about the preservation and protection
of the natural distribution areas of these soil animals.
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Thus, the study of soil animals of the Diplopoda
class can help to establish the species’ presence in a
certain region, their interaction with the environment,
their role in supporting the ecosystem, as well as the
strategy of human activity aimed at the preservation
and management of natural resources.

CONCLUSIONS

The class Diplopoda plays an important role in natural
ecosystems, helping to maintain biodiversity and soil
sustainability. Representatives of this class are decom-
posers of organic remains and can serve as a food base
for various types of animals, such as birds, amphibians,
reptiles and other invertebrates. Changes in the abun-
dance or distribution of certain centipede species can
indicate changes in the environment, such as pollution,
soil degradation, climate change, etc.

As aresult of the research, 22 species of the Diplopoda
class of the Myriapoda group were identified, which were
found in the southern region of Albania. Basically, typical
representatives of this class include mainly decomposers
and phytophages. The districts of Llogara and Shashica
are the regions with the highest diversity of millipedes.
The significant variation of species is influenced by the
environment, the presence of organic substances and
the climate. The influence of temperature and humidity
is a determining factor affecting the distribution of the
Diplopoda class in different biotopes.

Based on the temperature and humidity values in
the study area, the dry season lasts from mid-June to
early September. The presence of centipede species and
their individual numbers significantly decreases during
this period and almost stops in January-February, when
they enter diapause. The greatest distribution in time
during the year was characterized by the following spe-
cies: Pachyiulus cattarensis,found in the period June-No-
vember, Glomeris pulchra - May-July, September-Oc-
tober, Pachyiulus varius - May-October. These species
have a wide regional distribution. A less active period
was marked by the following species: Polydesmus com-
planatus, Glomeris latermarginata, Typhloiulus albanichus,
Pachyiulus hungaricus, Glomeris pustullata.

The study of the Diplopoda class has practical im-
plications for nature conservation, as millipedes play
an important role in maintaining ecosystems and bi-
odiversity and can serve as indicators of environmen-
tal conditions. The prospect of further research lies
in a better understanding of the biology of the class
Diplopoda and the study of evolutionary changes in the
composition and distribution of different species in dif-
ferent environments.
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Ekonoria rpyHToBMX TBapuH (knac Diplopoda, rpyna Myriapoda)
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AHortauis. Knac Diplopoda Bifirpae BaxnuBy poib y TpUPOLHUX EKOCUCTEMAX, OCKiNbKM NiATPUMYE BiOpi3HOMAHITTA
Ta CTabiNbHICTb PPYHTY, @ 3MiHA YMCENbHOCTI UM MOLUMPEHHS BMAIB OAraTOHIKOK MOXe BKa3lyBaTWM HA 3MiHM B
HaBKOJIMLUHBbOMY CepenoBMLLI, Taki K 3abpyaHeHHs, Aerpafallia rpyHTY, 3MiHa KAiMaTy TOLLo. MeTol LOCNioKEHHS
€ BUAB/IEHHS ICHYIOUYMX BUIB IPYHTOBMX TBAapUH Knacy Diplopoda, a TakoX BM3HAYEHHS eKONoriYHuX GakTopis, aKi
MOXYTb BMMBATM HA iX NOWMPEHHS. BMAOBY Pi3HOMAHITHICTb OLiHIOBANM LWASIXOM 360py 0COOMH i Knacudikauii
iX Ha 3aroHu, poauHK, poay Ta BuAM. BU3HAUAOTLCA TaKOX KniMaTWMyHi dakTopu, a caMe TemnepaTypa ¥ onagu.
Y pe3ynbTati JOCNiAXKEHHS OLiHEHO eKONOTiYHi acnekTM pO3BMTKY BAraTOHIKOK, MPOaHaNi30BaHO iX MOLWMPEHHS
Ta 3aNexXHiCTb Bif haKTopiB 30BHIWHLOrO CEPEfoBULLA, TaKUX AK KNiMaTM4HI, enadiyHi Ta TpodiyHi daktopu. Y
niBoeHHoOMy paroHi AnbaHii ineHTudikoBaHo 22 suau knacy Diplopoda rpynu Myriapoda, cepep, SKUX nepeBaxKHoO
po3K/iafadvi opraHiyHux pewTok i pitodarn. Perionu Jinorapa i WWxawwmua 6ynu Bia3HaueHi 5K perioHn 3 HanbinbwmnMm
Pi3HOMaHITTAM 6araToHiXoK. KpiM Toro, BCTaHOBEHO, LLLO HA MiH/IMBICTb BMAiB BMIMBAOTb HABKOIULLIHE CEPEAOBULLE,
HasiBHICTb OPraHiYHMX PevyoBUH, KNiMaTUUHi dakTopu. TemnepaTypa i BOMOFICTb € BU3HAYabHUMKU DaKTOpamu, WO
BMJIMBAOTb HA NowmMpeHHs knacy Diplopoda B pi3HUx 6ioTonax. Buau, aki MatoTb BeMKe perioHasbHe MOLIMPEHHS
Ta HanbinbW nowwmpeHi B Yaci NpoTaroM poky: Pachyiulus cattarensis, 3yCTPiYaeTbCa y YepBHi-nuctonagi, Glomeris
pulchra — TpaBeHb-nMNEHb, BEpeCceHb-XKOBTeHb, Pachyiulus varius — TpaBeHb-KOBTEHb. MeHW aKTUMBHMI nepiof
BiA3HayeHun y BuaiB: Polydesmus complanatus, Glomeris latermarginata, Typhloiulus albanichus, Pachyiulus hungaricus,
Glomeris pustullata. lpoBefeHe OOCNIOXEHHS MAE NPAKTUYHE 3HAYEHHS AN5 30epeXXeHHs NPUPOAM, OCKINbKM Knac
Diplopoda Bifirpae BaxnvBy ponb y NiATPUMLI eKoCcUcTeM Ta BiOpi3HOMaHITTa Ta Moxe ByTU iHAMKATOPOM CTaHy
HaBKOJIMLUHBOIO CEpeaoBULLA

KniouoBi cnoBa: 6araToHixXKu; cepefoBuLLE; POCIUHHI PELUTKU; eKOCUCTEMA; KNiMaT; GiTodaru
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plants of the Viburnum L. genus, such as selecting more disease-resistant varieties, collecting and destroying fallen
leaves and branches after pruning, and following agricultural techniques and gardening practices. For chemical
control, copper-based bactericidal preparations, such as copper hydroxide or copper sulfate can be used, which
are recommended for use in autumn and spring before budding. Performing these actions will help to prevent the
manifestation of bacterial diseases in plants. It is proved that in the conditions of the Northern Forest-Steppe of
Ukraine in the system of fruit gardening, it is advisable to grow high- and medium-resistant genotypes of Viburnum
vulgaris of the Institute of Horticulture of the National Academy of Agrarian Sciences of Ukraine against bacterial
leaf spotting. The practical value of the study lies in the fact that information about bacterial blight or bacterial
spotting of viburnum leaves was expanded; it was proved that various species of the Viburnum L. genus differ in
their susceptibility to Pseudomonas syringae pv. viburni bacterial damage; it is confirmed that the susceptibility of
viburnum plants to this disease can be substantially reduced due to low-susceptible and resistant varieties and
species of the Viburnum L. genus and timely technical and chemical measures

Keywords: species of the Viburnum L. genus; bacterial infection; features of the manifestation of bacterial disease;

control measures

INTRODUCTION

Plant pathogens not only persist for centuries but also
continue to appear on a global scale. S. Savary et al.
(2017), state that direct crop growth losses due to biotic
stress are about 20-40%. As noted by M.J. Landis et al.
(2019), the representatives of multi-species Viburnum L.
genus are no exception and substantially suffer from a
number of diseases, including bacterial ones, which are
among the most common and cause substantial damage
to plants, causing vascular wilt (verticillosis), tissue ne-
crosis, soft rot (mucosal bacteriosis), neoplasms or bac-
terial cancer, inhibit the processes of increasing vibur-
num gardens (Moskalets et al., 2019; 2020), negatively
affecting the growth, development, yield, decorativity,
sometimes cause general weakening and death of plants.

One of the most dangerous bacterial diseases of
Viburnum is bacterial blight, which is caused by phy-
topathogenic hemibiotrophic plant pathogenic rod-
shaped Pseudomonas syringae Rod Pseudomonas, bac-
teria which, in addition, are part of a consortium of a
broad evolutionary group of related species (Gomila
et al., 2017; Lalucat et al., 2022) and lead to numerous
diseases in other monocotyledonous, herbaceous dicot-
yledonous,and woody dicotyledonous plants worldwide
(Xin et al., 2018; Almeida et al., 2022), causing brown
mucus discharge, frostbite, fruit damage, and leaf and
stem spotting (Fautt et al., 2022). In particular, as noted
by M. Lukas et al. (2020; 2022), Pseudomonas syringae,
which was first isolated from common lilac (Syringa
vulgaris) and described by Van Holl in 1902, produces
active ice nucleation proteins (INA), which cause water
to freeze in plant tissues at sufficiently low tempera-
tures (-1.8 to-3.8°C or lower), in particular, in those that
do not have antifreeze proteins, since the water in the
plant can remain in a supercooled liquid state, which
leads to damage to the epithelium and makes nutrients
in nearby plant tissues available to bacteria.

H. Ehau-Taumaunu et al. (2022) claim that Llike
other bacteria, Pseudomonas syringae compete for re-
sources in a variety of environments using a range of

antagonistic strategies, including the production and
expression of narrow-spectrum antibacterial proteins
called bacteriocins.

M. Ruinelli et al. (2019) quoting B. Schellenberg,
note that strains of different P. syringae species pro-
duce phytotoxins that act as an irreversible proteas-
ome inhibitor and promote bacterial colonisation in
apoplexy by inhibiting leaf stomatal closure, and the
synthesis of auxins, cytokinins, and coronatine, which
can mimic plant hormones and therefore specifically
interfere with the regulation of plant immune responses.
According to J.S. Rufian et al. (2018), dynamic interac-
tions between pathogenic, avirulent, and non-patho-
genic strains occur in plants in a garden or field, and
pathogenesis of Pseudomonas syringae depends on
effector proteins that contribute to its manifestation,
mainly due to inhibition of the protective properties of
plants, which was well shown in the example of plant
species Arabidopsis thaliana, Nicotiana benthamiana,
and Lycopersicon esculentum. Therewith, bacterial plant
pathogens compete with host plants and each develops
strategies to overcome the other. Thus, because all or-
ganisms undergo phenotypic acclimatisation to various
stimuli, they reverse the expression of genes and pro-
teins to resist changes in the environment.

Phenotypic acclimatisation is evident in bacte-
ria, during their colonisation of plants. M. Mulet et al.
(2022) note that the phylogenetic group Pseudomonas
syringae includes 15 recognised bacterial species and
more than 60 pathovars, the largest of which are the
following: Pseudomonas syringae pv. aceris (affects ma-
ple), Pseudomonas syringae pv. aptata (affects beetroot),
Pseudomonas syringae pv. atrofaciens and Pseudomonas
syringae pv. lapsa (affects wheat), Pseudomonas syringae
pv. dysoxylis (affects kohekohe), Pseudomonas syringae
pv. fraxini (causes ash cancer), Pseudomonas syringae pv.
quercus (affects oak, sweet chestnut, and beech, caus-
ing the formation of Haloid outgrowths on the plants’
trunks and the barks deformation (Orlovsky et al., 2017),
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Pseudomonas syringae pv. japonica (affects barley),
Pseudomonas syringae pv. oleae (causes the leaves of
the olive to curl), Pseudomonas syringae pv. panici (af-
fects millet), Pseudomonas syringae pv. papulans (affects
apple trees), Pseudomonas syringae pv. pisi (affects peas),
Pseudomonas syringae pv. syringae (affects lilacs, beans,
and some species of viburnum), Pseudomonas syringae
pv. viburni (affects viburnum, including Viburnum
sargentii), etc.

C.E. Morris (2019) notes that the manifestation of
Pseudomonas syringae pv. viburni has grown substan-
tially in recent years, and this is the main threat to tree
and bush species of plantings for agroforestry, decorative,
and fruit gardening purposes. Therewith, as claimed by
A.C.Velasquez (2018), global climate change substantially
increases the potential for bacterial diseases, including:
P syringae, in gardens and crops. Therefore, to reduce the
risks associated with the threat to global food and envi-
ronmental security, rapid detection and characterisation
of the epidemic and new pathogenic foci are relevant.

The purpose of the study was to examine the bioec-
ological features of the manifestation of Pseudomonas
syringae pv. viburni and develop measures to control
bacterial leaf spotting in viburnum gardens.

MATERIALS AND METHODS

Accounting for damage to viburnum plants by bacterial
leaf spotting was conducted at the experimental sites
of the Institute of Horticulture of the National Academy
of Agrarian Sciences of Ukraine (NAAS) and its research
network during 2019-2021. Varieties/breeding forms of
Viburnum (Viburnum opulus L.) of Ukrainian selection
were involved in the investigation of the degree of
plant damage: Ania, Uliana, Yaroslavna, Elina, Omriyana,
Sonetta, Horikhova, Osinnia, Kralechka, Plododekorna
(co-authors of which are T.Z. Moskalets, V.V. Moskalets
et al.) and speciesof viburnum: Viburnum lantana; Vi-
burnum carlcephalum; Viburnum rhytidophylloides
(Viburnumxrhytidophylloides); Burkwood Viburnum;
leatherleaf Viburnum (Viburnum rhytidophyllum HemsL.);
Viburnum Roseum (Viburnum opulus Roseum); Vibur-
num sargentii Onondaga (Viburnum sargentii Koehne On-
ondaga); common dwarf Viburnum (Viburnum opulus L.),
Eskimo Viburnum (Fig. 1). Observations and records of
plants were conducted during May-September (Meth-
odology for examination of varieties..., 2016). Leaves of
the examined varieties were collected twice during the
growing season. During the growing season of Viburnum
plants, 10-15 leaves were selected from 3 trees (bushes)
of each variety/species (5 leaves x 3 repetitions).

L

Figure 1. Photos of Viburnum samplesinvolvedin the study: 1 - Viburnum opulus L. Yaroslavna;
2 - Viburnum opulus Roseum; 3 - Viburnum opulus L. Eskimo; 4 - Viburnum rhytidophyllum Hemsl.;
5 = Viburnum x carlcephalum; 6 - Viburnum lantana; 7 - Viburnum lantana var. variegatum;
8 - Viburnum x rhytidophylloides; 9 - Viburnum x burkwoodii; 10 - Viburnum sargentii Koehne

Source: photographed by the authors

The material was collected in parchment bags. A
label indicating the sample number, place and time of
collection was added to each sample of a specific vari-
ety/type of viburnum plant. Visual examinations were
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performed in the basal part and on the periphery along
the entire vertical of the plant crown. Assessment to
determine the resistance of viburnum plants was per-
formed in three terms: the first - 10 days after the




detection of the first diseased plants in the experiment,
the second - 2-3 weeks after the first, that is, during the
period of the greatest development of the disease, the
third - at the end of harvesting.

The degree of damage by bacterial blight of vibur-
num leaves was determined on a scale in points: 1 -
there are no symptoms of the lesion; 3 - single spots
less than 1/5 of the leaf on individual leaves; 5 - spots
occupy 1/4 of the leaf surface; 7 - occupy 1/2 of the leaf
surface; 9 - 2/3 of the leaf surface. Using the obtained

Moskalets et al.

data, the percentage of disease development (R) was
calculated by the formula:

- (1)

~ bx9

where: a - sum of points of the degree of damage to all
plants in repetition; b — number of accounting plants in
repetition; 9 — maximum lesion score.

The lower the degree of damage, the higher the re-
sistance of plants of the variety (Table 1).

Table 1. Methods for assessing the resistance of viburnum plants to diseases
caused by Pseudomonas syringae pv.viburni

Degree of damage, score Degree of stability Score
1 Highly resistant 9
3 Resistant 7
5 Medium-resistant 5
7 Susceptible 3
9 Very susceptible 1

Source: (Methodology for examination of varieties..., 2016)

A corresponding calendar on phytopathological
records was designed to facilitate the study on ac-
counting for deciduous diseases on viburnum plants

(Methodology of qualification examination..., 2016),
part of which is presented in the methodological part
of the study (Table 2).

Table 2. Calendar of Phytopathological records of Viburnum plants

Time of Name of the . Parameter of
. . Nature of the lesion, damage .
accounting disease accounting
For a The leaves fade, dry out, and the bark of shoots and branches dries up, Percentage of
noticeable bacterial blight ulcers or depressions form on them. When the blight rings a branch or  affected plants and
detection trunk, the leaves wither, dry out but do not fall off for a long time. shoots (visually), %

Source: (Methodology for examination of varieties..., 2016)

In parallel with the diagnosis of Viburnum plants,
two experiments were conducted. The scheme of the
first experiment provided for 4 options: 1 - without
pruning; 2 - pruning branches in autumn; 3 - pruning
branches in early spring; 4 - pruning branches in sum-
mer. The second experiment involved investigating the
effect of copper preparations on the manifestation of
bacterial infection. The scheme of which included two
options: without processing and with 2-3 treatment
sessions of plants with copper sulfate. Among the ex-
perimental plants, plants of leatherleaf Viburnum, Vi-
burnum opulus Roseum/Buldonezh, Viburnum sargentii
Onondaga, and Viburnum dwarf Eskimo variety were
taken. The repetition of the above-mentioned experi-
ments is threefold. A 2% solution of copper sulfate was
used, while 2 litres of solution were prepared for young
plants, 3 litres - for 4-year-olds, 4 litres of the mixture
were required for 6-year-olds, and 6 litres - for older
ones. Bordeaux liquid was also used to control bacte-
rial infection in viburnum plants, which was prepared
by mixing copper sulfate with slaked lime. Statistical

data processing was performed using the Statistica-6.0
computer programme.

RESULTS AND DISCUSSION

Bacterial diseases caused by Pseudomonas syringae pv.
viburnum progress in wet, cool weather - the optimal
temperature of their manifestation is up to 25°C. Patho-
genic bacteria Pseudomonas syringae pv.viburnum intro-
duce protein and toxin molecules into plant cells and
thus affect the host plant’s immunity, they overwinter
on infected plant tissues, including areas of necrosis, or
on healthy plant tissues. In spring, due to precipitation,
bacteria enter the leaves/flowers, where they reproduce
and spread in the epiphytic phase of the life cycle with-
out causing the manifestation of the disease. As soon
as the bacteria enter the plant through leaf stomata or
necrotic spots on leaves or stems, the pathogen begins
to progress, developing in the intercellular space, caus-
ing numerous spots on the leaves and various ulcers in
diameter - the bacterial blight of Viburnum. Schemat-
ically, the spread of bacterial blight of Viburnum can
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be depicted as follows (Fig. 2).The symptoms of this
bacterial disease are as follows. Initially, the affected

areas on the leaves become glossy and covered with
condensation (Fig. 3).

Lentils on branches, leaf stomata, frost wounds, and all kinds of wounds on the
plant caused by hail, pruning, etc., especially in cool and wet weather

)
Low temperature tissue damage )

Y

\l T

Al v

Breaking branches by wind or mechanical Damage to the epidermis, leaf pubescence
damage to them

C Infection that causes a bacterial blight >

Figure 2. Ports of entry and spread of bacterial infection in the plant body

Source: compiled by the authors

Figure 3. Manifestation of the causative agent of bacterial blight at the initial stage of the Pseudomonas syringae
pv.viburni lesion on the leaves of Viburnum vulgaris dwarf (Viburnum opulus L.) Eskimo (A) and Viburnum Roseum
(Viburnum opulus Roseum) (B)

Source: photographed by the authors

The manifestation of bacterial blight of Viburnum
is accompanied by the appearance of watery spots,
which eventually turn brown, and bacterial exudate of-
ten forms along the edges. A substantial manifestation
of bacterial infection can lead to the death of shoots.
In connection with the above mechanisms of patho-
genicity Pseudomonas syringae pv. viburnum can be di-
vided into several categories: the ability to penetrate
the plant, the ability to overcome the resistance of the
host plant, the formation of biofilms, and the produc-
tion of proteins with the properties of ice nucleation. In
plantings of different species of Viburnum, symptoms

on leaves and stems were noted that differ from com-
mon diseases. The lesions were characterised as round
areas soaked in water, which after 5 days turned into
irregular, wrinkled brown spots up to 3 mm in diameter.
The central part of the lesions on the leaves looked
barely transparent. Then, in the third week, the leaves
completely dried up.

On the surface of the leaves, a layer of bacterial
secretions, which makes the leaves shiny, can be ob-
served. If a bacterial blight occurs at the beginning of
the growing season, the leaves may be distorted. In se-
vere cases, the shoots may die off (Fig. 4).

2/

Figure 4. Manifestation of the causative agent of bacterial blight at the initial stage
of the Pseudomonas syringae pv.viburni lesion on the leaves of twigs of Viburnum sargentii Onondaga variety
(Viburnum sargentiiii Koehne Onondaga)

Source: photographed by the authors
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The greatest manifestation of bacterial blight was
noted on plants of the Viburnum rhytidophylloides Surin
species,which manifested itself in browning and prema-
ture leaf fall. Brown spots appeared on the upper, lower,
or both surfaces of the leaves. In particular, the spots on
the leaves were pointy or rounded, slightly raised or re-
cessed,and had smooth or fringed edges. Therewith, the
colours of the spots varied from yellow to yellow-green,
orange-red to light brown, dark brown, or black with
a halo of yellow tissue around each spot (Fig. 5).

Figure 5. Manifestation of the causative agent of
bacterial blight at the initial stage of the Pseudomonas
syringae pv.viburni lesion on the leaves of Viburnum
rhytidophylloides Surin
Source: photographed by the authors

On the same plant, there may be spots on the leaves
of different sizes. Notably, smaller spots on the leaves
indicated the beginning of the development of the caus-
ative agent of bacterial blight, and large spots - a long
period of infection. Shoots, buds, and flowers can also
turn black and be damaged by bacterial spotting. Often,
in the centre of large spots on the leaves, signs of fun-
gal pathogens, in particular, peronosporosis (Plasmopara
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viburni) could be noted, which was observed on the ex-
ample of plants of Viburnum Serzhenta (Fig. 6).

Figure 6. Manifestation of the causative agent of bacterial
blight on the leaves of Viburnum sargentii
Source: photographed by the authors

It was determined that according to the degree of
resistance, highly resistant to bacterial blight are vari-
eties of Viburnum vulgaris: Yaroslavna, Ania; Burkwood
viburnum (degree/score of damage - 1/9), resistant -
varieties of Viburnum vulgaris: Elina, Uliana, breeding
forms: Omriyana, Osinnia, Kralechka, Sonetta; vibur-
num lantana; viburnum carlcephalum (degree/score of
damage - 3/7), medium-resistant - breeding form of
Viburnum vulgaris: Plododekorna, Horikhova clone; Vi-
burnum rhytidophylloides (Viburnumxrhytidophylloides)
(degree/score of damage - 5/5).

Plants of leatherleaf Viburnum seemed unsta-
ble to bacterial spotting of leaves (shoots) (Viburnum
rhytidophyllum Hemsl), Viburnum Roseum (Viburnum
opulus Roseum),Viburnum sargentii Onondaga (Viburnum
sargentiiii Koehne Onondaga), common dwarf Viburnum
(Viburnum opulus L.) Eskimo (miniature copy of Viburnum
Roseum/Buldonezh, but with a denser spherical crown)
(Table 3).

Table 3. Results of the assessment of the resistance of Viburnum plants to bacterial disease caused by
Pseudomonassyringaepv. viburni, average value for 2019-2021

Name of the species/variety (breeding form) Degree of damage, score Degree of stability Lession score
Viburnum vulgaris, varlet.les: Yaroslavna, Ania; 1 Highly resistant 9
Burkwood viburnum
Viburnum vulgaris, varieties: Elina, Uliana, breeding
forms: Omriyana, Osinnia, Kralechka, Sonetta; 3 Resistant 7
viburnum lantana; viburnum carlcephalum
Viburnum vulgaris, breeding form: Plododekorna,
Horikhova clone; Viburnum rhytidophylloides 5 Medium-resistant 5
(Viburnum x rhytidophylloides)
Leatherleaf viburnum, viburnum vulgaris
Roseum/Buldonezh, Viburnum sargentii 7 Susceptible 3
Onondaga, Viburnum vulgaris dwarf Eskimo
- 9 Very susceptible 1

Source: compiled by the authors
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An experiment was conducted on pruning exper-
imental plants to reduce the manifestation of bac-
terial infection on those susceptible to exposure of
Pseudomonas syringae pv. viburni, (leatherleaf Vibur-
num, Roseum/Buldonezh, Sargent Onondaga, Viburnum
vulgaris dwarf Eskimo). The experiment provided for 4
options: 1 - without pruning; 2 - pruning branches in
autumn; 3 - early spring; 4 - in summer.

It was determined that pruning in autumn and early
winter also contributed to more serious damage to vi-
burnum trees (bushes) from bacterial infections caused
by Pseudomonas syringae pv. viburni. Pruning trees in
early spring had partial results. Summer pruning in dry
weather proved more effective since almost all Vibur-
num species (varieties) were noted as medium-resist-
ant with an average lesion score of 5 (Table 4).

Table 4. Evaluation of Viburnum plants for resistance to bacterial disease caused by Pseudomonas syringae pv.viburni
depending on the experiment variant, Northern fForest-Steppe, average value for 2020-2021

Plant damage option/score

No. Species name autumn : : : ;
. . pruning early spring pruning summer pruning of
without pruning of branches of branches branches
1 Leatherleaf viburnum 3 3 4 5
2 Viburnum Roseum/Buldonezh 1 3 4 5
3 Viburnum sargentii (Onondaga variety) 1 3 3 5
4 Viburnum vulgaris dwarf 3 4 3 5

(Eskimo variety)

Source: compiled by the authors

During 2020-2021, it was established that the ap-
plication of copper sulfate in combination with slaked
lime (Bordeaux mixture) 2-3 times is effective for re-
ducing the damage of susceptible viburnum species by
a bacterial infection caused by bacteria Pseudomonas
syringae pv.viburni.

The study presents the results of examining vari-
ous Viburnum species on susceptibility to Pseudomonas
syringae pv. viburni. Bacterial viburnum burns can be a
problem during the cool, humid spring in other parts
of the country, including the Northwest and East. Bac-
terial infections can lead to shoot death and complete
defoliation. The first reports in the 2000s about a seri-
ous manifestation of bacterial blight or bacterial spot-
ting of Viburnum leaves are indicated in the studies
of researchers from the UK (Stead et al., 2006), Italy
(Garibaldi et al., 2005), and other countries that indicate
that there is no 100% effective method of destruction
Pseudomonas syringae pv.viburnum.

Information on the susceptibility of Viburnum spe-
cies, in particular, Viburnum rhytidophylloides to bacterial
blight was also obtained by researchers from the Uni-
versity of Oregon (USA), in particular, R. Rosetta (2019)
identified that plants of the above-mentioned species
were characterised as highly resistant, in contrast to
leatherleaf viburnum. Phytopathologists N. Gauthier
et al. (2022) also note that the manifestation of bac-
terial blight of Viburnum plants is the appearance of
pointy, water-soaked spots on the leaves, which over
time turn from light shades to brown or dark brown
scales. A layer of bacterial cells and exudate on the sur-
face of the leaves gives them shine. Further, the leaves
are deformed, and the shoots mostly die off.
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Many modern researchers on the above-described
problem, including,).W. Pscheidt (2018) note that bacte-
rial infection in viburnum plants can also be success-
fully controlled by taking timely measures. The spec-
ified researcher also believes that the most common
ways to combat the bacterial blight of Viburnum are
the use of resistant species and varieties of Viburnum in
decorative and fruit gardening, regulatory and sanitary
pruning with disinfected garden tools, and the use of
bactericides with compounds of copper or other metals,
including iron, which can be appropriately combined
with fungicides or other chemical preparations to con-
trol pests - carriers of pathogens. Combined treatment
with biological and chemical preparations has been
shown to be effective in controlling bacteriosis (Ni
et al., 2020). The aforementioned researcher also be-
lieves that chemical treatment with copper hydroxide
and copper sulfate can stop the spread of Pseudomonas
syringae pv. viburni,and it is best to prevent their mani-
festation by regularly conducting preventive measures.

E.Osdaghi (2020) claims that addingammonium fer-
tiliser to viburnum plants can cause metabolic changes
in them, leading to resistance to Pseudomonas syringae
bacteria. However, as noted by A.l. Gonzalez-Hernandez
et al.(2019), this so-called ammonium syndrome causes
an imbalance of nutrients in the plant and instead trig-
gers a protective response against the pathogen.

Summarising the above, it can be stated that meas-
ures for early diagnosis of Viburnum plants for the ap-
pearance of bacteriosis, timely preventive measures,
selection of immune varieties adapted to a specific ter-
ritory, compliance with elements of agricultural cultiva-
tion techniques, control in seedling production, etc. will




reduce the manifestation of Pseudomonas syringae pv.
viburni in the gardens of the examined culture.

CONCLUSIONS

It was determined that the Pseudomonas syringae pv.
viburni pathogen at the initial stages affects only a
small percentage of the total leaf area of Viburnum
plants and creates a slight stress that does not affect
the normal growth and development processes of the
examined plants. However, bacterial spotting of leaves
(shoots) of Viburnum should be taken seriously, since
the disease for 2-4 years leads to moderate or com-
plete loss of leaves (branches) in susceptible to bacte-
rial disease varieties/species, affecting the reduction of
growth processes and increased susceptibility to pests
and pathogens of other diseases.

Varieties of Viburnum vulgaris: Uliana, Yaroslavna,
Elina, Ania, Omriyana, Sonetta, Plododekorna, etc., Burk-
wood viburnum, Viburnum lantana, in particular, the
decorative form of this species with colourful leaves,
viburnumxcarlcephalum (Viburnumxcarlcephalum), Vi-
burnum rhytidophylloides (Viburnumxrhytidophylloides
(Viburnum lantanaxViburnum rhytidophyllum HemsL.))
are resistant to bacterial blights.

Suscrptible to bacterial spotting of Lleaves
(shoots) are plants of leatherleaf Viburnum (Viburnum
rhytidophyllum Hemsl.), Viburnum Roseum (Viburnum
opulus Roseum), Viburnum sargentii Onondaga
(Viburnum sargentii Koehne Onondaga), common dwarf
Viburnum (Viburnum opulus L.) Eskimo.

Measures to minimise bacterial blight of Viburnum
plants include: exclusion, elimination, or reduction of
the Pseudomonas syringae pv.viburni bacterial pathogen
inoculum, the spread of genetic diversity in a certain
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pathogens in various ways (selection of species and
varieties, compliance with the cultivation technology,
including chemical protection systems, fertilisation, ir-
rigation, tillage in the row spacing or in the trunk zone,
etc.). The effectiveness of measures of pruning and 2-3
times treatment with a Bordeaux mixture of plants sus-
ceptible to bacterial blights of leatherleaf Viburnum,
Viburnum Roseum/Buldonezh, Viburnum sargentii On-
ondaga, Viburnum vulgaris dwarf Eskimo is proved.

Due to the chemical protection of Viburnum stands
against bacterial infections, it is advisable to treat plants
with copper-based preparations in combination with
fungicides. In the irrigation system of mother-cuttings
nurseries, hybrid nurseries, if necessary, it is advisable to
useonlydripirrigation,avoid water gettingonthe leaves,
and also avoid contact of the ground part with moist soil.

A promising area of further research is the involve-
ment of immune or low-susceptible to bacterial blight
species and varieties of the Viburnum L. genus in the
breeding and production processes in the system of
fruit and decorative gardening, which will correct the
population characteristics or make it impossible for
this disease to appear.
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BakTepianbHMU onik KanuHu (Pseudomonas syringae pv. viburnum):
6ionoriyHi oco6nMBOCTI, NPUUYMHMU | HacNiAKN NPOABY, CNOCO6U KOHTPOIO
B CUCTEMi AeKOpaTUBHOIO Ta NJI0AOBOro cafgiBHULITBA
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AHoTauis. bakTepianbHuii onikabo 6akTepianbHa NASMUCTICTL IUCTKIB (aHmn. Viburnum-BacterialBlight) nocnabntoe
picT nepeB (KyLLiB) KanuHW, ranbMye @isionoriyHi npouecu,3ymoBneHi bGaktepieto Pseudomonas syringae pv.
viburni, iKa BUXMBAE B YPAXEHIN TKaHMHI cTebna, pOCIMHHMX peliTkax i rpyHTi. MeTa pocnigkeHb nepeabayana
BMBYEHHS BioekonoriyHmMx ocobnmeocTeit nNposisy Pseudomonas syringae pv. viburni i po3pobneHHs 3axofiB LoA0
KOHTpO/o BakTepianbHOI NASMUCTOCTI NUCTKIB y cagax KanuHw. Iig yac ekcnepumeHTy 6ynun BUKOpPUCTaHIMETOM
LiarHOCTUKM 3 BifOOPY POCMHHUX NUCTKIB, BUSIBNEHHS, 00/1iKY, aHaNi3y ypaxeHUX IMCTKIB POCAMH KannHKU BakTepieto
Pseudomonas syringae pv. viburni. Po3po6neHo cnocié yHUKHEHHS ab0 3MEeHLUEHHS pU3MKiB NOABY OakTepianbHOro
oniKy. 3'aCo0BaHo, Wo Ans 3anobiraHHa 6akTepianbHUX XBOpob y pocnuH poay Viburnum L. MOXHa BUKOPUCTOBYBATU
pi3Hi nigxoam, Taki 9k niabip 6inbl CTiMKMX [0 XBOPOO COPTIB, 36ip i 3HWLLEHHS OMANOro AUCTA Ta FiNoK nicns
00pi3KK, LOTPUMAHHS arpOTEXHIKM Ta CaAiBHULbKMX MpPaKTWUK. Oas XiMIYHOrO KOHTPO/IKO MOXHa 3aCTOCOBYBATU
HakTepuUMAHI NpenapatyM Ha OCHOBI MiAi, Taki AK rigpokcua, Migi abo MigHWIA Kynopoc, sSiKki peKOMeHAYETbCs
BMKOPWCTOBYBATU Y BOCEHW | BECHOK 40 PO3MYyCKaHHA 6PYHbOK. BUKOHAHHS LMX Aivi JonoMoxe 3anobirtu npossy
H6akTepianbHMX XxBopob y pocanHax. JoseaeHo, wo B ymoBax [liBHiyHoro Jlicocteny YkpaiHu B cMCTeMi NioA0BOro
CafiBHMLTBA AOLINbHO BUPOLLYBATU BUCOKO- i CEPEeOHbOCTIMKI NPOTH BakTepianbHOI MASMUCTOCTI INCTKIB FeHOTUMK
KanMHU 3BUYAMHOI IHCTUTYTY cagiBHmuTBa HAAH Ykpainu. MpakTuyHa WiHHICTb pob0TM nonsrae B ToMy, Wo 6yno
pO3LUMPEHO BiZOMOCTI Mpo GakTepianbHWUIA onik abo BakTepianbHy NASMUCTICTb IMCTKIB KaNIMHK; LOBELEHO, LLO Pi3Hi
Buam pony Viburnum L. pi3HATbCS 33 CNPUMHATAMBICTIO A0 ypaxkeHHs bakTepieto Pseudomonas syringae pv. viburni,
NiATBEPOXKEHO, WO CMPUNHATAMBICTb POCIMH KaNMHM A0 3a3Ha4YeHOT XBOPOOM MOXKHA ICTOTHO 3HMXKYBATU 3a pPaxyHOK
ManoCNpUNHATANBUX | PE3UCTEHTHUX COPTIB i BUAIB poay Viburnum L.Ta CBOEYACHUX TEXHIYHUX | XIMIYHMX 33aXO0AIB

Kniwouogi cnoBa: Buau pony Viburnum L.; 6akTepianbHa iHdekLia; ocobnnsocTi nposiBy bakTepianbHOi XBOpOOY;
3aX04M KOHTPOJO
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indicators for the content of chlorophylls changed. Thus, the assimilation area of leaves reached a maximum
with seed treatment and spraying of crops and amounted to 8.56 thousand m?/ha during the tillering period,
during the period of stem elongation - 29.6 thousand m?/ha, during flowering and full ripeness - 40.32 and 4.97
thousand m?/ha. Net photosynthetic productivity in the control was the lowest - 4.67 g/m?, the use of a growth
regulator on seeds and crops contributed to its increase by 0.27 and 0.79 g/m? With the treatment of seeds and crops,
the net photosynthetic productivity was the highest and amounted to 6.12 g/m? The sum of chlorophylls a+b had the
highest rates during the tasselling period and, depending on the experiment options, ranged from 4.36 to 5.35. The
yield of grain and biomass also varied depending on the use of the preparation, and was the highest in the version
with seed treatment and spraying of crops (7.1 and 35.9 t/ha). The close relationship between photosynthetic
productivity and the yield of sorghum is also determined. The study can contribute to the widespread use of growth

regulators in sorghum crops, ensure the full development of plants, and increase grain yields and biomass

Keywords: leaf surface area; net photosynthesis productivity; chlorophyll content; grain and biomass yield

INTRODUCTION
Among the grain crops grown in Ukraine, sorghum is
one of the drought-resistant and highly productive
crops. It is important that at high temperatures, plants
have the ability to continue the assimilation process.

According to Ortiz et al. (2019), Li et al. (2021), and
Kovalenko et al. (2023), sorghum (Sorghum bicolor L.
(Moenh) is a universal and promising energy culture -
it is an agricultural, widely cultivated, and highly pro-
ductive type C, plant. Kolozsvari et al. (2022) note that
sorghum has substantial photosynthetic efficiency and
can produce high grain yields and powerful energy-rich
biomass in the short term. According to Davydenko
et al. (2022) sorghum is currently used as human food,
animal feed, an alternative energy source, and for in-
dustrial purposes. It ranks fifth after major grain crops
and sixth in the world in terms of gross grain yield.

As researchers Alekseev (2021) and Polevyi et al.
(2020) note, sorghum plants have great potential to
adapt to growing conditions, particularly drought, soil
salinity, high temperature, etc. Grains with a high starch
content are valuable raw materials for the production of
bioethanol,and biomass (leaves and stems) of plants can
be used as solid fuels. Abreha et al. (2022) believe that
modern technologies for growing agricultural crops are
based on the theory of crop formation as a photosynthetic
system and are developed considering biological char-
acteristics, including the type of plant photosynthesis.

Grishchenko et al. (2020) state that the yield of
crop seeds and biomass depends on the photosynthetic
activity of plants, which depends on weather and cli-
matic conditions and cultivation technology. In the first
case, the factors are not controlled by humans, in the
other - directly depend on their activity. Therefore, the
investigation of elements of the technology of growing
sorghum, in particular, the effect of the growth regula-
tor on photosynthetic productivity in the conditions of
the Right-Bank Forest-Steppe of Ukraine, is a relevant
and promising area.

Researchers Davydenko and Rozhkov (2022), note
that in agriculture, low-cost crop cultivation technol-
ogies are more popular, the elements of which are the

use of growth regulators, biologics, microfertilisers, etc.
These preparations are economical, their use helps to
improve the growth and development of plants and
provides a substantial increase in the yield and quality
of grown products. The high efficiency of using growth
regulators on grain crops is associated with their abil-
ity to increase the accumulation of macro- and micro-
elements, increase the concentration of photosynthetic
pigments, and, as a result, activate photosynthesis
and increase crop productivity. In addition, they allow
controlling the duration of individual phases of plant
growth and development and also help to correct the
state of crops due to unfavourable abiotic conditions.

Studies by Nemahunguni et al. (2019), Ngoroyemoto
et al. (2020), and Gupta et al. (2021) proved that plant
biostimulants stimulate growth in many plant species
under different growing conditions, have a positive ef-
fect on photosynthetic pigments, carbohydrates, pro-
teins, and phytohormones. Notably, their effectiveness
depends on the method of application, the type of
plant, the growth period, etc. According to Mazur et al.
(2018) and Shevchenko (2017), the use of growth reg-
ulators activates the mechanism of immunity, stress
resistance, and adaptability of plants. Their use affects
the formation of crops with optimal morphostructural
and functional indicators.

A study by Shevchenko & Tokmakova (2018), con-
ducted on corn crops in Polissia determined that due to
the growth-stimulating properties of the preparation,
quantitative and qualitative parameters of the photo-
synthetic activity of plants increase. Its use for seed
and crop treatment increases the leaf surface area by
40% and the net photosynthetic productivity of crops
by 63.8%. When treated with plant growth regulators,
the accumulation of photosynthetic pigments increases
(by 12-24%), while the content of water-soluble sugars
decreases by 9.0-17.5%, which indicates the functional
activity of the photosynthetic apparatus.

In accordance with this, the purpose of the study
was to investigate the effect of the growth regulator on
the assimilation surface area, photosynthetic potential,
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net photosynthetic productivity, and chlorophyll con-
tent in sorghum in the conditions of the Right-Bank
Forest-Steppe of Ukraine.

MATERIALS AND METHODS

The study was conducted in 2016-2019 at the Bila
Tserkva Experimental Station of the Institute of Bioen-
ergy Crops and Sugar Beet of the National Academy of
Agrarian Sciences of Ukraine.Soils on which the study was
conducted: typical low-humus chernozems. Humus con-
tent is 3.5%, total nitrogen - 0.31%, hydrolytic acidity -
2.41 mg-eq., easily hydrolysed nitrogen - 134 mg/kg,
phosphorus - 276 mg/kg, potassium - 98 mg/kg, base
saturation - 90%. The scheme of the experiment pro-
vided for the treatment of seeds and vegetative plants
with a growth regulator: factor A (seed treatment) -
without treatment (control) and treated seeds with a
growth regulator; Factor B (treatment of crops with a
growth regulator) — seeds not treated + spraying of crops
and seeds treated + spraying of crops with a regulator.
The experiment is repeated four times. Area of the sown
area is 50 m?, accounting - 21 mZ. Crops were formed
with a row spacing of 45 cm and a density of 200 thou-
sand units/ha, sowing depth - 4-6 cm. According to
the scheme, the growth regulator Vermistim was used
in the experiment — a preparation made as an extract
from vermicompost. It contains a complex of water-solu-
ble fulvic acids, enzymes, vitamins, and phytohormones.

Accounting and monitoring of crops, in particu-
lar, determination of leaf surface area, photosynthetic

potential, net productivity of photosynthesis, chlo-
rophylls a and b, were conducted according to the
methodology developed at the Institute of Bioenergy
Crops and Sugar Beet by Roik et al. (2020) and
Pravdyva et al. (2021). Weather conditions, in par-
ticular, temperature and precipitation, had deviations
from long-term indicators, but were favourable for
growing sorghum in the conditions of the Right-
Bank Forest-Steppe of Ukraine. Correlation regres-
sion analysis was performed using a PC in Excel pro-
gramme based on the obtained results.

Statistical analysis. After first undergoing an
analysis of variance (ANOVA), all data were analysed
with the software SAS (SAS Institute Inc., USA) to de-
termine the statistical substantiality of the treatment
effects (P=0.05 or less). Significant differences between
individual means were determined using the least sig-
nificant difference (LSD) test.

RESULTS AND DISCUSSION

Photosynthetic productivity of crops has a substantial
impact on the yield of sorghum, which in turn depends
on the leaf surface area. The yield of biomass and or-
ganic matter also depends on its size. Analysing the
results, it was determined that the leaf surface area
varied both by the periods of plant growth and devel-
opment and by the use of a growth regulator. In general,
seed and crop treatment increased the leaf surface area
by 20-55% compared to the control, depending on the
development phase (Table 1).

Table 1. Effect of the growth requlator on the leaf surface area of sorghum plants (2016-2019)

Leaf surface area, thousand m?/ha, per phase:

Method of preparing seeds for sowing

tillering stem elongation flowering full ripeness
- Without treatment - control 6.83 20.4 335 3.19
5 8%
$E8
£ .
n g 8 Seeds treated with a plant 792 272 261 412
s~ growth regulator
= Untreated seeds + spraying
g = of crops with a plant growth 8.15 28.6 38.9 4.68
B 5 regulator
g
a® Seeds treated + spraying of
e~ crops with a plant growth 8.56 29.6 40.32 497
~ regulator
LSD 0.11 0.98 1.36 0.13

0.05

Source: compiled by the authors

During the flowering period, the leaf surface area
of plants had maximum values, after which it de-
creased until the grain was fully ripe,and amounted to
33.5 thousand m?/ha for control, 36.1 thousand m%/ha
for seed treatment with a growth regulator, 38.9 thou-
sand m?/ha in the version where only crops and 40.32
thousand m2/ha were sprayed together with the treat-
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ment of seeds and crops. The study showed that in
the control group, the leaf surface area had the lowest
indicators.

The duration of functioning of the resulting area of
the assimilation surface of plants is an important con-
dition for ensuring high yields and is expressed by an
indicator of photosynthetic potential. This indicator for




the growing season gives a general characteristic of the
photosynthetic activity of plants and, depending on the
growing conditions, varies substantially.

The photosynthetic potential varied depending
on the size of the leaf surface area during the grow-
ing season. It was the highest in the version where
the growth regulator was used on seeds and crops
and amounted to 1.31 mln. m2xdays/ha; in the variant
where only seeds and crops were treated, it was lower
by 3-5%. And the lowest indicator of photosynthetic
potential (1.21 mln. m?xdays/ha) was observed in the
control group where the growth regulator was not used
(Table 2). One of the most important indicators of the
photosynthetic potential of plants is the net productiv-
ity of photosynthesis, which shows the ratio of the daily
growth of dry matter to the area of leaves, that is, the
intensity of the assimilation surface of sorghum plants.
With the beginning of plant development, the produc-
tivity of photosynthesis gradually increased, which

Pravdyva et al.

reached a maximum on the 65th day after the emer-
gence of seedlings, after which a sharp decrease oc-
curred. It was determined that net productivity depends
on the use of a growth regulator, with the highest
values obtained in the group where seeds and crops
were treated with a growth regulator and amounted
to 6.12 g/m2 In other variants of the experiment, the
net photosynthetic productivity decreased to 4.67 g/m?>.
Photosynthetic activity of sowing is the basis for the
formation of a high yield. The study determined that
the use of a growth regulator substantially increases
the yield of sorghum. For example, in the group where
the growth regulator was used on both seeds and crops,
grain yields of 7.1 t/ha and biomass of 35.9 t/ha were
achieved. Slightly lower yields of grain and biomass
were observed in the variant where only seeds were
treated (5.2 and 32.8 t/ha) and where only crops were
treated (5.9 and 33.4 t/ha). In the control group, the
yield is the lowest — 4.4 and 29.2 t/ha.

Table 2. Photosynthetic potential, net photosynthetic productivity and yield of sorghum depending on the application
of the growth requlator (2016-2019)

Method of . ds for sowin Photosynthetic potential, Net photosynthetic  Seed yield, Biomass
ethod of preparing seeds for sowing (mln.m?/ha)xdays productivity, g/m? t/ha yield, t/ha
£ Without treatment - control 121 4.67 4.4 29.2
ZES
%2 @ ‘E Seeds treated with a plant 124 494 59 378
s~ growth regulator
2 Untreated seeds + spraying
GEJ = of crops with a plant growth 1.27 5.46 5.9 334
= regulator
(OIS
Eé Seeds treated + spraying of
S crops with a plant growth 1.31 6.12 7.1 35.9
regulator
LSD 0.04 0.08 0.33 1.45

0.05

Source: compiled by the authors

The process of photosynthesis that occurs in
leaves promotes the absorption of carbon dioxide
from the external environment, due to the energy
of sunlight and its conversion into chemical energy
of organic substances. This function is performed by
chlorophyll, which is part of the cellular composi-
tion of plant leaves. The total amount of chlorophyll
and its concentration in plant leaves is an important
physiological parameter. It characterises the poten-
tial power of the photosynthetic apparatus depend-
ing on the phase of crop development, the reaction
of plants to the action of various factors of influence
(growth regulator, natural environmental factors, min-
eral nutrition, etc.) and has a close relationship with
the biological productivity of the plant organism. The
chlorophyll content in the leaves of sorghum plants
gradually increased in the growth and development

phases and was maximum in the tasselling phase, and
in the waxy and full ripeness phase, it intensively de-
creased depending on the experiment options.

The results of the study showed a substantial dif-
ference in the content of chlorophylls a and b in the
leaves of sorghum plants from the tillering period to
full ripeness (Table 3). The growth regulator is of great
importance for the formation of chlorophylls in sor-
ghum plants. Thus, the treatment of seeds and crops
with a growth regulator, compared to the control
option, increased the content of chlorophyll a in the
phase of tasselling by 18.4% and the content of chlo-
rophyll b by 18.8%. When using the preparation only
on seeds and only on crops, the content of chlorophyll
a increased by 3.30 and 6.35%, and chlorophyll b - by
5.88 and 13.2%. The lowest number of them was ob-
served in the control group.
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Table 3. Dynamics of chlorophylls in sorghum plants depending on the use of a growth requlator,
mg/g of dry matter (2016-2019)

Phase of plant growth and development:

Method of preparing seeds for

sowing Tillering Stemming Tasselling Full ripeness
a b a+b a b a+b a b a+b a b a+b
Seed Without treatment -
treatment control 270 082 352 293 0487 3.8 324 112 436 154 062 216
(factor A)
Seed Seeds treated with
treatment a plant growth 284 085 369 308 091 399 335 119 454 158 065 223
(factor A) regulator
Untreated seeds +
spraying of crops
with a plant growth 288 089 377 314 094 408 346 129 475 161 068 229
Crop regulator
treatment
(factor B) Seeds treated +
spraying of crops 595 094 397 322 099 421 397 138 535 166 070 2.36

with a plant growth
regulator

Source: compiled by the authors

Correlation and regression analysis of data between
photosynthetic potential and leaf surface area is repre-
sented by a second-order polynomial and the equation
has the form y=0.0012x2-0.0727x+2.3316.A strong cor-
relation was established, with the coefficient R=0.9790,
and the coefficient of determination R?=0.9817 (Fig. 1a).

135 -
2 131
=
% _§- 1.25 A
o= 121
T
S g 115 +
=<
ZTE 11 J y = 0.0012x2 - 0.0727x + 2.3316
- R2=09817
& 105 1 R=0.9790
1 . , ,
30 35 40 45

Leaf surface area, thousand m%/ha

a)

Between net photosynthetic productivity and the leaf
surface area, a strong correlation R=0.9572 was estab-
lished, and the coefficient of determination R?2=0.9884.
The correlation-regression relationship is represented
by a polynomial second order and the equation has the
form y=0.0309x%-2.0789x+39.643 (Fig. 1b).

(9]
(9]
1

(9
1

<

y =0.0309x2 - 2.0789x + 39.643
R?=0.9884
R=0.9572
4 T T 1
30 35 40 45

Leaf surface area, thousand m%/ha

b)

b
(%2}
1

Net photosynthetic
productivity, g/m?

Figure 1. Correlation-regression relationship (a) between photosynthetic potential and leaf surface area and (b)
between net photosynthetic productivity and leaf surface area

Source: compiled by the authors

The obtained results showed that with anincrease in
the net productivity of photosynthetic activity, the yield
of sorghum also increased. This is confirmed by corre-
lation and regression analysis, which proved a substan-
tial relationship between net photosynthesis produc-
tivity and grain yield and between net photosynthesis
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productivity and biomass yield (Fig. 2 a, b). The coeffi-
cient of determination and correlation was R?=0.9905
and R=0.9930 and R?=0.9444 and R=0.9259. This de-
pendency can also be described a second-order pol-
ynomial equation: y=0.0436x*+0.0506x+3.5778 and
y=0.0303 x*-1.7504x+29.942.
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Figure 2. Correlation-regression relationship (a) between net photosynthetic productivity and grain yield and (b)
between net photosynthetic productivity and biomass yield

Source: compiled by the authors

The formation of highly productive crops is a com-
plex multi-industry process of regular changes in plant
growth and development (Rozhkov & Svyrydova, 2017),
which involves a large number of exogenous and en-
dogenous factors that regulate the level of disclosure
of the genetic potential of plant productivity. During
ontogenesis, genetically determined natural changes
occur in plants in stages, which are based on the con-
sistent implementation of the plant development pro-
gramme. The investigation of the relationship between
agrotechnical factors of cultivation will allow manag-
ing the production process of sorghum crops.

A study conducted by (Davydenko & Rozhkov, 2022)
proved the feasibility of using the growth stimulator
Vegestim in cultivating grain sorghum. From the stand-
point of agronomic efficiency, the best option was the
one in which seeds were treated with this preparation
before sowing and two foliar top dressing was con-
ducted - at the beginning of tubing and tasselling. On
average, over the years and the examined hybrids of
grain sorghum, the yield of sorghum grain in this vari-
ant was the highest in the experiment - 5.28 t/ha.

In the studies of Karpenko & Krasnoshtan (2022),
it was noted that the most favourable conditions for
the formation of the content of pigments in the tissues
of grain sorghum leaves are formed with the complex
application of Citadel 25 OD, Endophyte L1, and Bio-
arsenal preparations, accompanied by an increase in
the content of chlorophylls a, b, a+b, and carotenoids on
average by 7.4-9.1%, 16.0-18.3%, 9.4-11.2%, and 35.5-
40.2%, respectively. This indicates that the use of the
Citadel 25 OD herbicide in conjunction with the plant
growth regulator Endophyt L1 and the biological prod-
uct Bioarsenal is an effective measure to reduce the
negative effect of xenobiotic on the pigment complex
of grain sorghum plants.

According to researchers Dyomin et al. (2021), it was
determined that the variants with complex application

of Agrostimulin obtained a substantial increase in the
yield of perennial sorghum seeds (1.7 t/ha), which sub-
stantially exceeded the control by 0.5 t/ha and other
experimental variants (by 0.1-0.2 t/ha). It was also es-
tablished that the initial rates of interphase periods
of growth and development of sorghum plants are re-
duced by the use of Agrostimulin.

Raid et al. (2019) show that the use of growth reg-
ulators and microelements substantially impacted the
growth, development, and yield of grain sorghum. The
improvement of growth parameters with preparations
may be a consequence of their role in modifying vari-
ous physiological and metabolic processes.

A study by Storozhyk et al. (2019) indicates that the
highest yield of green mass was obtained with a den-
sity of 250 thousand plants/ha and seed treatment with
the growth stimulator Vympel 2 (0.5 L/t) + foliar top
dressing in the tillering phase (0.5 L/ha) when sowing
the Dovista hybrid - 98.8 t/ha, which is 5.3 t/ha more
than that of the Gulliver hybrid.

Researchers (Titarenko & Karpuk, 2022) deter-
mined that when growing a hybrid of sorghum Brigga,
the best indicators of energy harvesting with grain were
obtained on foliar fertiliser variants with microfertil-
iser Alpha-Grow-Extra, 2 L/ha in combination with the
growth regulator Stimpo-116.72 GJ/ha.And for growing
a Yutami sorghum hybrid with seeds on the application
of foliar fertiliser with microfertiliser Alpha-Grow-Ex-
tra, in combination with both growth regulators, the
minimum difference and maximum energy collection
were obtained - 134.58 and 134.39 GJ/ha. Lyubich et al.
(2020) determined that the use of a plant growth regu-
lator positively affects the germination energy and lab-
oratory germination of sorghum and increases them by
4-7% compared to the control option.

Thus, based on the studies conducted by other
researchers, growth regulators have a positive effect
on the sowing qualities of seeds, plant growth and
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development, and sorghum productivity. However, the
number of studies on the effect of growth regulators
on the photosynthetic productivity of grain sorghum is
practically nonexistent, so it requires further research.

CONCLUSIONS

Based on the results of the conducted studies, the ef-
fect of the pre-sowing treatment of seeds and crops
with a plant growth regulator on the photosynthetic
productivity of sorghum was established. The ob-
tained data are statistically reliable, relevant, and
characteristic for growing in various soil conditions
using a growth regulator.

The leaf surface area in the experiment varied de-
pending on the periods of plant development and the
use of a growth regulator and reached 40.32 thou-
sand m%/ha during the flowering period in the vari-
ant with the treatment of seeds and crops. The dura-
tion of the assimilation surface is expressed by the
photosynthetic potential, which ranged from 1.21 to
1.31 mln. m¥/haxdays. On average, the net productivity

regulator, increased the content of chlorophyll a by
18.4% and chlorophyll b by 18.8%, compared to control.

The results of correlation analysis allowed for es-
tablishing the determining factors of influence on the
yield of sorghum. It is proved that with high indicators
of photosynthetic productivity, the yield of grain and
biomass substantially increased, while the correlation
coefficient was R=0.9930 and R=0.9259.

In Ukraine, sorghum is poorly examined and
sparsely distributed, and, accordingly, requires a de-
tailed investigation of the elements of cultivation tech-
nology, namely the use of a growth regulator on seeds
and crops, which will contribute to the formation of
both grain and high-quality biomass. Growth regulators
affect the metabolic and enzymatic processes of plants,
ensuring a high intensity of photosynthesis. Currently,
sorghum is considered an energy crop, the raw material
used for producing ethanol and solid fuels. Therefore,
the conducted study is relevant - with proper planning
of crops and further use.

of photosynthesis increased to 6.12 g/m? per day. The ACKNOWLEDGEMENTS
highest yield in the experiment was obtained in the fol-  None.
lowing variants: seed treatment + spraying of crops -
7.1 t/ha, seed treatment - 5.1 t/ha, and crop treatment - CONFLICT OF INTEREST
5.7 t/ha. Treatment of seeds and crops with a growth  None.
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DOoTOCUHTETUYHA NPOAYKTUBHICTb COPro 3BUMaMHOIro ABOKOIbOPOBOIO
(Sorghum bicolor L. (Moenh) B ymoBax NpaBo6epe)Horo Jlicocteny YKpaiHu
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AHotauia. Copro 3BM4yaliHe [BOKO/bOPOBE € TEXHIYHOK, MPOAOBO/LYOI Ta KOPMOBOK KY/bTYpOl i MOXe 6yTu
BMKOPUCTaHE 19 PI3HOMAHITHUX LiNei, 3BaXaroum Ha MOro LiHHICTb, MOCIBHI M0LWi NOBUHHI BYyTX 3HAYHO PO3LIMPEHI
B YKpaiHi, @ TaKoX [OCKOHAN0 BMBYEHI €NeMeHTU TeXHONOriT BUPOLLYBaHHS. MeTol JocnigxeHb 6yno BU3HAYUTH
BN/IMB perynatopa pocty Ha (OTOCUHTETUYHY NPOAYKTUMBHICTb COPro 3BMYAWHOIO [BOKOMILOPOBOrO B YMOBAX
MNpaBobepexHoro Jlicocteny YkpaiHu. B poboTi BUKOPUCTOBYBaNM HACTYMHI METOAM: MOAbOBWIA, BUMIPHOBA/IbHO-
BaroBui, MaTeMaTUYHO-CTaTUCTUYHMIA. JloCNigyKeHHS NPOBOAMIM B YMOBaX HECTIMKOro 3BoN0XeHHS [1paBobepexHoro
Ticocteny Ykpainun B 2016-2019 pp. 3a pe3ynstataMu f0CNiAKEeHb BCTAHOBNEHO, LLLO 3aCTOCYBAHHA perynstopa pocty
pPOCAMH BNIMBANO Ha MOTOCUHTETUYHY NPOAYKTUBHICTb, @ CAMe Ha NOLLY JIUCTKOBOT MOBEPXHi, HOTOCUHTETUUHUN
noTeHuian Ta YWUCTY NPOAYKTUBHICTb (POTOCMHTE3Y. 3MIHIOBANMCA MOKAa3HMKM LWOAO0 BMIiCTy xnopodinie. Tak,
acUMINAUiMHA NNoLWa ANCTKIB carana MakcMMyMy 3 06pobisHHAM HaCiHHS Ta 06MpUCKYBAHHAM NOCIBIB i CTaHOBWMANA
y nepioa KywiHHa 8,56 Tuc. M%/ra, y nepioa Buxomy B Tpybky - 29,6 Tuc. M%/ra, y nepioa UBITIHHA Ta NOBHOI
cturnocTi - 40,32 Ta 4,97 Tuc. M*/ra. YncTa npoayKTUBHICTb GOTOCMHTE3Y Ha KOHTPONi Byna HaMeHwWwoto - 4,67 /M2,
3aCTOCYBaHHS PerynsTopa PoCTy Ha HaCiHHI Ta Ha nocieax cnpuano ii niaeuwweHHo Ha 0,27 1a 0,79 r/m2. 3 06pobkoto
HaciHHA i nociBiB YMCTa NPOLYKTUBHICTb HOTOCKMHTE3Y DByNa HaMBULLOK | cTaHoBUMNA 6,12 /M2 Cyma xnopodinis a+s
Mania HaMBULLi NMOKA3HUKM Y Mepios BUKMAAHHSA BONOTI i 3aN€XHO Bif BapiaHTiB focnigy 6yna B Mexax Big 4,36 0o
5,35. YpoxariHicTb 3epHa Ta 6ioMacu TakoX BapitoBana Bif, 3aCTOCYBaHHS npenaparty. | HalBuLwow byna y BapiaHTi
3 06p0o6KOK HACiHHA 11 06npuckyBaHHAM nocigiB (7,1 Ta 35,9 T1/ra). TakoX BM3HAYEHO TiCHOTY B3aEMO3BA3KIB MiX
(DOTOCMHTETUYHOK MPOAYKTUBHICTIO Ta BPOXAMHICTIO COPro 3BMYAMHOrO ABOKONBOPOBOro. HaykoBi AOCAIAXKEHHS
MOXYTb CMPUSATU LUMPOKOMY 3aCTOCYBAHHIO PErynsTopiB poCTy Ha MociBax copro, i 3abe3neynT MNOBHOLHHWIA
PO3BUTOK POC/IMH, 30iNbLIEHHIO YPOXXaMHOCTI 3epHa Ta 6iomMacu

KniouoBi cnosa: nnowa AMCTKOBOI MOBEPXHI; YNCTa NPOAYKTUBHICTb OTOCUHTESY; BMICT X1I0pOdiniB; YpOXKanHiCTb
3epHa Ta biomacu
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Abstract. Winter wheat is the main food crop in the Steppe zone and the main
agricultural crop in many countries of the world. The issues of intensifying
grain production are inseparable from the production and use of new effective
biological products for pre-sowing seed treatment, which positively affect the
growth and development of winter wheat plants. The purpose of the study
was to establish the effect of seed treatment before sowing with biological
products on the productivity of winter wheat varieties. The study presents
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data on the results of an examination of 10 varieties of winter wheat for
seed treatment with biological products in the conditions of the Educational
and Scientific Practical Centre of the Mykolaiv National Agrarian University
from 2020 to 2022. In the course of the study, generally accepted methods
were used: system approach and system analysis, analysis and synthesis,
field, and statistical. The influence of seed treatment with biological products
and varietal characteristics of winter wheat on productivity was analysed. It
was determined that the yield level depended and varied depending on the
biological product used for pre-sowing seed treatment and the examined
variety. Over the years of the study, biological products have affected the
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density of plants, the coefficient of productive tillering, the number of productive stems, the mass of grain per ear,
1000 grain weight, and the yield of winter wheat varieties. The best results were obtained with the combined use
of the examined biological products Azotophyt-R and Phytocide-R. The conducted studies confirmed the feasibility
of pre-sowing seed treatment with biological products to optimise the nutrition of plants of winter wheat varieties
to form a high grain yield. The scientific achievements obtained will contribute to the widespread use of biological
products for seed treatment, ensure rapid and full-fledged growth and development of winter wheat varieties, and

further increase grain production and gross harvest

Keywords: soft winter wheat; grain yield; productive tillering coefficient; 1000 grain weight; grain weight per 1 ear

INTRODUCTION

One of the strategic industries for any country in the
world is food production. In modern economic condi-
tions, the importance of the agricultural sector in the
economy is growing, since Ukraine’s competitiveness, or
gross domestic product, benefits from the sale of agri-
cultural products. An important part of agricultural pro-
duction is the cultivation of food crops. For a long time,
Ukraine has been among the top ten grain producers in
the world per capita.

In many countries of the world, wheat is the main
agricultural crop, and in the Steppe zone it is the main
food crop, so the system of agrotechnical measures
should be aimed at creating favourable conditions for
obtaining a high yield of this crop (Gamayunova et al.,
2022). Worldwide, there is a growing interest in using
organic farming and increasing grain production using
low levels of mineral fertilisers (Petrenko et al., 2018).
Reducing the dose of mineral fertilisers, especially ni-
trogen, is possible when using biological products.

The main goal of organic technology for growing
winter wheat is to realise the yield potential of varieties
through the rational use of natural productivity factors.
In each region, it would be necessary to select such va-
rieties, the bioecological features of which fully corre-
spond to the natural conditions of the area (Babenko
et al.,2018; Korkhova et al., 2022). Modern winter wheat
varieties are characterised by high ecological plasticity,
disease resistance, and grain quality (Montesinos-Lopez
et al.,,2018; Korkhova et al., 2022).

In recent years, there has been an increase in in-
terest in biological preparations, which is associated
with an increase in the price of mineral fertilisers,
contamination of agricultural land with chemicals and
the expansion of acreage for organic farming (Kulkarni
& Goswami, 2019). Biological products stimulate the
growth and development of agricultural plants,increase
resistance to stress, diseases, and balance nutrition.
This effect is achieved due to the fact that live bacteria
convert insoluble compounds into available forms, pro-
vide nitrogen nutrition, and protect plants from bacterial
and fungal diseases (Panfilova & Mohylnytska, 2019).

Numerous studies by researchers around the world
(Singh et al., 2018; Klein & Guimaraes, 2018) showed
that the use of complex organic fertilisers, composite
growth bioregulators, inoculants, nanopreparations,
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biogenic elements will contribute to the regulation of
plant growth and development, their resistance to stress
by increasing plant immunity, activating biological pro-
cesses, synthesising organic substances, increasing leaf
surface area, net photosynthesis productivity, and crop
yields. There is a wide range of biological products on
the market, so this makes it difficult to choose them.

Grainyield is a complex trait that depends on many
genetic factors and environmental changes. Successful
breeding depends on information about genetic varia-
bility and the association of morphological agronomic
traits with grain yield. The State Register of Varieties
(2023) lists more than 600 varieties of winter wheat.
For effective breeding work, raw materials must be ex-
amined in detail for compliance with specific parame-
ters and requirements (Wu & Zhatova, 2022).

Increasing the yield of winter wheat grain in com-
bination with reducing resource consumption and re-
ducing the chemical load on the soil is a priority area
for the development of agriculture, success in which
can be achieved by greening crop production (Acharige,
et al, 2019; Soto-Gémez & Pérez-Rodriguez, 2022).
Due to the application of excessive amounts of fertil-
isers, environmental pollution increases, the quality
decreases, and the energy intensity of manufactured
products increases (Kulkarni & Goswami, 2019).

There is insufficient information on the productivity
of winter wheat in arid conditions, especially studies
on modern varieties, so the creation of important traits
for breeding and the organisation of breeding work is
based mainly on world genetic resources or collections
of cultivated plants (Lollato et al., 2019).

The purpose of the study consisted in establishing
varietal characteristics and the influence of weather
conditions during the years of the study on the produc-
tivity indicators of winter wheat,depending on the treat-
ment of seeds before sowing with biological products.

MATERIALS AND METHODS

Experimental studies were conducted during 2020-
2022 at the experimental field of the Educational and
Scientific Practical Centre of the Mykolaiv National
Agrarian University. The experiment scheme included
the following variants: factor A - winter wheat varieties
(10 variants); Factor B - biological products: control
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(water treatment), Azotophyt-R, Phytocide-R, Azoto-
phyt-R + Phytocide-R. The area of the sown plot was
50 m?, and accounting - 26 mZ Variants were placed
using the incomplete randomisation method in four-
fold repetition.

The research material was 10 varieties of soft win-
ter wheat, owned by leading institutions of Ukraine:
Antonivka, Liha odes’ka, Duma odes’ka, Versiia odes’ka,
Spadshchyna odes’ka, Vidpovid odes’ka, Rodzynka
odes’ka (breeding and genetic Institute-National cen-
tre for seed and variety studies); Ovidii, Khersons’ka 99
(Institute of irrigated agriculture of the National Acad-
emy of Agrarian Sciences of Ukraine), Rosynka (Institute
of rice of the Ukrainian Academy of Agrarian Sciences),
which are registered in the State Register of plant vari-
eties suitable for distribution in Ukraine in 2005-2020
(State Register of Plant Varieties..., 2022). Agricultural
techniques for conducting experiments were generally
accepted for existing zonal recommendations for the
conditions of the Southern Steppe zone of Ukraine, with
the exception of factors under study. Sowing of winter
wheat varieties was conducted in the first decade of
October, using the seeding rate of 5 million pcs./ha.

The soil of the experimental plots is represented by
southern chernozem, residual residual-lightly-alkaline
heavy loamy on forest soils with a neutral reaction of
the soil solution. The average humus content in the
arable soil layer is 3.3%, mobile forms of nutrients:
nitrates - 18, mobile phosphorus - 49, exchange po-
tassium - 395 mg/kg of soil.

The effect of Azotophyt-R and Phytocide-R bio-
logical products was examined on the winter wheat
varieties under study. Azotophyt-R is a natural bi-
ostimulator of growth, which actively fixes molecular
atmospheric nitrogen, synthesises growth-stimulating
substances, improves seed germination, stimulates the
development of the root system and plants, improves
the absorption of nutrients, and increases crop yield.
Phytocide-R is a biological fungicide against fungal
and bacterial diseases that protects plants from a wide
range of fungal and bacterial pathogens, stimulates
plant growth and development, increases resistance
to adverse environmental conditions and improves the

Korkhova et al.

quality of crop production. The preparations are used
for seed treatment before sowing at the rate of 0.8 and
1.0 L/t, respectively. Accounting of crop density was de-
termined on test sites with an area of 1 m? twice dur-
ing the growing season, which were placed diagonally
across the registered area of the plot. For the first time,
counting is conducted in the phase of full shoots, and
for the second time - before harvesting.

The coefficient of productive tillering was deter-
mined by the ratio of the number of productive stems
to the number of plants in a snip sample taken from
an area of 1 m2 The mass of grain from one ear was
determined by dividing the mass of grain from the
sheaf by the number of productive stems in the sheaf
sample. 1000 grain weight was determined according
to DSTU ISO 520:2015 (2015). Winter wheat harvesting
was conducted with a SAMPO-500 combine harvester
with each repetition. After threshing each section, the
combine’s threshing machine was turned off, the col-
lected grain was weighed separately and transferred to
standard humidity (14%) and purity (100%).

The obtained results in the form of analytical digital
material were subjected to statistical and mathemati-
cal processing, which was performed by the method of
variance and correlation analysis using Microsoft Exel
and Agrostat computer programmes by the method of
variation, correlation, and variance analysis.

RESULTS AND DISCUSSION

The productivity of winter wheat is influenced by many
factors, including varietal characteristics, biological
products for pre-sowing seed treatment and cultivation
technology. Plant density is the main indicator for the
formation of the future yield. According to the results of
the conducted studies, it was established that the den-
sity of winter wheat plants was influenced by both va-
rietal characteristics and the pre-sowing treatment of
seeds with the examined biological products. Thus, the
highest density of plants per 1 m? was formed by plants
of the Rosynka variety - 384-424 pcs./m? depending on
the treatment of seeds with biological products, and
on average according to these biological products, the
density was 398 pcs./m? (Table 1).
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Table 1. Plant density of winter wheat varieties in the phase of full grain ripeness, depending on seed treatment with
biological products (average for 2020-2022), pcs./m?

Factor B (biological products)

No. (::rci::;'eﬁ) Control (water - Azotophyt-R +
treatment) zotophyt-R Phytocide-R Phytocide-R Average

1 Ovidii 287 291 276 357 303

2 Rodzynka odeska 375 373 362 422 383

3 Rosynka 384 393 389 424 398
4 Spadshchyna odes’ka 380 392 394 415 395

5 Khersons'ka 99 366 396 401 414 394
6 Antonivka 366 367 348 405 372
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Table 1, Continued

Factor B (biological products)

No. (\I’:aa;te(;ire,:) Control (water A . Azotophyt-R +
treatment) zotophyt-R Phytocide-R Phytocide-R Average
7 Versiia odes’ka 358 370 392 410 383
8 Vidpovid odes’ka 353 379 375 409 379
9 Duma odes 'ka 295 299 292 396 321
10 Liha odes’ka 349 375 383 409 379
Average 351 364 361 406 371

HIP for factor A (pcs./m?) - 2.01

HIP  for Factor B (pcs./m?) - 5.04

Source: compiled by the authors

The lowest density of plants was formed by plants
of the Ovidii variety - from 276 pcs./m? in the ver-
sion with the biological product Phytocide-R up to
357 pcs./m? in the version with the combined use of

biological products Azotophyt-R and Phytocide-R. The
coefficient of productive tillering of the examined win-
ter wheat varieties ranged from 1.7 to 2.4, depending
on the examined biological products (Table 2).

Table 2. Coefficient of productive tillering of plants of winter wheat varieties in the phase of full grain ripeness,
depending on seed treatment with biological products (average for 2020-2022), pcs./m?

Factor B (biological products)

No. (5:;'::::;) Control (water . Azotophyt-R +
treatment) otophyt-R Phytocide-R Phytocide-R Average

1 Ovidii 20 21 21 2.0 21
2 Rodzynka odeska 2.0 2.0 1.9 1.8 19
3 Rosynka 1.9 1.7 1.8 1.7 1.8
4 Spadshchyna odes’ka 1.8 19 1.8 1.8 1.8
5 Khersons’ka 99 1.9 1.8 1.8 1.7 1.8
6 Antonivka 1.8 1.8 1.9 1.7 1.8
7 Versiia odes’ka 2.0 2.0 1.9 2.0 2.0
8 Vidpovid odes’ka 2.1 2.0 2.1 1.9 2.0
9 Duma odes’ka 2.0 2.4 21 1.8 21
10 Liha odes’ka 21 2.0 20 1.9 2.0
Average 2.0 1.9 1.9 1.8 1.9

HIP,, for factor A (pcs./m?) - 0.01

HIP for Factor B (pcs./m?) - 0.02

Source: compiled by the authors

This indicator was higher (2.0) on average for va-
rieties in the control version, and lower (1.8) in the
version with the combined use of biological products
Azotophyt-R and Phytocide-R. It was determined that
pre-sowing treatment of seeds with biological prod-
ucts reduced the coefficient of productive bushiness
of plants on average for the examined varieties by
0.1-0.2 pcs./m?. It is established that the varieties Ovi-
dii and Duma odes’ka formed the highest coefficient
of productive tillering - 2.1, which is 0.1 more than
the varieties Versiia odes’ka and Vidpovid odes’ka; 0.2
more than the variety Rodzynka odes’ka; 0.3 - than the
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varieties Rosynka, Spadshchyna odes’ka, Khersons’ka
99, and Antonivka.

The number of productive stems per unit area - an
important indicator characterising winter wheat’s produc-
tive stem. It determines the formation of the winter wheat
crop in the South of Ukraine more than other indicators of
productivity elements. The conducted studies determined
that the number of productive stems depended on varie-
tal characteristics and the examined biological products.
Thus, this indicator is more formed in the variety Vid-
povid odes’ka - 804 pcs./m?, which is 9-179 pcs./m? is
higher than that of other varieties examined (Table 3).
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Table 3. The number of productive stems of winter wheat varieties in the phase of full grain ripeness, depending on
seed treatment with biological products (average for 2020-2022), pcs./m?

Factor B (biological products)

No. (::rci::;'eAs) Control (water - Azotophyt-R +
treatment) Azotophyt-R Phytocide-R Phytocide-R Average

1 Ovidii 566 619 570 750 626
2 Rodzynka odeska 787 785 724 801 774
3 Rosynka 761 708 740 762 743
4 Spadshchyna odes’ka 723 785 749 789 762
5 Khersons’ka 99 732 753 762 744 748
6 Antonivka 709 696 697 729 708
7 Versiia odes’ka 752 776 785 861 794
8 Vidpovid odes’ka 777 795 825 818 804
9 Duma odes’ka 609 652 637 601 625
10 Liha odes’ka 768 787 805 818 795
Average 718 736 729 783 742

HIP, for factor A (pcs./m?) - 17.2
HIP,, for factor B (pcs./m?) - 22.3

Source: compiled by the authors

A higher density of productive stem (783 pcs./m?)
was formed plants of winter wheat varieties in the ver-
sion with the pre-sowing treatment of seeds with bio-
logical products Azotophyt-R and Phytocide-R, and the
smallest amount - 718 pcs./m? in the control version
with seed treatment before sowing with water. The best
option in terms of the number of productive stems of
winter wheat was the Vidpovid odes’ka variety for seed
treatment with Phytocide-R - 825 pcs./m?. The small-
est number of productive stems is formed by plants of

winter wheat of the Ovidii variety (560 pcs./m?) in the
control version (seed treatment with water).

The second important indicator that characterises
the productivity of winter wheat is the mass of grain
per ear.According to the results of the study, this indicator
was formed from 0.61 g/ear in the variety Versiia odes’ka
for seed treatment with water to 0.93 g/ear in the varie-
ties Duma odes’ka for seed treatment with Azotophyt-R,
and Ovidii in the variant with the biological product
Phytocide-R (Table 4).

Table 4. Grain weight per 1 ear of winter wheat plants depending on the variety and seed treatment with biological
products (average for 2020-2022), g

Factor B (biological products)

No. (\I,:aa;g:iré) Control (water - Azotophyt-R +
treatment) Azotophyt-R Phytocide-R Phytocide-R Average

1 Ovidii 0.90 0.92 0.93 0.78 0.88
2 Rodzynka odeska 0.72 0.69 0.72 0.72 0.71
3 Rosynka 0.68 0.77 0.72 0.77 0.74
4 Spadshchyna odes’ka 0.72 0.70 0.72 0.72 0.72
5 Khersons’ka 99 0.71 0.71 0.70 0.74 0.72
6 Antonivka 0.71 0.74 0.72 0.72 0.72
7 Versiia odes’ka 0.61 0.65 0.59 0.60 0.61
8 Vidpovid odes’ka 0.60 0.63 0.58 0.75 0.64
9 Duma odes’ka 0.90 0.93 0.91 0.79 0.88
10 Liha odes’ka 0.73 0.73 0.70 0.70 0.72
Average 0.73 0.75 0.73 0.73 0.74

HIP, for factor A (g) - 0.02
HIP, for Factor B (g) - 0.06

Source: compiled by the authors
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The largest mass of grain per ear (0.75 g/ear) was
formed on average for varieties in the variant with
pre-sowing seed treatment with Azotophyt-R biological
product, which is 2.7% more compared to the control
variant.

All these indicators also affected the formation
of winter wheat grain yield, which depended on vari-
etal characteristics and biological products. Thus, the
highest grain yield (6.09 t/ha) was formed by the Duma

odes’ka variety in the version with pre-sowing seed
treatment with Azotophyt-R and Phytocide-R biological
products, and the smallest - 4.49 t/ha. Thus, on aver-
age, for factor B (biological products), a higher grain
yield (5.85 t/ha) was formed in the Duma odes’ka varie-
ty, which is 0.19-1.09 t/ha more than in other varieties
examined. Varieties Ovidii, Rodzynka odes’ka, Rosynka,
Khersons’ka 99, Antonivka formed an average yield -
5.45; 5.30; 5.35; 5.26; 5.04 t/ha, respectively.

Table 5. Yield of winter wheat grain depending on the variety and seed treatment with biological products,
(average for 2020-2022), t/ha

Factor B (biological products)

No. (E:rﬁz::eﬁ) Control (water - Azotophyt-R +
treatment) zotophyt-R Phytocide-R Phytocide-R Average

1 Ovidii 5.10 571 5.29 5.71 5.45
2 Rodzynka odeska 5.00 5.33 5.18 5.67 5.30
3 Rosynka 5.07 5.35 5.22 5.76 5.35
4 Spadshchyna odes’ka 5.13 5.44 5.29 5.59 5.36
5 Khersons'ka 99 5.09 5.30 5.22 5.43 5.26
6 Antonivka 4.89 5.10 4.97 5.18 5.04
7 Versiia odes ka 4.49 4.96 452 5.07 4.76
8 Vidpovid odes’ka 4.55 4.89 4.72 5.11 4.82
9 Duma odes ka 5.46 6.08 5.76 6.09 5.85
10 Liha odes’ka 5.52 5.68 5.58 5.84 5.66
Average 5.03 5.38 5.18 5.55 5.29

HIP, for factor A (t/ha) - 0.14
HIP,, for factor B (t/ha) - 0.21

Source: compiled by the authors

On average, for the examined biological products, a
higher grain yield was formed on average for varieties
in the variant with the combined use of biological prod-
ucts Azotophyt-R and Phytocide-R - 5.55 t/ha, which is

t/ha
5.6

5.5
5.4

5.3
5.2
5.1

5
4.9
4.8
4.7

Control (water treatment) Azotophyt-R

0.17 t/ha more than in the variant with the biological
product Azotophyt-R, 0.37 t/ha more than in the variant
with the biological product Phytocide-R and 0.52 t/ha
more than in the control variant (Fig. 1).

Phytocide-R Azotophyt-R + Phytocide-R

Figure 1. Winter wheat grain yield depending on biological products
(average for varieties and average for 2020-2022), t/ha

Source: compiled by the authors
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The lowest grain yield on average for varieties was
formed in the control version - 5.03 t/ha, namely when
growing the Versiia odes’ka variety, where the yield
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ranged from 30.9 g in the control version when grow-
ing the Vidpovid odes’ka variety to 45.3 g in the version
with the combined use of Azotophyt-R and Phytocide-R
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was 4.49 t/ha. The 1000 grain weight of winter wheat  biological products in the Ovidii variety (Table 6).

Table 6. 1000 grain weight of winter wheat, depending on the variety and seed treatment with biological products
(average for 2020-2022), g

Factor B (biological products)

No. (\I,:aarcig:iré) Control (water - Azotophyt-R +
treatment) Azotophyt-R Phytocide-R Phytocide-R Average

1 Ovidii 40.1 422 416 453 423
2 Rodzynka odeska 38.9 394 39.1 40.6 39.5
3 Rosynka 35.0 35.2 34.9 36.1 35.3
4 Spadshchyna odes’ka 35.1 35.9 35.6 36.8 35.9
5 Khersons’ka 99 34.0 343 33.9 34.8 34.3
6 Antonivka 35.9 36.1 35.3 36.5 36.0
7 Versiia odes’ka 40.0 40.6 40.1 41.0 40.4
8 Vidpovid odes’ka 30.9 33.2 32.6 339 32.7
9 Duma odes'ka 36.6 371 36.8 38.2 37.2
10 Liha odes’ka 35.7 36.4 35.9 37.2 36.3
Average 36.2 37.0 36.6 38.0 37.0

HIP,, for factor A (g) - 0.3
HIP for factor B (g) - 0.5

Source: compiled by the authors

On average, the largest 1000 grain weight was
formed by the Ovidii variety — 42.3 g, and the smallest -
32.7 g. Thus, on average for larger varieties, this indi-
cator (38.0 g) is formed in the variant with joint seed
treatment before sowing with Azotophyt-R and Phyto-
cid-R biological products, which is 1.8 g more than in
the control version, 1.0 g more than in the variant using
Azotophyt-R biological products, and 1.4 g more than
in the variant with the Phytocid-R biological products.

The formation of winter wheat grain yield was influ-
enced by the interaction of productivity factors, mainly
the number of productive straws, the mass of a thousand
grains,and the size and qualityof grainsin ears (Olkhovsky
et al., 2019; Tsvey et al., 2021). M. Lozinskiy et al. (2021)
determined that the grain mass of a single ear, i.e. its
productivity, is the result of the action and interaction of
many hereditary factors that determine its components,
so the main ear plays an extremely important role in
shaping the productivity of wheat plants and grain yield.

Based on the results of a study conducted during
2015-2017 in the Lublin Voivodeship (Poland), it was
determined that winter wheat, regardless of the year
of the study, generated the highest yield of soft win-
ter wheat varieties - 7.69 t/ha (Rachon et al, 2020). In
addition, a higher yield (5.91 t/ha) was obtained by re-
search in the period 2016-2022 on average for winter
wheat varieties (Korkhova et al., 2023).

N.V. Pinchuk et al. (2022) determined that in the
variants where pre-sowing inoculation of winter wheat
seeds of the Skagen variety was conducted with biolog-
ical products, the stem density was higher compared to
the data obtained in the control variant. When using
Azotophyt-R biological product for pre-sowing inocula-
tion of seeds, the stem density was 586 pcs./m?, which
is 28.8% more than the results of studies conducted
when using this biological product on average for vari-
eties. The yield of winter wheat grain during pre-sow-
ing seed treatment with Azotophyt-R was 5.64 t/ha,
which is 6.2% less compared to the results obtained
when growing the Duma odes’ka variety.

V. Gamayunova et al. (2022) argue that the use of
biological products substantially affects the 1000 grain
weight and the yield of winter wheat. The highest 1000
grain weight was obtained at 38.7 g when treated with
organic balance biological products when growing the
Duma odes’ka variety, which is an increase of 1.1%
compared to the variant growing a similar variety with
the combined use of Azotophyt-R and Phytocide-R bio-
logical products on average over the years of the study.

The studies, conducted at the Agricultural Academy
of Vytautas Magnus University (Lithuania) in 2019-2020
by D.Jodaugiene et al. (2022), determined that the use
of biological products did not substantially affect the
germination of winter wheat seeds, but contributed to
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an increase in plant tillering and the number of produc-
tive stems. When using biological products, there was a
tendency to increase 1000 grain weight, the number of
grains in the ear, the mass of grain from the ear,and the
yield of winter wheat substantially increased compared
to the control option.

V. Gamayunova et al. (2022) determined that the
use of biological products affects the productivity of
winter wheat. The highest yields were obtained in the
variant for growing a crop of the Duma odes’ka variety
with soil steaming and treatment with organic balance
biological product and amounted to 7.19 t/ha, which is
1.67t/haor 30.3% more compared to the control version.

According to R. Vozhehova & A. Kryvenko (2019),
the effectiveness of Azotophyt-R in Southern cher-
nozems depends on the average level of their fertility.
The highest efficiency was recorded on variants with-
out fertiliser application (increments ranged from 0.18
to 0.30 t/ha), with a minimal application for the worse
predecessor (an increase of 0.35 t/ha) and for back-
ground NP, K., when growing the Knopa Variety with
soil steaming (increment of 0.19-0.26 t/ha).

M. Korkhova et al. (2022) determined that on av-
erage for five years of the study (2018-2022), among
20 varieties of winter wheat, bearded varieties (Ozerna,
Staleva, Mudrist odes’ka, Duma odes’ka, Koshova, Mariia,
Zdobn, Dyvo, MIP Valensiia, Pamiati Girka, Kraievyd,
Centurion) formed a 5.8% higher grain yield than un-
bearded - Kvitka poliv, Legenda bilotserkivs’ka, MIP
Assol, Katarina, Felix, Ponticus, Faustus, and Hlaukus.
Medium-early varieties (Ozerna, Staleva, Kvitka poliv,
Mudrist odes’ka, Zdobna, Dyvo, and Centurion).

0.G. Berdnikova & E.M. Kucherak (2021) argue that
the choice of variety is a key factor in obtaining tech-
nical indicators of high grain yield and quality. The in-
troduction of new varieties of winter wheat into pro-
duction is one of the ways to increase the profitability
of its cultivation, but the average yield of this crop in
Ukraine is 2.5 times lower than in Western Europe. This
situation is caused by various factors, one of which is
the use of low-selection and outdated varieties that do
not meet the requirements of modern high-intensity
agriculture.

D.Jodaugiene et al. (2022) determined that the use
of the biological preparation did not have a substantial
effect on seed germination, but contributed to tillering,
an increase in winter wheat plant leaf surface area, the
number of productive stems, 1000 grain weight, the ear,
the mass of grain in the ear, and an increase in grain
yield compared to the control.

A study by VV. Bazalii et al. (2019) proved that in
the conditions of the south of Ukraine, it is necessary
to grow flexible wheat varieties with increased crop
stability (Khersons’ka unbearded, Khersons’ka 99,
Znakhidka odes’ka, Askaniys’ka, Clarysa), if strict stress
limits are expected in the environmental conditions.
M.K. Bondarenko & M.M. Nazarenko (2022) argue that
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highly productive genotypes developed yields due to
additional ears, had higher resistance to lodging due to
lower plant height and grain weight from the ear, re-
spectively,and spent fewer nutrients on stem formation.

Thus, biological products for pre-sowing seed
treatment under study substantially impact the produc-
tivity of winter wheat varieties, namely, the number of
productive stems, the mass of grain per ear, the yield,
and 1000 grain weight.

CONCLUSIONS

Studies conducted in the conditions of the South of
Ukraine in the period 2020-2022 show that the yield of
soft winter wheat grain largely depends and varies un-
der the influence of pre-sowing seed treatment with bi-
ological products and varietal characteristics of the crop.

The formation of winter wheat grain yield is de-
termined by the interaction of plant productivity ele-
ments, particularly the number of productive stems
formed, the mass of grain from the ear, etc., which, in
turn, depended on the examined factors. Thus, accord-
ing to the number of productive stems of winter wheat,
the best version was determined to be the Vidpovid
odes’ka variety with seed treatment with Phytocide-R -
825 pcs./m2. A large mass of grain per ear (0.75 g/ear)
was formed on average for the examined varieties in
the variant with the pre-sowing treatment of seeds
with Azotophyt-R biological preparation.

The maximum grain yield of winter wheat varie-
ties was formed by joint pre-sowing treatment of seeds
with Azotophyt-R and Phytocide-R biological products.
Thus, for the cultivation of winter wheat, on average for
the examined varieties, 5.55 t/ha of grain was obtained
for this variant of the experiment, which exceeded the
indicators of other variants of the experiment by 0.17-
0.52 t/ha or by 3.1-9.4%.

Varietal characteristics also affected the yield of the
examined crop. Thus, on average, according to the op-
tions for pre-sowing seed treatment, the Duma odes’ka
winter wheat variety formed a grain yield of 5.85 t/ha,
which exceeded the indicators of other examined vari-
eties by 3.2-18.6%.

Among the examined biological products, the
highest yield was obtained by joint treatment with Az-
otophyt-R and Phytocide-R biological products when
growing the Duma odes’ka winter wheat variety and
amounted to 6.09 t/ha, and the lowest yield was formed
in the Versiia odes’ka variety in the control version -
4.49 t/ha. The conducted studies confirm the feasibility
of pre-sowing seed treatment with biological products
to optimise the nutrition of winter wheat varieties to
obtain a high grain yield.

In the future, it is planned to analyse the influence
of biological products and varietal characteristics of
winter wheat on the quality indicators of grain, which
will give a more complete description of the examined
varieties of winter wheat.
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aHani3 Ta CMHTE3, NONbOBMIA Ta CTATUCTUYHUI MeTOA, Y CTaTTi HaBEeLEHO [aHi Npo pe3ynbTatu gocnigxkeHHs 10 copTis
nweHuLi 03MMoi 3a 06pobKM HaciHHS BionpenapaTtaMu B yMoBax HaBYanbHO-NPakTUYHOIO LEHTPY MMKONAiBCbKOTO
HauioHanbHOro arpapHoro yHisepcutety 3 2020 no 2022 poku. byno npoaHanizoBaHO BM/AMB 0OPOGKM HACIHHA
HionpenapaTamu Ta COPTOBUX OCOBMMBOCTEN MILEHML 03MMOI HA NPOAYKTUBHICTb. BCTaHOBNEHO, L0 piBEHb YPOXKatD
3aexaB Ta 3MiHOBABCA 3a/1€XHO Bif B34TOro A5 nepeanociBHOi 06pobku HaciHHA GionpenapaTy Ta 4OCAiAKYBAHOrO
COpTY. 3a pOKM [oChimpKeHb Gionpenapatv BMAMHYAM Ha TYCTOTY POC/MH, KOEDIiLi€HT NPOAYKTUBHOMO KYLLEHHS,
KiNbKiCTb NPOAYKTUBHMX CTebeN, Macy 3epHa 3 ogHoro konocy, macy 1000 3epeH Ta BPOXaMHiCTb COPTiB MLUEHML
03uMoi. Halkpawi pesynstat 6yno OTpUMMaHO Mpu CYyMICHOMY BMKOPWMCTaHHI OOCNiAXyBaHMX Oionpenapatis
AzoTodiT-p Ta ®itouma-p. NpoBefeHUMU LOCNIIKEHHAMM MNiATBEPAXKEHO AOLINBHICTL NepennociBHOI 06pobKu
HaciHHs bGionpenapaTtamMu A8 ONTUMI3aLii XMBNEHHS POCAMH COPTIB MWEHMLi 03MMOi 3 MeTol (OPMYBaHHS
BMCOKOT BPOXaMHOCTi 3epHa. OTpUMaHi HayKOBi AOCATHEHHS CMPUATUMYTb LUIMPOKOMY 3aCTOCYBaHHIO HBionpenapaTis
LN 06pobKM HaciHHA, 3abe3neyaThb WBMAKMIA | NOBHOLIHHWIA PICT | pO3BUTOK COPTIB MNLIEHMLi 03UMOi, CNPUSTUMYTb
noganblomy 36inbleHHI0 BUpOOHULITBA Ta BanoBoro 360py 3epHa

KniouoBi cnoBa: niieHnuUs MaKa 031MMa; YpOoXKaHiCTb 3epHa; KoedilieHT NpoayKTUBHOIO KyLeHHs; Maca 1000 3epen;
Maca 3epHa 3 1 konocy
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capacity of sweet cherry leaves were examined. In the first year of studies on endomycorrhizal root inoculation, these
indicators were higher compared to the control group. The positive effect of endo-ectomycorrhiza on the water-
holding capacity of sweet cherry leaves was elucidated. The total leaf surface and the content of green pigments in
the leaves were determined as one of the main indicators of the photosynthetic potential of a fruit crop. The effect
of inoculation of sweet cherry roots by mycorrhizal fungi on the ratio of chlorophylls (a/b) in leaves was established.
The parameters of the content of total nitrogen, phosphorus, and potassium in sweet cherry leaves were determined.
The use of mycorrhizal fungi increases the adaptive properties of sweet cherry trees to stressful factors, namely, arid
conditions in the south of Ukraine. The research results can be used by fruit producers to improve climate-optimised
technologies, which will substantially reduce risks and possible economic losses, and preserve biodiversity

Keywords: endomycorrhiza; ectomycorrhiza; leaf area; Prunus avium; water-holding capacity; chlorophyll; basic

elements of nutrition

INTRODUCTION

Sustainable fruit production plays a key role in ensur-
ing food security, the well-being of the population, and
the competitiveness of the country. Among the mani-
festations of climate change in the context of global
warming, the main negative impacts on the production
of fruit should be distinguished: a substantial increase
in air temperature, changes in the thermal regime, fluc-
tuations in the distribution of precipitation, increased
flow of natural meteorological phenomena and extreme
weather conditions. This affects the sustainable devel-
opment of horticulture in most regions and requires
the adaptation of cultivation technologies to these
changes to reduce risks and possible economic losses.
Therefore, it is now necessary to change approaches to
conducting agribusiness, considering the principles of
the European green course towards switching to inno-
vative climate-optimised technologies.

Sweet cherries are among the most popular fruit
crops, which consumers highly appreciate due to their
pleasant taste, attractive appearance, and valuable
nutritional and biochemical properties (Ivanova et al,,
2021). Sweet cherries can be grown in a wide range of
climatic conditions (Serdyuk et al.,, 2020; Ivanova et al.,
2022). Due to climate change, fruit producers are now
facing challenges that pose a threat to increasing the
volume of sweet cherries. The economic value of sweet
cherries encourages improving the elements of its cul-
tivation technology to enhance the conditions for plant
growth and development, increase fruit production and
increase quality (Gerasko et al.,, 2022a). The use of ben-
eficial microorganisms for mycorrhisation of plant roots
helps to reduce the use of synthetic substances and is
an alternative for sustainable horticulture (Nasif et al,,
2022). Inoculation of plant roots with beneficial mi-
croorganisms such as arbuscular mycorrhiza (AM) and
rhizobacteria to stimulate plant growth and develop-
ment is considered an alternative to the use of syn-
thetic drugs (Cobb et al., 2021). Arbuscular mycorrhiza,
as a form of mutualistic symbiotic association, improves
the supply of nutrients to the plant, increases tolerance
to abiotic stresses and resistance to various pathogens
and pests (Jain & Pundir, 2019; Lin et al., 2021). Accord-
ing to researchers (Chen et al., 2017; Brito et al., 2021),

the use of arbuscular mycorrhizal fungi (AMF) improves
vegetative growth, the content of secondary metabo-
lites, the assimilation of nutrients by plants, soil con-
ditions for host plants by improving soil structure and
promoting ecosystem sustainability.

In the study, M.Vosnjak et al. (2022) highlighted the
physiological and biochemical reactions of the leaves of
three-year-old sweet cherry trees under the influence of
low temperatures in vivo 36 days after full flowering. The
change in the examined physiological and biochemical
parameters of leaves under the influence of low temper-
atures was established. A uniform and substantial de-
crease in gas exchange parameters, chlorophyll fluores-
cence,and an increase in the content of xanthophyll cycle
pigments, especially seaxanthin and anteraxanthin, were
observed. Despite the increase in seaxanthin, research-
ers noted a decrease in the content of chlorophylls.

The positive effect of mycorrhizal fungi has also
been observed in studies with other types of fruit trees,
crops, and wild plants. The effect of AM is particularly
substantial when growing plants under unfavourable
conditions (Neidhardt, 2021). The study by Zhang et al.
(2018) found an increase in the tolerance of Lolium
perenne plants to cadmium (Cd) under the influence of
root inoculation with arbuscular mycorrhiza, as well as
a decrease in the toxicity of Cd for host plants. Accord-
ing to researchers, root inoculation of Glomus mosseae
can enhance the photosynthetic ability of leaves to as-
similate carbon by improving the absorption of phos-
phorus by roots from the soil.

X. Cai et al. (2021) determined that complex inocu-
lation by mycorrhizal fungus Glomus mosseae and bac-
teria Bacillus subtilis increased the content of nutrients
in plants, total soluble protein, total soluble sugar, total
content of free amino acids and reduced the damage to
the root system by fusarium pathogens. In the paper of
S. Gluszcek et al. (2020), the positive effect of organic
fertilisers and mycorrhisation on the growth indica-
tors of the root system, its colonisation with arbuscular
mycorrhizal fungi, and the yield of sweet cherry trees
was highlighted. Researchers noted a tendency for an
increase in the raw and dry mass of roots, their diame-
ter, the length of roots and their surface area under the
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influence of inoculation with a mycorrhizal substrate
compared to control trees.

Anandakumar & Kalaiselvi (2022) recorded an in-
crease in the length of shoots and roots, leaf area, leaf
surface index, shoot and root biomass, and chlorophyll
content in Vigna mungo. According to the authors, the
number of spores of AM fungi is one of the key factors
affecting the percentage of mycorrhizal colonisation of
the root system of plants, which impacts the growth
and productivity of host plants. Jumrani et al. (2022)
found a reduction in the negative effect of high-tem-
perature stress on plants when soy is inoculated with
arbuscular mycorrhizal fungi. Inoculated AMF soybean
plants showed an increase in leaf area, stem height,
root and shoot length, and dry root biomass. Research-
ers also noted an increase in the content of chlorophyll,
the number of stomata, the rate of photosynthesis, the
conductivity of stomata, the rate of transpiration, and
the efficiency of water use by plants under the influ-
ence of mycorrhisation of AM roots. The results of this
study confirm the high efficiency of using mycorrhizal
inoculants as a biofertiliser to increase soybean pro-
ductivity under high-temperature stress.

The purpose of this study is to evaluate the effect
of root inoculation by mycorrhizal fungi on physio-
logical and biochemical composition of sweet cherry

leaves. The objectives of the study are to determine the
total area of leaves, the specific density of leaves, total
moisture content, water-holding capacity, content and
the ratio of chlorophylls, the content of the main el-
ements of mineral nutrition in sweet cherry leaves by
inoculation of roots by mycorrhizal fungi.

MATERIALS AND METHODS

The study was conducted during 2018-2020 on chestnut
sandy soils in the conditions of the southern steppe sub-
zone of Ukraine. The experimental plots are located in
the research orchard of the Dmytro Motornyi Tavria State
Agrotechnological University (46°46'N, 35°17%). The nitro-
gen content in the horizon of 0-20 cm was 5.5 mg/100 g,
the content of P,O, - 5.4 mg/100 g and K,0 - 6.5 mg/g of
soil. The reaction of the soil solution was slightly alkaline
(pH 7.1-7.4).The humus content in the upper soil layer was
0.6%. The total content of water-soluble salts did not ex-
ceed 0.015-0.024%. The soil conditions of the experimen-
tal garden are favourable for mycorrhisation since the low
level of soil supply with nitrogen and phosphorus contrib-
utes to the colonisation of plant roots by symbiotic fungi.

Over the years of research, the average long-term
air temperature during the growing season was favour-
able for the growth and development of sweet cherries
(Table 1).

Table 1. Deviations of air temperature and precipitation compared to long-term averages

Years Months Mid-year
| Il ] v v \' Vil viil IX X Xl Xl
Average monthly air temperature, °C
2018 +1.2  +11 -1.5  +3.0 +3.0 +22 +11  +26 +1.5 +29 -1.1 +0.6 +1.3
2019 +16 +24 +07 +10 +15 +41 -06 +04 +0.7 +14 +23 +3.8 +1.6
2020 +2.8  +3.6 +4.7  -10 -1.7 +1.6 +1.3  +0.2 +3.3  +46 +0.7 +5.3 +2.1
Precipitation, (%)

2018 +21 +39 +96 -84 -52 -40 +81 -82 +104  -44 -3 +74 +10
2019 +19 -68 +6 +44  +107  -73 -5 +61 -67 -42 -48 -26 -8
2020 -74  +195 -82 -71 +69 +2 +10 -39 -51 -36 -57 -91 -18

Source: developed by the authors based on the Melitopol meteorological station of Zaporizhia region (n.d.)

Analysis of weather conditions over the years of
research indicates a warming climate - the average
annual temperature was higher by 1.3-2.1°C relative
to long-term indicators. Overwintering conditions for
sweet cherries have become more favourable. The air
temperature of the coldest month - January was
higher by 1.2-2.8°C compared to long-term indicators.

The average annual precipitation did not differ much
from the long-term norm. Notably, precipitation was
distributed unevenly over the years of the study. In
September 2018 and May 2020, waterlogging was ob-
served. There were droughts in June 2018 and 2019,
and in August 2018 and 2020. This is confirmed by the
calculated hydrothermal coefficient (Table 2).

Table 2. Hydrothermal coefficient

Months
Years
v \' Vi Vil VIl IX X
2018 0.1 0.4 0.5 1.1. 0.1 14 0.5
2019 14 1.8 0.2 0.6 0.8 0.2 0.5
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Table 2, Continued

Months
Years
v \' Vi Vil Vil IX X
2020 nm 0.9 0.8 0.6 0.5 0.8 1.0
Long-term norm 1.1. 0.9 0.9 0.6 0.5 0.8 1.0

Note: nm denotes ‘not measured’: the hydrothermal coefficient is not determined if the average monthly air temperature

is less than 10°C
Source: compiled by the authors

The hottest month of August was very dry during
all the years of research, with the exception of 2019,
when 56 mm of precipitation fell and the hydrother-
mal coefficient was higher relative to the long-term
norm.June and September 2019 were exceptionally dry
when the hydrothermal coefficient was substantially
lower than the long-term norm. The air temperature
during the active growth of sweet cherries (from April
to August) in 2019 was favourable in April, May, and
July, while in April and May 44-107% more precipita-
tion fell (compared to the long-term average norm). In
June 2019, there was a severe drought (the air temper-
ature is 4.3°C above the monthly average and 73% less
precipitation than normal), which continued in July. The
growing conditions of sweet cherries in 2020 were ex-
tremely unfavourable in April (the average monthly air
temperature was 1°C lower than the average annual
norm, while precipitation decreased by 71%). May was
satisfactory in terms of precipitation (69% more than
the long-term norm), but unfavourable in terms of air
temperature (1.7°C below the long-term norm). Frosts
in May 2020 substantially damaged sweet cherry blos-
soms,which led to the loss of most of the crop.June and
July 2020 were more favourable for sweet cherry trees
compared to 2019. In August 2020, there was a typical
drought for this zone.

Mid-early sweet cherry of Dilema variety (Prunus
avium L./Prunus mahaleb) was planted in 2011 accord-
ing to the 7x5 m scheme. The Dilema variety was bred
by crossing two varieties of Drogan yellow and Valery
Chkalov. In trees of the variety, the crown is slightly
drooping, dense, and spreading. The fruits of the Dilema
variety are convex-heart-shaped with a dark red skin
and pulp. According to sensory assessment, the fruits
of the variety are characterised by an excellent sweet
cherryand sour refreshing taste.

The study of the effectiveness of mycorrhizal fungi
was conducted according to the scheme: 1. Control
(without inoculation); 2. Inoculation of sweet cherry
roots with MycoApply SuperConcentrate 10 (endomy-
corrhiza); 3. Inoculation of sweet cherry roots with My-
coApply Micronised Endo/Ecto (endo-ecticorrhiza).

The composition of Mycoappplay SuperConcen-
trate 10 includes spores of 4 species of arbuscular-my-
corrhizal (AM) fungi - Glomus intraradices (Rhizophagus
intraradices), Glomus agregatum, Glomus mosseae, Glomus
etunicatum. 1.13 g of the biological product contains 0.3
million fungal spores. MycoApply Micronised Endo/Ecto

consists of 4 types of endomycorrhizae fungi (Glomus
mosseae, Glomus agregatum, Glomus intraradices,
and Glomus etunicatum) and 7 types of ectomycor-
rhizal (Ectomycorrhizae) fungi Rhizopogon villosulus,
Rhizopogon amylopogon, Rhizopogon luteolus, Pisolithus
tinctorius, Rhizopogon fulvigleba, Scleroderma citrinum
and Scleroderma cepa). The repetition rate in the exper-
iment is fourfold. In each variant, there were 4 account-
ing trees surrounded by 14 protective trees. Mycorrhisa-
tion of the roots of sweet cherry trees with biologics
was conducted in September 2018. In the trunk circle
of the tree in a radius less than the crown projection, 5
punctures of the soil were made to a depth of 10 cm at
an angle of 45 degrees to do this. An aqueous suspen-
sion of mycorrhizal fungal spores was poured into the
holes. Mineral fertilisers and pesticides were not used
at the experimental sites. Rows and near-stem strips
in the garden in the experimental plots were kept un-
der turf with natural grasses, which were mowed and
left on the soil surface. The vegetation cover in the
experimental areas was represented by the following
varieties: shepherd’s purse (Capsella bursa-pastoris L.),
hairy vetch (Vicia villosa), field chamomile (Anthemis
arvensis L.), couch grass (Elytrigia repens L.), and Ber-
muda grass (Cynodon dactylon L.). In the summer, the
wild oat (Avena fatua) prevailed in the grass. In various
grasses, there were small groups of medicinal plants,
in particular: yarrow (Achillea millefolium L.), viper's-bu-
gloss (Echium vulgare L.), forking larkspur (Delphinium
consolida), and orange mullein (Verbascum phlomoides).
In the first decade of August, when the leaf surface
was fully developed on sweet cherrytrees, leaf samples
were taken for analysis.

The leaf surface area was determined by die-cut-
ting. For this, ten leaves were taken from each tree from
the middle of one-year shoots on the southern side of
the crown. The selected leaves were weighed and cork-
screw-punched through. The area of the cut fragment
was 1 cm? The cut-out leaf fragments were weighed.
The total area of leaves (S) in the sample was deter-
mined by the formula (1):

MxS,
S="u (1)

where M is the mass of leaves in the sample, g; S, -
area of one die-cut, cm?; n - number of die-cuts, pcs;
M, - mass of die-cuts, g.

Further, the average area of leaves from one tree

was calculated.
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The parameters of the water regime of the leaves
(total water content and water-holding capacity) were
determined by weight. The content of the total amount
of water in the tissues was determined by drying 10
sheets in metal buckets in a thermostat at 105°Cto a
constant mass. The repetition was threefold. The total
water content (V) as a percentage of the crude weight
of the suspension was determined by the formula (2):

_ b=
W =,—x100, )

where a is the mass of an empty weighing bottle, g; b is
the mass of a weighing bottle with a raw suspension, g; ¢
is the mass of a weighing bottle with a dry suspension, g
To determine the water-holding capacity of the
leaves, the wilting method was used, which involves
determining the loss of water during their drying.
10 leaves were selected (three times repeated) and
weighed. The leaves were then placed in Petri dishes
and placed in a thermostat at 23°C. Repeated weigh-
ings were performed after 2, 4, and 6 hours and wa-
ter loss was determined. The lower the water loss, the
greater the water-holding capacity. The water-holding
capacity (WHC) was determined by the formula (3):

wHC = 2L x 100, 3)
wc

where WC is the water content in the leaves before dry-
ing, g; WL is the water loss per unit time, g.

The quantitative content of chlorophylls a and b
in sweet cherry leaves was determined spectrophoto-
metrically in a biochemical laboratory at the appropri-
ate wavelength. Biochemical analysis of the leaves was

performed three times in accordance with generally
accepted methods. Sweet cherry leaves were selected
for analysis after harvesting the fruit from each repeat
separately. Immediately after harvesting, the leaves
were dried at 65-70°C in a drying cabinet. For analysis,
dried sweet cherryleaves were crushed and weighed.
Suspension of one sample of plant material - 20 g of
dry matter. The content of total nitrogen in plant mate-
rial was determined by the Kjeldahl method, total phos-
phorus - colorimetrically on FEK LMF 74M, total potas-
sium - by the flame-photometric method after ashing
of the sediment in accordance with MVV 31-497058-
019-2005 (Skrylnyk & Rozumna, 2005). The analytical
repeatability of measurements is threefold. Statistical
processing of experimental data was conducted by the
variance method using Microsoft Excel software. Mean
values and standard deviations were calculated for all
data series. The substantiality level was set to p<0.05.

RESEARCH RESULTS

Symbiotic relationships of mycorrhizal fungi with sweet
cherry roots can be traced as a result of the analysis
of the examined plants. The detection rate of mycor-
rhizal plants in the variant with root mycorrhisation
was 100%. Thus, all the trees where the mycorrhizal
preparation was introduced were successfully mycor-
rhised. During the development of mycelium of myc-
orrhizal fungi, their hyphae are clearly visible on the
treated roots of sweet cherries. On the processed roots
of sweet cherries, under a 100-fold magnification, in-
tensive overgrowth of the roots of the 1st, 2nd and sub-
sequent orders with root hairs was observed (Fig. 1).

A

Figure 1. Sweet cherry root: A - before mycorrhisation by mycorrhizal fungi;
B - after mycorrhisation by mycorizal fungi (x100 light microscopy)

Source: compiled by the authors

In Fig. 1 B, a substantial increase in the number of
sucking hairs on the roots of the 5th order can be seen
as a result of symbiosis with mycorrhizal fungi and hy-
phae of mycorrhizal fungi inside the roots. The pene-
tration of mycorrhizal fungal hyphae into the roots and
root hairs of the examined sweet cherry trees was also
recorded, which is evidence of the development of a
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symbiotic association. The results of the studies show
that the total moisture content and water-holding
capacity of tree leaves the roots of which were in-
oculated with endomycorrhizal biologics MycoAp-
ply SuperConcentrate 10 were substantially higher
(56.9%£0.49 and 93.5+0.98, respectively) compared to
control trees in 2019 (Table 3).
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Table 3. Physiological parameters of sweet cherry leaves of the Dileta variety for inoculation
of roots by mycorrhizal fungi

Total moisture

Total area of leaves, Specific surface density

Variant content, % water-holding capacity, % m?/ tree of leaves, g/m?
2019
(Withoft"{r‘fggblaﬁon) 53.5:0.98 84.6+0.84 60.1%5.23 69.1+4.35
MycoApply SuperConcentrate 10 56.9+0.49" 93.5+0.98* 50.4+4.25" 87.5%5.32*
MycoApply Micronised Endo/Ecto 52.7+0.95 96.4+0.97* 55.3£4.75 63.9+5.31
2020
(Withoéoi'r‘fg‘c’tlaﬂon) 57.00.95 95.4+0.63 443%377 93.045.75
MycoApply SuperConcentrate 10 55.0+0.87 95.1+0.99 55.5+4.95* 89.3+4.98
MycoApply Micronised Endo/Ecto 56.0£0.75 96.7%0.85 42.0£3.94 95.5%6.74

Note: * - the difference is substantial at p<0.05
Source: compiled by the authors

In 2020, mycorrhization of roots by by endomyc-
orrhiza did not affect the total moisture content and
water-holding capacity of sweet cherry leaves. Root in-
oculation with Micronised Endo/Ecto did not substan-
tially affect the total moisture content in sweet cherry
leaves. In the first year of research, under the influence
of endo-ectomycorrhiza, the water-holding capacity
of leaves increased by up to 96.4%. The water-holding
ability of leaf tissues characterises the content of free
moisture in them. The increased water-holding capac-
ity of the leaves indicates the absence of drought con-
ditions or plant tolerance to such conditions. However,
there was a severe drought in June 2019 (Table 1 and 2).
Therefore, it can be stated that the inoculation of roots
with endomycorrhiza and endo-ectomycorrhiza contrib-
uted to the tolerance of cherry trees to drought condi-
tions. In the first year of the study, the total area of leaves
on trees where root mycorrhization was performed with
MycoApply Micronized Endo/Ecto and MycoApply Super-
Concentrate 10 biological preparations was smaller by
4.7 and 9.7 m?/tree, respectively, compared to the con-
trol (Table 3). In the second year, in inoculated trees with
endomycorrhiza, the leaf area increased by 11.2 m?/tree.

In inoculated trees with endo-ectomycorrhiza, on
the contrary, the leaf area decreased by 2.3 m?%/tree.
Notably, in 2020, there was a substantial decrease in
the total area of leaves (13.3-15.8 m?/ tree) on all var-
iants compared to 2019. The specific surface density
of the leaves in the first year of research after root
mycorrhisation with MycoApply SuperConcentrate
10 biological preparation was considerably higher
by 18.4 g/m? compared to the variant without inoc-
ulation. In the second year, the specific surface den-
sity of leaves in inoculated endomycorrhizal trees did
not substantially differ from the control trees. The
increase in leaf area under the action of MycoApply
SuperConcentrate 10 in the second year of research
without significant loss of specific surface density
confirms the positive effect of endomycorrhiza on
leaf morphology. Root inoculation with MycoApply
Micronised Endo/Ecto Biologics did not substantially
affect the total leaf area and specific surface density of
sweet cherry leaves. The accumulation of chlorophylls
in sweet cherry leaves inoculated with endomycor-
rhiza and endo-ectomycorrhiza was substantially lower
compared to control trees (Table 4).

Table 4. Content and ratio of chlorophylls in sweet cherry leaves by inoculation of roots by mycorrhizal fungi

Sum of chlorophylls a and b (a + b), mg/m2 of

Variant leaf area Chlorophyll ratio a/b

2019 2020 2019 2020
Control (no inoculation) 304.3+11.75 303.1+12.59 1.7%0.02 2.7%+0.02
MycoApply SuperConcentrate 10 235.9+17.56" 277.7+15.82* 2.5+0.08* 2.3+0.05*
MycoApply Micronised Endo/Ecto 263.3+19.48" 244.5%13.73" 1.60.05* 2.0£0.02*

Note: * - the difference is substantial at p<0.05
Source: compiled by the authors

Over the years of research,a decrease in the content
of chlorophylls a and b has been established for roots

mycorrhised with MycoApply SuperConcentrate 10
at 25.4-68.4 mg/m? compared to the non-inoculation
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variant. The decrease in the chlorophyll content in
sweet cherry leaves during 2019 under the effects of
endomycorrhiza can be explained by a significant de-
crease in their leaf area compared to non-inoculated
trees. Although the inoculation of sweet cherry roots
with endo-ectomycorrhiza did not notably affect the
leaf area, the amount of chlorophyll was also lower
than the control (without inoculation). Inoculation of
roots with MycoApply Micronised Endo/Ecto reduced
the content of chlorophylls a and b at 41-58.6 mg/m? of
leaf area compared to the control. The ratio of chloro-
phylls (a/b) in 2019 was substantially higher in trees in-
oculated with endomycorrhiza and substantially lower
in trees inoculated with endomycorrhiza compared to
the control. In 2020, this figure was substantially lower

in sweet cherry leaves that were inoculated with en-
domycorrhiza and endo-ectomycorrhiza compared to
trees without inoculation.

Consequently, inoculation of sweet cherry roots by
both endomycorrhizae and endo-ectomycorrhizae con-
tributed to the adaptive restructuring of the photosyn-
thetic apparatus of leaves to overcome adverse living
conditions.As for the increase in the ratio of chlorophylls
(a/b) in 2019 due to the effects of endomycorrhizae, it
can be assumed that it occurred due to the hormonal
stimulation of trees by endomycorrhizae, which required
many products of photosynthesis for its development.
The total nitrogen content in sweet cherry leaves after
root inoculation with endo- and ectomycorrhiza was not
significantly different from the control (Table 5).

Table 5. The content of nutrients in cherry leaves after root inoculation with mycorrhizal fungi, 2020

Content, %

Variant
total nitrogen total phosphorus total potassium
., Control 1.79%0.062° 0.24%0.007 b 0.65+0.0245<
(without inoculation)
MycoApply SuperConcentrate 10 1.70+0.067° 0.19+0.007 =° 0.58+0.022 25
MycoApply Micronised Endo/Ecto 1.70£0.065° 0.20+0.008 = 0.77%+0.0292°
* Insufficient supply 1.80+0.020 0.20%0.010 0.80+0.090
* Optimal supply 2.40+0.040 0.36+0.010 1.30+0.140

Note: * the content of the main elements of nutrition in the leaves of fruit-bearing sweet cherrytrees in the south of
Ukraine, defined as insufficient and optimal security for growth and fruiting

“ - the difference with the control (without inoculation) is substantial at P<0.05

b - the difference with the content of the element at optimal supply is reliable at P<0.05

¢ - the difference with the content of the element in case of insufficient supply is reliable at P<0.05

Source: compiled by the authors

After root mycorrhization with MycoApply Super-
Concentrate 10 and MycoApply Micronized Endo/Ecto
biological preparations, the content of total nitrogen in
cherry leaves was 71-74% of the optimal supply of this
nutrient for trees. In the leaves of sweet cherries of all
the examined variants, the content of total phosphorus
and potassium was substantially lower by 34-48% and
41-55%, respectively, from the optimal values. Notably,
the phosphorus content in the leaves of non-inoculated
trees was notably higher than the level of insufficient
supply of this element. When the roots were inoculated
with MycoApply SuperConcentrate 10 and MycoApply
Micronised Endo/Ecto, the phosphorus content in the
leaves was substantially lower than the control and
corresponded to the indicator of insufficient supply of
plants to these elements. In the leaves of trees that
were inoculated with endomycorrhiza, the content of
potassium was substantially lower than that of non-in-
oculated trees and the level of insufficient supply of
this element. Inoculation of sweet cherry roots with
MycoApply Micronised Endo/Ecto substantially increases
the potassium content in the leaves compared to the
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control. In this variant, the potassium content in the
leaves corresponds to the level of insufficient supply
for plant growth and development with this element.

DISCUSSION

There are many reports in the scientific literature that
mycorrhizal plants absorb more moisture and suffer
less from drought (Rajesh et al, 2018; Li et al,, 2019;
Chandrasekaran, 2022). Basically, the positive effect of
mycorrhizae on the water supply of symbiotic plants is
explained by the fact that hyphae of mycorrhizal fungi
come into association with the roots of symbiotic plants.
This symbiosis substantially increases the absorption
surface area of the roots due to branching, since my-
corrhizal plants can have more root hairs to increase
their resistance to drought stress (Zhang et al,, 2018).

The obtained results are consistent with the data
of other authors regarding the formation of strong
root branching as a result of their colonisation by
fungal mycorrhiza (Chen et al, 2020). Therefore, fun-
gal mycorrhiza can mitigate plant growth restrictions
caused by insufficient nutrient and moisture supply. In




the conducted studies during 2020, the effect of my-
corrhization of the roots of sweet cherry trees on the
total moisture content and water-holding capacity of
leaves was not identified. Similar studies have been
conducted on other fruit crops (Rajesh Naik et al., 2018).
The water-holding ability of leaf tissues characterises
the content of free moisture in them. One of the known
physiological responses of plants to drought is the accu-
mulation of osmolytes, the thickening and lignification
of cell walls (Sharma et al, 2019). Moreover, the free
moisture content decreases. That is, an increased water
holding capacity indicates the absence of drought condi-
tions or plant tolerance to such conditions. The obtained
experimental data are consistent with the justifications of
other researchers regarding the increase of plant toler-
ance in an environment with a limited amount of water
due to the association of arbuscular mycorrhizal fungi
with host plants (Abdel-Salam et al, 2018; Madouh &
Quoreshi, 2023). For the sustainable development of hor-
ticulture in conditions of insufficient moisture, it is impor-
tant that mycorrhiza provides fruit crops with moisture.

It is known that symbiotic mycorrhizal fungi syn-
thesise biologically active compounds and thereby af-
fect the hormonal regulation of plants, activating their
growth (Li et al, 2019; Shao et al, 2023). Yet such a
positive effect of mycorrhiza on growth processes takes
time to develop the mycorrhizal network. Naturally, un-
der optimal growing conditions, the process of mycor-
rhizal network development is faster. However,as can be
seen from the results obtained in current studies, in the
arid conditions of southern Ukraine, a positive effect of
endomycorrhiza on the growth of leaf area is observed
in the second year after root inoculation. Moreover, in
the first year after root inoculation, mycorrhiza negatively
affected leaf growth. Similar effects have already been
described (Jin et al, 2019; Kokkoris et al, 2019) previ-
ously by researchers. It was established that mycorrhiza
can lead to depression of growth processes in inoculated
plants. The published papers based on the results of field
and greenhouse tests highlight the influence of various
agricultural techniques on the colonisation of plants by
mycorrhiza, and the consequences of this colonisation
on the yield, biomass, and assimilation of phosphorus by
plants (Zhu et al., 2019). Various studies confirm the pos-
itive effect of mycorrhizal fungi in the rhizospheric soil
of different plants on the growth parameters of grasses
(Cenchrus ciliaris). The maximum increase in the height
of the plant, the number of leaves on the plant, the area
of leaves, and the content of chlorophyll in the Cenchrus
ciliaris under the influence of spores from rhizospheric
soil was found (Thin et al., 2022).

The decrease in leaf area in the second year of re-
search cannot be explained by the influence of weather
conditions in 2020. As after losing most of the crop due
to spring frosts, trees that have lost fruit could grow a
larger area of leaves. The absence of fruits, which are
the main consumers of nutrients and water (Ayala &
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Lang, 2018), should contribute to an increase in the veg-
etative growth of trees. According to K. Rutkowski and
G.P. Lysiak (2023), when growing fruit crops, it is impor-
tant to maintain a balance between vegetative growth
and tree fruiting. It can be concluded that the decrease in
the leaf surface area in 2020 was caused by the extreme
conditions of June 2019. During the period of intensive
growth of shoots, extreme droughts (HTC - 0.2) and heat
(the air temperature reached 36.4°C) were observed.
Thus, in the arid conditions of the southern steppe of
Ukraine, both negative (2019) and positive (2020) effects
of endomycorrhiza on the total area of sweet cherry
leaves were observed. Endo-ectomycorrhiza did not af-
fect the total leaf area of inoculated trees. It is possible
to protect sweet cherry trees from the negative impact
of mycorrhiza on growth processes and accelerate the
development of the mycorrhizal network by using irriga-
tion. According to researchers, the most promising and
resource-saving in the conditions of southern Ukraine is
drip irrigation (Maliuk et al., 2021).

The specific surface density of leaves in the first
year of studies for root inoculation by endomycorrhiza
was substantially higher, and the following year it al-
most did not differ from the control trees. It is known
that the specific surface density of leaves is usually
lower the larger the leaf area (Bondarenko, 2019).

The decrease in the content of chlorophyll in sweet
cherry leaves under the influence of inoculation with
endomycorrhiza and endo-ectomycorrhiza can be ex-
plained by the competition of natural grasses for the
right to mycorrhiza with trees. Mycorrhizal fungi offer a
selective advantage in supplying water, nutrients, vita-
mins,hormones,and enzymes to their host over compet-
ing non-host species (Zou et al.,, 2023). It is known that
natural herbs are better at establishing symbiosis with
mycorrhizal fungi than cultivated plants (Trinchera et al.,
2019), which is probably manifested in the loss of nutri-
ents by sweet cherry trees. In turn, less nutrient intake
affects the chlorophyll content in sweet cherry leaves.
Studies have established that the content of chlorophyll
depends on the light, intensity of tree growth, type, va-
riety, rootstock, and stress factors (Baslam et al,, 2020;
Wojdyto et al., 2021). A decrease in the ratio of chloro-
phylls (a/b) in leaves during root mycorrhisation indi-
cates a restructuring of the photosynthetic apparatus of
leaves towards the accumulation of chlorophyll b and
carotenoids. This rearrangement of the photosynthetic
apparatus is a well-known adaptive response of trees,
which allows them to survive conditions of drought
and excessive lighting (Markulj Kulundzic¢ et al., 2016).

The main reasons for a substantial decrease in the
content of total nitrogen, phosphorus, and potassium
in the experiment sweet cherry leaves compared to the
optimal level of supply of sweet cherry trees in the south
of Ukraine include: low content of basic nutrients in the
soil of experimental plots; lack of mineral fertilisers;
lack of irrigation; turf with natural grasses. Notably,
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the total potassium content in sweet cherry leaves de-
creased the most due to its consumption by competitive
vegetation, i.e. natural grasses. They served as live mulch
in the garden. Similar patterns regarding the decrease
in the content of basic nutrients are well-covered in
the scientific literature (Trinchera et al, 2021). Turf with
natural grasses in orchards causes a lack of nutrients in
the leaves of fruit trees (Gerasko et al, 2022b). In the
conducted studies, a negative effect of root inoculation
with endo-and ectomycorrhizae on the phosphorus con-
tent in sweet cherry leaves was observed. Researchers
have established the positive effect of mycorrhiza on the
assimilation of nutrients by plants (Ferrol et al, 2019;
Chauhan et al, 2022) and determined that arbuscular
mycorrhizal fungi are well-known symbiotic microor-
ganisms that improve the growth of the host plant by
mobilising fixed nutrients, mainly phosphorus, from the
soil (Etesami et al,, 2021; Neidhardt, 2021). However, un-
der unfavourable conditions, mycorrhizal fungi compete
with plants for food elements and become consumers
instead of a source (Kokkoris et al,, 2019). Thus, mycor-
rhizal fungi can reabsorb phosphorus released on the
periarbuscular surface and control its supply to the part-
ner plant (Kokkoris et al,, 2019; Zhang et al., 2023).

In the conducted studies, an increase in the potas-
sium content in sweet cherry leaves was recorded when
the roots were inoculated with endo-ectomycorrhiza
compared to the control (without inoculation). This
confirms the positive effect of endo-ectomycorrhizal
inoculant on potassium intake by a symbiotic plant. A
similar effect has been described by C. Guerrero-Galan
et al. (2018). It remains not fully understood what type
of fungi caused such a positive effect since the bio-
logical product includes four types of endomycorrhizal
and seven types of ectomycorrhizal fungi. Further re-
search may be aimed at elucidating the role of arbuscu-
lar mycorrhizal fungi in improving sweet cherry growth
and yield under multiple abiotic stresses. Therefore,
understanding the symbiotic relationships of mycor-

CONCLUSIONS

Mycorrhization of cherry roots with MycoApply Super-
Concentrate 10 in the conditions of southern Ukraine
contributes to the adaptive restructuring of the pho-
tosynthetic apparatus of the leaves, the improvement
of the water regime of the leaves in the first year after
inoculation, and the increase of the leaf surface area in
the second year after inoculation.

Inoculation of the roots by endo-ectomycorrhiza
did not substantially affect the total moisture content
of the leaves and the total area of the sweet cherry
leaves. Inoculated trees with MycoApply Micronised
Endo/Ecto increased the water-holding capacity of
leaves by 1.3-11.8% compared to the control. Mycorrhi-
zation of endomycorrhizal and endo-ectomycorrhizal
roots contributed to the tolerance of cherry trees to arid
environmental conditions.

If the soil is not sufficiently provided with the ba-
sic elements of nutrition and moisture, the negative
effect of endomycorrhiza on the content of phospho-
rus, potassium and the amount of chlorophylls a and
b in sweet cherry leaves is manifested. The inoculation
of roots with endo-ectomycorrhiza reduces the phos-
phorus content and the amount of chlorophylls a and
b in sweet cherry leaves. An increase in the potassium
content in sweet cherry leaves was determined in the
second year of research under the influence of root in-
oculation with MycoApply Micronised Endo/Ecto.

Agricultural producers who grow sweet cherries us-
ing organic technology in the south of Ukraine can be
recommended to combine inoculation of sweet cherry
roots with mycorrhizal fungi and application of organic
fertilisers and drip irrigation. This will provide opti-
mal conditions for the full functioning of mycorrhizal
symbiosis. Further research should assess the quality
of sweet cherry fruits by biochemical parameters under
the influence of mycorrhisation of roots with biologics
for the sustainable development of horticulture.

rhizal fungi with various plants, including fruit crops, ACKNOWLEDGEMENTS
and their response to abiotic stresses can contribute to  None.
the development and implementation of climate-opti-
mised technologies to ensure sustainable food produc- CONFLICT OF INTEREST
tion and biodiversity conservation. None.
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AHotauis. CTiikui po3BMTOK CaAiBHWMLTBA € NPIOPUTETHMM HAMPSAMOM 3a 3MiHM K/iMaTy, 0cOb6AMBO B yMOBax
3MEeHLUEeHHS Bonoro3sabesneyeHHs. MowWwyK WASXiB perynsuii CTiMKocTi N1040BUX AEPEB [0 CTPECOPIB € AKTyalbHUM
NUTaHHS 414 CBITOBOT CNiNbHOTU. BUKOPUCTaHHS KOPUCHMX MIKPOOPraHi3MiB ANs iHOKYNSLIT KOPEHIB POCAMH CNpUseE
3MEHLUEHHIO 3aCTOCYBAHHS CUHTETUYHUX PEYOBWH i € aNbTEPHATUBO AN CTIMKOr0O CafiBHMLUTBA. MeTOI AOCNIAXKEHD
6yno 3'acyBaTi 0COBAMBOCTI BMIMBY iHOKYNALIT KOPEHIB MiKOPU3HMMM rpMBaMM Ha peakLito YepeLluHi ANns po3pobku
CTpaTerii ynpaeniHHS BMPOOHMUTBOM NNoLOBOI Mpoaykuii. JocnimpkeHHs nposoamnu npotarom 2018-2020 pp. y
yepewHeBoMy caay [liBaeHHOi cTenoBoi Mig3oHM YkpaiHW. BUKOpUCTaHi Taki MeToaM AOCNIAXEHb, SK MONbOBUH,
nabopatopHui, BioxiMi4YHWMIA, @i3ionoriyHmin i cTaTMCTUYHMIA. JoCnigKeHO 3aKOHOMIPHOCTI BMAMBY MiKOPU3HUX
rpubiB Ha 3aranbHKI YMICT BOMOMM Ta BOAOYTPMMYBANbHY 34aTHICTb IUCTKIB YepeLlHi. Y nepwmi pik LOCAIAXeHb 33
iHOKynAUii KOpeHiB eHA0MIKOPU30H0 Lii MOKA3HWKK BYIn BULLMMKU NOPIBHSHO 3 KOHTPOAEM. 3'9COBAHO NO3UTUBHUN
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regardless of the temperature indicator. While the optimal concentration of
phosphine at low temperatures (21-22°C) is in the range of 0.57-0.82 g/m?,
at high temperatures - (31-32°C) - in the range of 0.21-0.36 g/m3. With
an increase in the duration of fumigation, not only the effectiveness of
phosphine (standart) against the imago pests but also gas mixtures. In
addition, the dependence of gas synergy on the duration of fumigation was
established. Thus, at a temperature of 30°C, an increase in gas synergy in
the mixture was observed by 4.4+0.66, 7.7£1.61,and 10.3+1.08% compared
to the standard for exposure of 2,4 and 6 hours, respectively. Temperature
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in temperature from 30°C to 32°C contributed to an increase in the gas
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synergy index by 9%, that is, by 2.17 times. Further establishment of lethal standards and fumigation regimes
against pests, including quarantine ones, can prevent economic damage from these pests in Ukraine and will
contribute to the implementation of the decisions of the Montreal Protocol aimed at protecting the environment

and preventing the destruction of the ozone layer

Keywords: alternative to methyl bromide; concentration; duration of exposure; temperature; pests

INTRODUCTION
The problem of preserving crops from pests of legu-
minous stocks, as well as preventing economic losses
from the penetration and spread of regulated quar-
antine species in Ukraine is extremely important. The
quarantine pests of legquminous products that can enter
and acclimatise on the territory of Ukraine are Chinese
(Chinese Callosobruchus chinensis L.) and cowpea wee-
vils (Callosobruchus maculatus Fabre).

Given the fact that these organisms are pests of stocks
and are already present on the territory of European coun-
tries, the probability of their entry and acclimatisation on
the territory of Ukraine is quite high. Therefore, as of 2021,
the distribution area of C. chinensis occupies 7 countries in
Europe,in particular,the Czech Republic and Bulgaria (CABI
digital library, 2021). Furthermore, A. Singh, T. Boopathi
(2022) indicate a high breeding potential of the pest.
They prove that the relative growth rate of C. chinensis
can be 0.101%+0.006 mg/day. Kébé Khadim et al. (2017)
claim that the spread of C. maculatus is related to the
trade of its main host plant Vigna unguiculata. Kalpna
et al. (2022) note that these pests can cause up to 20%
of crop losses during storage. Price et al. (2017) during
the studies, observed the adaptation of C. maculatus to 6
new host plants.

Fumigation in the plant protection and quaran-
tine system is one of the most effective radical ways
to control pests. Wohr & Frey (2020) developed a de-
tailed algorithm for limiting the use of methyl bromide
until it is completely stopped. Among the existing fu-
migants that could be used as a substitute for methyl
bromide, the choice is very limited. The most common is
phosphine. Yet along with its relative safety in use, this
fumigant has a number of disadvantages, in particular,
pest resistance to phosphine. Thus, Nayak et al. (2020)
established that the problem of pest resistance has
worsened over the past two decades, mainly due to the
lack of suitable alternatives that meet the main char-
acteristics of phosphine, including its low price, ease
of use, and compatibility with most storage conditions.

In addition, the problem is aggravated by the fact
that only one fumigant is registered in Ukraine - phos-
phine, or its solid preparative forms with two active
substances: aluminium phosphide or magnesium. Re-
sistance of some pests to phosphine is not uncommon,
which is noted by researchers. Thus, Konemann et al.
(2017) indicate that the level of resistance in the most
persistent populations of Cryptolestes ferrugineus was
133.5 times higher than in the sensitive laboratory
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population. Holloway et al. (2016) prove that 24 popu-
lations of Sitophilus oryzae were diagnosed as resistant
to phosphine in Australia.

In recent years, studies have been actively conducted
with mixtures of various gases to establish their pos-
sible synergy against harmful organisms. Rajendran &
Somiahnadar (2020) indicate that the success of pest
control lies in the individual approach and the use of
several methods and/or combined treatment methods,
including mixtures of gases. For example, Klechkovsky
& Neamtsu (2020) prove that quarantine treatment by
fumigation of fresh potato tubers with a mixture of car-
bon dioxide and methyl bromide against the quaran-
tine pest - potato tuber moth is possible with the con-
sumption rate of CH,Br 4 times lower than its dosage
applied in its pure form.

Cho et al. (2020) show that fumigation with ethyl
formate mixtures with a concentration of 16 mg/L and
PH, 0.1 mg/L for 4 hours, can ensure the complete
death of imago and nymphs of these pests. However,
Kwon et al. (2023) focus on the fact that the phytotoxic
effect of the examined gas mixtures on live plants was
considerably lower, in contrast to brommethyl.

There are data on the insecticidal effect of es-
sential oils (an alternative to the chemical method)
against C. maculatus and C. chinensis. Thus, Gupta et al.
(2023) note that the action of extracts from such
plants as Acorus calamus, Lavandula angustifolia, and
Cedrus deodara against C. chinensis at parameters of
92.18-118.54 pL/L, and A. calamus, L. angustifolia and
Pinus wallichiana against C. maculatus at parameters of
204.01-312.23 yL/L, ensured 50% death of pests.

Gad et al. (2021) observed 100% efficiency of ozone
exposure in the imago stage of these pests. However, the
inactive stages (eggs and pupae) were stable. Weining
Cheng et al. (2013) conducted experiments under
two modified atmospheric conditions: (1) 2% O,+18%
C0,+80% N, and (2) 2% 0,+98% N,. Both hypoxic envi-
ronments substantially affected the development and
survival of all stages of the development of C. maculatus.
Manar et al. (2021) present the results of studies on
the 100% effectiveness of fumigation with ECO2FUME
against these pests. In addition, the germination rate of
fumigated legume seeds was higher than in the control
group. However, the researchers did not determine the
effectiveness of synergy of mixtures.

Thus, the purpose of this study is to examine the
toxic effect of a mixture of phosphine and carbon




dioxide and their synergy against pests under various
fumigation parameters.

MATERIALS AND METHODS

The study was conducted in the Transcarpathian Terri-
torial Plant Quarantine Centre of the Plant Protection
Institute of the National Academy of Agrarian Sciences
of Ukraine in 2014-2015. The research was continued
at the Institute of Electron Physics, National Academy
of Sciences of Ukraine in 2021-2022.

Experiments were conducted under laboratory
conditions in fumigation chambers (with a capacity
of 30 litres). For this purpose, devices for measuring
the concentration of fumigants were used - a PhD-
Lite gas analyser, WI-11 interferometer, developed
device (Mamontov & Romanko, 2010) for obtaining
and dosing gases, measuring high concentrations of
phosphine, and other necessary laboratory equipment.
A thermostat was also used for fumigation at high
temperatures.

When conducting laboratory tests of a mixture of
phosphine and carbon dioxide, the developed neutral
gas dispenser was used, which provided the required
dosage in the range from 200 to 2500 ml. For con-
ducting research, the preparative form of phosphine
“Magtoxin” (tablet form), carbon dioxide in cylinders
was used. Biomaterial for experiments was diluted in
the laboratory.

The objects of the study were: the efficiency and
synergy of mixtures of phosphine and carbon di-
oxide gases, the bean weevil at the imago stage
(Acanthoscelides obtectus), as a biologically close spe-
cies of quarantine pests absent on the territory of
Ukraine to C. chinensis and C. maculatus.

The effectiveness of phosphine in a mixture with
carbon dioxide was determined by the Abbott formula:

Pyr—Py
co% =P+ 100 (1)
where: (% - pest death, %; R, - pest death in control, %;
R - pest mortality in the experiment,%.

The efficiency of gas mixtures was determined
based on the indicator of the product of concentration
by time (hereinafter referred to as PCT), which is ex-
pressed in units of hours.

The studies aimed to determine the effectiveness of
phosphine gases with carbon dioxide against pests of
leguminous products under various fumigation param-
eters: temperature conditions from 21 to 32°C, expo-
sures from 2 to 20 hours and phosphine concentrations
from 142 ppm (0.20 g/m?3) up to 702 ppm (1.03 g/m?3),
carbon dioxide concentrations from 2.6 to 10.2% (i.e.
52.69 to 204.59 ¢/m*), PCT, .. in the range of 0.95-
8.08 h*g. Statistical data processing was performed
using computer mathematical functions built into
Microsoft Excel 2003. Studies with mixtures of gases
(phosphine with carbon dioxide) were conducted at the
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sublethal level of poisoning to identify gas synergy or
lack thereof.

The examination of the toxic effect of a mixture of
phosphine and carbon dioxide in their various concen-
trations and exposures during the fumigation of legu-
minous products against pests was conducted in the
following sequence:

A) First, the optimal concentrations of phosphine
and carbon dioxide were determined, which would pro-
vide the highest synergy of gases. Several variants of
the experiment were conducted to do this. Variants of
each experiment were: the examined mixture of gases
(phosphine with carbon dioxide), standard (separate
action of phosphine), and control (non-fumigated pests
that were kept at the same temperatures as fumigated
ones). After fumigation was completed, species were
recorded and average values of insect death were es-
tablished. The value of the gas synergy indicator was
established when determining the difference in insect
death between a mixture of gases and standard.

Various concentrations were tested to determine
the optimal concentrations of phosphine and carbon
dioxide, which provided the highest synergy of gases, in
particular, phosphine 0.2-0.36 g/m3,0.54-0.65 g/m? and
0.81-1.03 g/m?, in variations with carbon dioxide 55-
60 g/m? 110-120 g/m?and 200-210 g/m?, provided that
other fumigation parameters, such as temperature and
exposure, are the same (Romanko & Dudynska, 2023).

B) After establishing the optimal concentrations of
phosphine and carbon dioxide in the mixture, experi-
ments were conducted to determine the effect of the
duration of exposures on the synergy index of a mixture
of phosphine and carbon dioxide during the fumigation
of leguminous products against pests. For this purpose,
at the already established optimal concentrations of
phosphine and carbon dioxide, experiments were con-
ducted at various exposures (2, 4, 6 and 20 hours). As
in previous experiments, the value of the gas synergy
indicator was established when determining the dif-
ference in insect death between a mixture of gases and
the standard.

C) After establishing optimal concentrations of
phosphine and carbon dioxide in the mixture and ex-
posures, experiments were also conducted to deter-
mine the effect of temperatures on the synergy index
of a mixture of phosphine and carbon dioxide during
fumigation against pests. For this purpose, at the al-
ready established optimal concentrations of phosphine,
carbon dioxide and duration of exposures, four variants
of experiments were tested at different temperatures
(21-22, 24, 28, 30 and 32°C), provided that other fu-
migation parameters, in particular, gas concentrations
and exposure between the variants of experiments, are
the same. As in previous experiments, the value of the
gas synergy indicator was established when determin-
ing the difference in insect death between a mixture of
gases and the standard.

Scientific Horizons, 2023, Vol. 26, No. 5

91



Synergism of a mixture of phosphine and carbon dioxide in fumigation against bean weevils

RESULTS AND DISCUSSION
The obtained research results showed the influence of
phosphine and carbon dioxide concentrations on gas
synergy in the mixture against the pest at the imago
stage. Thus, in experiments with mixtures of phosphine
gases (average concentration of 0.81 g/m?) and carbon

dioxide (52.69 g/m3), an increase in the death rate of
adult pests was observed by 3.0+0.57%, compared to
the standard (namely, gas synergy) with similar fumi-
gation parameters (temperature 21-22°C, exposure for
6 hours, phosphine concentration in the range of 0.81-
0.82 g/m?, PCT within 4.85-4.93 h*g) (Fig. 1).
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Figure 1. Dependence of gas synergy on its concentrations and duration of exposures during fumigation against imago
pests at a temperature of 21-22°C (laboratory experiments, 2014-2015, 2021-2022)

Source: compiled by the authors

An increase in the concentration of carbon diox-
ide, even if lower concentrations of phosphine were
used, contributed to an increase in the gas synergy
index. Thus, in experiments with mixtures of phos-
phine gases (average concentration 0.57 g/m?® and
carbon dioxide (130.35 g/m?), an increase in the pest
death rate was observed by 6.3+0.43%, compared to
the standard for similar fumigation parameters (tem-
perature 21-22°C, exposure 6 hours, phosphine con-
centration in the range of 0.57-0.65 g/m>3, PCTbyphosplnine
in the range of 3.43-3.93 h*g). That is, in comparison
with the previous experiment, an increase in the con-
centration of carbon dioxide by 2.47 times, even if
lower concentrations of phosphine are used from 0.81
to 0.57 g/m?, contributed to a 2.1-fold increase in gas
synergy (namely, by 3.3%) (Fig. 1).

However, a further increase in carbon dioxide con-
centrations above 130.35 g/m?® did not considerably
affect the synergy of gases (with the same fumigation
parameters: temperature 21-22°C, exposure 6 hours).
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Thus, in experiments with mixtures of phosphine gases
(average concentration 0.59 g/m?®) and carbon dioxide
(204.59 g/m?>) a higher pest death rate of 6.4+0.29% was
observed, compared to the standard for similar fumiga-
tion parameters (temperature 21-22°C, exposure of 6
hours, phosphine concentration in the range of 0.59-
0.65 g/m?3, PCT by phosphine 11 te range of 3.93-3.59 h'g).
That is, a further increase in the concentration of car-
bon dioxide by 1.57 times almost did not contribute to
an increase in gas synergy, compared to the previous
experiment, where the concentration of carbon dioxide
was 130.35 g/m3.

The results of studies showed that the toxicity of
gas mixtures was mainly affected by the duration of
exposure, even when using phosphine concentrations
below 0.59 g/m3. Thus, in experiments with mixtures of
phosphine gases (average concentration of 0.39 g/m?)
and carbon dioxide (118.70 g/m?) an increase in the
pest death rate by 8.1£0.83% was observed, compared
to the standard for similar fumigation parameters




(temperature 21-22°C, exposure of 20 hours, phos-
phine concentration in the range of 0.39-0.40 g/m3,
PCT,, shospnine 1N the range of 7.84-8.08 h*g). Therefore,
in comparison with the previous experiment, increas-
ing the duration of fumigation from 6 hours to 20 not
only reduced the concentration of phosphine from
0.59 to 0.39 g/m* and carbon dioxide from 204.59
to 118.70 g/m?, but also increased the synergy index
from 6.4£0.29 to 8.1£0.83% (1.27 times) (Fig. 1).
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Thus, the average phosphine concentrations in the
range of 0.39-0.82 g/m® were established and carbon
dioxide 52.69-130.35 g/m?*, which provide a synergy
of gas mixtures in the range of 3.0-8.1% against pests
at the imago stage at a temperature of 21-22°C and
exposure within 6-20 hours. Subsequent studies have
shown the possibility of detecting gas synergy even at
phosphine concentrations below 0.39 g/m?, however, at
high temperatures (Fig. 2).
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Figure 2. A synergy of gases in the mixture during fumigation against imago pests at a temperature of 30°C
(laboratory experiments, 2014-2015, 2021-2022)
Note: the concentration of carbon dioxide in the mixture is 116.48 g/m*

Source: compiled by the authors

Thus, in experiments with mixtures of phosphine
gases (average concentration of 0.36 g/m?) and carbon
dioxide (116.48 g/m>), an increase in the pest death
rate by 7.7+0.53% was observed, compared with the
standard for similar fumigation parameters (tempera-
ture 30°C, exposure of 4 hours, phosphine concentra-
tion 0.54 g/m3, PCT of the standard 2.17 h*g). Further
reduction of the phosphine concentration in the gas
mixture to 0.24 g/m?* (1.5 times) did not substantially
reduce (only by 0.2%) the synergy of gases during fumi-
gation against the pest at the imago stage (Fig. 2).

It was established that with an increase in the du-
ration of fumigation, not only the effectiveness of phos-
phine (standard) against the imago pest increased, but
also the efficiency of gas mixtures. Thus, for an expo-
sure of 2 hours and a temperature of 30°C, PCT
in a mixture of 1.28 h*g; PCT

by phosphine

. _in the standard
y phosphine

of 2.06 h*g, the death of the imago pest was observed
only at the level of 35.80£1.98% (in the standard) and
40.20%£2.61% (in the mixture). An increase in the du-
ration of fumigation to 4 hours at similar PCT and the
same temperature led to an increase in pest death to
63.0£3.64% (in the standard) and 70.7£3.90% (in a
mixture of gases). A further increase in exposure to 6
hours contributed to an even higher efficiency of both
phosphine and its mixture with carbon dioxide, where
their efficiency with similar fumigation parameters was
79.8%3.07% and 90.1%4.13%, respectively.

A tendency to influence the duration of fumigation
on the indicator of the synergy of mixtures of phos-
phine and carbon dioxide gases against pests at the
imago stage was also observed. Thus, for an exposure
of 2 hours and a temperature of 30°C,an increase in gas
synergy in the gas mixture was observed by 4.4+0.66%

Scientific Horizons, 2023, Vol. 26, No. 5
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compared to the standard (PCT, . in a mixture of
1.28 h'g; PCT | | oconine IN the standard of 2.06 h*g). While
at an exposure of 4 hours and a temperature of 30°C,
an increase in gas synergy was observed at the level of
7.7*1.61%,compared to the standard (PCT, | . inamix-
ture of 1.45 h*g; PCT, . ... in the standard of 2.17 h*g).

That is, an increase in the duration of fumigation from 2

to 4 hours led to an increase in gas synergy by 3.3% (from
4.4+0.66 to 7.7x1.61%). A further increase in the duration
of fumigation to 6 hours also led to an increase in the
gas synergy index by 2.6% (from 7.7£1.61 to 10.3+1.08%)
for similar fumigation parameters (temperature 30°C;
PCT in the mixture in the range of 1.25-1.45 h*g;

by phosphine

PCT in the standard of 2.01-2.17 h*g) (Fig. 3).
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Thus,according to the results obtained, at a temper-
ature of 30°C, an increase in gas synergy in the mixture
was observed by 4.4%0.66, 7.7+¥1.61 and 10.3*1.08%
compared to the standard for exposure of 2,4 and 6
hours, respectively (PCT for phosphine in the mixture
in the range of 1.25-1.47 h*g; PCT for phosphine in the
standard in the range of 2.01-2.17 h*qg).

Asubstantial increase in the efficiency of phosphine
and its mixture with carbon dioxide depends on the
temperature. Thus, at a temperature of 24°C, the death
rate of an imago pest in the standard was 24.9+0.92%,
and in a mixture of gases - 28.4+1.02 %. At a temper-
ature of 28°C, the efficiency of the standard was at the
level of 44.9£0.41%, and the gas mixture - 50.5+1.03%.
At a temperature of 30°C, even greater efficiency was
observed in the standard of 63.0£3.67 % (standard) and
70.7£3.90% (mixture of gases). The highest efficiency
of phosphine and its mixture (up to 78.7%¥1.14 %) with
carbon dioxide was observed at a temperature of 32°C.

Notably, the obtained results confirmed the in-
fluence of temperature on the synergy of mixtures of

Scientific Horizons, 2023, Vol. 26, No. 5

phosphine gases with carbon dioxide against pests at
the imago stage. Therefore, when the temperature in-
creased, an increase in the synergy of gases in the mix-
ture against the pest at the imago stage was observed.

Thus, a temperature growth from 24 to 28°C led to
an increase in the synergy index of gas mixtures from
3.5%0.40 to 5.6%0.73% for similar fumigation parame-
ters (exposure of 4 hours, phosphine concentration in
the standard in the range of 0.53-0.56 g/m?; a mix-
ture of 0.32-0.35 g/m3; carbon dioxide concentration
of 116.48 g/m? for standard PCT, .. within 2.12-
2.23 h*g, for mixtures PCT_ .. within 1.28-1.39 h*q)
(Fig. 4). A further increase in temperature by two de-
grees (from 28 to 30°C) led to an increase in the syn-
ergy index of gas mixtures by 2.1% (from 5.6%0.73 to
7.7%£1.61% with similar fumigation parameters (expo-
sure of 4 hours, phosphine concentration in the stand-
ard in the range of 0.53-0.54 g/m>; a mixture of 0.35-
0.36 g/m?®; carbon dioxide concentration 116.48 g/m?;
for standard PCT within 2.12-2.17 h*g, for mix-

by ph.ospf.\ine
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The highest synergy of gas mixtures (16.7+0.52%)
was observed at a temperature of 32°C with the fol-
lowing parameters: exposure of 4 hours, average
phosphine concentration 0.34 g/m? carbon dioxide
116.48 g/m>for mixtures PCT,, shosphine 1.34 h*g.While the
average phosphine concentration in the standard was
0.5 g/m3, and the PCT is 2.01 h*g. Notably, the increase
in temperature from 30 to 32°C led to an increase in
the gas synergy index by 9%, that is, by 2.17 times.

Thus, at temperatures of 24, 28, 30, and 32°C, there
was an increase by 3.5+0.40, 5.6+0.73, 7.7£1.61 and
16.7+0.52%, respectively, of imago A. obtectus mortality
under the action of mixtures of phosphine with carbon
dioxide in comparison with the standard. Fumigation at
a temperature of 30-32°C allowed to use low concen-
trations of phosphine, in the range of 0.21-0.36 g/m?,
which contributed to a reduction in phosphine costs by
33.3-38.6% compared to the standard.

Notably, the indicator of gas synergy can be af-
fected not only by fumigation parameters but also by
the variety of pests and disinfection methods. Thus,
Klechkovsky & Neamtsu (2019) stated that a mixture of
methyl bromide and carbon dioxide can provide 100%
death of Frankliniella occidentalis Perg, reducing the
dosage of fumigant by 1.6-2 times.

Whereas, Neamtsu (2018) claims that when using
carbon dioxide in mixtures with methyl bromide, the
lethal rate (product of concentration by exposure time)
against Aleyrodes proletella can decrease even by 3-3.8
times. Therewith, the efficiency of 100% fumigation was

observed. The author claimed that the above result was
achieved due to anincrease in temperature to 31°C.This
is due to the fact that the heated gaseous mixture of
carbon dioxide and a toxic agent (fumigant) is capable
of their rapid and thorough physical mixing, as well as
due to the increase in the diffusion process tenfold, ac-
tive transportation to the respiratory system of the pest.

Jagadeesan et al. (2018) proved that fumigation
with mixtures of phosphine and sulfuryl fluoride did not
lead to resistance of such major grain insect pests as
Sitophilus oryzae and Cryptolestes ferrugineus. In addition,
the researchers determined the synergy of the mixtures,
compared not only with the individual action of phos-
phine but also with sulfuryl fluoride. Thus, at a temper-
ature of 25°C, fumigation with mixtures PH, with SO,F,
led to a decrease in the concentration of phosphine in
the range of 2.5-4.2 times, depending on the type of pest.
For example, the use of a mixture of fumigants allowed
to reduce phosphine consumption from 14.2-14.5 to 5.6-
6.36 mg/l and from 2.71-5.03 to 0.93-1.2 mg/l respec-
tively, for C. ferrugineus and S. oryzae. Therewith, a high
(99.9%) fumigation efficiency was observed.

Based on the above data, the synergy indicator is
influenced not only by the selection of fumigation pa-
rameters but also by the variety of pests.

Jagadeesan et al. (2021) confirmed that the synergy
of mixtures of sulfuryl fluoride and phosphine can be
achieved in two ways: their joint action during contin-
uous 168 hours (PH,+SO,F,) and sequentially for two
periods of 78 hours, during which the insects were first
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exposed to sulfuryl fluoride and then phosphine with
12-hour aeration (SO,F,—PH,). Continuous application
of gas mixtures for two fumigation parameters as for
sulfuryl fluoride 185 + phosphine 168 g hm?, and as
for SO,F, 370+PH, 84 g hm, provided full control over
imago and eggs of Cryptolestes ferrugineus. The above
disinfection parameters were also efficient with the
consistent use of fumigants. Notably, regardless of the
methods of application, individual actions of the exam-
ined fumigants did not ensure the complete death of
the pest, even at the imago stage.

Manivannan et al. (2016) examined various popu-
lations of phosphine-resistant Rhyzopertha dominica at
different concentrations of fumigant and its mixtures
with 10, 20, and 30% carbon dioxide at diverse time
intervals at 25°C. Gas synergy was detected at all pro-
posed exposures (lasting 4, 6, and 7 days) compared to
a single phosphine action. Adding 30% carbon dioxide
to low phosphine concentrations and a 4-day exposure
time provided a better synergistic effect during fumi-
gation. Studies have shown that carbon dioxide en-
hances the toxic effects of phosphine, thereby reducing
the concentration and exposure time during fumigation
against different populations of R. dominica.

Constantin et al. (2020) noted that fumigation of
phosphine with carbon dioxide against Cryptolestes
ferrugineus provides 2.8-fold savings in fumigant (the
fumigant concentration was reduced from 16.2 to
5.8 mg/litre). A comparison of pest death data from a
separate phosphine action (standard) and a pH mix-
ture,+CO, showed that carbon dioxide increases phos-
phine toxicity. These results were confirmed by three
independently obtained populations of C. ferrugineus
in field conditions, which differed in resistance. Studies
have confirmed the synergy of gas mixtures observed
in all the examined pest populations, including highly
resistant ones. Thus, this study is consistent with the
literature data, primarily on the effect of various fumi-
gation parameters (temperature, duration of exposure,
and gas concentration) on gas synergy.

CONCLUSIONS

The synergism and toxic effect of a mixture of phos-
phine and carbon dioxide against pests was examined

under various fumigation parameters. Optimal concen-
trations of phosphine in the mixture at which synergy
was observed during fumigation against adult pests
were established: at low temperatures (21-22°C) - in
the range of 0.57-0.82 g/m?>; at high temperatures (31-
32°C) - in the range of 0.21-0.36 g/m°>.

The optimal concentration of carbon dioxide, at
which its substantial effectiveness was shown, was in
the range of 110-130 g/m3 (or 5.5-6.5% of the total air
volume), regardless of the temperature indicator. The
effect of fumigation duration on the efficiency and
synergy of gases in the mixture was observed. Namely,
there was a clear trend: with an increase in the dura-
tion of fumigation, both the efficiency of action and the
indicator of the synergy of gas mixtures increased. The
highest synergism in fumigation against imago pests
was 10.3+1.08%.

The temperature was the most substantial factor
influencing the value of the gas synergy index in a mix-
ture of phosphine and carbon dioxide. The highest rates
of the synergy of gas mixtures were noted precisely at
high fumigation temperatures (32°C) against imago
pests (16.7£0.52%).

The use of high temperatures and relatively long
exposures allowed using low concentrations of phos-
phine in a mixture of gases in the range of 0.21-
036 g/m>, and, as a result, this contributed not only to
reducing the cost of phosphine to 38.6% compared to
the standard, but it also did not affect the decrease in
the value of the synergy indicator of gas mixtures.

The results obtained indicate the need for further
research, in particular, the investigation of the toxic
effect of gas mixtures against different populations of
pests at their various stages of development. It is also
vital to establish the possibility of obtaining 100% pest
death, including at the pupal and egg stages with the
prospect of using mixtures of phosphine and carbon di-
oxide and in quarantine fumigation.
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CuHepri3m cyMiwi pocdiHy Ta Byrnekmcnoro rasy npm ¢pymirauii npotu sepHoiais
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AHoTauif. PoboTa npucesyeHa nowyky anbTepHATUB BPOMUCTOMY METUNY — YHIBEPCANbHOro GyMiraHTa, sikuii bys
0OMeXeHWi y 3aCTOCyBaHHI Ha BMMOry MOHpeanbCbKoro NpoTokony. MeTa: BUSHAUYUTU CUMHepri3M cyMiwi docdiHy
Ta BYIMEKMCIOrO rasy y pi3HMX iX KOHLEHTpaLigx Ta ekcno3uuigx npu dymirauii 3epHobob0Boi npoayKLii npotu
3epHOIAIB 33 BMCOKMX TeMnepartyp. MeToau: aHaniTUYHMI OMNs4 3 TEMATUKM [OCNIOXKEHb, YAHHIN HOPMATUBHO-
NpaBoBii 6a3iyranysi 3He3apaxeHHs; aHani3 6ionoriyHMx 0cobAnBoOCTEN KOMax-LWKigHUKIB 3epHOH060BOT NPOAYKLT;
eKCNepuUMEHTaNbHUM — BapitoBaHHSA Pi3HMX KOHLUEHTpauin docdiny, TpMBaNoCTi ekcnosuuii Ta Temnepatypu ans
BCTAHOBJ/IEHHS CUHEPri3My PyMiraHTa i3 ByrieKMC/IMM ra3oM y nabopaTopHUX yMOBaXx 3a BiANOBiAHOro 061afiHaHHS;
MaTeMaTMKO-CTaTUCTUYHUIA — 3a [OOMOMOrol KOMMKOTEPHUX MaTeMaTUYHMX QYHKLiKA, BOYAOBaHMX Yy nporpamy
Microsoft Excel 2003. Mpu dymirauii cymiwei rasis npoTv 3epHOILIB HA CTAAii iMaro onTMMasnbHa KOHLEHTpaALlis
BYINIEKMC/IOrO ra3y 3HaxoamTbcs B Mexax 110-130 r/m® (abo 5,5-6,5 % Bin 3aranbHoro o6eMy noBiTpsl) HE3aNEXKHO
BiJ, TeMNepaTypHOro MokKasHMKa. Toai SK OnTMManbHa KOHLUeHTpauia GocdiHy 3a HeBMCOKMX Temnepatyp (21-
22 °C) - B Mexax 0,57-0,82 r/m?,a npu Bucokux (31-32 °C) - B mianasoHi 0,21-0,36 r/m>. Mpwu 36inblIeHHi TpUBaNoCTi
dymirauii nigeuuLyBanacs He nunwe edekTUBHICTb GocdiHy (€TaNOHY) NPOTH iMAro 3epHOiAa, a TakKoX | ePeKTUBHICTb
cymiwwer rasis. KpimM Toro BUSIBUAIM 3aN€XHICTb CMHEPri3My rasis Big TpuBanocti ymirauii. Tak, 3a temnepatypu 30 °C
cnocTepirany NigBULWEHHS CMHEpPri3My rasiB y cyMiwi Ha 4,4+0,66, 7,7+1,61 1a 10,3%1,08 % nopiBHSAHO 3 €TasIOHOM
3a ekcno3suuii 2,4 1a 6 roguyH BianoBigHo. TeMnepaTtypa BUSBMIACSA HAMbiNbLW BU3HAYAIbHUM (DAKTOPOM, L0 BMIMBAB
Ha 3HAYEeHHS NOKAa3HMKa CMHEPri3My rasiB y cyMilli pocdiHy 3 ByrnekncanMm rasom. Tak, nigBULLEHHS TEMNEPATYpU 3
30 no 32 °C cnpusano 36inbLlIeHHI0 NOKa3HMKa CUMHepri3My rasiB Ha 9 %, 10610y 2,17 pazis.[loganblue BCTAHOBNEHHS
NEeTaNbHUX HOPM Ta pexuMiB (yMirauii NpoTM 3epHOIAIB B TOMY YMCAi | KapaHTMHHUX A03BOAAIOTb 3anobirtu
E€KOHOMiYHMX 30MTKIB Bif AaHWMX WKiAHMKIB B YKpaiHi i OyoyTb CNpUSTM BMKOHaHHI pilleHb MOHpeanbcbkoro
NpOTOKOY, CNPSIMOBAHOIO Ha OXOPOHY AOBKiNNS i 3anobiraHH0 pyMHYBaHHS 030HOBOIO LLApY

KniouoBi cnoBa: anbtepHaTiBa 6pOMUCTOMY METUY; KOHLLEHTPALIf; TPMBANiCTb €KCNO3ULii; TeMnepaTypa; 3epHoiam
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in terms of protection against the pest, the second being Indoxacarb. Golden Delicious and Granny Smith cultivars
had the lowest level of pest infestation, while the Star King cultivar was the most affected by Cydia Pomonella.
It has also been established that apple fruits do not contain toxic residues, and the ecosystem remains clean.
Additionally, the use of sex pheromones can be part of an integrated pest management approach that combines
different control methods to sustainably manage pest populations in gardens. The practical significance of the
obtained results is that they provide apple growers with a safe and effective method of controlling Cydia pomonella
populations in their orchards. In addition, the scientific basis for the use of sex pheromones as a method of pest
control can contribute to the implementation of sustainable control methods in apple production

Keywords: codling moth; chemical preparations; bioinsecticides; pheromone; environment

INTRODUCTION
The Codling moth (Cydia pomonella) is a pest that
causes significant damage to fruit crops. It can destroy
fruits, affect their size, deteriorate crop quality, and
cause various diseases (Kadoic et al., 2020). Therefore,
studying and developing methods of protection against
Cydia pomonella defines the research relevance.

Codling moth in times was and remains the most
troublesome pest that damages apple production
worldwide (Pajac et al,, 2011). Scientific sources claim
that it originates from the Palearctic regions but has
spread along with the cultivation of apples in warm
regions, namely New Zealand, Europe, China, Australia,
and America (Bradley et al., 1979). Albania has very fa-
vourable conditions for the development of its entire
life cycle, giving two to three generations per season.
Affected fruits can be distinguished from healthy ones,
as they are smaller and more intensely coloured. These
fruits usually fall on the ground prematurely.

One of the most effective methods for controlling
Cydia pomonella is the use of sex pheromones. These
are special substances that are produced by female
Cydia pomonella individuals and attract males. Sex
pheromones can be used to set traps, which allows
for the capture of males and reduces their population
(Nottingham et al., 2022).

Following A.L.Knight et al. (2019), the use of sex pher-
omones can be an effective means of controlling Gydia
pomonella populations. This is a safe and environmentally
friendly method that can be used as a standalone con-
trol method or in combination with other methods, such
as biological control. It is worth noting that pheromone
control is safe for the environment and does not harm
beneficial insects. In addition, this method is effective
in the cultivation of organic crops, as it does not involve
the use of chemical pesticides (DuPont & Strohm, 2019).

R.T. Carde et al. (2018) and Brunner et al. (2018)
showed that the use of a combination of sex phero-
mones and natural insecticides reduced the Cydia
pomonella population by 75% compared to the control
group, which used only chemical insecticides. In addi-
tion, this application reduced insecticide use by 90%,
which helped reduce the negative impact on the envi-
ronment and human health.
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M. Murray highlighted that a combination of mat-
ing disruption and the use of environmentally friendly
insecticides can be an effective strategy for manag-
ing Cydia pomonella populations. Thus, the use of such
methods resulted in a significantly lower level of pest
damage for apple orchards in the state of Washington
(USA) compared to the use of conventional insecticides
(Murray et al, 2022). In France, a study was conducted
in which the use of sex pheromones reduced the num-
ber of summer caterpillars (second-generation Cydia
pomonella) by 92% compared to the area without the
use of pheromones (Paul et al., 2020).

Similar data were obtained in a study on the use of
environmentally friendly insecticides and in the stud-
ies by V.SV Santos. Both insecticides were found to ef-
fectively reduce Cydia pomonella populations without
harming beneficial insects or the environment using
Bacillus thuringiensis and Spinosad (Santos et al., 2020).
In the case of sex-based destruction, L. Xing et al. (2021)
also note positive results. Thus, the authors found that
the use of synthetic sex pheromones reduced the num-
ber of laid eggs of Cydia pomonella by 95%, which led
to a decrease in the total population of the pest from
62% to 96%.

A similar study on apple trees was conducted by
B.M. Kadoi¢ et al. (2020) according to which the use of
pheromone traps helped reduce the Cydia pomonella
population by 60-80% compared to the control group,
which did not use pheromone traps. Jaffe & Landolt
(2019) and M. Preti et al. (2021) in their research using
the bacterial insecticide Bacillus thuringiensis, noted
that the drug is effective in controlling Cydia pomonella
and can reduce the pest population by 55-65%. How-
ever, the conditions and methods of application should
be considered. Given the harmfulness of the Codling
moth (Cydia pomonella) and the damage it can cause
to farming, studying the possibilities of regulating its
population, especially by ecological means, is particu-
larly relevant today.

The research aims to determine the main elements
of the control of the codling moth (Cydia Pomonella)
with the help of sex pheromones and the use of envi-
ronmentally friendly insecticides.




MATERIALS AND METHODS

Research structure. The experiment was conducted in
the village of Dvoran, Korga region, using the three
main apple cultivars: Golden Delicious, Star King and
Granny Smith, for three years of study: 2019, 2020 and
2021.The age of the trees in production was 14 years.
The total number of trees was 60 (including 15 trees
on which environmentally friendly insecticides were
applied and 5 trees of each cultivar as control variants
on which no insecticides were applied).

Factor Awith three levels: al,a2,and a3 represent-
ed by the three cultivars Golden Delicious, Star King and
Granny Smith. The three blocks represented the three
replications. Ten apple trees of each variant were used
to represent a single cultivar. Trees of each variant were
labelled. Factor B with three levels: bl,b2 and b3 repre-
sents three types of drugs: 1. (Madex) a.i. Granulosevirus
CpGy, 2. (Avaunt), a.i Indoxacarb and 3. Spinosad. Spray-
ing was carried out with a backpack pump.

The first-generation treatment was carried out at
the end of May, while the second-generation, was con-
ducted in the third week of July. The treatments were
carried out 4-6 days after the maximum capture of the
moth in the sexual pheromones. The plot which served
as a control block was left untreated with preparations.
The main pheromones that are widely used are of three
main types: sexual attraction pheromones, alarm be-
haviour pheromones, and recruitment pheromones
(Regnier and Law, 1968).

The description of the FAD gene, which acts in the
biosynthesis of codlemon, was carried out, and 27 FAD
genes correspond to different functional classes that
were identified in insects and Lepidoptera (Lassance,
2021). Sexual pheromones are emitted by the female
pest to attract the male pest. “Delta Traps” produced by
the Andermatt Biocontrol company were used for the
experiment.

The placement and monitoring of sexual pher-
omone traps for the first generation were conducted
in the middle of May, where two traps with the Phero
Norm® pheromone were placed in a total of nine traps
in the three years of the study, in the three apple culti-
vars taken for analysis: Star King, Golden Delicious and
Grand Smith. The traps were placed inside the crown
of apples at a height of 160-170 cm from the ground.
Their control was carried out every day, at 10.00. The
placement and monitoring of traps with sexual phero-
mones for the second generation was carried out after
July 10th and for their monitoring, the same procedure
was followed as for the first generation. The pheromone
capsule was changed once for each generation, a total
of 6 pheromone capsules were used for each study year.

Average temperatures and air humidity were re-
corded for a period of 4 months, a period which co-
incides with the development of the life cycle for the
generations of codling moths: May, June, July, and Au-
gust, for the three years: 2019, 2020, and 2021.
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Research limitations. The drugs used are included
in the integrated pest and disease plant protection rec-
ommendations (Biological Control Program, 2022).

Madex is used in many developed countries as a
biocontrol agent for controlling codling moths as a very
serious pest, especially in apple production in both or-
ganic and integrated programmes. This Bioinsecticide
is environment friendly. The challenge to the success-
ful application of this drug against the codling moth is
the development of resistance against some commer-
cial products of CpGV (Wennmann et al., 2021). Granu-
loviruses are enclosed within a protein capsule, which
protects the virus from UV radiation. The size of a viral
particle is about 400 nm. Within 2-4 days, the virus in-
fects the pest’s organs, the larvae stop feeding and die.
100 ml/ha is used.

Avaunt (a.i Indoxacarb) is a dual-action drug, ad-
ministered through contact and food. It was used with
0.035%, dissolved in 600 litres of water. The drug is
effective during contact with the pest and when swal-
lowed. It has a neurotoxic action by blocking sodium
channels. The active substance causes the bioactivation
of metabolites and gives neurotoxic effects. After the
bioactivation of the active substance, the pest stops
eating and then dies.

Avaunt is widely used in Integrated Pest Manage-
ment programmes that include biological, agrotech-
nical, cultural and genetic practices which aim to pre-
vent and reduce the economic damage that the pest
may cause. Integrated Pest Management programmes
include a series of practices such as finding pests in
the field, identifying and monitoring pest populations,
rotating insecticides and applying them when the crit-
ical action threshold determined at the local level is
reached.

To avoid the development of resistance by codling
moths, it is recommended to apply AVAUNT insecticide
only once per generation of the codling moth. It is rec-
ommended that for the control of other generations of
the pest, effective drugs with different active ingredi-
ents than the AVAUNT preparation should be used.

A natural bioactive product with very high values,
this product is characterised by a complex chemical
structure in its construction, which includes spinosins
Aand D, as well as molecules synthesised by the actin-
omycete Saccharopolyspora spinosa. The larval control
activity of spinosad is a solution developed to control
pests of several agricultural plants including the key ap-
ple pest codling moth as well as the control of species
that transmit various diseases, including Aedes aegypti
(Santos & Pereira, 2020). This drug is also widely used
in agriculture to control a variety of pests, including
codling moths. This Bioinsecticide is very friendly to the
environment.

Spinosad is an insecticide with contact and eating
action, causing insect paralysis. It belongs to the group
of bioinsecticides. Spinosad is a natural substance
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produced by soil bacteria, but it also has a toxic effect
on insects. It consists of a mixture of two chemical sub-
stances called spinosyn A and spinosyn D. It has been
used by dosing 25 grammes per 100 litres of water.
Statistical analysis. At the beginning of July, for the
first generation and at the end of August for the sec-
ond generation, 10 fruits per 10 labelled apple trees
for each cultivar were analysed, for a total of 100 fruits.
The percentage of infection indicates the number of af-
fected fruits in 100 analysed fruits. The percentage of
infection was calculated using the formula (1):

nx100
p=nil (1)

where P - infection percentage; n - is the number of
fruits affected by the codling moth; N = the total num-
ber of fruits analysed for each variant.

The effectiveness of the tested preparations in re-
ducing the number of pests was calculated using the
equation (2):

E= (A—le 100 (2)

14

where Ej - reduction of pest density after treatment, %
A - density of insects before treatment, units/m?; B -
density of insects after treatment, units/m?

The statistical processing of the data is based on
the analysis of variance ANOVA. Regression analysis
predicts the outcome depending on the indicators:
Cultivars (Golden Delicious, Star King and Granny
Smith), the three years of the experiment 2019, 2020
and 2021 and the preparations tested Granulovirus
CpGy, Indoxacarb and Spinosad.

RESULTS

During the research, 60 trees were examined, 20 trees
for each cultivar. Cydia pomonella larvae were found in
the fruits. In addition, the study established different
densities of apple tree cultivars by Cydia pomonella lar-
vae (Fig. 1). Thus, the lowest percentage of infection
with larvae was observed in the Golden Delicious and
Granny Smith cultivars and averaged 7.8% and 8.5%, re-
spectively, over the years of research.

Golden Delicious

Star King

m 2019
m 2020
2021

Granny Smith

Figure 1. Percentage of Cydia pomonella infection of apple cultivars (2020-2021)

The emergence of Cydia pomonella larvae in apple
varieties is associated with the choice of the female
pest for egg-laying. Therefore, the characteristics of the
host plant are important. Since the Star King apple vari-
ety has a high number of fruits, Cydia pomonella females
preferitforegg-laying.Inaddition,according to research,
a-farnesene in fruit also affects the olfactory system of
females and provokes egg-laying (Apple varieties, 2023).

The study also suggests that Cydia pomonella lar-
vae may prefer the Star King variety because its fruits
have a lower concentration of polyphenols compared
to other varieties. Moreover, the choice of larvae could
be influenced by apple fruit phytoncides and primary
metabolites amino acids, sugars, etc. The data record-
ed from sexual pheromone traps and treatments with
preparations were shown in separate tables (Table 1).

Table 1. Pheromone trap data for 2019, 2020 and 2021

Cultivars
Year Development Stages Star King Golden Delicious Granny Smith
First Second First Second First Second
Generation Generation Generation  Generation  Generation Generation
Beginning of flights 21 May 14 July 20 May 15 July 21 May 15 July
2019 Max. flights 27 19° 25° 20 26" 20
Spraying 30 25° 30° 25° 30 25¢
Beginning of flights 18 14* 19° 16 22°¢ 14
2020 Max. flights 25° 21° 26° 21° 26" 19°
Spraying 30° 25° 30° 25° 30° 25°
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Table 1, Continued

Cultivars
Year Development Stages Star King Golden Delicious Granny Smith
First Second First Second First Second
Generation Generation Generation Generation Generation Generation
Beginning of flights 19° 15 19 16° 20° 15
2021 Max. flights 24° 19° 25° 20° 25° 19°
Spraying 29°¢ 24° 29°¢ 24 29° 24

Source: compiled by the authors

The results show that the first flights, for both gen-
erations in the three apple cultivars, were caught al-
most at the same time. This coincides with May 20, for
the first generation and the middle of August month for
the second generation, for all three years studied. The
maximum catch of male butterflies coincides with May
24 for the first generation and after August 20 for the
second generation. Chemical treatments were carried
out at the end of May for the first generation and after
August 24 for the second generation. The sprayings gave
results as they were carried out qualitatively better, with

a centrifugal pump, using 1500 litres of solution per ha
and the sprayer type 0.8 mm. Taking advantage of days
with average daily temperatures of 16°C-19°C, no wind
and no rain, the sprays gave maximum effect (Table 2).

Notably, the temperature is important for the de-
velopment of Cydia pomonella. For example, the warm-
est year with the lowest humidity for the Korcha region
over all the years of research was 2021, so the pest
infestation was higher. In addition, the lowest temper-
atures and highest humidity were recorded in 2019,
when the infestation was low.

Table 2. Damage analyse data on the three cultivars studied for the three study years 2019, 2020 and 2021

vear | Generation Drug Factor Golden Delicious al Star King a2 Granny Smith a3
PL P2 P3 ¥ Avar P1 P2 P3 ¥ Avar P1 P2 P3 Y Avar
Granulosevirus bl 1 0 1 2 1.3 2 1 3 6 2 1 1 1 3 1
Indoxacarb b2 0O 0 0 O o 1 1 2 06 0 1 0 1 03
! Spinosad b3 0O o0 0 o0 o 3 0 3 1 0 1 0 1 03
xS Control 7 8 7 22 73 6 9 8 23 76 4 6 6 16 53
] Granulosevirus bl 2 3 1 6 o 4 3 7 23 2 2 3 7 23
Indoxacarb b2 0O 0 O 0 1 1 1 3 1 0O 0 0 O 0
2 Spinosad b3 0O 1 0 1 03 1 1 0 2 06 0O O 0 O 0
Control 8 11 6 25 83 10 9 8 27 9 7 6 6 19 163
Granulosevirus bl 1 1 3 5 1.6 2 2 2 6 2 1 1 1 3 1
Indoxacarb b2 0O 0 0 O 0 2 1 3 2 0O 0 0 O 0
! Spinosad b3 1 0 0 1 03 1 1 2 4 13 0 0 1 1 03
Q Control 3007 11 21 7 7 10 8 25 83 10 8 12 30 10
S Granulosevirus bl 2 2 0 4 13 0 2 2 4 13 1 2 1 4 13
Indoxacarb b2 o 0 O 0 32 3 2.6 0o 0 O
2 Spinosad b3 0O 1 0 1 03 1 1 1 3 1 0O 0 0 O 0
Control 9 5 7 21 7 6 8 7 21 7 5 10 7 22 73
Granuloseviru bl 1 2 1 4 13 3 3 3 3 1 3 1 5 1.6
. Indoxacarb b2 0o 1 0 03 2 2 0 4 13 1 2 0 3 1
Spinosad b3 o 1 0 1 03 2 3 1 2 1 1 1 3 1
by Control 7 11 8 26 86 16 13 10 39 13 10 6 11 27 9
S Granulosevirus bl 1 3 2 6 2 2 2 6 2 6 2 9 3
Indoxacarb b2 o 1 1 2 06 3 1 4 8 26 0 1 3 1
Spinosad b3 1 0 0 1 03 1 1 3 1 1 0 0 1 03
Control 5 4 9 18 6 12 11 10 33 11 11 11 13 35 116

Source: compiled by the authors
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Even though the lowest percentage of apple cod-
ling moth larvae infestation was found in Golden De-
licious and Granny Smith, the experimental trees of all
varieties were exposed to the pest. That is why biolog-
ical insecticides were applied to all apple trees in the

experiment, except for the control. Insecticide spraying
was repeated three times, and no massive moth flight
was observed at this time. Spraying had an impact on
the number of pests, which determined the effective-
ness of insecticide application (Table 3).

Table 3. The efficiency of application of environmentally friendly insecticides, %

Year Drug Golden Delicious Star King Granny Smith
Granulosevirus 97.3 94.5 94.1
2019 Indoxacarb 97.7 96.4 97.6
Spinosad 99.2 98.5 99.4
Granulosevirus 96.1 95.4 93.3
2020 Indoxacarb 974 96.8 96.9
Spinosad 99.1 98.1 99.4
Granulosevirus 95.4 95.6 95.0
2021 Indoxacarb 98.4 98.2 97.2
Spinosad 99.8 99.4 99.8

Source: compiled by the authors

Thus, the highest level of pest protection effi-
ciency was demonstrated by Spinosad, which on aver-
age over the years of research showed 99.3% efficiency
for Golden Delicious, 98.6% for Star King,and 99.5% for
Granny Smith. The second most effective product was
Indoxacarb. Thus, the combination of pheromones and
environmentally friendly insecticides is an effective
method of controlling Cydia pomonella in the apple tree
protection system.

DISCUSSION

A study by F. Wan et al. (2019) evaluated the effective-
ness of mating disruption based on pheromones in
commercial apple orchards. The authors found that the
use of pheromone dispensers reduced the number of
Cydia pomonella caught in traps and the number of lar-
vae found in fruits, resulting in improved fruit quality
and increased yield.

L. Xing et al. (2021), who investigated the behav-
ioural response of male codling moths to different
pheromone blends, showed that males can distinguish
different pheromone blends and that the ratio of pher-
omone components affects their response. Researchers
also found that the effect of pheromone blends signifi-
cantly reduces the success of mating and the number of
eggs laid by females.

A. GUimussoy et al. (2020) conducted a study in
which they studied the effect of pheromone dose on
the behaviour of male Codling moth (Cydia pomonella).
The authors found that higher doses of the pheromone
mixture led to the stronger attraction of Cydia pomonella
males, but also to faster habituation and reduced popu-
lation over time. It is important to note that integrated
pest management is an approach that combines several
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methods of pest control, including the use of sex phero-
mones and environmentally friendly insecticides, and it
also involves monitoring and maintaining the garden’s
ecosystem. This approach can reduce reliance on syn-
thetic insecticides and promote sustainable pest man-
agement practices.

Research by I. Pajac et al. (2011), V.SV. Santos and
Pereira (2020) focused on combining pheromone-based
management strategies with environmentally friendly
insecticides to develop integrated Codling moth (Cydia
pomonella) control programmes. The authors note the
reduction of pest populations while minimising the
use of chemical pesticides, which leads to improved
pest control and reduced environmental impact, which
is also reflected in the research conducted (Santos &
Pereira, 2020).

According to the results of M.K. Balasko et al. (2020),
sex pheromones can be used to disrupt the mating be-
haviour of Cydia pomonella by confusing males and pre-
venting them from finding females to mate with. This
approach is effective because it does not kill the pests,
but instead prevents them from reproducing, reducing
the number of offspring produced. S. Yadav et al. (2019)
note that environmentally friendly insecticides such as
spinosad and Bacillus thuringiensis can also be used to
control Cydia pomonella populations. These insecticides
are derived from natural substances and do not harm
people or the environment. They work by targeting spe-
cific insect pests while leaving beneficial insects un-
harmed, as confirmed by a study also performed.

Similar results were obtained by C.G. Adams et al.
(2017) according to which spinosad acts by affecting
the nervous system of pests, causing paralysis and, ul-
timately, death. Spinosad is effective against various




insect pests, including Cydia pomonella, and is relatively
safe for non-target organisms and the environment.
The results of the performed research are also echoed
in the scientific works of P.M. Losel et al. (2000) argue
that the use of sex pheromones and environmentally
friendly insecticides provides an effective, sustainable,
and environmentally friendly approach to managing
Cydia pomonella populations in fruit crops.

However, R.T. Carde et al. (2018) note that although
environmentally friendly insecticides are effective in
controlling Cydia pomonella populations, they should
be used in conjunction with other pest management
strategies, such as cultural practices and biological
control, to ensure the most effective and sustainable
pest control.

CONCLUSIONS

Studies on the regulation of Cydia pomonella by sex
pheromones have shown that this method can be ef-
fective in reducing the damage caused by this pest.

The method of using sexual pheromone traps to
control the codling moth is simpler and less expensive
to use by apple growers. The start of the first flights for
the first generation of the pest coincides with the dates
after May 15 for the first generation and after July 15 for
the second generation. Maximum flights occur on the
third day of May for the first generation and the begin-
ning of July (the first week) for the second generation.
Interventions with preparations against codling moths
are carried out at the end of May for the first generation
and after July 20 for the second generation.

The higher level of effectiveness for protection
from the pest results from the preparation Spinosad,
statistically proven at the level of 99%, and the second
preparation is Indoxacarb. The lowest rate of infection
by the pest results in the cultivar Golden Delicious and
Granny Smith, while the cultivar Starking is considered
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the most favoured by codling moth infection. The
warmest year and the lowest humidity for the Korce re-
gion for all three years of study were in 2021, therefore
the codling moth infection was higher.While the lowest
temperatures and the highest humidity were in 2019,
where the infection was also at a low level. The per-
centage of infection is slightly higher during the second
generation. Apple fruits don’t have toxic residues and
the ecosystem remains clean.

In addition, the use of sex pheromones can be used
as part of an integrated pest management approach
that combines different control methods to sustaina-
bly manage pest populations. Combining the use of sex
pheromones with other control measures, such as cultural
practices, biological control, and insecticides, enables
effective control of Cydia pomonella populations while
minimising negative environmental impacts.

The practical significance of the research results is
that they provide apple growers with a safe and effec-
tive way to control Cydia pomonella populations in their
orchards. By providing a scientific basis for the use of
sex pheromones as a method of pest control, this study
may contribute to the introduction of sustainable con-
trol methods in apple production.

Further research should determine the optimal
timing and placement of pheromone dispensers in
orchards to maximise disruption of mating behaviour
and minimise the risk of resistance developing in Cydia
pomonella populations. This can help increase the ef-
fectiveness of the pest control method and reduce the
cost of pheromone application.
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AHorTauis. [1nofoxepka € KNOYOBUM LLKIAHWMKOM Y KYNbTypi 161yHi, TOMY aKTyabHWUM € fOCNIAKEHHS ii 0c0BMBOCTEN.
YyTnmBicTb COpTiB A01YHI, IKi BUCAKYBANUCA | NPOAOBXKYHOTb BUCAAXKYBATUCA A0 LbOrO WKiAHUKA, BiAPI3HAETLCS Y
pi3HMX COpTiB.MeTo0 AOCNiAXEHHS BYN0 BU3HAUYEHHS OCHOBHMX eneMeHTiB KoHTponto Cydia Pomonella 3a ponomoroto
CTaTeBMX PEPOMOHIB Ta 3aCTOCYBAHHS EKOIOTIYHO He3neyHnX iHcekTUumMaiB. [Ins [ocarHeHHs MeTu Byno npoBeaeHo
eKkcnepuMeHT y c. [lIBopaH KopuMHCbKOro parioHy Ha Tpbox copTax s6nyHi: fonpeH Oeniwec, Crap KiHr Ta lpeHHi
CMmiT. Ha nepeBax LMX COPTiB BUKOPUCTOBYBANM NACTKM i3 CTaTeBUMM hepOMOHaMM Ta MPOBOAMAN OBNPUCKYBAHHS
€KONOriYHO YNCTUMM iHCeKTULMAaMU. [locniaKeHHS NOKa3ano, Wo BUKOPUCTAHHS NACTOK i3 CTaTeBUMKU pepoOMOHaMM
ons moHitopunry Cydia Pomonella € npoCTUM i MeHW BUTPATHUM NS BUPOOHWMKIB s6nyK. [penapaT CniHocan Mae
HaWBWLLMIA piBeHb eeKTUBHOCTI 3aXMUCTY Bif, WKIAHMKA, @ Apyrui npenapart - IHookcakap6. Coptv fongeH Oeniwec i
[peHHi CMIT Manu HalHWXKYMIA PiBEHb 3apaXKeHHS LUKiAHUMKOM, Toai gk copT Crap KiHr 6yB Hanbinblw ypaxeHnuit Cydia
Pomonella. Takox 6yno BCTAHOBMEHO, WO MI0AM 96/1YK HE MiCTATb TOKCUYHUX 3a/IMLLKIB, @ EKOCUCTEMA 3a/IMLIAETHCS
yumcroto. KpiM Toro, BUKOPUCTAHHSA CTaTeBUX PEPOMOHIB MOXe BYTM YaCTMHOK IHTErpOBAHOIO NiAXOAY A0 YNPaBAiHHS
WKIAHUMKAMK, SKMM NOEQHYE Pi3HI METOAM KOHTPOK AAS CTAnoro ynpasaiHHA NONyAsUiSMU WKIOHWKIB Yy cajax.
MpaKTUYHe 3HAYEHHS OTPMMAHUX Pe3yNbTaTiB MOMSrA€ B TOMY, WO BOHM HafaloTb BUPOOHUKAM S61YK He3neyuHuii
Ta edeKkTUBHUIA MeTon KoHTpont nonynsuinn Cydia pomonella B ixHix capax. Kpim Toro, HaykoBe 06rpyHTYBaHHS
BMKOPUCTAHHS CTaTeBUX (HEPOMOHIB K MeToay 60poTbbM 3i WKIGHMKOM MOXEe CNpUSTU BMPOBALKEHHIO CTaSMX
METOLAIB KOHTPOJIH Y BUPOOHULTBI 61yK
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Abstract. An important sector of the Ukrainian economy is agriculture,which
is based on the fertility of agricultural land, in particular, the land of the
western region of Ukraine. Analysis of the structure, fertility of agricultural
land, and its monetary valuation can provide insight into its productivity
and potential for agricultural development. The purpose of the study is to
analyse the structure and fertility indicators of agricultural land in the west
of Ukraine, demonstrate their main characteristics,and compare land prices
in the western regions of Ukraine. In the study, the materials of the land
directory of Ukraine and regional reports on the state of the environment
of the west of Ukraine were used, involving analysis and comparison of
the state of land resources by the content of humus, mobile compounds of
phosphorus and potassium, easily hydrolysed nitrogen, their material and
monetary assessment. After analysing the structure of the land fund of the
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west of Ukraine (13125.5 thousand hectares), it was identified that agricultural land accounts for more than half
of the total area (56.1%), and forests and other wooded zones - about a third of the total area (32.8%). Built-up
land, open wetlands, open land without vegetation cover or with little vegetation cover, and other land account for
less than 10%. Among agricultural land, the largest share is arable land, a little less is hayfields and pastures, and
the least is perennial plantations and fallows. The total value of agricultural land in the western administrative
regions is markedly different. The highest land value is in Khmelnytskyi and Ternopil regions (1.71 and 1.09 billion
USD), and the smallest - in lvano-Frankivsk and Zakarpattia (489.90 and 317.21 million USD). 1420223 shares
were leased on the territory of western Ukraine. The largest number of them was leased in Khmelnitsky and
Ternopil regions (25.2 and 20.7%), and the smallest - in Zakarpattia (1.0%). Thus, the total area of land cultivated
by farmers is 330.8 thousand hectares, the largest in the Ternopil and Khmelnytskyi regions (23.3 and 22.7%). The
findings of the study will contribute to the adoption of managerial decisions on conducting efficient agriculture
and the preservation of soil fertility of agricultural lands in the region under study. Monetary assessment of these
territories is useful for the country’s population in the context of changes in the law on the land market in Ukraine,

and in the implementation of an environmentally balanced agricultural policy

Keywords: land fund; pastures; humus; land shares; agricultural land; administrative region

INTRODUCTION
Agricultural land is vital for the development of society,
as it is the main means of production for agriculture. The
study of the structure and fertility of such lands is be-
coming increasingly relevant in the context of global cli-
mate change, as it affects the solution of a number of the
following tasks, such as: ensuring food security, rational
and environmentally safe land use, and environmental
conservation. In addition, it is crucial to establish the
material and monetary assessment of land in the con-
text of changes in the law on the market land in Ukraine.

Agricultural land, due to climatic, social, and eco-
nomic conditions,may be suitable, partially suitable,and
unsuitable for farming (Kowalczyk et al., 2019, 2021).
A detailed examination and analysis of such features
are of great importance for rational farming and reli-
able production (Ambros & Granvik, 2020) of agricul-
tural products for the population in sufficient quantity.

During the last decades, the management of agri-
culture in Ukraine has sometimes been irrational. Often
there is non-compliance with crop rotations, depletion
of the soil due to the cultivation of rapeseed, corn,
sunflower, and soybeans, and a substantial decrease
in the application of organic and mineral fertilisers,
which reduces soil fertility. The state of the fertility
of agricultural land (Demianenko, 2022) depends on
many indicators: the content of nutrients, the level of
productivity of the arable soil layer, the conditions of
land exploitation and measures for its preservation.
Therefore, a detailed analysis of these indicators of
individual territories can demonstrate the expediency,
prospects, and even threats of conducting a particular
agricultural activity there.

According to data (Demianenko, 2022), humus losses
in Ukraine due to processes of mineralization and water
and wind erosion have already affected about 15 million
hectares of agricultural land (35% of their total area),
and humus losses range from 32 to 33 million tonnes,
which amounts to losses in the financial equivalent of

2 billion USD. Thus, in the future, as a result of such
processes, Ukraine may lose its humus potential, which
will lead to an environmental catastrophe. It will not be
possible to restore it through land reclamation, agro-
technical, organisational, economic, and environmental
measures, which will lead to a decrease in the agrotech-
nical potential of the land and soil degradation.

The purpose of the study is to analyse the struc-
ture, indicators of agricultural land fertility and its
monetary valuation in the Volyn, Rivne, Lviv, Ternopil,
Khmelnytsky, Zakarpattia, lvano-Frankivsk, Chernivtsi
administrative regions of Ukraine, that is, the entire ter-
ritory of western lands of Ukraine.

The following research tasks were set to achieve
this purpose: analyse the structure of the land fund and
the structure of agricultural land in the west of Ukraine
and individual administrative regions; establish the
normative and monetary evaluation of agricultural
land, determine the share of soil areas by the content
of humus, mobile compounds of phosphorus, potassium
and easily hydrolysed nitrogen, in the territory of the
west of Ukraine and in certain administrative regions.

LITERATURE REVIEW

In the twenty-first century, agriculture in Europe has
been affected by a substantial number of global indi-
cators. Thus, as a result of the application of fertilisers,
and pesticides, the growth of agricultural plants, the
chemical composition of soils and mineral metabolism
in the soil changes (Hader et al., 2022), which in certain
cases can contribute to the emergence of negative nat-
ural phenomena (reduction of biodiversity, soil degra-
dation, wind and water erosion).

The European Union recently announced a new soil
strategy until 2030 that provides a framework and meas-
ures to protect and restore soils and ensure their sustain-
ability (Montanarella & Panagos, 2021; Koéninger et al,
2022).This will eventually have a positive impact on soil
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conservation and the introduction of ecological farming.
Yet such processes require a fairly long period of time,
so effective planning of such work is constantly relevant.
Similar developments are also needed for agricultural
land in Ukraine, even at the level of individual territories.

Researchers actively investigate the problem of
preserving soil fertility, publish information on this
subject in the studies, and present it at conferences.
Researchers thoroughly examine the soil fertility in
the territory of Ukraine by natural zones, administra-
tive regions, districts, and territorial communities. In the
west of Ukraine (Kyrylchuk et al,, 2022), special atten-
tion is paid to exploring changes in soil fertility. Thus,
changes in soil fertility occur due to various factors
that can negatively affect the productivity of agricul-
tural land, biodiversity, and ecosystem services pro-
vided by the soil. Preserving and restoring soil fertility
is one of the main tasks of researchers and practi-
tioners. It is necessary to develop soil management
methods that will help prevent the negative conse-
quences of changes in fertility to do this.

The soil cover of the Carpathian region is the basis
for agriculture and forestry, and the life and traditions
of the local population. However, the current state of
the soil and the need for investments (Pozniak et al.,
2020) require an assessment of the investment poten-
tial of soils. Factors such as the complexity of the soil
structure, dependence on weather conditions, imperfect
infrastructure and legislation contribute to the low in-
vestment attractiveness of soils.

Researchers (Ma et al., 2020) from all over the world
are engaged in the analysing of soil degradation and de-
sertification within a particular region. Factors such as
population growth, socio-economic land-use changes,
and climate change can contribute to this. Similar phe-
nomena were recorded by researchers during studies in
the Mediterranean region of Europe in the form of chem-
ical (soil organic matter, pollution, salinity), physical (soil
compaction, compaction, erosion), and biological deg-
radation of Mediterranean soils (Ferreira et al,, 2022).
Therewith, it was identified that the most recorded
degradation processes are soil erosion, and the least
is the loss of biodiversity. Therefore, the researchers
propose to create a national and regional soil moni-
toring system to analyse its degradation and determine
the economic and environmental consequences. This
should facilitate management decisions in accordance
with the sustainable development goals of the region.

Processes that also have a very negative impact on
the soil (Brannigan et al., 2022) and, as a result, on the
deterioration of agricultural conditions, include wind
and water erosion.

Wind erosion causes soil degradation and is one
of the main threats (Bartosz et al., 2023) for European
soils. This problem is constantly being investigated in
virtually all regions of Europe: the semi-arid Mediterra-
nean region (Teng et al., 2019; Bartosz et al., 2023) and
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the temperate continental climate region of southern
European countries using the example of Romania’s ad-
jacent to the studied region area (Niacsu et al, 2019),
and Ukraine (Tarariko et al.,, 2021). The consequences
of wind erosion are a decrease in soil fertility, which in
turn negatively affects the yield of agricultural crops,
and, as a result, leads to a decrease in the economic
efficiency of agriculture (Abuzaid et al., 2023). All this
encourages farmers and politicians to pay more atten-
tion to solving this problem. Foreign experience can
be used to solve these issues. For example, in north-
ern China, (Ma et al, 2022) precisely to prevent wind
erosion, the way of large-scale management of human
land use is quite effective, that is, increased control
over the management of agriculture Such goals and
objectives should also be solved in Ukraine, because
according to Ukrainian researchers, information on the
state and changes of soils is minimal, and it is received
once every few years.

As aresult of water erosion, particles of nitrogen, cal-
cium,and other elements are washed away from the soil,
which negatively affects soil fertility (Brannigan et al,
2022; Panagos et al.,, 2022). Researchers (Panagos et al.,
2021) developed 19 possible global climate models of
water erosion rates.As a result of modelling, it was deter-
mined that in agricultural areas of Europe and the United
Kingdom, it is necessary to increase the area of pastures
and, accordingly, reduce arable land. A similar issue (Land
Directory of Ukraine, 2020) is very acute in Ukraine.

Detailed examination of the structure of agricul-
tural land in certain administrative regions of Ukraine
and assessment of agricultural work there help prevent
negative natural phenomena, such as soil degradation,
wind and water erosion, and reduced biological diver-
sity. This is possible only under the conditions of taking
scientifically based measures to prevent these negative
phenomena and implementing agroecological policy
in Ukraine based on the principles of balanced nature
management.

MATERIALS AND METHODS

Materials of environmental passports of administra-
tive regions were used to analyse the structure of the
land fund, which are available on the official website of
the Ministry of Environmental Protection and Natural
Resources of Ukraine (Ministry of Environmental Pro-
tection and Natural Resources of Ukraine, 2023), ma-
terials of the state Geodetic cadastre (State Service of
Ukraine..., 2023) as of 01.01.2023.

Analysis of the structure of the land fund of the west
of Ukraine (Volyn, Rivne, Lviv, Ternopil, Khmelnytsky,
Zakarpattia, lvano-Frankivsk, Chernivtsi regions) was
conducted in such categories as: agricultural land, for-
ests and other forest-covered areas, built-up land, open
wetlands, open land without vegetation cover or with
little vegetation cover (sands, ravines, land occupied
by landslides, rubble, pebbles, bare rocks), other land.




Geographical coordinates of the extreme points of
the research region: in the north 25°15°33” 51°58°09",
south 24°53'05%, 47°43°26", west 22°08'31", 48°25'43”
and the east 27°54°05" 49°11°10" The following ad-
ministrative regions belong to the territory of western
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Ukraine (Fig. 1): Volyn (1), Rivne (2), Lviv (3), Ternopil (4),
Khmelnytsky (5), Zakarpattia (6), Ivano-Frankivsk (7),
and Chernivtsi (8). The construction of a map scheme
for the west of Ukraine was conducted using Geoinfor-
mation technologies Mapinfo Professional 12.3. beta.

Figure 1. Diagram-map of the research region

Source: compiled by the authors

For a more detailed comparison of the distribution
of agricultural land throughout the study area, the fol-
lowing distribution was used: arable land, fallows, per-
ennial plantings, hayfields, and pastures. The materials
of the land directory of Ukraine were used (Land direc-
tory of Ukraine, 2023) to analyse the number of land
plots (shares) and farms, compare the normative and
monetary evaluation of land, the cost of renting 1 ha of
public and private agricultural land.

Indicators in US dollars were used to conduct a nor-
mative and monetary evaluation of agricultural land in
western Ukraine (arable land and perennial plantings),
and to determine the cost of hayfields and pastures, the
arithmetic mean between them was taken. Objective
data on geographical, genetic-morphological,agrochem-
ical, agrophysical, and other characteristics of soil com-
position and properties on various land plots and their
suitability for farming are based on data from a large-
scale soil survey (State standard of Ukraine, 4362:2004).

The indicator of soil fertility is considered, that is,
its ability to meet the needs of plants for nutrients, wa-
ter, air,and heat in sufficient quantities for their normal
development, which together are the main indicator of
soil quality. It is necessary to constantly monitor land to
do this, that is, check the state of land to identify changes
in a timely manner, assess them, prevent and eliminate
the consequences of negative processes (State stand-
ard of Ukraine, 4362:2004). The above data are pre-
sented and compared in the study on the example of
certain regions of western Ukraine.

The following classifications were used according
to DSTU 4362:2004 to characterise soils by humus
content: very low <1.1; low 1.1-2.0; medium 2.1-3.0;

increased 3.1-4.0; high 4.1-5.0; very high >5.0 (State
standard of Ukraine, 4362:2004). To analyse the degree
of availability and grouping of soils by the content of
mobile forms of easily hydrolysed nitrogen, the follow-
ing distribution was used: very low <100; low 101.0-
150.0; medium 151.0-200.0; increased >200 (State
standard of Ukraine, 4362:2004).

The following classifications were used to charac-
terise soils by the content of mobile phosphorus com-
pounds: very low <20; low 21-50; medium 51-100; in-
creased 101-150; high 151-200; very high >200 (State
standard of Ukraine, 4362:2004). To analyse soils by the
content of mobile potassium compounds, the following
distribution was used: very low £20; low 21-40; medium
41-80; increased 81-120; high 121-180; very high >180
(State standard of Ukraine, 4362:2004).

Materials from the land directory of Ukraine (Land
directory of Ukraine, 2020) were used to analyse the
normative and monetary evaluation of agricultural
land and the number of shares of farms. The analysis
of statistical materials and calculation of additional in-
dicators was conducted using the Microsoft Excel 2020
computer programme.

RESULTS AND DISCUSSION

The land structure was formed as a result of the rec-
ognition of the independence of Ukraine and the ap-
proval of the administrative division of the state’s ter-
ritory. The total area of Ukraine is 60.3 million hectares,
and agricultural land accounts for 41.4 million hectares,
of which arable land is 32.7 million hectares, that is, the
level of ploughed land is 54%, which is a much higher
indicator compared to other European countries.
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Therewith, such indicators may differ markedly at the
level of different regions and regions of Ukraine.A detailed
analysis of the structure of the land fund of certain re-
gions of western Ukraine has shown that the largest total

areas (more than 2 million square meters) are in Volyn
(2014.4 thousand hectares), Rivne (2005.1 thousand hec-
tares), Lviv (2183.1 thousand hectares), and Khmelnytskyi
(2062.9 thousand hectares) regions (Table 1).

Table 1. Structure of the land fund of the regions of western Ukraine, as of 01.01.2023
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thousand hectares 20144 1047.6 697.7 61.2 115.8 14.5 776
Volyn
% 100.0 52.01 34.63 3.04 5.75 0.72 3.85
thousand hectares 2005.1 926.2 805.8 59.6 106.6 31.9 75.0
Rivne
% 100.0 46.19 40.19 297 5.32 1.59 3.74
thousand hectares 2183.1 1240.0 694.7 115.6 9.4 30.5 92.9
Lviv
% 100.0 56.80 31.82 5.30 0.43 1.40 4.25
thousand hectares 13824 1046.2 201.7 63.7 5.9 18.5 46.4
Ternopil
% 100.0 75.68 14.59 4.61 0.42 1.34 3.36
thousand hectares 2062.9 1566.2 287.6 85.1 20.2 24.1 79.7
Khmelnytskyi
% 100.0 75.92 1394 413 0.98 1.17 3.86
thousand hectares 1275.3 451.0 724.0 48.2 0.8 14.8 36.5
Zakarpattia
% 100.0 35.36 56.77 379 0.06 1.16 2.86
Ivano- thousand hectares 1392.7 621.2 635.7 63.4 2.5 224 47.5
Frankivsk % 100.0 4460  45.65 455 0.18 1.61 3.41
thousand hectares 809.6 469.7 258.0 40.1 1.2 9.8 30.8
Chernivtsi
% 100.0 58.02 31.87 4.95 0.15 1.21 3.80
thousand hectares 13125.5 7%368.1 4305.2 536.9 262.4 166.5 486.4
Total
% 100.0 56.14 32.80 4.09 2.0 1.27 3.70

Source: official website of the Ministry of Environmental Protection and Natural Resources of Ukraine (Ministry of

Environmental..., 2023)

Notably, among these territories, the largest share
of agricultural land falls on the Khmelnitsky region
(75.92 %), while in other regions this indicator ranges
from 35.36 to 75.68%. That is, as an example, in this
area, it is necessary to conduct more enhanced control
of the fertility of agricultural land and constantly fight
various erosion processes. The share of the land cat-
egory “forests and other forest-covered areas” in this
region is the smallest - 13.94%, while in other west-
ern regions, the average percentage is about 36%. This
once again underlines the importance of enhanced re-
search and control of wind erosion in the region.

Slightly smaller land area is in Ivano-Frankivsk
(1392.7 thousand hectares), Ternopil (1382.4 thousand
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hectares), Zakarpattia (1275.3 thousand hectares) re-
gions, and the smallest in Chernivtsi (809.6 thousand
hectares). In the Ternopil region, the second most im-
portant category of land is agricultural land - 75.68%
and forests and other forest-covered areas - 14.59%
are of the lowest value. That is, in this area, there is also
a need for increased control over the management of
agriculture, as in the above case.

The built-up land category in all regions of west-
ern Ukraine does not differ substantially - from 2.97 to
5.30%. The situation is similar to open lands without
vegetation cover or with little vegetation cover - from
0.72 to 1.61%. Only in two regions (Volyn and Rivne),
does the category of “‘open wetlands” account for the




maximum indicators (5.75% and 5.32%, respectively),
while in other regions, this value ranges from 0.06
to 0.98%.

The share of the other lands category in the exam-
ined areas ranges from 2.86% to 4.25%. This analysis
showed the difference in the land structure of various
administrative regions of Ukraine and, importantly,
where exactly it is necessary to implement soil conser-
vation measures constantly.

Bondar et al.

A detailed analysis of the structure of agricultural
land and its distribution by categories “arable land”, “fal-
lows”, “perennial plantings”, “hayfields and pastures” in
the regions of western Ukraine is presented in Table 2.
Thus, the distribution of agricultural land in the west
of Ukraine is quite diverse. The largest area is arable
land (69.77% of the total area of agricultural land) and
hayfields and pastures (27.69%). The share of fallows
(0.14%) and perennial plantings (2.40%) is insubstantial.

Table 2. Distribution of agricultural land areas by administrative regions of western Ukraine, as of 01.02.2023

Agricultural land

Total area of the

Administrative N including
region region thousand .
9 hectares Indicators Total perennial hayfields and
arable land perelogs .
plantings pastures
thousand hectares 1047.6 672.6 - 11.7 363.3
Volyn 2014.4
% 100.0 64.20 - 1.12 34.68
thousand hectares 926.2 656.8 3.5 11.7 254.2
Rivne 2005.1
% 100.0 7091 0.38 1.26 27.45
thousand hectares 1240.0 770.9 - 22.8 446.3
Lviv 2183.1
% 100.0 62.17 - 1.84 35.99
thousand hectares 1046.2 856.4 34 15.7 170.7
Ternopil 13824
% 100.0 81.86 0.32 1.50 16.32
thousand hectares 1566.2 1252.7 1.2 41.6 270.7
Khmelnytskyi 2062.9
% 100.0 79.98 0.08 2.66 17.28
thousand hectares 451.0 200.2 - 273 2235
Zakarpattia 1275.3
% 100.0 44.39 - 6.05 49.56
lvano- thousand hectares 621.2 400.6 2.2 15.5 202.9
. 1392.7
Frankivsk % 100.0 64.49 0.35 2.50 32.66
thousand hectares 469.7 330.7 - 30.3 108.7
Chernivtsi 809.6
% 100.0 70.41 - 6.45 23.14
thousand hectares 7368.1 5140.9 10.3 176.6 2040.3
Total 13125.5
% 100.0 69.77 0.14 240 27.69

Source: official website of the Ministry of Environmental Protection and Natural Resources of Ukraine (Ministry of

Environmental..., 2023)

The share of arable land from the total area of ag-
ricultural land in the structure of all the administrative
regions examined is the largest. The maximum share
of arable land is in Ternopil (81.86%) and Khmelnytskyi
(79.98%) regions. A slightly smaller share of these lands
is represented in Rivne (70.91%), Chernivtsi (70.41%),
Ivano-Frankivsk (64.49%),Volyn (64.20%), Lviv (62.17 %),
and Zakarpattia (44.39%) regions, respectively.

The area of hayfields and pastures throughout
the west of Ukraine is 2040.3 thousand hectares. Thus,
the share of this category of land in administrative re-
gions ranges from 16.32% (Ternopil region) to 49.56%
(Zakarpattia region) of the total area of agricultural land.

The total area of perennial plantings in the west of
Ukraine is 176.6 thousand hectares. Thus, its share in
administrative regions varies from 1.12% (Volyn region)
to 6.45% (Chernivtsi region). The area of fallow areas
is insubstantial (10.3 thousand hectares). This category
of land occurs only in Rivne (3.5 thousand hectares),
Ternopil (3.4 thousand hectares), lvano-Frankivsk (2.2
thousand hectares), and Khmelnytskyi (1.2 thousand
hectares). Its share in the represented regions ranges
from only 0.08% to 0.38%.

For the economically rational conduct of agricultural
work in a certain territory, it is also necessary to con-
stantly carry out its normative and monetary evaluation.
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A comparison of the value of different categories of ag-
ricultural land in the administrative regions of western
Ukraine clearly illustrates certain features. The norma-
tive and monetary evaluation is one of several types
of assessments provided for by the law of Ukraine “On

Land Valuation”, the calculation of which is based on
rental income from the use of a land plot for a certain
period of time. The normative and monetary evaluation
of agricultural land in administrative regions of west-
ern Ukraine is presented in Table 3.

Table 3. Normative and monetary evaluation of agricultural land in administrative regions
of western Ukraine, USD/1 ha*

Cost, USD/ ha

Administrative region

Arable land zfarz::lgasl Hayfields Pastures T]iac;c::lg;:unrljdpbaitt‘:f::
Volyn 888.2 1684.3 246.0 1824 214.2
Rivne 893.6 1510.1 206.6 150.7 178.7
Lviv 875.4 1103.5 236.2 166.6 201.4
Ternopil 1182.7 2323.2 255.8 230.1 243.0
Khmelnytskyi 1241.4 2148.9 275.5 214.2 244.8
Zakarpattia 1110.7 1510.1 265.7 2142 239.9
Ivano-Frankivsk 1062.6 1510.1 196.8 182.4 189.6
Chernivtsi 1354.9 2555.5 226.3 206.2 216.3
Average 1076.2 1793.2 238.6 1934 216.0

Note: *As of 01.01.2020, the average exchange rate of 1 dollar was 24.55 UAH
Source: Land directory of Ukraine (Land directory of Ukraine, 2020)

Thus, the value of land according to the normative
and monetary evaluation in the examined administra-
tive regions varies substantially. The average value of
arable land is $1,076.2, perennial crops - $1,793.2, hay-
fields - $238.6, pastures - $193.4. The total value of

agricultural land in western Ukraine is about 6.3 billion
dollars (Table 4). Thus, among them, arable land costs
the most - 5.543 billion dollars, and the value of peren-
nial plantations (330.47 million dollars) and hayfields
and pastures (436.46 million dollars) is much lower.

Table 4. Normative and monetary evaluation of agricultural land in administrative regions
of the west of Ukraine, USD million, as of 01.01.2023

Category of agricultural land

Administrative region

Hayfields and

Arable land Perennial plantings pastures Total

Volyn 597.42 19.71 77.82 694.95
Rivne 590.05 17.67 45.42 653.13

Lviv 674.88 25.16 89.87 789.90
Ternopil 1016.88 36.47 41.47 1094.82
Khmelnytskyi 1556.62 89.40 66.28 1712.30
Zakarpattia 222.36 41.22 53.62 317.21
Ivano-Frankivsk 428.02 2341 38.47 489.90
Chernivtsi 448.08 7743 23.51 549.02
Total 5534.31 330.47 436.46 6301.23

Source: compiled by the authors

The total value of agricultural land in western ad-
ministrative regions varies. Thus, the highest value of
these lands is in Khmelnytskyi (1.71 billion dollars)
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and Ternopil (1.09 billion dollars) regions. The value
of agricultural land is slightly lower in Lviv (USD
789.90 million), Volyn (USD 694.95 million), Rivne




(USD 653.13 million), Chernivtsi (USD 549.02 million),
Ivano-Frankivsk (USD 489.90 million), and Zakarpattia
(USD 317.21 million) regions, respectively.

The cost of renting private and state-owned agri-
cultural land in the examined administrative regions is

Average

Chernivtsi

Bondar et al.

also different (Fig. 2). Thus, the average cost of 1 ha
of state land costs 3553 UAH, and private 1497 UAH.
The cost of renting state-owned agricultural land in the
west of Ukraine ranges from UAH 1442 (Volyn region)
to UAH 7781 (Khmelnitskyi region).

private property

W state property

c
% IVano-Frankivsk  ——— e e 3317
‘.;J Zakarpattia m———— 1652
® Khmelnytskyi
é‘ Ternopil * 4182
£ LVIV e ol
S Viv 2953
RIVNE Ol 7675
— 07
Volyn 1442
0 1000 2000 3000

4000

5000 6000 7000 8000

Average cost, UAH

Figure 2. The cost of renting agricultural land in the administrative regions of western Ukraine, UAH

Source: Land directory of Ukraine (2020)

The cost of renting private agricultural land in
the research region varies from UAH 931 (Zakarpattia
region) to UAH 2267 (Khmelnytskyi region). On the
territory of western Ukraine, 1420223 shares were
leased. Thus, the largest number of shares was leased
in Khmelnytskyi (25.2% of the total number of units

on the territory of the research facility) and Ternopil
regions (20.7%). Slightly less in the Lviv region -
17.9%. The share of leased units in Ivano-Frankivsk,
Rivne, Volyn, and Chernivtsi ranges from 6.2 to
11.5%, and the least in the Zakarpattia region - only
1.0% (Table. 5).

Table 5. Distribution of the number of shares and their area in the administrative regions of western Ukraine,

as of 01.01.2023
Number of shares Area
Administrative region
thousand units. % thousand hectares %

Volyn 109.1 7.68 212.0 8.93
Rivne 139.4 9.81 280.0 11.80

Lviv 253.6 17.85 312.0 13.15

Ternopil 294.1 20.71 513.0 21.62
Khmelnytskyi 358.2 25.22 803.0 33.84

Zakarpattia 13.6 0.96 20.0 0.84
Ivano-Frankivsk 163.7 11.53 123.0 5.18

Chernivtsi 88.6 6.24 110.0 4.64

Total 1420.3 100 2373.0 100

Source: compiled by the authors
Comparative analysis of arable land areas (Table 2) In Volyn, Rivne, Lviv, Ivano-Frankivsk, and

and the area of shares showed that the largest provid-
ers of land for lease are Khmelnytskyi (64.1% of the
total amount of arable land in the region) and Ternopil
regions (59.9% of the total amount of arable land in
the region).

Chernivtsi regions, the share of land leased ranges from
30.7% to 42.6%, and the smallest in the Zakarpattia
region - 10%. There are 7 105 farms operating in the
west of Ukraine (Table 6). Most of these farms are
concentrated in Ternopil (19.5% of the total number
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of farms on the territory of the experimental facil-
ity), Khmelnytskyi (18.8%), Zakarpattia (18.6%), and
Lviv (16.2%) regions. A slightly smaller share of farms

is concentrated in Volyn (10.7%), Rivne (9.0%), and
Ivano-Frankivsk (6.1%) regions, and the smallest in
Chernivtsi region (1.1%).

Table 6. Distribution of the number of farms and the area of land that they cultivate in the administrative regions
of Ukraine, as of 01.01.2023

Administrative Number of farms

Total land cultivated by farms

On average, per farm

region

units % thousand hectares % thousand hectares
Volyn 759 10.68 67 20.25 0.088
Rivne 642 9.04 33 9.98 0.051
Lviv 1149 16.17 52 15.72 0.045
Ternopil 1386 19.51 77 23.28 0.056
Khmelnytskyi 1339 18.85 75 22.67 0.056
Zakarpattia 1324 18.63 9.3 2.81 0.007
Ivano-Frankivsk 430 6.05 17 5.14 0.040
Chernivtsi 76 1.07 0.5 0.15 0.007
Total 7105 100.0 330.8 100.0 0.04

Source: Land directory of Ukraine (2020)

The total area of land cultivated by 7 105 farms
is 330.8 thousand hectares. Thus, the largest share of
these lands is concentrated in Ternopil (23.28% of the
total area of land cultivated by farmers on the studied
territory), Khmelnytskyi (22.67%), Volyn (20.25%), Lviv
(15.72%), Rivne (9.98%) regions. In the Ivano-Frankivsk,
Zakarpattia, and Chernivtsi regions, this share ranges
from 0.15 to 5.14%.

On the studied territory, on average, one farm ac-
counted for 0.04 thousand hectares. Thus, the largest
average land area of farms was recorded in Volyn (0.088
thousand hectares), Ternopil (0.056 thousand hectares),
Khmelnytskyi (0.056 thousand hectares), Lviv (0.051
thousand hectares), Rivne (0.045 thousand hectares),
and lvano-Frankivsk (0.040 thousand hectares) regions,
respectively. In the Zakarpattia and Chernivtsi regions,
this figure is 0.007 thousand hectares.

Humus is the main source of nutrients in the soil.
The higher the humus content in the soil, the greater
its fertility. The preservation and accumulation of hu-
mus is the basis of soil fertility. Constant monitoring of
the proportion of soil areas with different humus con-
tent, mobile compounds of phosphorus and potassium
is of great importance in examining the efficiency of
land resource use. The analysis of the presented data
for various administrative regions of western Ukraine
shows that most of the areas are occupied by groups
with average and increased levels according to all three
characteristics. Therewith, there are certain features in
particular areas that must be considered in detail.

Thus, for example, in terms of humus content in the
Volyn region, very low (18.2%) and low (69.7%) levels
substantially exceed all other levels for this region, and
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for other regions, the value for the very low level ranges
from 0 to 2.1%, and the low level is more substantial -
from 1.3 (Ternopil region) to 43.6% (Rivne region).

Significant indicators of the share of humus content
reaching a high level were recorded in five regions at
once: Lviv (7.7%), Ternopil (4.9%), Khmelnytskyi (7.3%),
and Zakarpattia (7.8%). The maximum share value
for this level is typical for the lvano-Frankivsk region
(15.0%), and the minimum value is typical for the Volyn
region (0.1%). In the other two areas, this value ranges
from 1.2% to 3.5%. The share of land with a very high
level of humus content in the soil is completely absent
in the Volyn and Ternopil regions. However, in all oth-
er regions, the share of such soils is insubstantial and
does not exceed 4.8% (Lviv region).

The weighted average humus content is most
valuable in Ternopil (3.25 mg/kg), Khmelnytskyi
(3.24 mg/kg), and lvano-Frankivsk regions (3.17 mg/kg).
The minimum value of this indicator is typical for the
Volyn region (1.53 mg/kg). In all other regions, the
weighted average humus content is more or less sim-
ilar and ranges from 2.26 to 2.73 mg/kg (Table 7). On
average, for the examined region of western Ukraine,
this indicator is 2.7 mg/kg.

There is a similar case with the distribution of the
proportion of soil areas in the examined areas by the
content of mobile phosphorus compounds. Most areas
have the largest share for the average and increased
groups. Only in the Zakarpattia and lvano-Frankivsk
regions, high values are typical for the very low (26.7
and 20.8%) and low (15.5 and 21.3%) groups. For the
group “high” level of the content of mobile phospho-
rus compounds, the highest value was determined for




the Volyn (24.0%), Rivne (23.1%), and Lviv (26.6%) re-
gions. In all other regions, the indicators are slightly
lower and range from 5.9% (Ternopil region) to 15.7%
(Ivano-Frankivsk and Chernivtsi regions).

The maximum and rather substantial share for the
“very high” level is set for the Lviv region (14.3 %). In all
other administrative regions, from 0 % (lvano-Frankivsk
region) to 7.1% (Rivne region). The weighted average in-
dex for the content of mobile phosphorus compounds in
all eight regions ranges from 81 mg/kg (lvano-Frankivsk
region) to 136 mg/kg (Lvivregion).The average for the en-
tire examined region of western Ukraine is 105.5 mg/kg.

Comparison of mobile potassium compounds in
the regions of the examined region of western Ukraine

Bondar et al.

showed that the maximum values for the different
levels differ in virtually all regions. Thus, the maximum
value for a low level of the content of mobile potassium
is typical for Volyn (43.2%) and Rivne (33.4%) regions.
For the medium level group, the maximum share is set
for the Volyn (34.2%) region. Increased potassium levels
are observed in Ternopil (53.4%) and Khmelnytsky re-
gions (55.6%) high - in Ivano-Frankivsk (32.0%) and
Chernivtsi (44.9%).

Areas, where there are no mobile potassium com-
pounds, were identified. For example, in the Ternopil re-
gion, there are no areas with very low and low levels, in
Khmelnytskyi - very low, and in lvano-Frankivsk - very
high levels of potassium content (Table. 7).

Table 7. The share of soil areas by the content of humus, mobile compounds of phosphorus and potassium in the
administrative regions of western Ukraine, as of 01.01.2023, %

Administrative

weighted average

region very low, % low, % medium, %  increased, % high, %  very high, % index, mg/kg
Humus content
Volyn 18.2 69.7 11.3 0.8 0.1 0.0 1.53
Rivne 1.7 43.6 40.7 12.6 1.2 0.2 2.26
Lviv 1.7 25.5 32.6 27.7 7.7 4.8 2.80
Ternopil 0.0 1.3 26.4 67.4 4.9 0.0 3.25
Khmelnytskyi 0.1 4.6 30.4 57.4 7.3 0.2 3.24
Zakarpattia 2.1 28.1 40.3 18.5 7.8 4.2 273
Ivano-Frankivsk 0.1 10.0 374 34.6 15.0 29 3.17
Chernivtsi 0.0 29.0 51.3 14.7 3.5 1.5 2.50
. fg:rriarggnffrretghiin 30 265 338 29.2 59 17 27
Content of mobile phosphorus compounds
Volyn 0.6 8.9 31.9 34.3 24.0 0.3 120.0
Rivne 8.6 14.0 27.5 19.7 231 71 1149
Lviv 0.7 3.7 26.3 28.4 26.6 143 136.9
Ternopil 0.0 0.3 34.3 59.4 5.9 0.1 112.0
Khmelnytskyi 0.1 3.1 39.2 43.4 9.4 4.8 107.8
Zakarpattia 26.7 15.5 23.7 133 14.6 6.2 88.4
Ivano-Frankivsk 20.8 213 28.0 14.2 157 0.0 81.0
Chernivtsi 8.1 18.0 271 25.8 15.7 5.3 83.0
. )f\g:;arﬁ:n?rret;in 8.2 106 29.8 29.8 16.9 48 105.5
Content of mobile potassium compounds
Volyn 8.1 432 34.2 12.2 24 0.0 47.8
Rivne 30.7 334 184 10.8 5.8 0.9 75.2
Lviv 3.1 19.4 28.4 249 16.9 7.3 79.1
Ternopil - - 29 53.4 43.2 0.5 118.0
Khmelnytskyi - 0.1 27.5 55.6 14.6 2.2 97.5
Zakarpattia 6.3 13 18.0 28.2 27.7 18.5 140.0
Ivano-Frankivsk 3.6 243 214 18.7 32.0 - 94.0
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Table 7, Continued
Admml:e,tratlve very low, % low, % medium, %  increased, % high, %  very high, % we.lghted average
region index, mg/kg
Chernivtsi 24 7.7 119 13.3 449 19.8 149.0
Average for the 6.8 16.2 20.3 271 234 6.2 100.1

experiment region

Source: official website of the Ministry of Environmental Protection and Natural Resources of Ukraine (Ministry of

Environmental..., 2023)

Thus, the results of the conducted studies show dif-
ferences in the soils of the western regions of Ukraine
in the content of humus, mobile compounds of phos-
phorus and potassium. It is essential information for
the practical introduction of agriculture there.

According to the analysis of the distribution of soil
areas in the western regions of Ukraine by the content of
easily hydrolysable nitrogen (Table 8), it was established
that for the “very low” group, the maximum value is typ-
ical for the Volyn region (75.6%). lvano-Frankivsk (63.6%),
Zakarpattia (47.5%), Chernivtsi (43.5%), and Rivne (42.1%)

regions also have quite high indicators of areas with a very
low level. That is, in these five areas, it is necessary to han-
dle the problem of increasing the nitrogen content right
now. In the other three regions examined, this share is no-
ticeably lower - Khmelnitskyi (18.7%), Lviv (16.5%),and in
the Ternopil region, this indicator is minimal and amounts
to only 3.5%. However, for this region, the maximum value
of a low level (75.4%) was recorded. The minimum value
of a low level is typical for the Volyn region (12.8%), while
only there the values are several times smaller than all
other regions, ranging from 35.3 to 65.5%.

Table 8. The share of soil areas by easily hydrolysed nitrogen content in the administrative regions of the west of
Ukraine, as of 01.01.2023 %

Weighted average index,

Administrative region very low low medium increased mg/kg
Volyn 75.6 12.8 1.5 10.1 1223

Rivne 42.1 36.3 123 9.3 125.3

Lviv 16.5 65.5 13.5 45 121.9

Ternopil 3.5 75.4 20.9 0.2 1370
Khmelnytskyi 18.7 55.7 247 0.9 121.0
Zakarpattia 475 40.7 10.3 15 107.2
Ivano-Frankivsk 63.6 35.3 11 0.0 95.0
Chernivtsi 43.5 50.6 4.8 1.1 107.0
Average for the 38.9 46.5 111 3.5 1171

experiment region

Source: official website of the Ministry of Environmental Protection and Natural Resources of Ukraine (Ministry of

Environmental..., 2023)

The lowest values of the nitrogen fraction of
the average level are typical for Volyn (1.5%), lvano-
Frankivsk (1.1%), and Chernivtsi (4.8%) regions. In all
other administrative regions, this share ranges from 10.3
to 24.7%. The highest values of the share of land with
an increased level of nitrogen were recorded for Volyn
(10.1%) and Rivne (9.3%) regions. Although they are not
substantial, they are several times higher than in other
areas where there is a fluctuation in the content of eas-
ily hydrolysed nitrogen in the range from 0.2 to 4.5%.

In the examined territory of the west of Ukraine, it is
necessary to constantly introduce a scientifically based
and ecological-reclamation system of farming, since in
its absence, certain negative consequences of soil cover
destruction, reduced soil fertility, reduced crop yields
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and, as a result, an increase in economic losses for both
the state and private farms are possible.

It is vital to conduct economically sound agricul-
ture, especially in areas where soil conditions are al-
ready deteriorating and further negative changes are
possible, such as wind and water erosion of the soil,
increased land use and high levels of ploughed land.
It is advisable to constantly monitor degraded land, re-
duce the area of unproductive soils, and identify areas
that are subject to conservation and need reclamation.

Since 01.07.2021, the agricultural land market has
been functioning in Ukraine. Thus, in the first stage, ag-
ricultural land up to 100 hectares per individual can be
bought or sold (Transitional Provisions..., 2021). During
the implementation of this reform, about 28 million




hectares of agricultural land is privately owned, and
56% is leased. In the process of their lease, a certain
disproportionality arose between landowners and land
users. In such circumstances, it is necessary to control
the use of these lands by the state regarding their ap-
propriate use and implementation of the environmen-
tal strategy. This experience can be learned from many
foreign countries (Gorgan & Hartvigsen, 2022). For ex-
ample, Maxim Gorgan and Morten Hartvigsen analysed
the development of agricultural land markets in East-
ern Europe and Central Asia based on materials from
the Food and Agriculture Organisation of the United
Nations (FAO).

The results of the study on agricultural land are
to a certain extent confirmed by the findings of other
researchers. In particular, Muzyka et al. (2019) estab-
lishes that the area of agricultural land in the west of
Ukraine decreased by 29.8 thousand hectares (when
comparing the area of agricultural land in 2023 with
2018). The largest decrease in agricultural land areas
was identified in Lviv (20.8 thousand hectares), Ivano-
Frankivsk (8.7 thousand hectares), Khmelnytskyi (2.0
thousand hectares), and Zakarpattia (0.3 thousand hec-
tares) regions, while in Chernivtsi region it remained
unchanged. The decrease in this category of land is
caused by a change in its intended purpose. However,
the area of agricultural land in some regions, on the
contrary, increased: in Volyn (0.1 thousand hectares),
Rivne (1.5 thousand hectares), and Ternopil (0.4 thou-
sand hectares) regions by 2 thousand hectares. This
may be caused by Russia’s invasion of Ukraine, which
has led to an increase in the area of agricultural land
in the rear areas, as a substantial part of the land in the
north, east, and south of Ukraine, where active military
operations took place or are being conducted (World
Bank, 2022), has become unusable.

According to Eurostat (Eurosta statistics...,2020),as
of 2020, there are 9.1 million farms in the European
Union. In particular, the number of farms cultivating
less than 5 hectares of agricultural land is 63.8% of the
total number of farms in the EU. The area of farms in the
EU depends on the geographical location (Thompson,
et al.,, 2022; Ulukan, et al, 2022: Staniszewski, et al,
2023), which is influenced by geomorphological, cli-
matic conditions, and the location of the farm. The av-
erage area of farms in western Ukraine varies from 7
hectares (Zakarpattia and Chernivtsi regions) to 88 hec-
tares (Chernivtsk region). In general, the average farm
rate in the study region is 40 hectares, which is 8 times
higher than in the European Union.

Ballabio et al. (2019; 2022) in their study devel-
oped a mapping of the chemical properties of the up-
per soil layer by the following chemical properties: pH,
pH (CaCl), cation exchange capacity, calcium carbonates
(CaCo,), CN ratio, nitrogen (N), phosphorus (P) and po-
tassium (K). These chemical indicators vary within the
Llimits of the indicators of the European Union countries.

Bondar et al.

Thus, on the territory of agricultural land in Italy, there
is an increased level of phosphorus, its content is af-
fected by the application of phosphorous and other
types of fertilisers used in agriculture.

To optimise the use of agricultural land in west-
ern Ukraine, it is crucial to conduct an ecological and
landscape organisation of the experimental territory,
which includes four components. First, it is necessary
to develop the territorial and landscape organisation
of agroecosystems to ensure their optimal use. Sec-
ondly, an important stage is the agroecological eval-
uation of land, which will allow assessing the state of
natural complexes and determining the possibility of
their use for agricultural purposes. Third, it is important
to conduct environmental optimisation of the structure
of agricultural landscapes to ensure more sustainable
and efficient use of land resources. Fourth, it is neces-
sary to plan, organise,and manage the state of agroeco-
systems, ensuring their rational use and conservation.

CONCLUSIONS

The largest share is represented by agricultural land
(56.14% of the total area of the land fund), while forests
and other forest-covered areas account for slightly less
(32.80%).Theareaofbuilt-upland (4.09%),0penwetlands
(2.0%), open land without vegetation cover or with little
vegetation cover (1.27%) and other land (3.70%) is small.

It was established that the largest share is rep-
resented by arable land - 69.77% of the total area of
agricultural land and hayfields and pastures (27.69%),
the rest is occupied by perennial plantings (2.40%) and
fallows (0.14%). The total value of agricultural land in
western Ukraine is 6.3 billion dollars. Among them, ar-
able land costs the most - 5.53 billion dollars, and the
value of perennial plantations (316.68 million dollars)
and hayfields and pastures (436.46 million dollars) is
much lower.

The average cost of renting state agricultural
land in western Ukraine ranges from UAH 1442 in the
Zakarpattia region to UAH 7781 in the Khmelnytskyi
region, while the cost of renting private land varies
from UAH 931 in the Zakarpattia region to UAH 2267 in
Khmelnytskyi Oblast. 1 420.3 shares were leased in the
west of Ukraine. The largest number of shares was leased
in Khmelnytskyi (25.22%) and Ternopil (20.71%) regions,
and the smallest in the Zakarpattia region - 0.96%. There
are 7105 farms operating in western Ukraine. Most farms
are concentrated in Ternopil (19.51% of the total num-
ber), Khmelnytskyi (18.85%), Zakarpattia (18.63%), and
Lviv (16.17%) regions, and the least — in Rivne (9.04%),
Ivano-Frankivsk (6.05%), and Chernivtsi (1.07%).

The largest average land area of farms was re-
corded in Volyn (0.088 thousand hectares), Ternopil
(0.056 thousand hectares), Khmelnytskyi (0.056
thousand hectares), Lviv (0.051 thousand hectares),
Rivne (0.045 thousand hectares), and lvano-Frankivsk
(0.040 thousand hectares) regions, respectively. In the
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Zakarpattia and Chernivtsi regions, this figure is 0.007
thousand hectares. On the territory of western Ukraine,
the shares of soil areas in terms of humus content in
various administrative regions differ markedly. The av-
erage value of the share of soil areas of the study re-
gion by humus content with the highest indicators was
determined for the following levels: average (33.8%),
high (29.2%), and low (26.5%). Other levels are char-
acterised by substantially lower indicators: high (5.9%),
very low (3.0%), and very high (1.7%).

The distribution of the proportion of soil areas by
the level of phosphorus and potassium compounds for

content of easily hydrolysed nitrogen, certain differ-
ences are also established. Thus, the largest share for
the entire studied region falls on the “very low” (38.9%)
and “low” (46.5%) levels, and the smallest values - on
the “average” (11.1%) and “high” levels (3.5%).

Thus, to preserve and increase soil fertility, and its
protection on the research territory, it is necessary to
introduce scientifically based systems and technolo-
gies for using fertilisers and chemical land reclama-
tion based on data from agrochemical certification of
agricultural land. Further studies should be aimed at
preserving soil fertility and the balanced use of agricul-

both the entire region under study and individual re-  tural land in Ukraine.

gions also differs substantially. The highest proportion

of phosphorus and potassium compounds is: medium ACKNOWLEDGEMENTS
(29.8 and 20.3%), increased (29.8 and 27.1%), high (16.9  Absent.
and 23.4%), respectively, the lowest - very low (8.2 and
6.8%), low (10.6 and 16.2%), and very high (4.8 and CONFLICT OF INTEREST
6.2%).When dividing the proportion of soil areas by the  Absent.

REFERENCES

[1] Abuzaid, A.S, El-Shirbeny, M.A., & Fadl, M.E. (2023). A new attempt for modeling erosion risks using remote
sensing-based mapping and the index of land susceptibility to wind erosion. CATENA, 227, article number
107130.doi: 10.1016/j.catena.2023.107130.

[2] Ambros, P., & Granvik, M. (2020). Trends in agricultural land in EU countries of the Baltic Sea Region from
the perspective of resilience and food security. Sustainability, 12(14), article number 5851. doi: 10.3390/
sul12145851.

[3] Ballabio, C., Lugato, E., Fernandez-Ugalde, O., Orgiazzi A., Jones A., Borrelli P., Montanarella L., & Panagos P.
(2019). Mapping LUCAS topsoil chemical properties at European scale using Gaussian process regression.
Geoderma, 355, article number 113912. doi: 10.1016/j.geoderma.2019.113912.

[4] Bartosz, B., Kerstin, S., Simon, B., & Birgit, M. (2023). Wind erosion in European agricultural landscapes: More
than physics. People and Nature, 5(1), 34-44. doi: 10.1002/pan3.10418.

[5] Brannigan,N., Mullan, D.,Vandaele, K., Graham, C., McKinley, J., & Meneely, J. (2022). Modelling soil erosion by
water under future climate change: Addressing methodological gaps. Catena, 216(B), article number 106403.
doi: 10.1016/j.catena.2022.106403.

[6] Demianenko, S.I. (2022). Ecological strategy of using agricultural land in Ukraine. Strategy of the Economic
Development of Ukraine, 50, 82-93. doi: 10.33111/sedu.2022.50.082.093.

[7]1 Eurosta statistics explained. (2020). Retrieved from https://ec.europa.eu/eurostat/statistics-explained/index.
php?title=Farms_and_farmland_in_the European Union_-_statistics &action=statexp-seat&lang=uk.

[8] Ferreira, C.S., Seifollahi-Aghmiuni, S., Destouni, G., Ghajarnia, N., & Kalantari Z. (2022). Soil degradation in the
European Mediterranean region: Processes, status and consequences. Science of The Total Environment, 805,
article number 150106. doi: 10.1016/j.scitotenv.2021.150106.

[9] Gorgan, M., & Morten, H.(2022). Development of agricultural land markets in countries in Eastern Europe and
Central Asia. Land Use Policy, 120, article number 106257. doi: 10.1016/j.landusepol.2022.106257.

[10] Hader, J.D., Lane, T., Boxall, A.B., MacLeod, M., & Guardo, A.D. (2022). Enabling forecasts of environmental
exposure to chemicals in European agriculture under global change. Science of The Total Environment, 840,
article number 156478. doi: 10.1016/j.scitotenv.2022.156478.

[11] Kdninger,J., Panagos, P.,Jones, A., Briones, MJ., & Orgiazzi,A.(2022). In defence of soil biodiversity: Towards an
inclusive protection in the European Union. Biological Conservation, 268, article number 109475.doi: 10.1016/].
biocon.2022.109475.

[12] Kowalczyk, C., Nowak, M., & Zrébek S. (2019). The concept of studying the impact of legal changes on the
agricultural real estate market. Land Use Policy, 86,229-237. doi: 10.1016/j.landusepol.2019.05.012.

[13] Kowalczyk, C., Zrobek-Rézanska, A., Zrobek, S., & Kryszk, H. (2021). How does government legal intervention
affect the process of transformation of state-owned agricultural land?. The research methods and their
practical application. Land Use Policy, 111, article number 105769, doi: 10.1016/j.landusepol.2021.105769.

[14] Kyrylchuk,A.M.,Orynyk, B.I.,Brovko, 0.Z., & Hakalo, O.1.(2022).Impact of economic activity on changes in humus
content in soils of Ternopil region. Bulletin of the National University of Water and Environmental Engineering,
4(100),120-134.

Scientific Horizons, 2023, Vol. 26, No. 5



https://www.sciencedirect.com/science/article/abs/pii/S0341816223002217
https://www.mdpi.com/2071-1050/12/14/5851
https://www.mdpi.com/2071-1050/12/14/5851
https://www.sciencedirect.com/science/article/pii/S0016706119304768
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1002/pan3.10418
https://www.sciencedirect.com/science/article/abs/pii/S0341816222003897
http://sedu.kneu.edu.ua/article/view/261250
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Farms_and_farmland_in_the_European_Union_-_statistics&action=statexp-seat&lang=uk
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Farms_and_farmland_in_the_European_Union_-_statistics&action=statexp-seat&lang=uk
https://www.sciencedirect.com/science/article/pii/S0048969721051810
https://www.sciencedirect.com/science/article/abs/pii/S0264837722002848
https://www.sciencedirect.com/science/article/pii/S0048969722035756
https://www.sciencedirect.com/science/article/pii/S0006320722000283
https://www.sciencedirect.com/science/article/pii/S0006320722000283
https://www.sciencedirect.com/science/article/abs/pii/S0264837719304119
https://www.sciencedirect.com/science/article/abs/pii/S0264837721004920
https://ep3.nuwm.edu.ua/25191/
https://ep3.nuwm.edu.ua/25191/

Bondar et al.

[15] Land directoryof Ukraine.(2023).Retrieved from https://agropolit.com/storage/2020/Zemelniy_dovidnyk_2020.
pdf?utm_source=mailchimp &utm_campaign=0300ccc?2e1f0&utm_medium=page.

[16] Ma,]., Li,R.,Yang,Y.,Hai,Y.,Han, T., & Zheng, H. (2022). Spatial heterogeneity of driving factors of wind erosion
prevention services in northern china by large-scale human land-use. Management Land, 11(1), article number
111.doi: 10.3390/land11010111.

[17] Ma, T., Deng, X., Chen. L., & Xiang, W.(2020). The soil properties and their effects on plant diversity in different
degrees of rocky desertification. Science of The Total Environment, 736, article number 139667. doi: 10.1016/].
scitotenv.2020.139667.

[18] Ministry of Environmental Protection and Natural Resources of Ukraine. (2023). Retrieved from https://land.
gov.ua.

[19] Montanarella, L., & Panagos, P. (2021). The relevance of sustainable soil management within the European
Green Deal. Land Use Policy, 100, article number 104950. doi: 10.1016/j.landusepol.2020.104950.

[20] Muzyka, PM., Urba S.I., & Honcharenko L.V. (2019). Analysis of the state and efficiency of land use in Ukraine.
Scientific notes of Tavriya National University named after VI Vernadsky. Series: Economics and Management, 30(69),
4(2).45-53.

[21] Niacsu, L., Sfica, L., Ursu, A., Ichim, P., Bobric, D.E., & Breaban, I.G. (2019). Wind erosion on arable lands,
associated with extreme blizzard conditions within the hilly area of Eastern Romania. Environmental Research,
169, 86-101 doi: 10.1016/j.envres.2018.11.008.

[22] Panagos, P, Ballabio, C., Himics, M., Scarpa, S., Matthews, F., Bogonos, M., Poesen, J., & Borrelli, P. (2021).
Projections of soil loss by water erosion in Europe by 2050. Environmental Science & Policy, 124, 380-392.
doi: 10.1016/j.envsci.2021.07.012.

[23] Panagos, P, Borrelli, P.,Matthews, F., Liakos, L., Bezak, N., Diodato, N., Ballabio, C. (2022). Global rainfall erosivity
projections for 2050 and 2070.Journal of Hydrology,article number 127865.doi: 10.1016/j.jhydrol.2022.127865.

[24] Pozniak, S., Pankiv, Z., Yamelynets, T., & Havrysh, N. (2020). Investment attractiveness of soils of the Carpathian
region of Ukraine. Ukrainian Geographical Journal, 1, 26-34. doi: 10.15407/ugz2020.01.026.

[25] Staniszewski,J.,Guth, M., & Smedzik-Ambrozy, K.(2023). Structural conditions of the sustainable intensification
of agriculture in the regions of the European Union. Journal of Cleaner Production, 389, article number 136109.
doi: 10.1016/}.jclepro.2023.136109.

[26] State Service of Ukraine for Geodesy, Cartography and Cadastre. (2023). Retrieved from https://mepr.gov.ua/
content/ekologichni-pasporti-regioniv.html

[27] State Standard of Ukraine. Soil Quality Indicators of Soil Fertility: 4362:2004. (2005). Retrieved from
https://zakon.isu.netua/sites/default/files/normdocs/dstu_4362_2004.pdf.

[28] Tarariko,O.,Ilienko,T.,Kuchma,T., & Bilokin,0.(2021).Soil erosion as a factor of desertification of agrolandscapes
in Ukraine. Agroecological Journal, 3(2021), 6-16. doi: 10.33730/2077-4893.3.2021.240316.

[29] Teng, H.F., Hu, J., Zhou, Y., Zhou, L., & Shi, Z. (2019). Modelling and mapping soil erosion potential in China.
Journal of Integrative Agriculture, 18(2), 251-264. doi: 10.1016/5S2095-3119(18)62045-3.

[30] Thompson, B., Barnes, A.P., & Toma, L. (2022). Increasing the adoption intensity of sustainable agricultural
practices in Europe: Farm and practice level insights. Journal of Environmental Management, 320, article number
115663.doi: 10.1016/j.jenvman.2022.115663.

[31] Transitional provisions of the Land Code of Ukraine. (2021). Retrieved from https://zakon.rada.gov.ua/laws/
show/2768-14#Text.

[32] Ulukan, D., Grillot, M., Benoit, M., Bernes, G., Dumont, B., Marie-Angélina, M., Monteiro, L., Parsons, D.,
Veysset, P.,Ryschawy,J., Steinmetz, L., & Martin, G.(2022). Positive deviant strategies implemented by organic
multi-species livestock farms in Europe. Agricultural Systems, 201, article number 103453. doi: 10.1016/].
agsy.2022.103453.

[33] World Bank. Ukraine Rapid Damage and Needs Assessment. (2022). Washington, D.C.: World Bank
Group. Retrieved from https://documents.worldbank.org/en/publication/documents-reports/
documentdetail/099445209072239810/p17884304837910630b9c6040ac12428d5c¢.

Scientific Horizons, 2023, Vol. 26, No. 5

121


https://agropolit.com/storage/2020/Zemelniy_dovidnyk_2020.pdf?utm_source=mailchimp&utm_campaign=0300
https://agropolit.com/storage/2020/Zemelniy_dovidnyk_2020.pdf?utm_source=mailchimp&utm_campaign=0300
https://www.mdpi.com/2073-445X/11/1/111
https://www.sciencedirect.com/science/article/abs/pii/S0048969720331879
https://www.sciencedirect.com/science/article/abs/pii/S0048969720331879
https://land.gov.ua
https://land.gov.ua
https://www.sciencedirect.com/science/article/pii/S0264837720304257
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=UZTNU_econ_2019_30(69)_4(2)__10
https://www.sciencedirect.com/science/article/abs/pii/S0013935117317425
https://www.sciencedirect.com/science/article/pii/S1462901121001970
https://ukrgeojournal.org.ua/en/node/672
https://www.sciencedirect.com/science/article/abs/pii/S0959652623002676
https://mepr.gov.ua/content/ekologichni-pasporti-regioniv.html
https://mepr.gov.ua/content/ekologichni-pasporti-regioniv.html
https://zakon.isu.net.ua/sites/default/files/normdocs/dstu_4362_2004.pdf
http://journalagroeco.org.ua/article/view/240316
https://www.sciencedirect.com/science/article/pii/S2095311918620453
https://pubmed.ncbi.nlm.nih.gov/35940006/
https://zakon.rada.gov.ua/laws/show/2768-14#Text
https://zakon.rada.gov.ua/laws/show/2768-14#Text
https://www.sciencedirect.com/science/article/abs/pii/S0308521X22000890#!
https://www.sciencedirect.com/science/article/abs/pii/S0308521X22000890#!
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/099445209072239810/p17884304837910630b9c6040ac12428d5c
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/099445209072239810/p17884304837910630b9c6040ac12428d5c

122

Analysis of the structure and fertility of agricultural land in western Ukraine...

AHani3 cTpyKTypMU, pPOAIOYOCTI CinbcbKorocnogapcbkKux 3eMenb 3axoay YKpaiHu
Ta iX rpoLioBa ouiHKa

Onekcanap borpaHosuu boHpap
KaHamaaT CinbCbKOrocnoaapCbKMx Hayk
KpemeHelbka obnacHa ryMaHiTapHO-negaroriyHa akagemis im. Tapaca LUeB4yeHka
47003, Byn. JlineiHa, 1, M. KpemeHewb, YkpaiHa
https://orcid.org/0000-0002-3448-8943

€BreH €BreHoBUY MenbHUK
KaHauaaT CinbCbKOrocnoaapCbKMx Hayk
YKpaiHCbKMI HAaYKOBO-AOCAIAHMIA IHCTUTYT NICOBOr0 rocnoaapcrea Ta arponicomeniopauii
im. . M. Bucoubkoro
61000, Byn. MNywkiHcbka, 86, M. XapkiB, YkpaiHa
https://orcid.org/0000-0002-9821-2751

Heng IBaHiBHa Linutopa
KaHouoat 6ioforiyHnX HayK, AOLEHT
KpemeHeubka obnacHa ryMaHiTapHO-negaroriyHa akagemis im. Tapaca LUeByeHka
47003, Byn. JliueiHa, 1, M. KpemeHewb, YkpaiHa
https://orcid.org /0000-0002-8663-6397

Onbra IropisHa lyx
KaHounaat 6ioforiyHnX HayK, AOLEHT
KpemeHeLbka obnacHa ryMaHiTapHO-negaroriyHa akagemis im. Tapaca LUeByeHka
47003, Byn. JlineiHa, 1, M. KpemeHewb, YkpaiHa
https://orcid.org/0000-0003-3650-9813

Irop Muxainosuu MNanarax
Kanaunpat negaroriyHnx Hayk, AOLEHT
KpemeHelbka obnacHa ryMaHiTapHO-negaroriyHa akagemis im. Tapaca LUeB4yeHka
47003, Byn. JlineiHa, 1, M. KpemeHeLb, YkpaiHa
https://orcid.org/0000-0002-0555-6548

AHoTauif. BaxnuMBuM cekTopoM eKOHOMikuM YKpaiHM € CifbCbKe rocnofapcTBo, sike 6a3yeTbCcs HAa POAKYOCTI
CiNbCbKOrocnoAapCcbknx 3emenb, 30KpeMa 3eMefib 3axigHoro perioHy YkpaiHu. AHanis CTpykTypu, pOAHYOCTI
CiNbCbKOrocnoaapCcbkMx 3eMenb, iX rpoloBa OLiHKa MOXe HafaTW YABAEHHS Npo iX MNPOAYKTMBHICTb Ta NOTeHLian
[LNS pO3BWTKY CibCbKOrO rocnogapcrea. Metow poboTM € aHanis CTpyKTypu Ta MOKa3HMKIB POAKYOCTI
CiNbCbKOrocnoaapcbkmx 3emMenb 3axoay YKpaiHu, AEMOHCTPYBAHHS iX OCHOBHUX XapaKTEPUCTUK Ta MOPIBHSAHHS LiH Ha
3eMJ110 B 3axifHUX obnactax Ykpainu. i yac HanucaHHs CTaTTi BUKOPUCTOBYBAAW MaTepianu 3eMeNbHOro AOBiAHUKA
YKpaiHM Ta perioHanbHMX [LOMNOBiLEN MpO CTaH HABKOMUWIHBLOMO CepefoBulLa 3axody YKpaiHW, MOCAyroByHUMUCh
MeToAaMM aHanisy Ta NOPiBHSHHSA CTaHY 3eMe/IbHUX PecypCiB 3a BMICTOM ryMycy, pyXxoMux cnonyk gocdopy Ta Kanito,
a30TYy, WO Nerko rigponisyeTbes, iX MaTepiaNbHO-TPOLIOBOI OUiHKM. [poaHanisyBaBlUM CTPYKTYpY 3eMenbHoro ¢hoHay
3axofy Ykpainu (13125,5 tuc. ra) 6yno CTaHOBNEHO, WO CilbCbKOrOCMOAAPChKI Yrifas CTaHOBAATb Ginblie NONOBUHU
3aranbHoi nnow,i (56,1 %), a nicv Ta iHWi NicOBKpUTI NnoLi — 61M3bKo TpeTUHM 3aranbHoi naouwi (32,8 %). 3abynoBaHi
3emni, BiikpuTi 3abonoyeHi 3emMni, BigkpuTi 3emni 6e3 pocIMHHOIo NokpmBy abo 3 He3HaYHUM POCIMHHMM MOKPUBOM Ta
iHwWi 3eMni ctaHoBNATb MeHwWwe 10 %. Cepep, CiNbCbKOroCcnoAapCbknx 3eMesb HabinbLLIy YacTKy CTAHOBWUTb Pinng, Aewo
MeHLLe NPUNAJAE Ha CIHOXATI Ta NAaCOBMLUA, @ HAMMEHLUe — Ha BaraTopivHi HAacagKeHHs Ta Nepenorn:-3aranbHa BapTiCTb
CiNbCbKOroCMofapChbKMX 3eMeslb Y 3aXifHUX aAMiHICTPaTMBHMX 06NacTax NMOMITHO BiApi3HAETbCA. HalBuwWwa BapTicTb
3eMenb y XMenbHULBKIV Ta TepHoninecbkin obnactax (1,71 i 1,09 mnpa. non), a HaiMeHwa - B IBaHO-MpaHKiBCbKiN Ta
3akapnatcbkin (489,90 i 317,21 mnH. gon). Ha TepuTopii 3axoay YkpaiHu 3aaHo B opeHay 1420223 nais. Haiibinbwa
iX KinbKicTb 30aHa B XMenbHULbKIM Ta TepHoninbCbkind obnactax (25,2 ta 20,7 %), @ HalMeHwWwa - y 3akapnaTcbkii
(1,0 %). Tak, 3aranbHa nnowa 3emhi, Wo obpobnseTbcs pepmMepcbkUMM MiANpUEMCTBAMM, cTaHOBUTL 330,8 TUC. ra,
HaibinbLua YacTMHA 30cepemykeHa B TepHOMiNbCbKiM Ta XMeNbHULbKIN 0bnactax (23,31 22,7 %). Peaynstati focnifxeHb
CNpUSTUMYTb NPUMHATTIO YNPaBAiHCbKMX pilleHb BefeHHs edeKTMBHOMo CilbCbKOro rocnofapcrBa Ta 30epexeHHs
POAIOYOCTI FPYHTIB CiNbCbKOrOCNOAAPCbKUX 3eMeflb AOCNIAXKYBAHOro perioHy. [powwoBa OLUiHKa AaHUX TEPUTOPIN €
KOPUCHOIO A1 HACeNEeHHA KPaiHW B YMOBAX 3MiHM 3aKOHY NPO PMHOK 3eMAi B YKpaiHi, a TakKoX Mif, Yac 34iMCHEHHS
€KOJIONYHO BMBAXEHOT arpapHOi NONITUKM

KniouoBi cnoBa: 3emMenbHUin GOHA; NACOBULLA; F'YMYC; 3eMeNbHI Nai; CiNnbCbKOroCnoAapChbKi yrifns; aaMiHicTpaTuBHa
obnactb
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factors on the agricultural sector during the period of martial law (in particular, the reduction of land suitable
for agriculture, blocking many ways to sell products, complicating the supply of mineral fertilizers and other
goods necessary for the functioning of the agrarian sector) and highlight directions for increasing profitability,
namely increasing the yield of certain types of crops; reduction of feed costs for feeding animals by growing feed
and electricity production efficiency through the use of renewable energy sources (sun, wind, biomass energy);
development of pig meat production by increasing their population and quality of nutrition; creation of added
value from products obtained by the producer on his own land, which will contribute to increased profitability and
successful development of agriculture. Analysis of the supply and demand balance of grain and leguminous crops
showed that their production exceeds the need for consumption of all types of grain. The results and conclusions
have practical significance for agricultural producers in business management, as well as for the government in
developing areas of support for the agricultural sector

Keywords: profitability; productivity; influencing factors; supply and demand balance; export volumes; creation of

added value

INTRODUCTION

Ukraine is one of the leading countries whose agricul-
tural products are necessary to ensure food security in
the world. The high fertility of the land and the favour-
able climate in Ukraine allows for the successful devel-
opment of crop and animal husbandry. However, since
2012, the development trends in this area indicate a
low level of profitability and many negative factors that
prevent manufacturers of products from obtaining suf-
ficient profit. With the beginning of hostilities on the
territory of Ukraine in 2014, and then their intensifica-
tion in February 2022, agriculture suffered large losses
and a decrease in the profitability of production due to
the loss of a large land area, markets, the complication
of the supply of fertilizers and other products neces-
sary for agricultural development. Despite these events,
Ukraine remains among the top five world leaders in
the export of wheat, corn, sunflower oil, and barley
(Negrei & Trofimtseva, 2022). To support the agricul-
tural sector in difficult times for the state, it has become
necessary to study the profitability of agriculture to de-
termine the efficiency of investing monetary resources
and the rationality of their use, as well as to develop
proposals for increasing the profitability of production.

Ukrainian, English, Polish and other scientists stud-
ied the question of the profitability of agricultural pro-
duction. The role of the agricultural sector of Ukraine in
the world food market was considered by the Ukrainian
scientist M. Negrei and O.V. Trofimtseva (2022), who stud-
ied the prospects for the development of the agricultural
sector in the post-war period and determined that the
key factor in this direction is human capital, the creation
of reliable sales markets, increasing the competitiveness
of products, environmental sustainability of agriculture,
informatization and digitization of the agricultural sector.

As B. Khahula (2022) emphasizes, the condition for
accelerating scientific and technical progress in the ag-
ricultural sector is the mastering of innovative technol-
ogies by producers, which creates a certain effect that
is manifested in the production of additional products
and obtaining additional income.

Scientific Horizons, 2023, Vol. 26, No. 5

I. Kryukova (2022) also defined the key strategic
guidelines for the development of the agricultural sec-
tor, which outlined the main elements of the structure
of such development, considering world and national
priorities and strategic tasks of rural regions.

V.Yuryev (2020) considered the impact of the diver-
sification of the activities of agricultural enterprises on
the current state of the agro-industrial complex. Among
the directions of diversification, the author identified
the formation of various industries for the processing
of agricultural products, the organization of new types
of production (growing new crops, improving the envi-
ronmental friendliness of products), and expanding the
range of products as necessary key elements.

The importance of the organization of procurement
logistics as one of the tools for ensuring the compet-
itiveness of agricultural enterprises was considered
by O.Varchenko et al. (2022). The scientist proved that
among the main tasks of logistics in this case are qual-
ity improvement, optimization of the composition and
structure of material resources used in production ac-
tivities, and strengthening of competitive advantages
in target market segments.

The main problems of the Ukrainian agrarian sec-
tor development during martial law were considered by
T. Dobrunik and O. Kuznetsova (2022), who noted the
need to transform the current model of the agrarian
sector of Ukraine, considering the priority of small busi-
ness development.

A study on the relationship between environmental
sustainability and prices for agricultural products was
conducted by the English scientists Y. Vittis et al. (2021),
the results of which showed that food prices will con-
tinue to decrease under conditions of strict environ-
mental policies.

However, despite the significant contribution of sci-
entists to the study of this issue, the issue of increasing
the profitability of agricultural production remains de-
batable and requires a more detailed study. The research
aims to analyse the factors affecting the profitability of




agricultural production, the state of productivity by types
of crop production and regions, the level of costs by their
types in the field of crop production and livestock pro-
duction, the determination of promising directions for
the development of livestock production, the balance of
demand and supply for certain types of products, and as
well as the development of proposals for increasing the
profitability of agricultural activity in Ukraine.

MATERIALS AND METHODS

The basis of the methodological approach is a combi-
nation of statistical data analysis methods, the method
of average values, the comparison method, the graphic
method, and the generalization method. The research
involves the analysis of the profitability of agricultural
production and the identification of directions for its
increase in the conditions of the negative influence of
external factors during the period of martial law and
requirements for increasing competitiveness.

The theoretical basis of this research is based on
the works of Ukrainian, American, Romanian, Australian,
Polish, Czech, German and scientists from other coun-
tries, who considered the problem of the profitability of
agricultural production and determined directions for
its improvement.

Statistical information on the profitability of agri-
cultural production, the productivity of crop production,
volumes of dairy, meat products and eggs, production
costs by product types, the cost structure of crop pro-
duction and livestock production was researched based
on the data of the State Statistics Service of Ukraine
(The level of profitability..., 2022).

The application of the statistical data analysis
method allowed to investigate the change in profita-
bility indicators of the most common types of livestock
and crop production in Ukraine, their volumes,and costs
for the period 2012-2021, as well as the changes that
occurred in these indicators in 2022. Data on the pro-
duction and consumption of grain crops in the world for
2022, as well as the forecast for grain production and
trade in the international market for 2023, were ana-
lysed based on information from the Food and Agricul-
ture Organization (Food and Agriculture Organization)
(hereinafter — FAO) (World Food Situation, 2022).

The analysis of data on the export of grain and leg-
umes from Ukraine was carried out based on informa-
tion published on the official website of the Ministry of
Agrarian Policy and Food of Ukraine (Export of grain...,
2023). Information on crop and livestock products for
2022 was obtained from the website of the State Ser-
vice of Ukraine on Food Safety and Consumer Protec-
tion (Information on the export..., 2023).

Using the average values method, the median
value of productivity and costs for certain types of crop
production was calculated. At the same time, the range
of data was the values of productivity and costs per
unit of production across the regions of Ukraine. The
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comparison method made it possible to compare infor-
mation on profitability by types of agriculture and pro-
ductivity of products by regions of the country, as well as
compare data on production and consumption of agri-
cultural products and analyse the balance of supply and
demand of grain and leguminous crops for 2021-2022.

Using the graphical method, the data obtained in
the research process on the dynamics of the produc-
tion of the main types of meat, milk, eggs, and wool for
2012-2021 are displayed in the form of a graph.

The application of the generalization method al-
lowed to summarize the results obtained in the re-
search process regarding the level of profitability of
agricultural products in Ukraine and the factors affect-
ing the profitability of its production; formulate con-
clusions that act as a final reflection of these results,
namely: substantiate proposals for reducing production
costs of plant and livestock production and increasing
the profitability of production and determine further
approaches to the study of the problems of the devel-
opment of agricultural production in Ukraine in the
conditions of the war period.

RESULTS

Agriculture is one of the most important branches of
the national economy of Ukraine. Approximately 25%
of the world’s black soils, which have high fertility,
are concentrated in Ukraine. Of the total land area of
Ukraine, 71.9% belongs to agricultural land (World
Food Situation, 2022).

The types of agricultural production in Ukraine are
represented mainly by crop and animal husbandry. The
main crops include wheat, sunflower, corn, barley, sugar
beet, legumes, fruits, and vegetables. Ukraine holds
a leading place among grain exporters in the world
(about 25-35 million tons per year), including corn 14.4
million tons, wheat — 9.2 million tons, barley - 1.8 mil-
lion tons and others (Export of grain..., 2023). The main
types of livestock production are meat products from
cows, pigs, goats and sheep, milk, eggs, and wool.

Changes in prices on the world market, the neg-
ative impact of hostilities that have taken place in
Ukraine since 2014, the full-scale Russian invasion of
the territory of Ukraine since February 2022, and other
factors that affect the production and sale of agricul-
tural products in Ukraine have proven the need assess-
ment of the profitability to find ways to increase it in
modern conditions.

Profitability refers to the ratio of profit received and
costs incurred in the process of activity. The level of
profitability of different enterprises or different types
of activity allows to compare their efficiency and de-
termine the expediency of activity and ways of devel-
opment. To determine the priority types of agricultural
activity in Ukraine, their profitability by type should be
considered and analysed (Table 1) (The level of profit-
ability..., 2022).
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Table 1. The level of profitability of production of agricultural products in Ukraine for 2012-2021

Product name 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Grain and leguminous crops =455 g5 258 431 378 250 247 118 200 44
altogether
Including
Wheat 11.8 2.4 28 36.4 31.7 26.8 24.6 73 21.5 40
Corn for grain 19.8 1.5 26.2 50.3 457 23.7 27.2 17.8 21.3 35
Barley 114 0.6 18.3 28.3 25.4 24.0 25.6 23 12.1 18
Rye 5.5 -15.3 -5.6 21.9 24.6 20.2 -2.2 9.9 144 161
Oat 9.9 -2.6 10.7 21.5 344 21.2 10.3 8.8 14.7 20
Buckwheat 24.5 -1.3 29.5 100 87.5 32.7 -17.2 6.6 54.7 63
Millet -12.5 3 40.7 58.4 30.2 24.5 34.7 20.2 6.1 8
Dried legumes 9.3 -5 30.2 55.3 33.1 22.4 -5.4 -11.5 -0.1 2.1
Soybeans 23.4 15.8 345 38.6 52 28.8 21.0 133 30.2 40
Flax seeds 2.9 6.4 25.2 32.7 10.1 -10.8 18.6 8.6 78.0 80
Rapeseed and colza seeds 21.4 8.6 29.2 443 45 436 31.1 9.4 17.2 20
Sunflower seeds 45.8 28.5 36.5 80.5 63 413 32.5 235 394 52
Factory sugar beet 15.7 2.7 179 28.2 24.3 12.4 -11.4 -15.4 -13.5 10
Hop cones -48 -11.6 -9.5 39.9 100.4 177 60.9 9.0 - 5
Potato -21.5 23 9.2 24.2 -3.2 10.0 6.8 15.4 11.0 13
Vegetable crops in open soil -6.8 7 16.7 47.5 19.7 15.6 16.7 7.0 8.3 8.5
Vegetable crops in closed soil -0.1 3.7 124 14.1 77 1.7 8.5 -4.9 74 79
Grape 72.6 101.7 61 102.4 74.6 51.6 22.6 -7.2 -16.2 15
Fruit crops 8.8 154.7 68.2 52.6 12 27.3 3.4 0.2 12.4 8.9
Berry crops 5.1 13.6 11.2 86.2 104 85.9 19.5 19.8 541 186
Cattle raised for meat -29.5  -433 -35.9 -179 -24.8 3.4 -17.7 -271 242 127
Pigs raised for meat 2 0.2 5.6 12.7 -4.5 3.5 6.9 4.7 2.6 8.6
Sheep raised for meat -39.7  -42.8 -52.1 -294  -351  -400 -167  -389 -386 173
Goats raised for meat -70.5 -31 -79.7 -59.7 -434  -144  -138 -589  -627 161
Poultry raised for meat -7.2 -10 -15.4 -6.1 5 7.0 5.7 -3.7 -0.2 3.1
Wool -61 -72.7 -75.1 -619  -318  -69.8  -69.5 -71.1 720 -73
Millcfrom fart animals ofall = 23 136 11 126 182 269 161 206 204 175
inds, raw
'?\‘/’V‘ftlﬂguetgggg‘: he rf?jégtflrg;;‘ 526 476 588 609 05  -90 54 235 -192 15
Honey is natural -29 -29.9 -30.6 -5.4 4.8 -16.4 -274 -32.2 -25 -10
Source: compiled based on data (The level of profitability..., 2022)

The data in Table 1 show that for the analysed pe-
riod, the largest increase in profitability indicators was
observed in 2015 (an increase compared to the previ-
ous year by 20.8%) and 2021 (an increase by 22.8%)
(The level of profitability..., 2022). The highest profita-
bility indicators during 2012-2021 were: grain and le-
guminous crops buckwheat, corn for grain, as well as
sunflower, open-ground vegetables, and soybeans. Rye,
sugar beet and hop cones were less profitable.

On the other hand, animal husbandry during 2012-
2021 was unprofitable in almost all species (mainly
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sheep and goats for meat (up to -79.7%), wool produc-
tion (up to -75.1%)). However, in 2021, the profitability
of animal husbandry amounted to 12.7% for breeding
cattle, dairy breeds increased by 14.6% (from 13.3% to
27.9%), and pigs - by 6.1% (from 2.5% to 8.6%) (The
level of profitability..., 2022).

However, the continuation of the increase in the
profitability of agricultural production, which was
observed in 2021, became practically impossible in
2022 due to the start of hostilities (combat) in the en-
tire territory of Ukraine in February 2022. The yield of




different types of products depends on the regions
of the country where they are grown. To analyse the
economic efficiency of the production of agricultural
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products, it is necessary to compare productivity in-
dicators with production costs (Table 2) (The level of
profitability..., 2022).

Table 2. Yield and costs of individual crop production by regions of Ukraine in 2021

Wheat Corn Sugar beet Vegetables ‘.’f the Buckwheat
open soil
o o o “ o —
S o8 £ o8 £ o8 £ o8 £ o8
(¥} f = (¥} = (¥} f = (¥} c (¥} =
Name of the ég EE‘ .é,_g és _§“~-'=° gs .é"g EE, E“.E g%
region s T < s TE s T < s T < z T <
c§ 8¢ S5 &g c§ &g c§ 8¢ c§ 8¢
g€ 23 8¢ 23 8% 23 8% 23 2% a3
s 82 s 8 ° s 82 s 89 s 8 e
(s [s-% O a VU o VU a
Vinnytsia region 568 3922 1002 4007 4563 916 2190 29295 161 8794
Volyn region 44.9 3572 97.8 3110 4503 819 2173 5395 114 7131
D”iprrggpiit?“k 441 3571 517 4771 5112 - 1981 9844 88 10255
Donetskregion 406 3135 443 4207 2565 ; 1719 6754 126 15159
Zhytomyr region 49.6 374.0 92.0 329.1 4449 90.7 211.0 614.1 14.5 2188.5
Transcarpathian 338 5370 506 2265 ; ; 2126 - 124 11397
region
Zaporizhzhia 38.8 367.2 751 3952 ; ; 1766 7893 10.9 -
region
Ivano-Frankivsk 54 ¢ 4534 84.3 3249 5537 ; 1722 6552 118 -
region
Kyiv region 526 4132 952 3917 4327 1230 2018 11599 168 7452
Ki&%‘i’gfd 498 3865 700 5087 4603 1190 1523 6221 136 8741
LuhanskRegion 392 3205 291 3525 ; ; 27738 - 71 1105.8
Lviv region 501 3650 944 3195 5245 67.7 1943 5786 111 14031
Mykolaivregion 423 4555 507 4931 ; ; 3361 1615 115 14244
Odesa region 405 7496 627 5695 ; ; 1564 3808 100 24452
Poltava region 491 3465 675 3588 4029 794 2310 6301 9.1 577.0
Rivne region 482 3490 889 2696 5183 705 2076 - 119 9558
Sumy region 485 3099 728 2410 ; ; 1788 18950 120 8303
Ternopil region 57.9 363.6 101.7 276.5 525.0 74.6 232.5 17779 12.2 634.9
Kharkiv region 486 2930 528 3046 4070 924 1607 18097 102 8738
Kherson Region 42.5 386.4 90.7 3334 - - 283.2 183.1 6.9 974.8
Kh”&gg}gfky‘ 622 3640 1107 2759 4973 87.8 2105 5202 182 8955
Cherkasyregion 558 4377 904 5393 4651 1131 1702 6903 143 8459
Chernivtsi region 527 4092 745 3610 ; ; 195.2 - 91 12012
Chernihiv region 51.6 328.8 95.2 264.4 411.6 146.6 167.0 - 5.8 -
Average value 480 3914 768 3644 4574 953 2066 9261 116 11071

Source: compiled based on data (The level of profitability..., 2022)

The data in Table 2 show that Vinnytsia,
Khmelnytskyi and Ternopil regions have the highest
wheat yields, and their costs per 1 centner of produc-
tion are within the national average - UAH 391.4. The
lowest costs for growing wheat in the northern regions

are Sumy, Kharkiv and Chernihiv. However, there are re-
gions with lower productivity, for example, Zakarpattia
(33.8 t) and Odesa regions (40.5 t), but their costs are
almost twice as high as the average - UAH 532 and
UAH 749.6, respectively (The level of profitability...,

Scientific Horizons, 2023, Vol. 26, No. 5
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2022). This means that wheat production is less profit-
able in these regions of the country.

The situation is similar with other crops by region:
corn is more profitable to grow in Vinnytsia, Ternopil,
and Khmelnytskyi regions,and less so in Dnipropetrovsk
and Kirovohrad regions, buckwheat is more profitable
in Vinnytsia, Kyiv, and Khmelnytskyi regions, and less
profitable in Odesa, Mykolaiv, and Lviv regions.

Indicators of yield level and production costs play
an important role in increasing the profitability of crop
production. For example, the cultivation of sugar beet
during 2018-2020 was unprofitable, and only in 2021,
the production showed profitability. The analysis of

25000.0
20000.0
15000.0
10000.0

5000.0

0.0

2012 2013 2014

uMeat in slaughter
mass, thousand tons

2015

sugar beet productivity by region shows that in seven
of them, this indicator is at a level below the average.
It is possible to increase productivity by increasing the
use of fertilizers to nourish the soil, which in turn will
contribute to an increase in the production and export
of sorghum, the world prices of which tend to increase.
Thus, in 2022, according to the FAQ, the average value
of the sugar price index increased by 4.7% compared
to 2021 and was the highest since 2012 (World Food
Situation, 2022).

The dynamics of livestock production volumes can
be analysed by species and periods (Fig. 1) (The level of
profitability..., 2022).

2016

mMilk, thousands tons

2017 2018

m Eggs, millon pcs.

2019 2020

Wool, tons

2021

Figure 1. Production of the main types of animal husbandry products for 2012-2021

The data in Figure 1 shows that during 2012-2021,
the production of livestock products had a gradual
downward trend. Thus, the decline in milk production
amounted to 23.4%, eggs - 26.4%, and wool - 59.8%.
On the other hand, meat production increased by 10.4%

(The Llevel of profitability..., 2022), which indicates the
increased interest of agricultural producers in this type
of product. Analysis of the production of livestock prod-
ucts by region will reveal which regions of Ukraine pro-
duce more or less of it (Table 3).

Table 3. Production volumes of livestock products by regions of Ukraine in 2021

Name of the region

Live weight of animals sold  Gross volume of milk,

Number of eggs from Gross shearing of

for slaughter, thousand tons thousand tons poultry, million pcs wool, t
Ukraine 3462.3 8728.8 14071.3 1497
Vinnytsia region 652.5 686.1 708.7 9
Volyn region 162.5 338 207.1 18
Dnipropetrovsk region 329.1 246 720.8 5
Donetsk region 1204 144.2 602.1 43
Zhytomyr region 84.5 487.5 718.5 21
Transcarpathian region 83.3 312.3 3774 158
Zaporizhzhia region 62.3 180.6 372.5 54
Ivano-Frankivsk region 135.2 3933 275.8 20
Kyiv region 2875 368.3 3323.2 5
Kirovohrad Region 71.7 269.4 468.8 1
Luhansk Region 14.2 102.1 78.4 27
Lviv region 180.2 4253 598.8 14
Mykolaiv region 45.6 245.7 156.9 100
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Table 3, Continued

Name of the region

Live weight of animals sold  Gross volume of milk,

Number of eggs from

Gross shearing of

for slaughter, thousand tons thousand tons poultry, million pcs wool, t

Odesa region 54.5 291.4 1374 705
Poltava region 90.9 690.7 630.4 32
Rivne region 77.1 298.5 634.2 21
Sumy region 66.0 354.6 349.3 21
Ternopil region 83.3 462.8 533 5
Kharkiv region 125.6 4275 481.1 46
Kherson Region 59.9 237.5 657.7 72
Khmelnytskyi Region 90.6 653.8 7254 5
Cherkasy region 468.1 4359 7534 1

Chernivtsi region 64.8 235.8 279.5 107
Chernihiv region 52.5 441.5 280.9 7

Average value 144.3 363.7 586.3 62.4

Source: compiled based on data (The level of profitability..., 2022)

The data in Table 3 show that the largest produc-
tion of meat is in Vinnytsia and Cherkasy regions, milk -
in Vinnytsia, Poltava and Khmelnytskyi regions, eggs -
in Kyiv, Khmelnytsia and Cherkasy regions, and wool -
in Odesa, Zakarpattia and Chernivtsi regions. The level

of profitability of agricultural products depends on the
amount of production costs. An analysis of the cost
structure in the field of plant and animal husbandry
will allow identifying areas of cost that can be reduced
(Table 4) (The level of profitability..., 2022).

Table 4. The structure of costs for the production of agricultural products by type in 2020

Types of expenses

Production costs

crop production

animal husbandry

million hryvnias

% to the amount

million hryvnias

% to the amount

Expenses of everything 278990.6 100.0 90323.0 100.0
Direct material costs 136622.4 49.0 68796.1 76.2
including
seeds and planting material 27423.5 9.8 X X
feeds X X 533331 59.0
of them are purchasable X X 21958.5 24.3
other agricultural products 2716.6 1.0 3498.7 39
mineral fertilizers 45878.4 16.4 X X
fuel and lubricants 22230.4 8.0 1336.9 1.5
electricity 1793.0 0.6 1982.8 2.2
energy and fuel 1081.9 0.4 626.4 0.7
spare parts, construction materials for repair 14717.0 5.3 2514.9 2.8
labour costs 18147.2 6.5 7703.1 8.5
Other direct costs of all 777427 27.8 8064.4 8.9
Including
deductions for social events 4000.9 1.4 1690.6 1.9
rent for:
land shares 38510.0 13.8 X X
property shares 619.9 0.2 3.5 0.0
amortization 24604.2 8.8 4958.0 5.5
Total expenditures 46478.3 16.7 5759.4 6.4

Source: compiled based on data (The level of profitability..., 2022)
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From the data in Table 4, in the structure of costs
to produce plant products, most of them belong to
the costs of fuel and lubricants (16.4%) and seeds and
planting material (9.8%),and animal husbandry - to the
costs of purchasing fodder (59%) (The level of profita-
bility..., 2022). Therefore, to increase the profitability of
production, it is necessary to consider ways to reduce
the specified cost areas.

A feature of plant and animal products is their rapid
spoilage, which does not allow them to be stored for
too long. Therefore, for the production to bring profits,
and not losses in the form of crop loss, it is necessary
to study the real demand for these products to form
the appropriate volume of its supply. A comparison of
the volumes of production and consumption of grain
crops on the world market is necessary for correct con-
clusions regarding the volumes of products that will be
exported and balancing the domestic market.

According to the FAO, the forecast of grain pro-
duction and trade in the world for 2022 predicts the
lowest volumes in the last three years, namely: 2.756
million tons, which is 2% (57 million tons) below the
indicator of the previous period, which is mainly due

to the indicators of corn and wheat (World Food Sit-
uation, 2022).

The global volume of grain consumption in 2022-
2023 is predicted the level 2.777 million tons, which is
0.7% (21 million tons) lower than the level of 2021-2022.
This projected decrease is due mainly to a reduction in
the consumption of feed - especially corn, as well as bar-
ley and sorghum - and the consumption of corn as an
industrial raw material. Grain stocks in the world at the
end of the 2023 season are expected to be 839 million
tons, while they are 2.2% (18.5 million tons) lower than
last season. The forecast volume of world grain trade in
the 2022-2023 season is expected to be 472 million tons,
which is 1.9% (9.2 million tons) below the record level
of the 2021-2022 season (World Food Situation, 2022).

For Ukrainian grain, the main sales markets remain
in four regions - the countries of Asia, the European
Union, Africa, and the CIS, which account for about 97%
of the value of agricultural exports.In 2022,an increase
in exports was observed only to the European Union.An
analysis of the supply and demand of grains and leg-
umes allows us to estimate how much Ukrainian produc-
ers need to produce (Table 5) (Export of grain..., 2023).

Table 5. Balance of demand and supply of cereals and legumes in 2021-2022

Cereals and legumes (thousand tons)

Index

everything wheat barley corn oat rye buckwheat millet cgtzg[s
1. Offer, including: 88788 33864 9876 42323 541 695 151 201 1137
production 83809 32102 9445 40000 481 602 103 182 894
2.The need, including: 84751 32312 9366 40623 491 625 136 161 1037
internal consumption 19292 7012 3881 6858 325 463 126 81 546
export 65459 25300 5485 33765 166 162 10 80 491
The difference between 4037 1552 510 1700 50 70 15 40 100

supply and consumption

Source: compiled based on data (Export of grain..., 2023)

As shown in Table 5, in Ukraine in 2021-2022, the
supply of grain crops exceeded the need for their con-
sumption for all types of grain by 5-11%, and for mil-
let — by almost 25% (Export of grain..., 2023).

With the beginning of hostilities on the territory of
Ukraine in February 2022, there was a deterioration and
decline in all spheres of activity. The vulnerability of
the agricultural sector was most evident in (Dobrunik
& Kuznetsova, 2022): the impossibility of conducting
fieldwork in the war zone; blocking sea routes for ex-
porting products; destruction of the infrastructure in-
tended for production, processing, and storage of prod-
ucts; deterioration of agricultural supply with fuel and
lubricants, seeds, fodder and other material and tech-
nical means; the impossibility of uninterrupted opera-
tion due to periodic power outages.

However, Ukrainian agribusiness demonstrates its
abilityto withstand external threats.Since the beginning
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of the 2022/2023 marketing year, the export of grain
and grain crops amounted to 5291 thousand tons, in-
cluding 3174 thousand tons of corn (60.4%), 1651
thousand tons of wheat (31.2%) and 447 thousand tons
of barley (8.4%) (Information on the export..., 2023).

Regarding the export of livestock products, in 2022,
the export of poultry meat brought in an income of
852.9 million dollars,which is 18.6% more than in 2021.
However, the export of meat and edible poultry offal in
2022 amounted to 413.2 thousand tons, which is 10.3%
less compared to the previous year. During the period of
martial law, the number of producers that received the
right to export products of animal origin to the coun-
tries of the European Union (hereinafter referred to as
the EU) increased by 10% (from 385 to 418), of which:
11 more suppliers of dairy products, 6 more suppliers
of fish products,and 5 - suppliers of snails (Information
on the export..., 2023).




It should be noted that among animal husbandry
products, the production of pig meat during 2012-2021
was unprofitable, and in some periods (2016) even
unprofitable. However, this activity is underestimated
in Ukraine, because it has prospects and conditions
to develop and enter the world market. After all, pork
consumption in the world is growing every year and,
according to FAO forecasts, will increase by 33% by
2030 (from 11 to 16.5 million tons) (World Food Situ-
ation, 2022). About 45% of this volume falls on the EU
countries, however, the concentration of pig farms in
these countries has already reached a critical limit. If
compare the number, Belgium keeps 6 million pigs on
its territory, the Netherlands - 12 million pigs, as well
as Denmark, whose area is approximately the same as
the area of the two regions of Ukraine. On the other
hand, there are only about 3 million pigs in Ukraine.
In Europe, large amounts of money are spent on the
purchase of fodder for pigs, and in Ukraine, significant
volumes of grain are exported for sale instead of cre-
ating added value from raw materials obtained on the
ground. More than 70% of grain and oil crops are ex-
ported as raw materials to other countries (In 2022, the
export..., 2022). Importing countries process Ukrainian
raw materials into high-value-added products, thereby
earning a much higher profit than Ukrainian farmers
who grew the products.

Regarding the measures that manufacturers should
consider in reducing production costs, in modern condi-
tions, one such measure is the transition to alternative
energy sources renewable ones. Due to the destruction
of critical infrastructure facilities during the martial law
period, which led to permanent power outages, many
enterprises use generators for power supply, which
is much more expensive than power supply from the
general power grid. This led to a significant increase
in production costs and a forced increase in the prices
of products by manufacturers. To improve the situation,
manufacturers should transfer their production to al-
ternative sources of energy supply, which will not be
as expensive as, for example, diesel generators. Renew-
able energy sources include biomass, wind, and solar
energy, which can be regenerated. The use of this type
of energy allows you to obtain lighting, heating, and hot
water, as well as reduce production costs and emissions
of pollutants into the environment.

Summarizing the above, it is worth noting that the
development of the agricultural sector is influenced by
many factors, in particular climatic conditions, prices
for agricultural products on the world market, wartime
conditions in Ukraine, and others. To reduce the impact
of these factors and increase the profitability of crop
and livestock products for Ukrainian producers, it is
necessary to increase the yield and quality of products
to expand the assortment for export, which will allow
for an increased profit from activities and competitive-
ness; reduce production costs, in particular by using
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home-grown fodder for feeding animals that are raised
for meat, which will reduce the cost of purchasing feed,
as well as switching to alternative energy sources,
which will reduce electricity costs; develop meat pro-
duction, as one of the areas of positive development
at the international level; create added value from raw
materials obtained on land to increase the profitability
of producers.

DISCUSSION

Analysis of the profitability of agricultural products
in Ukraine allowed to determine that the profitability
(unprofitability) of certain types of crop and livestock
production depends on various conditions and factors.
Modern challenges require agricultural producers to
implement certain changes in their activities, the appli-
cation of which will increase the profitability of prod-
ucts. The results obtained during the research show
that the proposals provided during the research are
aimed at improving the development of agriculture in
Ukraine and increasing the profitability of its products.

According to the results of the study, it is emphasized
the need to increase the productivity of crops to increase
the profitability of their cultivation. A similar conclusion
was reached by the Pakistani scientists T. Liliane and
M. Charles (2020), who proved that the yield and mass
of harvested plant products in a specific area are af-
fected by several factors that can be grouped into three
categories: technological (agricultural practices, man-
agement decisions), biological (diseases, pests) and en-
vironmental (climatic conditions, soil fertility, topogra-
phy, water quality). These factors can explain the differ-
ence in productivity in different regions of the country.

The issue of government strategies that will in-
crease agricultural productivity and improve the prof-
itability of farmers was considered by the Indonesian
scientists K. Heryanda and N. Yuliarmi (2021). Such
strategies are building infrastructure (roads, irrigation
canals, markets for agricultural products), providing fi-
nancial assistance through banks, using technologies
that support agriculture, creating marketing networks,
etc. These proposals are appropriate for use in Ukraine
as they are a powerful tool for increasing the profitabil-
ity of agriculture.

It should be noted that soil fertility is important for
increasing productivity. A similar point of view is sup-
ported by the Ukrainian scientist A. Kucher (2020), who
showed the influence of soil fertility and financial sup-
port of enterprises on the formation of their sustaina-
ble competitiveness. The author substantiated that the
increase in financial support for agricultural production
can help increase productivity.

To find ways to increase productivity, Australian sci-
entists Z. Hochman et al. (2020) studied crop rotations
(repeated sequences of crops) in Australia. The scien-
tist studied the possibility of producers choosing crop
rotations that have a lower income than optimal crop
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rotations and found that for most of the region, crop
rotation optimized agricultural profits.

To improve productivity and the probability of in-
creasing production, the English scientists C. Panoutsou
and E. Alexopoulou (2020) evaluated the production
costs of fourteen crops and analysed how their profit-
ability could be affected by increasing productivity and
cultivation on low-quality land, because of which the
existence of profitable options was proven at current
market prices and types of land.

Turkish scientists E. Ertlrk and H. Adir (2022) re-
searched the determination of productivity, quality
characteristics, comparison of production costs and
profitability of summer and winter varieties of sugar
beet and winter sugar beet in Turkey. Fully support-
ing the opinion of the scientist who showed the dif-
ferences in variable costs, and net and relative profit
between summer and winter varieties of sugar beet, it
should be noted the need to plan winter production to
ensure constant income in both periods. Polish scien-
tist Z. Krzysiak (2021) also carried out a comprehensive
analysis of the costs of growing sugar beets in individ-
ual peasant farms in Poland, who proved that growing
sugar beets is characterized by a high cost, which ab-
sorbs 82.5% of the total income.

The productivity and profitability of sugar beet
cultivation in Germany were evaluated by German sci-
entists S. Wimmer and J. Sauer (2020). It is worth sup-
porting the scientist’s point of view that the increase in
overall production productivity partially compensates
for the losses. The results of the analysis of the profita-
bility of buckwheat cultivation in Serbia, conducted by
the Serbian scientists Z. Sredojevic et al. (2020), showed
that the production of buckwheat is economically jus-
tified from the point of view of the producer, but or-
ganic production achieves better effects compared to
traditional production. In the process of research, it is
emphasized that animal husbandry is unprofitable for
most species and requires measures to increase this in-
dicator. Scientists who studied the profitability of milk
and egg production agree.

Thus, the American scientists Y. Walsh et al. (2020),
who studied the influence of factors on the profitabil-
ity of organic farms in the United States, noted that
these are: feed management, farm size, milk price and
resource costs. In turn, the Turkish scientists D. Sarica
et al. (2022) emphasized that among the costs, the
largest share in the total cost of production is the cost
of feed (72.86%) and labour (7.12%). At the same time,
with an increase in the size of the farm, the produc-
tion costs per animal unit decreased, and the net prof-
it increased. This conclusion is also confirmed in the
research of the Romanian scientists R. Chetroiu et al.
(2022), who substantiated that the size of farms and the
level and cost of milk production are in direct correla-
tion with profitability, and the unit cost of production is
inversely correlated. Nigerian scientists S.Johnson et al.
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(2020) identified the following as key factors affecting
the profitability of poultry egg production in south-
western Nigeria: the age of the farmer, the size of the
farm, the price per box of eggs, the cost of drugs, and
the location of the farm. In turn, an assessment of the
profitability of meat production and ways to maximize
profits among small farmers was carried out by the Tajik
scientists F. Jobirov et al. (2022), who rightly empha-
sized that the potential for increasing profitability is
significant if available resources are effectively coordi-
nated, and production costs, in particular costs for feed
and medical care, are reduced to a minimum.

At the same time, it is worth agreeing with the
Chinese scientists A.Memon et al. (2020) that sufficient
financial resources significantly contribute to innova-
tion and environmental efficiency. It is proved in the
work that the costs of fodder occupy a significant part
of their total amount. The scientific community is ac-
tively discussing the issue of reducing feed costs and
finding alternatives to expensive feed. Thus, the African
scientists A. Ouédraogo et al. (2022) note that the pro-
duction of improved fodder is a viable alternative to
expensive ones. The study of the Ukrainian scientists
V. Petrychenko et al. (2021) is devoted to the formation
of a market for high-protein fodder for farm animals
in Ukraine in the context of European integration pro-
cesses, as well as to the justification of the use of such
fodder by Ukrainian producers.

Among the areas of agricultural expenses that
need to be reduced, there are also expenses for elec-
tricity,for which it is proposed to use renewable energy
sources. A similar proposal is supported in the study of
the Ukrainian scientists I. lvashkiv et al.(2020). One such
source is the biomass of highly productive bioenergy
crops, as well as the commissioning of new capacities of
renewable energy facilities, the use of which will make
it possible to gradually replace traditional types of fuel
with renewable energy sources. Prospects for growing en-
ergy plants in Ukraine were considered by the Ukrainian
scientists O. Triboy et al. (2021), who noted that un-
used agricultural land can be used for this purpose.

Regarding the need to deploy sustainable renewable
technologies in agriculture, the Iranian scientists S. Gorjian
etal. (2022) and the Mexican scientists Y.Acosta-Silva et al.
(2019),who proved the advantages of using solar and wind
renewable energy in agriculture, note. Completely agree
with the author, it is expedient to emphasize that the
use of a wind-solar-renewable energy system to manage
the greenhouse environment reduces fuel consumption.

Determining promising directions for the develop-
ment of animal husbandry, the work emphasizes the
feasibility of finding ways to increase the profitability
of pig meat production. At the same time, other scien-
tists also note the importance of studying the factors
affecting this indicator. So, for example, the African re-
searchers S. Fakudze et al. (2021) emphasize the need
for farmers to improve their qualifications by attending




training seminars to keep abreast of new developments
in this field. African scientists J. Nabikyu and D. Kugonza
(2016) emphasize that the production of pork meat can
be made more profitable if groups of farmers are cre-
ated, with the help of which they can save money and
create capital for further investment. At the same time,
Brazilian scientists L. Alves et al. (2022) proposed a
mathematical model to estimate the costs of pig meat
production, which facilitates the interpretation of the
results and the economic evaluation of the system. It
should be agreed that such a model can be used in the
process of decision-making and cost control.

To increase profitability in agriculture, it is proposed
to focus on creating added value from raw materials
obtained on land, as an important tool for increasing
profitability (Shahini et al, 2022a; 2022b; 2022c). Car-
rying out research in the same direction, the American
scientists J. Clark et al. (2020) determined the charac-
teristics of the agricultural sector with added value: (1)
consumers make purchases that simultaneously pro-
vide utility and a price premium; (2) the common prin-
ciples of the firms’ activities and their mutual relations
support the distribution of values; (3) supply chain par-
ticipants demonstrate commitment to the community.

The importance of the profitability of agriculture
in Ukraine to ensure food security both in the country
and in the world is considered by the Romanian sci-
entist V. Campeanu (2022), who analyzed the impact
of risk factors from the hostilities that began on the
territory of Ukraine in February 2022, which may cause
global food crisis.

Supporting the point of view of the Czech scientist
L. Kryszak (2021), should be noted that the increase in
production relative to the farm’s capital plays a decisive
role in the growth of profitability, which is especially
important for small enterprises. Analyzing the demand
and supply for agricultural products, French scientists
M. Desquilbet et al. (2017) assessed how intensive and
extensive farming systems affect land use under market
equilibrium. The scientist proved the advantages of im-
plementing “active” land conservation through zoning
and emphasized that the main effect of higher prices as-
sociated with extensive agriculture is a reduction in an-
imal feed production, which has a higher price elasticity
of demand. One should agree with the point of view of
the Ukrainian scientists O. Osaulenko and N. Reznikova
(2020), who claimed that the competitiveness of agri-
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production in Ukraine confirms the conclusions and
proposals made in this work on increasing profitability
and determining the directions of agricultural develop-
ment. The proposed measures to reduce certain areas
of expenditure of agricultural enterprises, increase
productivity in the crop sector, and create added value
for products will allow to maximize the profitability
of agricultural producers and increase their resistance
to negative factors that affect agribusiness during the
state of war in the country.

CONCLUSIONS

The conducted research shows that the profitability of
agricultural products of Ukrainian producers is an im-
portant tool for maintaining food security, both in the
country and in the world.

The goal set in this study and the analysis of the
main problems that affect the profitability of agricultural
production allowed to formulate the following propos-
als. It has been proven that one of the ways to improve
the profitability of crop production is to increase the
yield of sugar beet, which will allow to increase its prof-
itability and the profitability for the economy of Ukraine
from the sale of sugar on the world market. Measures
are proposed to reduce the cost of purchasing fodder
for feeding animals, which can be achieved if producers
use products of their cultivation, as well as the transfer
of production to the use of renewable energy sources,
which will reduce electricity costs and contribute to
increasing the profitability of production. The propos-
al to expand the business of growing pigs for meat in
Ukraine, the demand for which in the world market
during 2020-2022 is constantly increasing, is sub-
stantiated. To increase the profitability of this produc-
tion, it is necessary to increase the number of animals
and improve the quality of their nutrition using grain
crops grown in Ukraine. It was revealed that one of
the sources of increasing the profitability of Ukrainian
agriculture is the creation of added value from raw
materials grown on the lands of agricultural producers
through their processing and obtaining additional profit.

The main directions of further research in this di-
rection will be the study of methods of increasing the
profitability of agricultural production in the conditions
of climatic changes, as well as the resistance of grain
crops to natural disasters.
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AHoTauif. AKTyanbHICTb AOCNIAXKEHHS 3yMOBieHa HeoOXiAHICTH MOWYKY WASXiB NiABULLEHHS peHTabenbHoCT
CiNbCbKOrOCMoAaPCbKOro BMPODOHMLTBA B CKNAAHWX E€KOHOMIYHMX yMoBax YkpaiHu. MeToio pobotu € aHanis
peHTabeNbHOCTI CiNlbCbKOrOCNOAAPCbKOro BUPOOHMLTBA, PAKTOPIB BNIMBY Ta BU3HAUEHHSI HANPAMIB ii NigBULLEHHS.
OcHOBY MeTOL0/0TYHOrO MiAX04Y CKNAAAE: aHANI3 CTaTUCTUUYHMX AAHWUX LLOAO 3MiHW peHTabenbHOCTi BUpOOHMLTBA;
MeTOA CepefHiX BEeNMYMH — AN OTPUMAHHA CEepefHbOro 3HAYEHHS MOKA3HMKIB; METOA MOPIBHAHHSA — AN4
CMiBCTABNEHHS OaHMX MpPO peHTabenbHiCTb Ta YpPOXaMHICTb MK BMAAMM NpOAYyKLUii; rpadivyHuii MeTon — ANS
BiAOOpaXXeHHs1 pe3ynbTaTiB; METOL Y3aralbHEHHs — [N 3BeAeHHS iHdOopMalii Npo CinbCbkorocnofapcbke
BMPOOHMLTBO.[0N0BHMMM pe3ynbTaTaMu, ki 6ynm oTpMMaHi B Mexax L€l npaLi,cnif BBaXKaT aHani3 peHTabenbHoCTi
CiNbCbKOrocnoAapcbKoro BUpOOHULTBA 33 MOro BUAAMM Ta YPOXKAMHOCTI POCAUMHHUX KYNbTYp Ta perioHaMu KpaiHu
B YMOBAaX BM/IMBY HEratMBHUX (AKTOPIB Ha arpapHuii CEKTOP B Mepiod BOEHHOIO CTaHy (30Kpema, 3MEHLUEHHS
3eMenb, NPUAATHUX AN BEAEHHS CiNlbCbKOro rocnogapcrBa, NepekpuTTa 6araTbox WAsxiB Ans 36yTy npomykuii,
YCKNaHEHHS MOCTaYaHHs MiHepanbHMX 00OPUB Ta iHWMX TOBApiB, HEOOXiAHMX ANg QYHKLiOHYBaHHS arpapHoro
CEKTOpY) Ta BUOKPEMEHHS HANpAMIB MiABULLEHHS NPUOYTKOBOCTI, a caMe: NiABULLEHHS YPOXKAWHOCTI OKpEMUX BUAIB
KY/IbTYP; 3MEHLUEHHS BUTPAT Ha KOPMW ONS rOAIBAI TBAPUH LLASXOM BMUPOLLYBAHHA BAACHUMX KOPMIB Ta BUTPAT Ha
€N1eKTPOEHEPTit0 Yepe3 3aCTOCYBaHHS BiHOBIOBANbHUX IyKEPEN eHeprii (eHeprito coHuS, BITpY, 6iomMacu); po3BUTOK
BMPOOHMLTBA MICa CBMHEN LWINAXOM MiABULLEHHS iX MOroMiBda Ta AKOCTi Xap4yBaHHS; CTBOPEHHS LOAAHOI BapTOCTi
i3 NpoAyKLii, OTPMMaHOi BUPOOHMKOM Ha BNACHIM 3eMi, WO CnpusTUMe NiABULLEHHIO NPUBYTKOBOCTI Ta YCMilUHOMY
PO3BMTKY CiIbCbKOTO rocnofapctaa. AHani3 6anaHcy NonuTy Ta Nponosuuii 3epHOBMX Ta 3epHOH6060BMX KynbTyp
noKasas, Lo iX BUPOOHMLITBO NepeBuLLye noTpedy y CNOXMBaHHI MO BCiM BUAAM 3epHOBUX. Pe3ynbTaTv Ta BUCHOBKM
MatoTb MPAKTUYHY 3HAYMMICTb A5 CiIbCbKOTrOCNOAAPCbKMX BUPOOHUKIB MpW ynpaBniHHi 6i3HecoM, a TakoxX ypsay —
npu po3pobui HanpsMiB NiATPUMKM arpapHOro cekTopy

KniouoBi cnoBa: npubyTKOBICTb; YPOXaMHICTb; akTopy BMIMBY; GanaHC NonNuTy Ta Npono3suLii; o6carn ekcnopry;
CTBOPEHHS A0AAHOI BapTOCTI
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of the world, which ensure the attraction of direct foreign investments in the agricultural sector of the economy
of Ukraine. Based on SWOT-analysis and PEST-analysis matrix profiles, macro-factors of the internal and external
investment environment of rural areas are determined, which have a significant impact on the acceleration (inhibition)
of the implementation of the investment platform and stimulation of business processes for the reconstruction
of infrastructure facilities. A three-level profile of the landscape of the platform of investment and stimulation of
business processes for the reconstruction of infrastructure objects of rural areas in Ukraine was modelled

Keywords: infrastructure facilities; rural areas; capital investments; strategic planning; budgetary investments;

private investors

INTRODUCTION

Existing state regulation tools for ensuring the stability
of investment infusions for the development of rural
areas in the country prove their inability to influence
positive changes due to the negative consequences of
the war, which multiplied the risks and further wors-
ened the socio-economic condition of rural communi-
ties that are on the verge of “survival”. Moreover, the ex-
isting trend of economic cycles, from the point of view
of attracting and distributing investment flows in the
state for the development of rural areas, cannot ensure
the stability and efficiency of their use even in the short
term (Lobas, 2012; Usova, 2013).

Therefore, the restoration of rural areas requires
intensive measures aimed at expanding the format
of the investment landscape between the centres for
the distribution of investment resources for the village
restoration under the currently existing mechanisms
and models for the implementation of the strategy of
attracting investments with their maximum return in
the income structure of rural communities. This reduces
the dependence of the development of rural areas not
only on the economic cycles of the agricultural sector
but also on the influence of the internal and external
macro-environment of the country, in particular ex-
port-import relations, the number of financial struc-
tures, population migration outside the country, etc.

It should be noted that at the stage of restoration
of rural areas, considering the peculiarities of modern
macroeconomic trends, investments should be made by
those entities of economic activity and institutions that
can accelerate rural infrastructure development. The
study of innovative systems of the agrarian sector of
the economy and the principles of cyclical investment
development of rural areas was carried out by Haji
(2021), who focused on modern and future trends in
the development of rural infrastructure.

At the same time,authors such as Abreu et al. (2022),
Woollett et al. (2022), and Carson et al. (2022) focus on
the use of investment platforms as a new form of safe
financing for the development of rural areas, provid-
ed that the agricultural sector is economically viable.
At the same time, in modern scientific practice, there
is a lack of complex studies on the structural devel-
opment and functionality of the investment platform
of rural areas, considering the modern development of
the agrarian sector of the economy. O. Lazareva (2021)
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believe that the functioning of each rural settlement,
the development of its infrastructure and the income of
its inhabitants should be ensured at the expense of op-
timizing the use of agricultural land, regulating prices
for agricultural products, organizing the agricultural
market, that is, at the expense of the agricultural sector.
A. Marushchynets (2018) considers the transforma-
tion of the agrarian sphere as a process of changing the
institutional, sectoral, and territorial character in the
system of infrastructural and socio-economic develop-
ment of the region, caused by the transformation of the
entire economic system. Key attention from the point
of view of social geography during the consideration
of transformational processes in the agrarian sphere of
the region should be devoted to the improvement of
investment policy directions in the territorial aspect.
The priority of this research is the justification of the
strategy of attracting investments for the development
of rural areas, which, based on the use of the investment
platform and stimulation of business processes, makes
it possible to accelerate the reconstruction of infra-
structure facilities in the village by attracting additional
investment flows from the public-private sector, which
plays an important role at the formation stage of in-
novative, profitable agricultural production in Ukraine.

MATERIALS AND METHODS

The information base of the study consisted of statisti-
cal data from the electronic library “OECD International
Direct Investment Statistics”,search results from the offi-
cial website agroportal.ua, reports of the State Statistics
Service of Ukraine from the official website ukrstat.gov.
ua regarding capital investments by sources of financing.
Data on the formation of Ukrainian territorial commu-
nities’ budgets from the independent research platform
Tableau Public were also used. In particular, the statistical
data of the Ministry of Finance of Ukraine regarding the
formation of the state budget of Ukraine from 2016 to
2021 and the Ministry of Communities and Territories
of Ukraine were analysed in detail. 2021 regarding the
review of state budget expenditures in the field of re-
gional development in terms of supporting the formation
of the infrastructure of united territorial communities.

The study on problematic aspects of the research
topic employed economic and macroeconomic laws,
principles of strategic planning and the integration of
external and internal factors of investment flows in




the strategic environment. In particular, the works of
British, Czech, Spanish, Chinese, Japanese, Tanzanian,
Australian, American, and Ukrainian scientists were
studied regarding research and analysis of long-term
differentiated investment impact on the development
and modernization of the infrastructure in rural areas.

To achieve the research goal, a set of general sci-
entific research methods was used, in particular the
analysis method, comparative analysis of indicators in
the structure of attracting direct foreign investment
from various countries of the world to the Ukrainian
agrarian sector with indicators of capital investments
for the development of rural areas financed by venture
funding funds; the analogy and comparison method -
characterization and substantiation of the private in-
vestors’ operation vectors and directions of capital
investments for the development of Ukrainian rural
areas during 2014-2021 with indicators of capital in-
vestments for the development of rural areas financed
by loans from banking institutions of Ukraine.

The induction method - the identification of mac-
roeconomic factors that prevent the implementation of
the investment platform and the stimulation of busi-
ness processes regarding the economic revival of the
agricultural sector, in particular the socio-economic
growth of the village. Synthesis method - substanti-
ating the values and indicators of the profile matrix
of SWOT analysis and PEST analysis of macro factors
of acceleration (inhibition) of the implementation of
the investment-incentive platform for the reconstruc-
tion of rural infrastructure objects in Ukraine. Model-
ling method - employment of specialized MATLAB
software with the basics of three-dimensional spatial
analysis to create spatial models of investment plat-
form landscapes and to stimulate business processes of
reconstruction of infrastructure objects in rural areas of
Ukraine according to various structural elements.

RESULTS

The models of attracting venture funds for the imple-
mentation of investment platforms and stimulation of
business processes to promote additional investment
resources for future projects for the development of
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rural areas can be presented in the following form
(Kovalchuk & Kozenkova, 2017; Wightman, 2021):
market model (developed financial market with high
availability of venture capital); corporate-state model
(high level of state management, presence of large
companies, efficient banking system); cluster model
(connection between all participants in the process,
phased implementation of the project from stage to
stage, mutually beneficial relations between the state
and business); meso-corporate model (stages of invest-
ment attraction in innovative processes, aimed at rapid
implementation of agro- and biotechnologies).

When forecasting the dynamics of attracting in-
vestments for the development of rural areas, the na-
ture of their cyclicality in the period is established. The
economic cyclicality of the Ukrainian agricultural sector
functioning depends on international economic rela-
tions with a purposeful European vector of attracting
investments for the development of rural areas and is
based on mandatory rules and regulations for access
to investment resources without restrictions, within the
framework of rate quotas for export and import of ag-
ricultural products. That is, the exchange of resources
with EU countries provides Ukraine with 83.1% rate
lines in the process of exporting agricultural raw prod-
ucts to their territory and 35.2% rate lines when im-
porting European agricultural products to the territory
of Ukraine (Vdovenko et al., 2021; Merrell et al., 2022).

It should be noted that the geographical transfor-
mation of Ukraine’s agricultural exports and imports
during the signing of international agreements contrib-
uted to changing the conditions for the obligation ful-
filment by the EU countries and the world regarding the
attraction of foreign investments in the country’s agri-
cultural sector (Rogach et al, 2019). This ensured the
formation of a new powerful investment platform and
stimulation of business processes in the country for the
revival of infrastructure facilities in rural areas. Thus, in
2010-2021, according to the geographical structure of
attracting foreign direct investment in the agricultural
sector of Ukraine, investments by companies registered
in Cyprus, the Netherlands, Austria, Switzerland, Korea,
Seychelles,Belize,theVirgin Islands,Panama,USA(Fig.1).
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Figure 1. The structure of the attraction of foreign direct investment from the countries of the world in the agricultural
sector of the economy of Ukraine for 2010-2021, %
Source: completed by the authors based on (OECD, 2021; State Statistics Service of Ukraine, 2021)
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However, in 2021, compared to 2010, investment
companies of the Netherlands reduced their share of
investment in the agricultural sector of Ukraine by 5%,
Austria - by 2.6%, Cyprus - by 0.6%, and the USA - by 1%.
In the same period companies, located in Switzerland,
Korea, Belize, and the Virgin Islands, increased the
number of investment resources in agricultural produc-
tion reproduction objects by 3.5%,0.8% 2.3% and 1.5%

respectively. At the same time, the change in the global
geopolitical landscape with the weakening of external
and systemic risks in 2018-2021 caused an inflow of in-
vestments for the development of rural areas of Ukraine
from venture financing funds G-7 of the country’s world
(Ukraine in figures..., 2021; Verner, 2021). Their specific
weight in 2020-2021 was 1.4-1.7%, while in 2018-2019
it was equal to 2.1-3% (Fig. 2).
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Figure 2. Capital investments for the development of rural areas,
financed at the expense of venture financing funds for 2018-2021
Source: compiled by the authors based on (ULEAD with Europe, 2021; Ministry of Finance of Ukraine, 2021)

The largest number of rural infrastructure facili-
ties were modernized and reconstructed in the cycle
of budgetary and fiscal decentralization. This is con-
firmed by the dynamics of private investors’ capital
investments decreasing in the rural areas in the pe-
riod 2018-2021. As such, if in 2018 the amount of
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investment of private companies in the infrastructure
of rural settlements amounted to 13.43 billion EUR
(70.8% specific weight of the total volume of capital
investments for the development of rural areas), then
already in 2021, it was equal to only 12.74 billion
EUR (Fig. 3).
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Figure 3. Capital investments for the development of rural areas, financed from the funds of private investors of
Ukraine for 2014-2021
Source: completed by the authors based on (Ministry of Development of Communities and Territories of Ukraine, 2021)

During 2014-2021, banking institutions increased
crediting of investment projects for the development

of rural areas and, on the contrary, reduced it (Fig. 4).

The largest amount of credit support for invest-
ment projects for the reconstruction of infrastructure
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facilities in rural areas was carried out in 2018-2021 -
from 1353.6 million EUR to 2226.2 million EUR from
a partial compensation of financial costs for the pay-
ment of credit interest at the expense of state and
local budgets.




2500
2000
1500
1000
500 —

o
v v

249 214 188

27.6

2014 2015 2016 2017

Vdovenko et al.

1956
41 +4-9
2019 2020

157

2018 2021

—o— Capital investments for the development of rural areas of Ukraine, financed by loans from banking institutions, million EUR

The specific effect on capital investments for the development of rural areas, financed by loans from banking institutions, in
the total volume of capital investments in the agricultural sector of Ukraine, %

Figure 4. Capital investments for the development of rural areas, financed on account of loans from banking
institutions of Ukraine for 2014-2021
Source: completed by the authors based on (ULEAD with Europe, 2021; Ministry of Finance of Ukraine, 2021)

With the constant change in the economic restora-
tion of the country’s agrarian sector, it is necessary to
focus on the investment risks that are present in the
socio-economic system of rural areas in the event of
negative trends in the cycles of economic revival of the
country’s agrarian sector, which weaken the strengths
of the regions, and, as a result, inhibit the introduction
of investment platforms and stimulation of business
processes for the reconstruction of infrastructure ob-
jects (Smaliukh, 2017).

It is appropriate to analyse the negative macro-fac-
tors that prevent the implementation of the investment
platform and stimulation of business processes: cur-
rency and inflation risks; military conflict in the country;
the imperfection of regulations for foreign investors;

corruption; bureaucracy and regulation of business
processes; lobbying of individual investment projects;
economically unreasonable and excessive tax pressure;
low transparency and inconsistency of the procedure
for providing and developing investments; dispersion
of elements of the investment environment, etc.

To determine the macro-factors of the internal in-
vestment environment of rural areas, which have a sig-
nificant impact on the acceleration (inhibition) of the
implementation of the investment platform and the
stimulation of business processes for the reconstruc-
tion of infrastructure facilities, a SWOT-analysis profile
matrix (Table 1) was used, which assessed the impor-
tance of each macro-factor on business processes and
the overall result - their weighted assessment (Q).

=~

Table 1. Profile matrix of SWOT-analysis of macro-factors accelerating (inhibiting) the implementation of the
investment and stimulation platform of reconstruction of infrastructure facilities in rural areas in Ukraine

The name of the environmental factor v, b, o
Strengths
Favourable natural and climatic conditions 0.07 2 015
Advantageous geographical location 0.11 0.33
A mechanism for supporting investment projects for the development of rural areas by Ukrainian and foreign 011 3 033
partners
Approval at the city and regional levels of investment attraction programs for the development of rural areas
and improvement of the investment climate in rural areas 011 3 033
An opportunity for investors to rent a plot of land, movable and immovable property, privatization of land plots 0.07 2 015
Competitive cost of labour 011 3 0.33
Availability of customs in ports and international airports of cities 011 3 0.33
Implementation of measures to improve the investment climate of rural areas at all levels 007 2 015
Availability of state support, stable state investment and financing from local budgets, venture capital funds 011 3 0.33
Active reinvestment of private investors’ resources 011 3 0.33
Total 27 276
Weaknesses
Variability of the regulatory field 008 3 0.23
Insufficient information provision for the population, entrepreneurs and civil servants about the state, trends, and
problems of the investment environment of rural areas 005 2 010
The lack of information on the development of investment projects for the development of rural areas complicates 005 2 040

the stages of evaluating their effectiveness
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Table 1, Continued

The name of the environmental factor v, b, Q.
Suspension of special (free) economic zones on the territory of Ukraine 008 3 023
Low level of development of legal and judicial protection of investors’ rights 0.08 3 0.23
Insufficient level of qualification of managers in the investment field 005 2 010
Negative investment image and investors’ mistrust of the authorities 008 3 023
Low level of capitalization of profits of private investors 005 2 0.10
The imperfection of the investment risk insurance system 008 3 0.23

The formality of the actions of state institutions regarding the promotion of the coordination of actions within the

framework of the implementation of the policy of attracting investments for the development of rural areas 008 3 023
Insufficient level of harmonization of interests in public-private partnership regarding investment support for
008 3 023
the development of rural areas
The procedure for exemption from taxation is rather complicated and long-term 005 2 010
Insufficient financing of investment projects for the development of rural areas from the state and local budgets 008 3 023
Insufficient level of strategic planning and implementation of investment projects leads to a delay in the
. 005 2 010
development of allocated allocations for the development of rural areas
Total 39  2.67
Opportunities
Creation of conditions for a positive investment image of rural areas 010 3 0.29
Improving the level of qualification of investment project managers 010 3 0.29
Activation of mechanisms of activity of private investors 010 3 0.29
Using the experience of international investment funds and venture financing funds in the field of preparation
. . 006 2 013
of investment projects for the development of rural areas
Stimulation of entrepreneurial activity in rural areas 010 3 0.29
Preservation and creation of new jobs in rural areas 010 3 0.29
Development of the information support system for investment business processes for the reconstruction of 006 2 0413
infrastructure facilities in rural areas ) )
Consolidation and coordination of the actions of institutions of the investment environment of the agrarian
e 010 3 0.29
sector of the economy with institutions of local self-government
Establishing communications between the state, entrepreneurial businesses, and investors 006 2 013
Improvement of mechanisms for attracting investments for the development of rural areas 0.06 2 013
Expanding and improving the terms of credit support for investment projects for the reconstruction of
. ce 006 2 013
infrastructure facilities in rural areas
Formation of a single platform for investment and stimulation of business processes for the reconstruction
of infrastructure objects in rural areas to agree, coordinate and consolidate actions regarding the distribution
. . ) . . . 010 3 029
of investment resources between private investors, budget investment and venture financing funds, banking
institutions and specialized centres (business incubators)
Total 31 2.68
Threats
High level of inflation 007 2 013
Currency restrictions on the domestic market 007 2 013
Internal destabilization of the socio-economic system of the agrarian sector and its dependence on external creditors 007 2 013
Military conflict 010 3 0.30
Imperfect regulations for foreign investors 010 3 0.30
High probability of inappropriate and inefficient use of investments 010 3 0.30
Bureaucracy and high regulation of business processes 010 3 0.30
Lobbying by the state of certain investment projects for the development of certain rural areas that are of 007 2 0413
commercial interest ’ )
Economically unreasonable support of the country’s agricultural sector 0.07 2 013
Fiscal policy rigidity 010 3 0.30
Existence of monopolization in agricultural markets 007 2 013
Low transparency of operations in the investment environment of rural areas 010 3 0.30
Total 30 2.58

Source: compiled by the authors
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Following the data in Table 1, the strengths of
the internal investment environment of rural areas
slightly prevail over the weaknesses (weighted scores:
2.76 and 2.67 respectively). By focusing on the identi-
fied opportunities of the external investment environ-
ment, it is possible to minimize the impact of threats
and mitigate the effects of weaknesses. The mac-
ro-factors of the external investment environment of
rural areas were structured and their influence on the
platform of investment and stimulation of business
projects for the reconstruction of infrastructure facil-
ities was assessed using the PEST analysis. Follow-
ing the data in Table 2, it is proved that the negative

Vdovenko et al.

direction of influence of the investigated sets of
macro-factors prevails. Thus, the final scores for a set
of political macro-factors are (-17), economic - (-181),
social - (-74) and technological - (-73). The low polit-
ical macro-factor indicator is determined by the fact
that the effect of negative metrics is compensated by
the effect of positive macro-factors, which are caused
by the results of the decentralization of rural areas.
The structure of the landscape of the platform for in-
vestment and stimulation of business processes for
the reconstruction of infrastructure facilities in rural
areas of Ukraine is formed from the volume of capital
and foreign investments.

143

Table 2. Profile matrix of PEST-analysis of macro-factors of construction and development of the platform of investment
and stimulation of business processes for the reconstruction of infrastructure objects of rural areas in Ukraine

The name of the environmental factor x. y. U S
Political factors
Military conflict 3 5 - -15
Sharp changes during international economic relations of the state concerning the cycle of agrarian sector restoration ~ 2 4 - -8
Ambiguity in the interpretation of acts of the regulatory legal framework and gaps in the legislation regarding 2 "
the development of rural areas
Insufficient level of initiative, authority and responsibility of state authorities and local self-government in the
A 2 4 - -8
field of attracting investments for the development of rural areas
The unpredictability of political changes at the international level regarding the movement of investment capital 2 3 - -6
State participation in international cooperation programs and agreements in the field of investment promotion
. - ; 3 4+ +12
and mutual protection, settlement of investment disputes
Regulatory and financial obligations to external creditors 2 4 - -8
Development of the investment infrastructure of the agrarian sector of the economy and the development of 3 4+ +12
rural areas
Corruption 3 4 - -12
Membership of Ukraine in the WTO 2 3+ 46
Integration in the EU 2 3 + +6
Transformation of customs regulation 2 4 + +8
Availability of processes of lobbying the interests of local self-government bodies at the state level 2 3 - -6
Lack of appropriate funding and support at the state level for initiative groups and investment projects for the 3 4 - 12

development of rural areas

Development of investor protection 2 2 + +4
Variability of investment guarantee conditions 2 3 - -6
Possibilities of applying the preferential investment regime of the agricultural sector of the economy and rural areas 2 4 + +8
Nationalization of capital does not apply to foreign investors 2 4 + 48
Privatization opportunities for investors 2 3+ 46

Total -17

Economic factors

A significant level of inflation 2 4 + +8
Devaluation processes 2 4 - -8
Decrease in the creditworthiness of the population 2 3 - -6
Reduction of parity of purchasing power and demand 2 3 - -6
Increase in tariffs, prices for goods and services 2 3 - -12
Expansion of the shadow sector of the economy 3 4 - -12
Increase in unemployment 2 3 - -6
Decrease in business activity 2 3 - 12
Liquidity crisis and bankruptcy of private investors 3 4 - -12
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Table 2, Continued

The name of the environmental factor x y U S
Reduction of reinvestment volumes 3 4 - -6
Reduction of lending, an increase of credit and accounting rate 2 3 - -6
Inequality of economic development by region 2 3 - -15
Reduction of the country’s GDP 3 5 - -12
Growth of budget debt 3 4 - -6
Imperfect market infrastructure 2 3 - -12
Significant tax and administrative pressure on business processes, stopping long-term investment 3 4 - -12
Capital outflow from the country 3 4 - -12
Export-oriented production and its dependence on foreign market conditions 2 3 - -6
Production with a low level of added value 3 4 - -12
Total -181

Social factors
The forced migration of the population and its significant differentiation by regions 2 4 - -8
Insufficient Llevel of formation of civic consciousness 2 3 - -6
Low standard of living of the population 3 4 - -12
High tendency to corruption 2 3 - -6
Negative attitude towards institutions, public distrust of the authorities 2 3 - -6
The outflow, and as a result, a shortage of personnel 3 4 - -12
Demotivation of employees 2 3 - -6
Non-compliance of working conditions and safety equipment with international standards 1 2 - -2
Financial illiteracy 2 4 - -8
Mentality and changing values of society 1 2 o+ +2
Culture of consumption and savings 1 3+ 42
Insufficient provision of information to the population regarding investment alternatives 2 3 - -6
Inadequacy of education to the needs of the labour market 2 3 - -6
Total -74
Technological factors

The backwardness of technological infrastructure facilities in rural areas 3 4 - -12
Imperfect state policy regarding structural and technical modernization and reconstruction of settlements in 7 4 - -8
rural areas
A significant level of depreciation of fixed assets 3 4 - -12
Low level of funding of the National Resgarch and Development Institute for the revival of the agricultural 7 4 - -8
sector and rural areas at the state and regional level
Demotivation of private investors to implement innovations in rural areas 2 3 - -6
The imperfection of intellectual property protection 2 3 - -6
Insufﬁcient integration of digital IT systems into the spheres of life of the population of rural areas and the 3 3 - 9
agrarian sector of the economy
Reduction in the number of university graduates in technical and economic specialities 2 3 - -6
The low percentage of development of new agricultural and biotechnologies 2 3 - -6
Sum -73

Source: completed by the authors

From the perspective of a spatial approach, a quali-
tative analysis of the structural landscape of the invest-
ment platform and stimulation of business processes
for the reconstruction of infrastructure objects in rural
areas in Ukraine was carried out. Since the one-dimen-
sional space limits the understanding of the structural
landscape of the platform, the three-dimensional space
(Sokolov & Mykhailov, 2017) with its visualization was
analysed in the MATLAB system.
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The spatial dynamics of the studied data for 2014-
2021 indicate a slight recovery of the investment at-
tractiveness of rural areas in Ukraine. The main plane of
the landscape structure is formed by the capital invest-
ment volume growth from the state and local budgets,
as well as from financial investments of private inves-
tors, including the banking sector of the economy. The
structure of the multidimensional space of the invest-
ment landscape indicates its heterogeneity based on




the various types of investments formed. To clarify the
structure of the surface response, indicators describing
the platform landscape were considered in pairs.
Figure 5 shows the surface of two components,
namely the volume of capital investments from
state and local budgets, as well as private investors’

Vdovenko et al.

resources. The obtained surface of the structural com-
ponents of the landscape of the investment and stim-
ulation platform shows a linear dependence of capital
investments on the number of financial investments
of private investors since their growth rates are al-
most the same.

Figure 5. The landscape of the platform for investment and stimulation of business processes for the reconstruction
of infrastructure objects of rural areas in Ukraine by structural components: K, Vk

Source: completed by the authors

In Figure 6, the pair of structural components of the
platform landscape, namely the volume of capital invest-
ment and foreign direct investment are considered. The
resulting surface is smooth, characterised by the change

in the investment volume of projects for the reconstruc-
tion of infrastructure objects in rural areas and reflects
the ratio of points in time. This indicates minor fluctu-
ations in the dynamic cycle of investment attraction.

Pii

Figure 6. The landscape of the platform for investment and stimulation of business processes for the reconstruction
of infrastructure objects of rural areas of Ukraine by structural components: K, Pii

Source: completed by the authors

InFigure 7, another pair of structuralcomponents of the
landscape of the investment platform and stimulation of
business processes for the reconstruction of infrastructure

objects of rural areas in Ukraine were reviewed, namely
the number of private investors’ resources and direct
foreign investments from the venture capital fund.
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x 10°

Pii

Figure 7. The landscape of the platform for investment and stimulation of business processes for the reconstruction of
infrastructure objects of rural areas of Ukraine by structural components: Vk, Pii

Source: completed by the authors

Analysing the results of calculating the Figure 6-7
data, it is established that the constructed graphs are
almost similar and show smooth surfaces with a slight
break, which was recorded at the level of 2018-2019.
The turning point changed the dynamics of the amount
of investment in projects for the reconstruction of in-
frastructure facilities in rural areas in Ukraine and their
growth rates. Thus, after hacking, domestic investment
has a much faster growth rate than foreign investment,
which is visible from the obtained surfaces.

The proposed approach to the analysis of the spa-
tial landscape of attracting investments for the devel-
opment of rural areas makes it possible to ensure the
systemic character of investment business processes at
the regional level of the country, to equalize investment
flows following modern economic realities. The three-di-
mensional structure of the platform landscape smooth’s
investment heterogeneity is determined using means
and technologies of financial compensation and mecha-
nisms of territorial redistribution of investment resources
in projects of reconstruction of infrastructure facilities
and necessitates the search for tools to eliminate the
shortcomings of the investment image of rural areas.

DISCUSSION

The main concepts of investment policy are formed
following the main transformational changes of the
agro-industrial complex in a specifically defined region,
in particular rural areas. At the same time, the interrela-
tionship of environmental, economic, and social prob-
lems is considered and the understanding that their
solution is possible only on a comprehensive basis,
considering the balance of the interests of the develop-
ment of nature and society.

Given the importance of the agrarian sphere both
in Ukraine and in many other countries, the dependence
of the socio-economic development of the territory and
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the state of the agrarian sphere on the intensity of in-
vestment flows is characterized by the following fac-
tors: active development and agriculture are based on
labour, incomes of rural residents and relevant invest-
ment assets from the public-private partnership.

The stable and rapid development of the agricul-
tural market has a significant impact on increasing the
financing of the construction and maintenance of social
infrastructure facilities. The system of rural settlement,
transport service, administrative structure, and man-
agement are closely interconnected, and the develop-
ment of the agrarian sphere has always been identified
with the improvement of rural settlements.

Scientists from the Czech Republic, A. Vaishar and
M. Stastna (2019), considered the regional development
strategy of the Czech Republic, highlighting economi-
cally and socially threatened rural regions. The authors
analyse in detail the economic situation in regions with
different geographic locations. Their research aimed to
differentiate rural areas internally, which allows focus-
ing attention on areas that require increased invest-
ment rates for appropriate infrastructural development.
During the study of two separate peripheral regions,
the geographical analysis and synthesis methods, as
well as the investment planning method, were used to
determine their most significant strengths and weak-
nesses, as well as possible strategies for further devel-
opment. In particular, the most effective direction of ru-
ral development was the increase of investment flows
in the field of agritourism.

The opinion of Czech scientists is justified. However,
they did not analyse the field of agrarian tourism as
an important direction for attracting investment flows
and rural development. It is also important to note that
the operation of agrotourism must be included in the
business process, which necessarily requires the mod-
ernization of the infrastructure of the village.




Researchers from Spain E. Gonzalez-Gonzalez and
S. Nogués (2019) examined the main principles of the
relationship between European and national transport
policy, which requires effective territorial unity and
adequate funding. Long-term transport impact assess-
ments in under-explored areas covering large areas of
Europe play an important role in identifying problematic
issues related to transport investments. In more detail,
scientists analysed the consequences of the transport
policy development and the corresponding investment
in the North-Western region of Spain, where about 95%
of municipalities are considered rural. The results show
that the gap in accessibility between urban and rural
areas has been eliminated by an active investment policy
in the infrastructure development of rural areas, through
the formation of an extensive transport system and cor-
responding accessibility to the market for services and
goods. However, these improvements are only one of the
few steps to break the so-called inertia of rural areas and
reduce their socio-economic disadvantages.

The research results of scientists should be sup-
ported regarding the need for the development of
transport infrastructure due to the increase in invest-
ment indicators in this area. However, they are relying
more on the economic restoration of rural areas through
the development of the agro-industrial complex of the
region.And in this case, the transport industry is one of
the areas of modernization of infrastructure facilities of
rural communities.

Scientists from China, Q. Zhou et al. (2022) exam-
ine the impact of the environmental situation on the
domestic investment attractiveness of rural regions,
which in recent decades has been characterized by an
increase in direct residential CO2 emissions (DRCE),
which are still growing rapidly. Thus, the study of the
relationship between the growth of DRCE on popula-
tion density in rural areas and the realization of rural
revitalization includes the study of the relationship
between infrastructure investment, household income
and DRCE using Granger non-causality tests and sys-
temic mediation analysis. Spatial development analysis
indicators reflect geographic convergence between ru-
ral DRCEs and rural infrastructure investments. That is,
rural households depend on the development of the
electricity grid infrastructure. The regression results
show that the positive impact of rural infrastructure in-
vestment on rural DRCEs varied following the structure
of the investment. With a 1% increase in investment
flows in the development of rural energy and transport
infrastructure, the DRCE indicator, which affects the
population density in rural areas, increases by 0.041%.
In turn, when investment attractiveness increases by
1% of the volume from other investments in rural in-
frastructure, in particular water supply, wastewater dis-
posal, waste processing and environmental sanitation,
the DRCE indicator increases by 0.169%. That is, the
implementation of a balanced climate policy requires
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urgent countermeasures regarding the effective reor-
ganization and modernization of specifically defined
infrastructural elements of rural areas. In general, the
result of the study is the provision of information on
the analysis and prospects for the implementation of
low-carbon revitalization in rural areas, considering ex-
isting investment flows.

In this research, the issue of greening in the terri-
tory of rural settlements, as it is shown in the results
of research by Chinese scientists was not separately
analysed, but the importance of considering the basic
principles of climate policy when it comes to the use
of natural land resources, which are the basis and re-
source in agriculture is completely relevant. In particu-
lar,the importance of the economic effect on the output
of business processes in the agricultural sector cannot
be underestimated, as it directly includes the minimiza-
tion and assessment of possible environmental losses,
given the attraction of priority European investments.

Researchers from Japan and Tanzania Y. Tsuchiya
et al. (2020) point out that one of the directions for
increasing investment flows in the development of
village infrastructure with the active involvement of
agricultural lands, which are currently characterized
as unproductive or degraded, is the possibility of de-
signing solar photoelectric plants. Currently, this type
of alternative source of electricity is spreading in sub-
Saharan Africa and many other countries of the world.
The authors investigated several cases of photovoltaic
systems in the production and use of electricity in ru-
ral Tanzania using a life cycle assessment. The energy
payback time calculated based on the use of photo-
voltaic systems, considering the inventory data of the
International Energy Agency revealed unsatisfactory
performance. In particular, the actual electricity pro-
duction figures at the facilities significantly exceeded
the expected solar radiation calculations based on the
values. In one location, the payback time for the elec-
tricity even exceeded the lifetime of the photovoltaic
panel, indicating that energy recovery is not possible. As
for the return on investment, the profit obtained from
investment flows made to increase the rate of return
on current operating costs indicates a negative return
on investment. Conversely, diesel power generation has
proven more suitable in these regions due to low and
volatile electricity demand. Thus, it is necessary to carry
out research in the direction of increasing the efficiency
of the photovoltaic system and reducing the payback
period through the improvement of service, and man-
agement, as well as increasing the electricity demand
(Sava, 2017; Vdovenko, 2021).

The development of electricity supply infrastruc-
ture and energy consumption using alternative energy
sources, which are located precisely within rural re-
gions,was not considered in the research. However, this
is an effective, modern method of providing rural set-
tlements with energy resources, with the predominance
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of the economic restoration of the agricultural sector,
which in turn requires large amounts of electrical en-
ergy, considering maximum resource conservation and
smart investment.

CONCLUSIONS

A rural territory with an untapped potential for invest-
ment and with a certain type of economic activity in the
investment mode can establish business relations with
entities belonging to related types of service to other
rural communities, and thus ensure the manifestation
of a large-scale absorption effect of a certain terri-
tory. The rural population is slowly getting involved in
the development and implementation of development
programs. The success of the implementation of invest-
ment projects for the development of rural areas is di-
rectly dependent on the interested participation of the
local population in the formation and implementation
of regional development programs.

However, unfortunately, the principle of participa-
tion is often ignored, which leads to the decline of the
economy of rural areas of the country. Due to the war,
their internal reserves are limited, so special impor-
tance should be given to the issue of increasing foreign
investment income and developing self-organization
processes to attract them. The expectation of an increase

in investment income and, as a result, the development
of new agricultural and biotechnologies, which will in-
crease the number of jobs, led to the introduction of
new mechanisms for the development of certain terri-
tories, types of economic activity, where, under certain
conditions, the state organized special preferential re-
gimes (tax, customs, and others).

The efforts of the state, business, population, and
other interested groups of investors should be con-
solidated through cooperation, development of local
self-government and activities of public organizations
in Ukraine to increase the efficiency of the functioning
of infrastructure facilities with a large-scale resource
provision, which will be integrated through interna-
tional economic relations. This will make it possible
to transform and modernize the transport system, im-
prove the logistics of investment flows in communica-
tion innovations and telecommunication services, and
increase state support for rural areas for the develop-
ment of priority investment projects.
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AHoTauif. MeTolo foCnigXeHHs € BMBYEHHS peanisauii cTpaTerii 3any4Y4eHHs iHBECTULIN AN pO3BUTKY CiIbCbKUX
TEepUTOPIN, IKa HA OCHOBI BMKOPUCTAHHS iHBECTULIMHOI NnaTopmMm Ta CTUMYNOBAHHA GisHec-npouecis A03BONSE
NPUCKOPUTU PEKOHCTPYKLIKD iHDPACTPYKTYpPHMUX OB'EKTIB Ha Ceni, 3a/y4MBLUM 3aLiKaBAEHUX IHBECTOPIB 40 LMKNY
€KOHOMIYHOro BiAHOB/IEHHS arpapHOro CekTopy KpaiHu. [locnigxeHHs NpoBeAeHO 3 BUKOPUCTAHHSAM TaKMX METOAIB:
aHani3 NoKa3HWKIB Yy CTPYKTYpi iIHO3EMHUX iHBECTULLIM; aHANOrii Ta NMOPIBHAHHSA HaNpsAMIB KaniTafbHUX BKNafeHb
NPUBATHUX iHBECTOPIB HA PO3BUTOK CiNIbCbKUX TEPUTOPIN; IHOYKYBAaHHA MakpodaKTopiB, WO CTPUMYIOTb peani3aLiio
iHBECTMLiAHOI NONITUKKM; CMHTE3 MoKa3HMKiB npodinbHoi MaTpuui SWOT-aHanisy Ta PEST-aHanisy; cTBopeHHs
NpoCTOpoBMX MoAenen naHawadTiB iHBECTULIMHUX ManaaHYMKiB. PesynsTaTaMu 4aHOI0 AOCNIAKEHHS € BUSHAYEHHS
NPiOPUTETHUX IHO3EMHUX IHBECTULIIMHUX KOMMAHIiW KpaiH CBIiTy, ki 3abe3neyyloTb 3any4eHHs NPSIMUX iHO3EMHUX
iHBeCTMLi/ B arpapHuii ceKTop eKkoHOMikuM Ykpainu. Ha ocHoBi MaTpuuHux npodinis SWOT-aHanisy Ta PEST-aHanisy
BM3HAYEHO MAKPO(aAKTOPU BHYTPILIHLOrO Ta 30BHILUHLOMO iHBECTULIMHOMO CepenoBMLLA CibCbKUX TEPUTOPIN, SKi
MaloTb CYTTEBUM BMAMB HA MPUCKOPEHHS (rafibMyBaHHS) peanisauii iHBECTUMLINHOT NnaThopMuM Ta CTUMYNIOBAHHS
6i3Hec-npoLueciB 3 PeKOHCTPYKLii O6'eKTiB iHOPACTPYKTYpU. 3MOLENbOBAHO TpUpiBHEBWI Npodinb naHawadpty
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Abstract. One of the key problems of the modern agricultural sector of the
national economy is the achievement of stable economic growth. In this context,
the system of credit and investment support occupies the main place in the
expanded reproduction of this priority industry for the economy of Ukraine. The
research aims to review the main trends in credit and investment provision
of the agrarian sector of the national economy and to determine further
investigations in this direction. It has been established that for the formation of
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an effective system of credit and investment support for the agricultural sector,
it is necessary to consider such positions as the influence of bank lending and
climate shocks on the investment decisions of farmers, global and regional
trends in the direction of the gross accumulation of fixed capital and fixed assets
in agriculture, mechanisms for fixing conditions for the transfer of investment
resources for use by agro-industrial companies, financial inequality between the
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urbanized and rural areas. It has been proven that bank lending is the key tool in all forms of credit and investment
support for the agricultural sector. This is especially true during the period of martial law in Ukraine. Using the
method of economic and mathematical modelling, it can be argued that bank lending is a strategic financial resource
in the formation of credit and investment support for the agricultural sector. A system of credit and investment
support is proposed, which is primarily based on the improvement of the system of state regulation of the agrarian
sector. It has been proven that to increase the level of effectiveness of the system of credit and investment provision
of the agricultural sector, attention should be paid to such an instrument as project financing and a review of the very
structural composition of the state regulation of agricultural production, considering the practice of European Union.
Such approaches can be used by state authorities when developing a strategy for the development of the agrarian
sector in the conditions of martial law and the post-war period, as well as making infrastructural changes in the
process of interaction between the banking and agrarian sectors of the national economy

Keywords: agricultural business; bank lending; state financial support; investment; financial resources; martial

law; profitability

INTRODUCTION

The agrarian sector of an economyis increasinglyin need
of financial investments necessary for the renewal and
technological modernization of production. At the same
time, despite the continuation of martial law, it is neces-
sary to develop a clear action plan for credit and invest-
ment support of the agricultural sector of the economy,
reconstruction of destroyed agrarian infrastructure, res-
toration of land fertility, further introduction of inno-
vative production technologies and agrarian business.

The large-scale war launched by russia against
Ukraine had a significant impact on the economy and
its agricultural sector. L. Vdovenko (2022) singled out
the key challenges for the agrarian industry in the con-
ditions of martial law, among which the reduction of
sown areas; the blocking of agricultural product sales
markets; the impossibility of functioning of seaports of
Ukraine; destruction of the infrastructure of agro-in-
dustrial production; processing and storage. I. Osadchuk
et al. (2020) stated that Ukraine, despite an unfavoura-
ble general economic climate, can use the experience of
countries that managed to achieve significant success in
the development of innovative activity and increasing
the competitiveness of the agricultural sector, namely
the USA, France, England, Poland, Germany, Japan.

S.K. Dary and H.S. James Jr. (2019) considered the
relationship between investments in trade credits and
the profitability of U.S. agricultural and food companies
for the period 2001-2014. The authors concluded that
investing in trade credit significantly increases the prof-
itability of agricultural-food companies, which is con-
sistent with financial, transactional, operational, and
commercial theories of trade credit. A. Grau and A. Reig
(2018), who analyzed the impact of trade credit on the
determinants of profitability during the crisis in Europe,
reached the same conclusion. Modelling method re-
sults confirmed that trade credit affects firm profitabil-
ity depending on the state and such indicators as size,
specificity (industry), market share, and firm reputation.

In the example of China, Z. Chen et al. (2022) built
a model that suggests, in terms of overall impact;
formal financial lending in rural areas improves the
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performance of family farms, whereas informal finan-
cial lending in rural areas had little effect on the ef-
ficiency of family farms. They proved that family live-
stock farms and mixed-family farms are more positively
affected by formal rural financial lending than family
horticultural farms. M. Donckt et al. (2022) presented a
new analytical database of aggregate investment flows
to fixed assets in agriculture, forestry, and fisheries. The
main finding of the study is the regions with the high-
est average growth rates of investment flows between
1995 and 2017 (i.e.,Asia-Pacific and Africa) have shown
the most significant increase in their contribution to
global agricultural value added. S. Newman and F. Tarp
(2020) emphasize the need of considering the impact
of climate shocks on farmers’ investment decisions. The
research results showed that farm households, on av-
erage, manage to balance consumption after climate
shocks by reducing savings and borrowing. In the long
run,households exposed to climate shocks invest less in
productive assets, leading to lower consumption levels.

When forming an investment strategy for the de-
velopment of the agricultural sector, it is important
to select investment instruments, which can be used
to manage innovative transformations. A. Mykhalov
et al. (2021) proposed a mechanism for fixing the
conditions for the transfer of investment resources
for use by agro-industrial companies. C. Lin & L. He
(2020) examined the impact of Targeted Easing (TE),
an unconventional monetary policy instrument ini-
tiated by the Chinese Central Bank to lower reserve
requirements for targeted agricultural financial in-
stitutions (banks). Agricultural enterprises with lower
agency costs, greater financial constraints and higher
levels of creditworthiness are found to benefit signif-
icantly more from TE policies than their competitors.
An indisputable scientific development is an issue
raised by A. Daoud et al. (2019) regarding the man-
date and competence of the International Monetary
Fund (IMF) that extends to the policy in the field of
food and agriculture, but there is unofficial evidence
that IMF still conducts such a policy. It was found that




about 2% of all IMF conditions (1,105 out of 58,406)
directly relate to issues of food and agriculture.

The research by L. Tang & S. Sun (2022), using re-
gional-level panel data from 2004 to 2018, estimates
the impact of agricultural financial support on the in-
come gap between urban and rural areas in China. It
is shown that due to fiscal incentives, financial insti-
tutions have more incentives to increase agricultural
credit, and income inequality between urban and rural
areas has decreased significantly throughout the study
period, especially in underdeveloped areas.

The research conducted by M. Patynska-Popeta &
T. Zinchuk (2022) on the management of the financial
potential of territorial communities, including rural
ones, created an algorithm for post-war restoring of
local finance, which includes the estimation of mili-
tary damage, renovation of ‘central government - local
authorities’ communications, formation of effective
management levellers and its synchronization with
the tasks set according to the EU membership plan.
N. Tanaklevska & V. Oliynik (2019) proposed a methodi-
cal approach to determining the volume of investments
required for the agrarian sector of the economy and
evaluating the effectiveness of the investment program
for the development of the agrarian sector of the region.
When determining the key positions of investment and
credit provision of the agrarian sector of the economy,
the methods and forms of state financial support are an
important lever. In this direction, studies conducted by
L. Petliuk & N. Miedviedkova (2021), T. Sokolovska et al.
(2020), and P.Nesenenko (2022) deserve attention.

Theresearch aimsto analyse the development of the-
oretical and methodological approaches to the substan-
tiation of prospective directions of credit and investment
provision of the agrarian sector of the economy of Ukraine.

CONCEPTUALIZATION OF THE CREDIT AND
INVESTMENT SUPPORT SYSTEM FOR AGRIBUSINESS

To start with, it is advisable to define the main concepts
oftheresearch topic.l.Berzhanir (2020) defines the cred-
iting mechanism of the agro-industrial complex as eco-
nomic relations to provide agro-industrial enterprises
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with a source of financing under the conditions of re-
turn, payment, security, term, aimed use and differenti-
ation, accompanied by the specificity of agro-industrial
enterprises. S. Arzhevitin et al. (2021) consider agricul-
tural credit as an independent form of credit relations.
Its specificity lies in the fact that lending takes place
on preferential terms, which requires a strict account-
ing of the budgetary and extra-budgetary resources
spent on it and an assessment of the effectiveness of
their use; the purpose of the loan, consideration of the
needs of the borrower; requires predicting potential
risks, as well as planning costs and calculating profits.

Considering the security investment component, the
definition provided by Yu. Kyrylov and V. Hranovska (2019)
deserve attention: it is a complex dynamic system, the pur-
pose of which is to encourage and support the continuous
growth and advancement of agriculture and the economy
by seeking the attraction, distribution, and investment of
monetary, material, and intellectual resources of various
origins, considering the combined influence of macro-
and micro-environmental factors to achieve promising
socio-economic goals. Based on the above, the authors
of the paper formed a system of credit and investment
support for the agricultural sector of the economy (Fig. 1).

Accordingly, to perform further research, it is neces-
sary to form an empirical base and analyse the use of
forms of credit and investment support in the agricul-
tural sector. According to the results of the “Survey on
War Damage in the Agriculture of Ukraine”, prepared by
the Center for Research on Food and Land Use of KSE In-
stitute together with the Ministry of Agrarian Policy and
Food of Ukraine, the total losses due to the full-scale
war in agriculture reached 6.6 billion dollars (2022). In
the structure of damages, the largest losses are recorded
as a result of the destruction or partial damage of agri-
cultural lands and unharvested crops - 1.9 billion dol-
lars; the total amount of losses due to damage or de-
struction of agricultural machinery is estimated at 2.9
billion dollars, granaries - 1.1 billion dollars; the esti-
mated value of the dead livestock is more than 362.5
million dollars, perennial plantations — 349 million dol-
lars, other factors of production — 95.4 million dollars.

Credit and investment provision of the agrarian sector of the economy is a set of economic relations arising from the search
for various sources of financial resources, their attraction and effective use, and organizational and management principles,
methods, and forms for influencing the socio-economic activity of enterprises in the agrarian sector.

The purpose of the formation of credit and investment provision: dynamic development of agro-industrial production, its social infra-
structure, creation of prerequisites for economic growth and the formation of a competitive environment, ensuring the develop-

ment of the material and technical base of the agricultural industry.

Subjects of the system:

state (National Bank of Ukraine, Treasury); banks, agricultural enterprises,
households, financial intermediaries (financial and insurance companies,
stock exchanges, brokerage firms, pension funds), social institutions

Objects of the system:

mechanical engineering for the needs of agro-indus-
trial complex, agriculture, procurement, processing,
transportation A

\

Forms of credit and investment support for the agricultural sector:

State support for agricultural production: preferential state lending, non-refundable grant programs, subsidies, and international funds.
Bank lending: formation of resources that allow overcoming the seasonality and unequal distribution of financial funds during the year in
connection with the spring and autumn cycles of agricultural production.

Investments: self-investment, shareholding, investment on a consortium basis, leasing, rent, budget investment.

Figure 1. The system of credit and investment provision of the agrarian sector of the economy

Source: systematized by the authors
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Direct damage cannot be done before the end the mechanism of state financial support and bank
of the hostilities. However, comprehensive financial lending. Current forms of state support for the agri-
support is necessary for the formation of the finan-  cultural sector of the national economy are presented
cial potential of agrarian sector enterprises through in Table 1.

Table 1. Characteristics of forms of state financial support of the agricultural sector of the national economy

The direction of financial state

support Characteristic

Grants for greenhouse farming UAH 76.90 million (area - 18.93 ha), including by regions: Dniprop-
etrovsk — UAH 27.9 million (area - 6.65 ha); Zakarpattia - UAH 14.0 million (area - 3.22 hectares);
Grants for business creation (as  Vinnytsia - UAH 7.0 million (area - 1.62 ha); Volyn — UAH 7.0 million (area - 1.6 ha); Kyiv - UAH 7.0

of February 17,2023) million (area - 1.6 hectares); Zhytomyr — UAH 7.0 million (area - 1.76 hectares).
) UAH 1.3 billion has been
included in the 2023 state bud- Grants for horticulture, berry growing and viticulture 344.4 million UAH (area - 1143.21 ha),

get. At the end of 2022,70 ap-  including by regions: Odesa - 25.81 million UAH (area - 60.29 ha); Kyiv - UAH 46.08 million (area -
plications for the development 28 88 hectares); Lviv - UAH 41.71 million (area - 151.08 hectares); Volyn — UAH 9.75 million (area -
of gardens and 7 applications 15.72 hectares); Chernivtsi — UAH 266.54 million (area - 41.82 hectares); lvano-Frankivsk - UAH
for the construction of green- 35 36 mijllion (area - 81.25 hectares); Zakarpattia - UAH 68.20 million (area - 191.83 ha); Cherkasy -
houses with a total cost of UAH  yAH 0.40 million (area - 10 hectares); Rivne - 4.73 million UAH (area - 20.93 ha); Khmelnytskyi -
371 million were signed. UAH 10.00 million (area - 25 hectares); Poltava - UAH 10.00 million (area - 25 hectares); Zhytomyr -
UAH 153.20 million (area - 46.91 ha); Dnipropetrovsk - UAH 27.23 million (area - 91.12 ha);
Vinnytsia — UAH 10.00 million (area - 25 hectares); Ternopil - UAH 11.2 million (area - 28 ha).

- budget subsidy per unit of cultivated agricultural land (1 hectare) for carrying out agricultural
activities — in the amount of UAH 3100 per hectare, but not more than UAH 372 000 for one

recipient;
Support of farms and other pro-

ducers of agricultural products - special budget subsidy for keeping cattle (cows) in all productivity areas - in the amount of

UAH 5,300 per cow, but no more than UAH 530 000 for one recipient.

In 2022, budget subsidies (ha) were provided to 21 467 recipients on 424 631.9 ha; special
budget subsidies for keeping cows - to 10 247 recipients for 62 090 cows.

FAO will provide producers with investment funds in the amount of:

Grant support from FAO and EU - up to 370 000 hryvnias (10 000 USD) for small farms;

(2023) - up to 925 000 hryvnias (25 000 US dollars) for agricultural small and medium-sized enter-
prises, agricultural cooperatives, and associations of producers.

Grant support is provided for Lviv, lvano-Frankivsk, Zakarpattia and part of Chernivtsi regions.

Partial compensation of costs to farms related to the provided agricultural advisory services
(except for newly created ones), for 90% of the cost, but not more than UAH 10 000.

Financial support for newly created farms to obtain agricultural advisory services (provided once
in an amount not exceeding 36 000 hryvnias, subject to a contract previously concluded by the
end of the current budget period).

The program “Granting loans to farms” - provides financial support on a revolving basis in an
amount not exceeding UAH 500,000 for a period of up to five years with the provision of the
obligation to return budget funds.

Farming support

The credit limit increased from UAH 60 million to UAH 90 million. In 2022, under the “5-7-9”
program, UAH 90.85 billion in loans were issued to more than 40,000 farmers. In March of last
year, the government expanded this program: farmers received up to UAH 60 million at 0%
annual interest, and 80% of the amount could receive state guarantees against the grain.

Credit program Among the TOP-5 regions in terms of loans received are Kyiv Region (UAH 14.9 billion),
“5-7-9” Vinnytsia Region (UAH 8.8 billion), Kirovograd Region (UAH 8.3 billion), Dnipropetrovsk Region
(UAH 6.5 billion), Odesa Region (5.8 UAH billion).
The largest number of loans to farmers were issued by PrivatBank, Oschadbank, Raiffeisen Bank,
Ukrgasbank, Ukreximbank, Kredi Agricole Bank, and PUMB.

The Entrepreneurship Development Fund concluded agreements with 44 banks.

Source: systematized by the authors based on Ministry of Agrarian Policy and Food of Ukraine (2023); KSE (2022);
AgroPolit.com (2023)

Regarding bank lending to the agricultural sector of  the martial law in Ukraine, the volume of lending by
the national economy, it should be noted that despite  banks is constantly growing (Table 2).
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Table 2. Dynamics of the volume of bank lending to the agricultural sector and indicators characterizing the
creditworthiness of the industry in 2016-2022

Year
Indicators
2016 2017 2018 2019 2020 2021 2022
Volumes of loans granted (total) 829932 822114 859740 744648 724157 752324 754371
Volumes of lending to the agricultural sector 55374 59706 67675 61600 61486 82 600 118 504
The output of agricultural products, UAH million 634040 703893 842925 838038 887822 1359369 -
Total profitability (loss) of the industry, % 24.7 16.0 13.7 16.1 13.6 36.4 -
Share of loans to the agricultural sector, % 6.67 7.26 7.87 8.27 8.49 10.98 15.71
The efficiency of production of agricultural products 11.45 11.79 12.46 13.60 14.44 16.46 _

per UAH 1 of credit provision for the agricultural sector

Source: calculated by the authors based on State Statistics Service of Ukraine (2023); National Bank of Ukraine (2023)

Despite the lack of official data on the development
of the agricultural sector of the national economy in
2022, it is still possible to state the utilization of re-
ceived loans by agricultural enterprises is effective. This
is evidenced by the efficiency index of agricultural pro-
duction per UAH 1 of credit support for the agricultural

sector, which is increasing annually. It is also going
about the overall level of creditworthiness of the in-
dustry, which is confirmed by the level of overall prof-
itability, growing over the analysed period. Finally, it is
advisable to analyse the volume of capital investments
in the agricultural sector of Ukraine (Table 3).

Table 3. Dynamics of capital investments in the agricultural sector of the national economy, thousand UAH

Including: £=
= % including: including: § ‘3
g s “ c £s
:‘E E © g :JC-)‘ ; w0 »‘8 ) q:,)E
g £ 5 =3 g £3 £ g £5%
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§ . g 2 .- o Ef
2016 494977 49231.6 95.4 572.2 74529  37676.5 266.2 2.5 34.6 14.05
2017 632629 62664.5 152.6 8400.2 9648.1 484330 598.4 10.8 49.6 14.32
2018  65559.6 64252.9 192.9 2162.6  12152.8 44844.0 1306.6 5.2 56.5 11.42
2019 593329 57936.3 316.6 1085.6  11988.2 375371 1396.7 41.2 38.3 9.48
2020 364421 35756.7 42431  6800.6 1656.9  23056.0 685.4 10.0 33.886 8.68
2021 491274 48198.6 7888.5 74314 26551  32576.2 928.8 843.6 85.2 9.29

Source: calculated by the authors based on State Statistics Service of Ukraine (2023)

According to the research results, during 2016-
2021, capital investments in agriculture had a chang-
ing trend in terms of total volumes, and in 2021 they
decreased by 0.75%, although compared to 2020, they
increased by 34.81%. According to the share of the
volume of capital investments in the total volume of
investments in the economy of Ukraine, a gradual de-
crease is observed. Thus, in 2021, compared to 2016,
the weight decreased by 4.76%.

CREDIT AND INVESTMENT DRIVERS OF THE
AGRICULTURAL PRODUCTION
For the quantitative assessment of the relationship and
the degree of influence of bank loans on the efficiency
of agricultural business, indicators of the effectiveness
of agricultural enterprises were chosen (Table 4). It
should be noted that interruptions in the work of sta-
tistical accounting in 2022, which are related to war
events, do not allow data to be operated later than
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2021.This imposes certain restrictions on the depth and
representativeness of the sample and directly affects the
degree of extrapolation of the results obtained by the
authors in connection with the military transformation
of the economy and industry. However, the available data
panel reflects the generalized level of the financial and
economic state of the agricultural business of Ukraine
on the eve of the war. First, it is necessary to establish
the presence and density of a statistical relationship be-
tween indicators of the agricultural enterprises’ activity
and bank crediting of agribusiness, which was performed
using the calculation of the correlation coefficient and
its interpretation according to Chaddock’s scale.

The data presented in Table 4 show that most of
the presented indicators of the efficiency of agribusi-
ness functioning are undoubtedly directly related to
bank lending - the closest connection is shown by the
general indicators of the industry’s performance (gross
value added, output). The relatively weak relation-
ship between lending and profitability indicators can
be explained, from the authors’ point of view, by the
peculiarities of these indicators’ formation: expenses
(operational or general) in the denominator include
mandatory items and expenses of future periods, which
disperse the received in current time result (net or op-
erating profit).

Table 4. Correlations between bank lending and performance indicators of agricultural enterprises in Ukraine
for the period 2008-2021

Direction and tightness of

Indicators Correlation coefficients correlations
1. Gross value added 0.950472 direct, very high
2. Output 0.950275 direct, very high
3. Capital investments 0.901215 direct, very high
4. Financial result before taxation 0.806742 direct, high
5. Net profit 0.820935 direct, high
6. Profitability from operating activities 0.421955 direct, moderate
7. General level of profitability 0.512578 direct, noticeable

Source: developed by the authors based on State Statistics Service of Ukraine (2023); National Bank of Ukraine (2023)

Unfortunately, the available retrospective database
does not allow for a more thorough analysis of the re-
lationship of indicators or to obtain a reliable model of
the impact of bank lending on agribusiness: the data
set consists of 14 annual observations. To remove this
restriction, it is necessary to determine the indicators

with reliability and greater frequency (since credit data
are monthly). Among open data satisfying this condi-
tion, quarterly values of gross value added and gross
operating surplus (mixed income) of agricultural enter-
prises were obtained (Fig. 2). Thus, the sample contains
56 observations of each variable.
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- Bank loans to agriculture

Figure 2. Dynamics of bank loans, gross value added and gross operating surplus
of agriculture of Ukraine in 2008-2021
Source: developed by the authors based on State Statistics Service of Ukraine (2023); National Bank of Ukraine (2023)
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Figure 2 shows that the gross value added, and gross
operating surplus have a pronounced seasonality, while
the dynamics of lending are not so closely related to
the quarterly frequency. In this case, seasonality must be
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smoothed concerning the performance of other econo-
metric procedures. This task was performed using the
TRAMO/SEATS method without manually configuring the
module. The smoothed series are presented in Figure 3.
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Figure 3. Seasonally adjusted dynamics of bank loans, gross value added and gross operating surplus
of agriculture of Ukraine in 2008-2021
Source: developed by the authors based on State Statistics Service of Ukraine (2023); National Bank of Ukraine (2023)

Since the indicators are presented in actual prices
(excluding inflation), the curves in Figure 3 show a pro-
nounced upward trend. It is interesting that up to 3Q
2015, the volume of loans exceeded other curves: this
may indicate not so much the low efficiency of agri-
cultural lending, but distorted statistics of real agricul-
tural production to avoid ‘excess” taxation. Thus, the

comparison of lending volumes with official data on
the results of the industry is the simplest indicator for
evidence of “shadowing” the economy, as the authors
wrote earlier e.g. (Kovalenko et al., 2022).

Next step the presence of correlation between the
variables should be analysed and the strength of the re-
lationship between them should be interpreted (Table 5).

Table 5. Correlations between bank loans and generalized indicators of the agricultural economy

of Ukraine in 2008-2021
Gross value added
Indicators

no lag 1 2 3 4 8 12 16
1. Loans, total 0.931 0.919 0.904 0.889 0.896 0914  0.951* 0911
2.Loans, the domestic currency 0.932 0.917 0.898 0.876 0.875 0.884 0.944 0.976*
3. Loans, foreign currency 0.716 0.698 0.690 0.691 0.712 0.725* 0.686 0.617
4. Short-term loans 0.886" 0.878 0.869 0.859 0.871 0.881 0.800 0.738
5.Long-term loans 0.862 0.840 0.819 0.802 0.805 0.838 0932  0.934*

Gross operating surplus (mixed income)

no lag 1 2 3 4 8 12 16
1. Loans, total 0.926 0.912 0.897 0.883 0.888 0909  0.941* 0.885
2. Loans, the domestic currency 0.921 0.902 0.881 0.858 0.854 0.866 0.938 0.967*
3. Loans, foreign currency 0.726 0.712 0.708 0.712 0.736 0.745* 0.673 0.571
4. Short-term loans 0.878 0.874 0.870 0.864 0.880  0.898*  0.798 0.713
5.Long-term loans 0.859 0.832 0.808 0.788 0.787 0.819  0.918*  0.909

Note: * - the highest correlation coefficient in a line

Source: developed by the authors based on State Statistics Service of Ukraine (2023); National Bank of Ukraine (2023)
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Examining the data in Table 5 using Chaddock’s
scale, it can be concluded there is a direct, mostly high,
and very high interdependence between the gross
value added and gross operating surplus of agricultural
enterprises on the one hand, and bank loans for ag-
ribusiness (in terms of currencies and ranges) — with
another. The correlation analysis is conducted consid-
ering the presence of lags between the provision of a
loan and the realization of its effect on the indicators
of the agricultural sector. It is worth noting that lags are
quarterly, so 2 lags are half a year, 4 lags are a year, 8
lags are 2 years, etc.

The relationship between gross added value and
lending illustrates the strategic nature of external fi-
nancing of agriculture: the closest dependence be-
tween indicators is realized 3-4 years after a loan pro-
vision. It is also necessary to determine the presence
of processes of connections’ fade after 9-12 months af-
ter providing a loan compared to the immediate effect.
Gross value added shows the closest relationship with
loans in domestic currency after 4 years, while foreign
currency loans, in general, have a much weaker effect.
This testifies to the predominantly hryvnia lending
nature of agriculture, which is explained by its export
orientation: for the purchase of fertilizers and equip-
ment abroad, agribusiness uses its foreign exchange
earnings, while loan funds are directed to financing the

internal expenses (seed material and livestock feed,
wages, lease payments, taxes). The correlation coeffi-
cient between the value added and lending in terms
of maturity also seems very logical: short-term loans
have the greatest effect immediately after borrowing,
and long-term financial instruments are used for in-
vestment purposes that pay off after a few years.

The relations between gross operating surplus
(mixed income) and indicators of agribusiness lend-
ing generally repeat the correlation map of gross
value added, although they are characterized by less
strength. Logical contradictions are observed only
when considering loans by maturity: statistically the
strongest relationship between profit and “short” cred-
iting is observed with a lag of 2 years, while with long-
term loans the best ratio is observed 3 years after the
grant. These controversial results can be explained by
the complex nature of the indicator: the gross surplus
combines the financial results of many agricultural cor-
porations, some of which in the current period could
receive losses.

Using obtained in Table 5 results of correlation
analysis one-factor regressions of the dependence of
agricultural indicators on bank lending (in terms of cur-
rencies and maturity) can be constructed. The charac-
teristics of the models estimated by the method of least
squares are presented in Table 6.

Table 6. The main characteristics of the estimated models of the dependence of gross value added and gross surplus of
agriculture of Ukraine on bank loans

Coefficients
Dependent variable I . Adjusted Neutralievel of X
v) ndependent variables (X) Lag of X constant, R2, % _(\_( =0),
million UAH million UAH
Loans, total -12 235 -31841.21 90.13 13 550.29
Loans, the domestic currency -16 413 -41 913.70 95.15 10 160.56
Gross value added Loans, foreign currency -8 4.80 1252.73* 51.49 -260.97
Short-term loans - 422  -27922.48 78.02 6611.16
Long-term loans -16 420 -25874.46 86.82 6 157.35
Loans, total -12 1.88  -25304.04 88.20 13 451.83
Loans, the domestic currency -16 331  -33464.05 93.40 10 118.99
Gross operating
surplus (mixed Loans, foreign currency -8 3.99 -839.04* 54.56 210.10
income)
Short-term loans -8 423  -24929.06 80.22 589191
Long-term loans -12 275 -14794.89 83.90 5379.79

Note: * - p-value is greater than the critical value (0.1)

Source: developed by the authors based on State Statistics Service of Ukraine (2023); National Bank of Ukraine (2023)

Presented in Table 6 data show that most of the
obtained models are quite adequate (adjusted R?>75%),
and the coefficients for the variables are significant
(p-value significantly below 0.01). At the same time,
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models with loans in foreign currency, as expected,
have middling quality, explaining about 50% of the dy-
namics of dependent variables with a statistically insig-
nificant constant (Fig. 4).
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Figure 4. Actual and fitted level of (a) gross value added and (b) gross surplus of agriculture of Ukraine in 2012-2021

Source: developed by the authors

The influence of bank lending on agribusiness is best
explained by the model of dependence of gross value
added on loans in national currency (Fig. 4a). Focusing
on the estimated coefficients and the neutral level of
the regressor, it can be argued that the neutral level
of lending (at which the current contribution of the in-
dustry to GDP will remain) is slightly more than UAH 10
billion every quarter, and each hryvnia of credit to agri-
cultural corporations above the neutral level will bring
UAH 13 to gross value added 4 years later. The equation
for the same explanatory variable turned out to be the
most accurate in terms of the impact on gross surplus
(Fig. 4b): to maintain the current level of profitability
of agriculture, it is necessary to credit it for 40 billion
hryvnias annually, and each hryvnia of additional bank
lending after 4 years will bring 3.31 UAH gross surplus.

STRENGTHENING THE ROLE OF CREDIT AND
INVESTMENT SUPPORT IN AGRICULTURE

As the authors have already proved, bank lending,
which is present both in state financial support

measures and in the investment mechanism, is the
key to almost all forms of credit and investment
mechanisms for the development of the agrarian
sector. This is especially obvious during the period
of martial law in Ukraine. Therefore, it is appropriate
to consider this fact when determining the strategic
directions of credit and investment support for the
agricultural sector from the standpoint of not only
providing agricultural enterprises with the neces-
sary financial resources but also forming an effective
state mechanism for supporting banks in this pro-
cess. This is confirmed by Yu. Aleskerova et al. (2018)
note that preferential lending to the agricultural
sector occupies a special place in the state support
system. However, the formation of an effective sys-
tem of credit mechanisms to support the agricultural
sector requires appropriate legal support and a guar-
antee of its application for a long period. Therefore,
the system of credit and investment provision of the
agricultural sector must be formed precisely from the
position of state financial support (Fig. 5).
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The subsystem of state financial support and regulation of the credit and investment mechanism for ensuring the agrarian sector:
State regulation provides only functions which market mechanisms of self-regulation cannot provide.

Regulations and mechanisms used to govern the agricultural sector should align with its current condition, and the extent of
their impact should be determined by the size and growth stage of individual farming businesses, as well as the suitability of
financial institutions for market functions.

) ;

Credit support subsystem of the agricultural sector
Principles:

- formation of a complex banking system - the creation of cooper-
ative banks with state participation in the formation of authorized
capital and the state agrarian land bank;

- formation of a complex para-banking system - development of
the credit cooperation system and further activation of agricultural
insurance;

- introduction of mortgage loans of a long-term investment nature
secured by agricultural lands, which ensure the renewal of the mate-
rial and technical base, reconstruction, modernization of agrarian
business enterprises, and introduction of the latest technologies;

- application of differentiation and stimulating orientation of pref-
erential loans within the administrative district, and region;

\

- provision of state credit support through state agrarian funds and
institutions of banking and para-banking systems;

- implementation of functional differentiation of banking institu-
\ tions by types of credit (mortgage, commercial). /

) ;

.

\

Investment support subsystem of the agricultural sector
Principles:
- determination of investment guidelines depending on the economic

interests of agricultural enterprises, increasing the influence of innova-
tive and informational progress;

- involvement of innovative projects related to the electronic provision,
e-money and transition to the blockchain service infrastructure to
partially eliminate financial intermediation;

- expanding the limits of portfolio guarantees for financing the pur-
chase of land by farms;
- the attraction of investors from rural areas;
- investments in priority areas of organic and ecological production
following population demand;
- formation of the national model of rural areas’ organization in

compliance with the European integration movement to increase their
investment attractiveness;

- development and implementation of investment programs for the
growth of the agricultural sector of the region’s economy

v

J

\J

Expected result:
Stimulating self-development and partnership relations, increasing the attractiveness of the agricultural sector of the national
economy, activating the formation of agrarian clusters, interregional and cross-border cooperation to attract investments, simpli-
fying access to financial resources for the recovery and further development of agrarian business.

Figure 5. The system of credit and investment support for the development of the agrarian sector
of the national economy

Source: created by the authors

It should be noted that the implementation of the
presented system of credit and investment support is
impossible without state regulation of these processes.
Therefore, it is advisable to review the strategy of the
agrarian sector development, considering challenges of
the martial law and the post-war period in Ukraine. In
particular,the ways to overcome the existing limitations
of agricultural development, proposed by L. Vdovenko
(2022), are appropriate, in particular, the creation of an
alternative logistics network for the export of agricul-
tural products; minimization of bureaucratic procedures
for agricultural enterprises (producers’ requests to ob-
tain the necessary licenses and certificates); regulation
of price policy regarding means of agro-industrial
production; free access to factors of production and
sales for all subjects of agrarian business; expansion
of bank lending programs for small and medium-sized
businesses under conditions acceptable to farmers; the
use of foreign investors’ funds for the development and
restoration of the agricultural sector of the economy.

The financial condition of agricultural enterprises
in terms of martial law in Ukraine is also affected by
such a fact as territorial binding, which excludes relo-
cation; the acute shortage of labour resources is as-
sociated with migration and mobilization of the rural
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population; working capital; fuel; plants treatment
products; fertilizers and seeds; blocking the export of
grain leads to the lack of funds for farmers to finance
their activities; forecasts regarding the future harvest
do not inspire certain hope, because of a large number
of cultivated areas in the regions of Ukraine are either
under occupation or under shelling in the active phase
of hostilities (Sakun et al., 2022).

The issue of the introduction of project financ-
ing as a form of credit and investment support for
the agricultural sector, which is partially investigated
in the scientific works of S. Naumenkova et. al. (2020),
M. Kamysbaev et. al. (2019), requires in-depth research
at the level of state support for the agrarian sector. The
system of state regulation of the agricultural sector it-
self is also in need of further research and measures for
alignment with EU standards. The agrarian policy of EU
member states is aimed at supporting the income of
agricultural enterprises at a level sufficient for extend-
ed reproduction, provision of food products for the pop-
ulation, processing, and light industry. The decisive role
in EU agrarian policy is occupied by product programs,
which are inherently much more complex and involve
the use of various support mechanisms for certain pro-
ducers in the sector.




CONCLUSIONS
The analysis of leading research and specialists in the
field of agricultural production allows to conclude that
the system of credit and investment provision of the ag-
ricultural sector is a complex concept, which should be
understood as a set of economic relations arising from
the search for various sources of financial resources,
their attraction and effective use of organizational and
management principles, methods, forms for influencing
the socio-economic activity of agrarian enterprises. State
financial support for agricultural production, bank lend-
ing and investment are defined as the main formats of
credit and investment provision. The analysis of the pre-
sented forms proved that the key instrument is a bank
loan. Based on the study of the impact of bank credit
on the performance indicators of agricultural enter-
prises, it was proved that this relationship depends on
the terms of granting and the type of currency. It has also
been established that the relationship between gross
value added, surplus, profitability and crediting is stra-
tegic in the external financing of agriculture. It has been
proven that the formation of an effective system of credit
mechanisms to support the agricultural sector requires
appropriate legal support and a guarantee of its appli-
cation for a long period. Therefore, the system of credit
and investment provision of the agrarian sector must be
formed precisely from the position of state financial sup-
port. At the same time, the forms and methods of regula-
tion must correspond to the real state of the agricultural
sector, and the scale of influence depends on the level

Kovalenko et al.

of development of agrarian business and the functional
suitability of financial institutions. In the conditions of
martial law, the role of the state is increasing concerning
the need to create an agricultural-food system consid-
ering the challenges and directing financial policy vec-
tors to the financial support of the agrarian sector of the
national economy through the improvement of existing
credit and investment instruments, giving them weight
in terms of impact on the results of the activities of ag-
ricultural enterprises, which contributes to the national
and global food security following the latest practice in
the field of state regulation of the agrarian sphere of
European Union.

Prospects for further research consist in determin-
ing effective forms of credit and investment support for
the agricultural sector to increase the level of its finan-
cial stability, based on the introduction of unconven-
tional and innovative instruments, for instance, project
financing, secondary mortgage, purchase order financ-
ing, and escrow-based lending.
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AHoTauia. OpHieo 3 KOYOBMX NPoBAEM CYy4aCHOrO arpapHOro CEeKTOpY HALiOHANbHOI €KOHOMIKM € OOCATHEHHS
CTabiNbHOr0 eKOHOMIYHOrO 3POCTaHHS. Y LbOMY KOHTEKCTi CMCTEMA KpeaWTHO-IHBECTMLUiMHA MiATpMMKA MOoCifae
rofIoBHe MicLe y po3LWMpeHOMY BiATBOPEHHI AaHOI NpiopUTETHOI ranysi Ans ekoHoMiku YkpaiHu. MeToto ctatTi 6yB
OrnaL OCHOBHUX TEHAEHLIM KpeLUTHO-IHBECTULiIMHOrO 3abe3neyYeHHs arapHOro CEKTOpY HaLiOHaNbHOI EKOHOMIKM Ta
BM3HAYeHHS NOAANbLUMX PO3BiAOK Y LibOMY Hanpsamy.[ng npoBeaeHHs 4OCNiAKeHHS By BUKOPUCTaHI 3aralbHOHAYKOBI
Ta cheuianbHi MeToAM Mi3HAHHSA, @ CaMe: CUCTEMHWMIA Ta [iaNeKTUYHWIM NiAXOAM; PO3PaXYHKOBO-aHANITUYHUIA Ta
KoediLiEHTHUIA aHani3; KopensuinHo-perpecinHuMi aHanis; NOriYHOro Yy3araJbHEHHS Ta iHWIi. BctaHoBneHo, wo
ons GopMyBaHHS [Li€BOI CUCTEMMU KPEOWUTHO-iHBECTULIMHOIO 3abe3neyeHHs arpapHOro CeKTopy Chif BPaxoByBaTH
Taki no3uuii 9K BMIMB OaHKIBCbKOTO KPeaMTyBaHHS, KNiIMAaTUYHWMX LUOKIB Ha iHBECTUUINMHI pilleHHs depmepis,
rnobanbHUX Ta perioHanbHUX TEHAEHLIN Yy HanpsIMKy BasioBOrO HAKOMWYEHHS OCHOBHOMO KamiTany Ta OCHOBHMX
dOHLIB Yy CiNIbCbKOMY rOCNOAAPCTBI, MEXaHI3MM dikcaLii yMOB nepeaayi iHBECTULLIMHUX pecypCiB AN BUKOPUCTAHHSA
arpornpoMuCcIOBUMKU KOMMNaHigMK, diHaHCOBOI HepiBHOCTI MK MIiCTOM Ta cenom. JloBeaeHo, Wwo y BCix dopmax
KpeauTHO-iHBECTULIMHOro 3abe3neyeHHs arapHoro CEKTopy, KJOYOBUM iIHCTPYMEHTOM € BaHKiBCbKe KpeauTyBaHHS.
Ocobn1Bo Le MpPOCNiLKOBYETbCS Y Mepiod BOEHHOTO CTaHy B YKpaiHi. 3 BWMKOPUCTAHHAM METOLY €KOHOMIiKO-
MaTeMaTMYHOr0 MOJENOBAHHS apryMeHTOBaHO, WO H6aHKiBCbKe KpeauTyBaHHS BUCTYMNA€E CTpaTeriyHnM @QiHaHCOBMUM
pecypcoM npu dopMyBaHHI KpeaUTHO-iHBECTULLIMHOIO 3abe3neyeHHs arpapHoOro CekTopy. 3anpornoHOBaHO CUCTEMY
KpeouTHO-iHBECTULIMHOrO 3abe3neyeHHs, ka BNepLly Yepry CMMPAETbC HA YAOCKOHANEHHS CUCTEMU AEPXKABHOIO
perynoBaHHS arpapHoro cektopy. [loBeaeHo, Wo AN NiABULLEHHS PiBHS AiEBOCTI CUCTEMU KPEAUTHO-IHBECTULIMHOIO
3abe3neyeHHs arpapHOro CeKTopy, CNlif 3BEPHYTH YBary Ha TakuUIM IHCTPYMEHT K MPOEKTHe QiHAaHCYBaHHS Ta Nepernsg
CaMOIi CTPYKTYpPHOI KOMMO3WLii OepXaBHOMo PeryntoBaHHS CilbCbKOrOCMOAAPCbKOr0 BUPOBHMLUTBA 3 YpaxXyBaHHAM
npaktTnkun €sponencbkoro Coto3sy. Taki Nigxoan MoXyTb BUKOPUCTOBYBATU OpraHu AepXKaBHOI Bnaau npu po3pobui
cTpaTerii po3BMTKY arpapHOro CeKTopy B YMOBAaxX BOEHHOr0 CTaHy Ta MOBOEHHWMM Nepiod, a TaKOX BHECEHHS
iHPPACTPYKTYPHMX 3MiH Yy NpoLLeC B3aEMOAIiTI 6aHKIBCbKOro Ta arpapHOro CEKTOPiB HALLiOHANbHOI EKOHOMIKM

KniouoBi cnoBa: arpobi3Hec; 6aHKiBCbKe KpeAUTYBAHHS; AepKaBHA GiHAHCOBA NiATPMMKA; iIHBECTYBAHHS; PiHAHCOBI
pecypcu; BOEHHUI CTaH; peHTabeNbHICTb
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