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Abstract. During weaning, rabbits experience production and feed stress, which
results in a decrease in body resistance. Young animals in the transition period
often have gastrointestinal disorders and significant weight loss. Probiotic strains
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supporting rabbit immunity. The purpose of the study was to determine the effect of additives to the basic diet
on the haematological status, biochemical and productive parameters of rabbits. Methods used: zootechnical,
haematological, biochemical, statistical. In the experimental groups where enzymes with probiotics were used,
an increase in live weight was observed on the 30th day of the experiment: in the first experimental group by
4.18%, in the second - by 9.69%, in the third - by 18.72%. At the time of reaching the slaughter age, the live
weight of rabbits increased by 5.47%, in the second by 11.0%, and in the third by 12.6%. The average daily
increase in the groups where the complex supplement was used was higher, respectively, by: 6.64%; 12.58%,
32.86%. During the entire period of the experiment, gastrointestinal diseases were observed in three control
rabbits that received treatment. Feed conversion was better in the first experimental group by 90.73 %, in the
second - by 76.58 %, in the third - by 82.92%, compared to the control. In the group where three probiotic
strains were used, an increase in red blood cells by 68.19% (P<0.05), haemoglobin by 28.44%, and white blood
cells by 72.17% was recorded. In rabbits of the experimental groups, lipid metabolism improved against the
background of cholesterol reduction in the first by 25.3%, the second - by 36.6%, and the third - by 39.4%.
Protein and albumin absorption increased in the experimental groups: in the first by 15.33%, in the second - by
24.04%, in the third - by 28.57%. Mineral metabolism improved in animals of the experimental groups due to an
increase in the calcium content in the first by 10.1%, the second - by 8.7%, and the third - by 17.9%. The practical
significance of this study is to increase productivity and reduce gastrointestinal disorders by applying enzymes

and probiotic strains of bacteria to the main diet

Keywords: alternative growth stimulants; live weight gain; feed conversion; morbidity; rabbit metabolism

INTRODUCTION

In countries where the economy has been disrupted,
one of the most important problems is people’s nu-
trition. Rabbits are herbivores that are not demand-
ing on nutrition, can consume waste from process-
ing plant products. In addition, rabbits reproduce
and grow quickly, and can be kept in a limited area
in large numbers. Rabbit meat is characterised by its
high nutritional content (Cullere & Dalle Zotte, 2018)
and dietary properties. To increase the productivity of
rabbits, it is necessary to use safe growth stimulants.
The relevance of the subject matter lies in the use of
enzymes and probiotic strains of microorganisms to
improve rabbit metabolism.

Research by D.Ye et al. (2023) showed that changes
in cold and warm seasons negatively affect intestinal
microflora, immunity, and productivity. Researchers
have proposed strategies to mitigate the effects of
off-season changes, but have not provided a way to
avoid this problem. To maintain immunity in calves and
prevent dysbiosis, V.A. Gryshchenko et al. (2023) used
dietary supplements for basic nutrition. As a result of
the experiment, the epithelium of the empty intestinal
mucosa was restored in calves. The studies have not
clarified the effect of the supplement on the microflora
of the gastrointestinal tract.

An experiment by Z. Wang et al. (2023) on avoid-
ance of coprophagy in rabbits demonstrated a negative
impact on performance. The level of total cholesterol
and triglycerides decreased, and the villi of the cae-
cum were destroyed. The results of the study show the
importance of constant restoration of microflora in the
gastrointestinal tract. Z. Li et al. (2022) analysed the
composition and amount of microflora and cytokines
in the contents of the caecum. Researchers have
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concluded that coprophagy is an analogue of probiotic
therapy and plays an important role in the intestinal
immunity of rabbits.

Research by K.A. Alayande et al. (2020) confirm
that probiotics are a safe alternative to antibiotics to
increase animal productivity. The collected informa-
tion provides the basis for further testing of probiot-
ic strains for use by farm animals. Results obtained in
the paper by M.I. Hossain et al. (2017) have shown the
ability of probiotics to synthesise hydrolytic enzymes to
kill bacterial toxins. Therefore, it is necessary to search
for the most effective probiotic communities for raising
animals. S. Saha et al. (2023) showed that the addition
of probiotics to rabbits’ diets helped increase carcass
weight, improve colour, muscle fibre structure, and
taste. Studies do not provide information on the prop-
erties of probiotic strains, their dosage, administration
method and mechanism of use.

The results obtained by P. Cheng et al. (2018) show
differences in the composition of the gut microbiome
and different levels of cellulose fibre digestion in pigs
of different breeds of Lantang and Duroc. The paper
does not consider the impact of different conditions of
keeping and feeding animals. R. Du et al. (2018) found
that the bacteria of the family Butyricimonas produce
butyrate in the course of their life, which aids diges-
tion in calves. There is a need to investigate what other
microorganisms have a positive effect on the metab-
olism and final live weight of animals. Experiment by
A.Daskalova et al. (2023) proved that an increase in the
bacterial content of Lactobacillus and Bifidobacterium in
the gut microbiome of broiler chickens contributes to
increased productivity and feed conversion. Research-
ers have found that dietary supplements based on




phytobiotics have a positive effect on changes in the
microbial composition and metabolism of animals and
can be used as an alternative to antibiotics.

To increase the productivity of rabbits, Z. Li et
al. (2023) tested the addition of a probiotic strain
Clostridium butyricum to the diet. The results obtained
showed a positive effect of live weight gain due to an
increase in lipid synthesis in the liver. The purpose of
the study was to investigate the effect of supplements
with different compositions on metabolism and live
weight gain in rabbits.

MATERIALS AND METHODS

The rabbits were kept for 36 days in accordance with
animal welfare requirements. The experiment was con-
ducted in November-December 2023 in the vivarium
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of the Faculty of Veterinary Medicine of Sumy National
Agrarian University. The object of the study was rabbits
(Californian breed) aged 14 days in the amount of 10
units in each group. Variants of samples of experimen-
tal enzyme and probiotic complexes (EPC) were provid-
ed by Kronos Agro. The first experimental group was fed
with enzyme-based EPC (xylanase, phytase, cellulase)
and probiotic strains of microorganisms of the bac-
terium Enterococcus spp. For the second experimental
group, EPCwas based on enzymes and Lactobacillus spp.
The enzyme and probiotic complex for Group 3 of the
study consisted of enzymes and three probiotic strains
of bacteria. EPC presented in powder form was given
to rabbits with feed at the rate of 250 g per 1 tonne of
feed, starting from the age of 14 days. The experimen-
tal design is shown in Table 1.

Table 1. Experiment design

Groups

Characteristics of groups, dosage

experimental 1

EPC: enzymes + Enterococcus spp.

experimental 2

EPC: enzymes + Lactobacillus spp.

experimental 3

EPC: enzymes + Enterococcus spp., Lactobacillus spp., B. coagulans

control

Feed without additives

Source: compiled by the authors

During the studies, rabbits did not receive any drugs
other than the above.

Research of productive indicators in rabbits. The live
weight of rabbits was studied by weighing on the 30"
and 60" days of the experiment. Feed conversion, abso-
lute and average daily growth, and rabbit survivability
were calculated.

Determination of haematological parameters of blood.
Onday60,rabbit blood tests were determined:red blood
cells, white blood cells, haemoglobin, lymphocytes,
monocytes, neutrophils, eosinophils using an automat-
ic analyser (Shenzhen Mindray BC3000 plus, China).

Investigation of the metabolic status of rabbits. Me-
tabolites were determined on the 60" day of in rabbit
blood serum: enzyme activity: aspartate aminotrans-
ferase (SOP-BP-09-2017), alanine aminotransferase
and alkaline phosphatase (SOP-BP-08-2017), total pro-
tein,including albumin and globulin (SOP-BP-02-2017),
total cholesterol (SOP-BP-07-2017), direct and indirect
bilirubin, total calcium (sop-BP-05-2017), glucose.

Study of the composition of the rabbit gastrointestinal
microbiome. Faecal masses were taken from rabbits of
three experimental and control groups at the end of the
experiment on 60 day. Faecal samples were examined
by bacteriological methods to determine the quantita-
tive composition of intestinal microorganisms in ani-
mals. The number of bacterial species was determined:
Coprococcus sp., Ruminococcaceae sp., Akkermansia sp.,
Lachnospiraceae sp., Clostridium sp., Subdoligranulum sp.,
Firmicutes sp., Bacteroidetes sp., Cyanobacteria sp., Verru-
comicrobia sp., Proteobacteria sp., Tenericutes sp. Faecal

samples were diluted 1: 10 and inoculated on nutrient
selective media. The media used were from Farmaktiv
LLC (Ukraine) and Himedia Laboratories Prv. Limited
(India). The species affiliation of microbial cultures and
their number were determined using the R-biopharm
test system, namely RIDA ® COUNT, RIDA CHECK. Lumit-
esterPD-20; LuciPacPen, RIDASCREENVerotoxin, RIDAS-
CREENSETA, B, C, D, (ENISO 16140), RIDASCREENCam-
pylobacter, SureFoodBAC.

Investigation of antagonistic properties of enzyme and
probiotic complex. The agar well diffusion method was
used. The size of the demarcation zone in mm around
the different composition of the enzyme and probiotic
complex was visually determined on Petri dishes with
the corresponding microorganism, as previously men-
tioned, for three experimental variants and a control
(Garkavenko et al., 2021). Each dish with meat-peptone
agar was inoculated with the appropriate EPC and left
for a day in a thermostat for incubation at 37°C. The
size of the demarcation zone in mm around the wells
with experimental EPC was determined.

Statistical analysis. For statistical analysis of the
results, the Fischer-Student method (Mosteller & Fish-
er, 1948) was used, and data from control and exper-
imental groups were compared with a probability of
more than 95% (p<0.05). The studies were conducted in
accordance with DSTU EN ISO/IEC 17025:2019 (2019),
in compliance with the Rules of Bioethics and Humane
Treatment of Vertebrates 2010/63/EU (Hartung, 2010)
of the European Convention (1986) and Law of Ukraine
No. 249 (2012).
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RESULTS

Results of the study of productive indicators in rabbits.
The first stage of the study was to determine the

productivity of rabbits when growing with the use of
enzyme and probiotic complex (Table 2).

Table 2. Comparative data on rabbit growth (M*m,n=10)

Research groups

Indicators Control
1 2 3
Number of animals, units 10 10
Initial live weight (14 days), kg 0.25+0.08 0.25+0.05 0.25+0.13 0.26%0.07
Live weight (30 days), kg 0.59£0.06 0.62+0.11 0.65+0.09 0.71+0.12
% to control - 418 9.69 18.72
Live weight (60 days), kg 1.28+0.02 1.35+0.23 141+0.14 1.62%0.32*
% to control - 5.47 10.15 61.60
Absolute gain, kg 1.03£0.36 1.10£0.38 1.16£0.27 1.37+0.56
Average daily gain, g 28.62%1.34 30.53%£1.50 32.20£2.53 38.03£2.10"
% to control - 6.64 12.58 32.86
Morbidity, units 3 - - -
Feed consumption, kg 13.02 13.61 13.52 12.15
Feed consumption per 1 kg of
live weight gain, kg 2.05 1.86 1.70 1.57
% to control 100.00 90.73 82.92 76.58

Note: *P<0.05 - relative to the control
Source: compiled by the authors

During the experiment, the live weight of one
rabbit in 30 days was increased by 4.18% in the first
experimental group, in the second - by 9.69%, in the
third - by 18.72%, compared to the control group. On
the 60™ day of the study, the live weight of rabbits in
the first experimental group was 5.47% higher, in the
second - 11.0%, and in the third - 12.6% (p < 0.05), re-
spectively, compared to the control. The average daily
increase by group was higher, respectively, by: 6.64%,;
12.58%, 32.86% (P <0.05) compared to the control.

The morbidity for the entire period of the experi-
ment was three animals in the control group. Gastro-
intestinal disorders were observed in rabbits, so three
animals received timely treatment. The animals were

isolated from the main group and treated with antimi-
crobial agents. The feed intake of rabbits was higher
in the control group. Feed consumption was as fol-
lows: in the first experimental group - 90.73%, in the
second - 76.58%, in the third - 82.92%, compared to
control. The study shows that the average daily gain
of rabbits was higher in the third experimental group,
where enzymes with three probiotics were added to
the feed of rabbits. However, feed consumption per
1 kg of live weight gain was lower in the third exper-
imental group.

Results of haematological parameters of blood.
Changes in haematological status in rabbits were de-
termined during the experiment (Table 3).

Table 3. Haematological status of rabbits, (m*m, n=10)

Indicators Experimental

Experimental

Experimental Reference values

Control

group 1 group 2 group 3 of laboratory
Red blood cells, 10¢/ml 5.85+0.12 5.78+0.18 7.72+0.10" 4.59+0.25 5.3-7.1
White blood cells, 103/ml 6.90%0.15 8.73+0.23 10.52+0.24* 6.11+0.13 5.1-10.7
Haemoglobin, g/dl 10.91#0.19 11.75%0.20 12.78+0.25* 9.95+0.24 9.8-14.0
Lymphocytes, 10%/ml 3.84%0.11 4.42+0.05 5.83+0.06 4.73+0.09 3.3-6.5
Monocytes, 10%/ml 0.39+0.02 0.36+0.04 0.28+0.01 0.44+0.03 0-0.5
Neutrophils, 10%/ml 1.31£0.04 2.14%0.06 1.82+0.07 1.64+0.09 1.5-2.3
Eosinophils, 10%/ml 0.04%0.05 0.03+0.05 0.02+0.01 0.02+0.01 0-0.05

Note: *P<0.05 - relative to the control
Source: compiled by the authors

A significant increase in red blood cells at the end
of the experiment was recorded in the third experi-
mental group by 68.19% (P < 0.05), compared to the
control group. However, the haemoglobin content in
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the blood was also higher in rabbits of this experi-
mental group by 28.44% (P < 0.05). The use of three
probiotics in rabbits of the third group had a posi-
tive effect on immunity in animals. Thus, the absolute




number of white blood cells on the 60" day of the
study was significantly (P < 0.05) higher in rabbits of
the third experimental group by 72.17%, compared to
the control group. The first and second experimental
groups also showed an increase in red blood cells and
haemoglobin compared to the control group, but the
difference was not reliable. Studies have shown that
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the use of an enzyme and probiotic complex in rabbits
as part of the basic diet has a positive effect on immu-
nity and erythrocytopoiesis.

Results of the study of the metabolic status of rab-
bits. During the experiment, the level of metabolism
in the blood of experimental animals was established
(Table 4).

Table 4. Biochemical analysis of blood serum, (M*m, n=10)

Experimental Experimental

Experimental Reference values

Indicators Control
group 1 group 2 group 3 of laboratory
AST, IU/L 64.92+3.15 54.80%5.65 72.8+3.15 92.22+355 20-120
ALT, 1U/L 45.62+2.67 48.53+3.26 46.00£4.52 4745336 25-120
GGT, 1U/L 6.61+0.23 7.14+0.35 6.51+0.24 6.73+0.42 0-7
Alkaline phosphatase, 1U/L 6.23+0.56 5.04%0.20 5.22+0.17 7.03%0.30 0-8.6
Total bilirubin, umol/L 5.56+0.2 4.65%1.15 5.39+1.22 5.84%0.32 0-6.8
B Direct, umol/L 1.43+0.15 1.23+0.83 1.24%0.56 1.71+0.16 0-1.7
B [ndirect, umol/L 4.13£0.35 3.42%0.42 4.15+£0.81 4.13£0.66 0-5.12
Creatinine, umol/L 65.12+3.45 59.04+4.38 56.22%+4.26 78.34+3.34 50-100
Urea, mmol/L 3.52+0.22 3.74%0.35 2.50+0.20 4.21£0.15 2.18-5.5
Total cholesterol, g/l 0.53+0.05 0.45+0.08 0.43+0.05* 0.71%%0.20 0-0.75
Total protein, g/l 57.72%4.25 65.10+0.52" 74.43+4.16" 55.40£5.81 54-82
Albumins, g/l 33.50%2.72 35.60%£2.01" 36.9+3.52" 28.72%2.67 25-37
Globulin, g/L 26.85+2.23 27.76+1.34 32.31%£2.18 25.30%+2.34 23-50
Calcium, mmol/L 3.14+0.23 3.10%0.56 3.36+0.32" 2.85+0.12 2.4-4.2

Note: *P<0.05 - relative to the control
Source: compiled by the authors

The conducted studies show that the activity of
enzymes (aspartate aminotransphenase, alanine ami-
notransferase,gamma-glutamate transferase and alka-
line phosphatase) was within the physiological norm
in animals of the experimental and control groups.
The activity of the enzyme aspartate aminotransferase
was studied to determine the toxic effect of the en-
zyme and probiotic complex on the rabbit myocardium.
Studies have shown that the level of AST in the first
experimental group was significantly lower by 29.60%,
in the second - by 40.57%, in the third - by 21.01%,
compared to the control. The content of the enzyme
alanine aminotransferase in the blood demonstrates
the effect of experimental EPC on the liver and kidneys
of animals. ALT activity in the first experimental group
was less by 3.85% and the third - by 3.05%, more in the
second - by 2.27%.

An increase in the activity of the enzyme gam-
ma-glutamate transferase indicates damage to haepat-
ocytes and bile ducts. According to the results of the
study, it was found that GGT activity in the first exper-
imental group was less by 1.78%, in the second - by
6.09%, in the third - by 3.26%, compared to the control.
Alkaline phosphatase activity was also determined in
the blood serum of rabbits to find out the effect of EPC
on lipid metabolism. It was found that the activity of the
alkaline phosphatase enzyme in the first experimental
group was less by 11.38%, in the second - by 28.30%, in
the third - by 25.74%, compared to the control.

The content of total bilirubin in the blood was inter-
related with the activity of the enzymes ALT, GGT, and al-
kaline phosphatase.As a result of the conducted studies,
it was found that total bilirubin, including direct and in-
direct, did not have a significant difference between the
groups. The level of creatinine and urea in the blood se-
rum corresponded to the reference indicators in rabbits
of the experimental and control groups, which indicates
the absence of toxic effects of EPC on the body of rab-
bits. The blood creatinine content of rabbits in the first
experimental group was lower by 16.87%, in the sec-
ond - by 24.30%, in the third — by 28.24%, compared to
the control. The level of urea was lower in the blood se-
rum of rabbits of the first experimental group by 16.38%,
in the second - by 11.16%, in the third - by 40.61%.

A decrease in cholesterol levels was observed in
rabbits of the first experimental group by 25.3%, the
second - by 36.6%, the third - by 39.4% (p <0.05), com-
pared to the control group. There was also a significant
increase in the level of total protein in animals of the
experimental groups: in the first by 4.18%, in the sec-
ond - by 17.5%, in the third - by 34.35% (P < 0.05). A
positive result can also be considered an increase in al-
bumin in the first experimental group by 15.33%, in the
second - by 24.04%, in the third — by 28.57%, compared
to the control. The level of globulins in the blood serum
of rabbits of the experimental and control groups was
within the normal range, which indicates the absence
of a negative reaction to EPC from the immune system.
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In rabbits of the first experimental group, the globulin
content was higher by 6.26%, in the second - by 9.72%,
in the third - by 27.70%, compared to the control.

An important indicator of metabolism is the level of
calcium, which was higher in the blood of experimental
animals by 10.1%, the second - by 8.7%, the third - by
17.9% (p<0.05),compared to the control. The results ob-
tained showed that the use of the enzyme and probiotic
complex affected the biochemical and haematological
parametersinrabbits.Addition of EPCto the feed also had
a positive effect on the increase in live weight of rabbits.

Results of the study of the composition of the microbi-
ome of the gastrointestinal tract of rabbits. Studies were
conducted to determine the effect of the enzyme and
probiotic complex on the microflora of the gastrointes-
tinal tract of rabbits. It is known that a violation of the
normal composition of the microbiome can lead to dys-
biosis. As a result, diarrhaea, impaired food absorption,
weight loss, intoxication, and death of the animal occur.
The results obtained will affect the final version of the
EPC composition, which will be proposed for use in rab-
bit breeding (Fig. 1).

Spectrum of microflora of the gastrointestinal tract of rabbits
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Figure 1. Spectrum of microflora of the gastrointestinal tract
of rabbits when using an enzyme and probiotic supplement

Source: compiled by the authors

According to the results of the study, it was estab-
lished that the content of Coprococcus sp. was higher in
the first experimental group by 32.89 %, in the second
experimental group - by 61.04%, in the third experi-
mental group - by 202.78%, compared to the control.
The content of Ruminococcaceae sp. in the first experi-
mental group was 2.60% higher, in the second - 22.27%,
in the third - 227.64%. Number of bacteria of the spe-
cies Akkermansia sp. was less in the first experimental
group by 19.70%, in the second - by 12.85%, in the
third - by 30.84%, compared to the control group. The
content of bacteria of the species Lachnospiraceae sp.
in rabbits of the first experimental group was 21.97%
higher, in the second - 24.62 %, in the third - 186.17%.
The content of Clostridium sp. tended to decrease com-
pared to the control in the first experimental group by
21.51%, in the second - by 27.42%, in the third - by
56.73%.The content of Subdoligranulum sp. in the intes-
tine did not differ significantly between experimental
and control animals and ranged from 3.38-7.18 CFU/g
of faecal mass. However, the content of Firmicutes sp.
was lower in the first experimental group by 35.55%, in
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the second - by 47.96%, in the third - by 60.64%, com-
pared to the control. The addition of an enzyme and
probiotic complex does not directly change the compo-
sition of the rabbit gut microbiome, but it does affect
the amount of bacteria of the same species.

The content of Bacteroidetes sp. in the first exper-
imental group was 63.47% higher, in the second - by
36.52%, in the third - by 134.23%. The level of Cy-
anobacteria sp. was less in rabbits of the first experi-
mental group by 27.44%, in the second - by 38.00%,
in the third - by 48.27% on the 60th day of research.
The content of Verrucomicrobia sp. was not affected by
the addition of EPC. So in the first experimental group,
Verrucomicrobia sp. was less by 14.54%, in the second
and third -more by 3.43-52.28%, respectively. The con-
tent of Proteobacteria sp. in the first experimental group
exceeded the indicators of rabbits in the control group
by 39.64%, in the second - by 41.01%, in the third -
by 375.58%. The level of Tenericutes sp. was higher by
31.60% in the first experimental group, in the second -
by 35.33%, in the third - by 65.80%, compared to the
control. Thus, the same types of microorganisms were




isolated in all animals of the experimental and control
groups, but in different quantities. The study proves
that the composition of the gut microbiome affects the
productivity and metabolism of rabbits.

Investigation of antagonistic properties of enzyme and
probiotic complex. The antagonistic activity of EPC was
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determined against microorganisms that were isolated
from the faecal masses of rabbits. Isolates of microor-
ganisms that are not pathogens were selected, but an
increase in their content can lead to diseases in rabbits
in the form of metabolic disorders and gastrointestinal
disorders (Table 5).

Table 5. Antagonistic properties of EPC,(M*m),n=10

Enzyme and probiotic complex

experiment 1 (enzymes +
Microbial cultures P (enzy

experiment 2 (enzymes +

experiment 3 (enzymes + Enterococcus spp.,

15

Enterococcus spp.) Lactobacillus spp.) Lactobacillus spp., B. coagulans)
Size of the growth retardation zone, mm
Coprococcus sp. 3.34£0.04 6.50+0.07 6.45%0.15
Firmicutes sp. 9.25+0.04 11.15+0.02 26.33+1.22*
Clostridium sp. 3.45+0.03 5.87%0.12 25.38+1.18"
Cyanobacteria sp. 4.76+0.15 5.50+0.10 5.49+0.20
Subdoligranulum sp. 3.45+0.06 5.36+0.08 8.89+0.12
Akkermansia sp. 8.36+0.08 9.15+0.15 22.50+1.45*
Note: *P<0.05 - relative to experiment 1
Source: compiled by the authors
Based on the results obtained, it was found that in DISCUSSION

Petri dishes with the bacterium Coprococcus sp. in the
second experiment, the growth retardation zone was
4.61 % larger, in the third - by 3.11%, compared to the
first experiment. That is, the growth retardation zone in
all EPC prototypes was almost the same. Demarcation
zone in Petri dishes with Firmicutes sp. it was higher in
the second experiment - by 20.54% and in the third -
by 184.65% (P < 0.05). In the second experiment with
Clostridium sp. growth retardation zone, it was an in-
crease of 29.85%, in the third - by 635.65% (P <0.05).
In the dishes with Cyanobacteria sp., the growth retar-
dation zone was almost the same in all experiments
and ranged from 4.76 to 5.49 CFU/g. Demarcation zone
with bacteria Subdoligranulum sp. in the second group
was 55.36% more, in the third - by 157.68%, compared
to the first experiment. A significant proportion of
the rabbit gut microbiome is made up of the species
shown in Table 5, but an increase in any bacteria at
the expense of other beneficial microflora has a neg-
ative impact on gut health and performance. Thus, the
demarcation zone of Akkermansia sp. growth retarda-
tion in the second experiment was 9.45% larger and
169.13% larger in the third experiment (P <0.05) com-
pared to the first experiment.

Notably, in all experiments with EPC, despite the
difference in the constituent components, antagonistic
properties were manifested. The maximum antagonistic
effect was achieved in the third experiment, where the
EPC included three probiotic strains: Enterococcus spp.,
Lactobacillus spp., B. coagulans. The conducted studies
have proven that the use of an enzyme and probiotic
complex is aimed at improving metabolism, haemato-
logical parameters, restoring gastrointestinal microflo-
ra, and increasing the live weight of rabbits.

The use of an enzyme and probiotic complex for rabbits
had a positive effect on the increase in live weight at
days 30 and 60.This result is associated with better ab-
sorption of nutrients through the use of enzymes. Pro-
biotic strains of bacteria also help maintain microflora
in the gastrointestinal tract. In rabbits of the experi-
mental groups, a decrease in feed intake was observed
against the background of an increase in live weight
gain, compared with the control.

Research by M.M.Y. Elghandour et al. (2020) proved
positive impact of Saccharomyces cerevisiae on the gut
microbiota and an increase in the number of white
blood cells. The study by O. Shkromada et al. (2022)
found that adding B. megaterium to the diet of cows
reduced the inflammatory process in the udder and in-
creased protein absorption. A study of the haematolog-
ical status of rabbits showed a significant increase in
red blood cells, haemoglobin, and white blood cells in
the study group, which used enzymes and three strains
of probiotics. According to L. Kadja et al. (2021), when
using three probiotic strains, a similar result was ob-
tained to increase the productivity of rabbits and im-
prove haematological parameters.

Gastrointestinal disorders were observed in only 3
animals of the control group during the entire study
period. The result shows a positive effect on the im-
munity of rabbits and intestinal microflora. K. Amoah et
al. (2019) and S.S. Xing et al. (2019) found that the use
of probiotic strains as a supplement to the main diet of
animals reduces gastrointestinal diseases in young an-
imals. In addition, the study by C. Maltecca et al. (2020)
confirmed that the composition of the intestinal micro-
flora is an important indicator that affects animal feed
intake and metabolism. Consequently, the relationship
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between the composition of the gut microbiome and
the final weight of rabbits can be traced.

The study of the biochemical composition of the
blood serum showed the activity of enzymes (aspartate
aminotransferase, alanine aminotransferase and alka-
line phosphatase) within the physiological norm, indi-
cating no toxic effects on the body. The positive effect of
EPCwas manifested in lowering cholesterol levels in all
research groups.An increase in the level of total protein
and albumins was observed in all experimental groups
compared to the control group. A.A. Abdel-Wareth et
al. (2021) have shown that the use of probiotics in
rabbits together with fenugreek seeds contributed
to protein absorption and increased carcass weight.

Mineral metabolism in animals is also a very impor-
tant indicator. Studies have shown that in the experi-
mental groups where the enzyme and probiotic complex
was used, the level of calcium was higher compared to
the control. Microbiological studies have established
that the amount of beneficial microflora: Coprococcus
sp., Ruminococcaceae sp., Lachnospiraceae sp., Cyanobac-
teria sp., Proteobacteria sp. in the gastrointestinal tract
of rabbits, was most common in the third experimental
group, where rabbits received enzymes and Enterococ-
cus spp., Lactobacillus spp., B. coagulans.

Research by AJ. Wolf and D.M. Underhill (2018)
proved that the content of microorganisms Coprococ-
cus, Ruminococcus and Lachnospiraceae in the gastroin-
testinal tract of rabbits, have a direct correlation with
the productivity and growth of rabbits of meat breeds.
These results are confirmed by S. Dabbou et al. (2020)
who reported that a sufficient content of Ruminococcus
microorganisms in the gut of rabbits has a positive ef-
fect on their resistance. On the contrary the number of
bacteria Akkermansia sp. in the intestinal contents were
significantly lower in rabbits of the experimental groups.
A. Bohatko and M. Utechenko (2024) found that an el-
evated content of Akkermansia sp. in the gastrointesti-
nal tract negatively affects the final weight of rabbits.

S.Y. Chen et al. (2019) proved that the types of Cy-
anobacteria, Firmicutes, Bacteroidetes, Verrucomicrobia,
Proteobacteria are the most dominant bacteria in the
rabbit microbiome, regardless of breed. In addition,
M. Velasco-Galilea et al. (2020) showed that incom-
plete feeding and the use of antibiotics directly affect
the content of microflora in the gastrointestinal tract.
The studies revealed an increase in the content of Bac-
teroidetes sp. in the faeces of rabbits treated with the
enzyme and probiotic complex, which coincides with
the results obtained by N. Grosu and L. Caisin (2020).
In research groups, the level of Firmicutes sp. was lower
than in the animals of the control group, which proves
the positive effect of EPC on rabbit metabolism. This is
confirmed by the results of the study by K.A.O. Gandy et
al. (2019), which shows that an increased content of the
bacterium Firmicutes sp. is responsible for obesity and
lipid metabolism disorders.
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The relative number of the main types of bacteria
did not differ between different study groups of rabbits,
which were added to the main diet of an enzyme and
probiotic complex based on enzymes and probiotic mi-
croorganisms. This can be explained by changes in the
quantitative composition of microorganisms that make
up the microbiome of the rabbit gastrointestinal tract,
since they are influenced by nutritional factors, which is
confirmed by Z.Wu et al. (2019). According to the results
of the experiment, the positive effect of the enzyme
and probiotic complex on haematological parameters,
metabolism, microflora of the gastrointestinal tract,
and productivity of rabbits.

CONCLUSIONS

Studies have established an increase in the live weight
of one rabbit unitin 30 days in the experimental groups:
in the first - by 4.18%, in the second - by 9.69%, in the
third - by 18.72%. At the end of the experiment, the live
weight of rabbits in the first experimental group was
5.47% higher, in the second - 11.0%, and in the third -
12.6%.The average daily growth by group was increased
by 6.64%;12.58%,32.86%,respectively,compared to the
control. Feed conversion compared to the control group
was 90.73% in the first experimental group, 76.58%
in the second group, and 82.92% in the third group.

The use of an enzyme and probiotic complex with
three probioticsinrabbits contributed to a likelyincrease
in the content of red blood cells by 68.19 %, white blood
cells by 72.17%, and haemoglobin by 28.44% (P < 0.05).
The use of the enzyme and probiotic complex in rab-
bits showed no negative effect on metabolites. Enzyme
activity, total bilirubin, creatinine, and urea within the
reference level in experimental and control animals.
There was an improvement in the lipid profile due to a
decrease in cholesterol levels in the first experimental
group by 25.3%, the second - by 36.6%, the third — by
39.4% (P <0.05). Protein uptake increased in the exper-
imental groups: in the first by 4.18%, in the second - by
17.5%, in the third - by 34.35% (P <0.05) and albumin
by 15.33%, 24.04%, and 28.57%, respectively. The level
of calcium in the blood of rabbits in the experimen-
tal groups was correspondingly higher by 10.1%, 8.7%,
and 17.9% (P < 0.05) compared to the control group.

It was found that the use of an enzyme and probiot-
ic complex in rabbits does not change the composition
of the microbiome, but it affects the quantitative con-
tent of various types of bacteria. Thus, the use of three
probiotics in the diet significantly increases the content
of species: Coprococcus sp., Ruminococcaceae sp., Lachno-
spiraceae sp., Bacteroidetes sp., Proteobacteria sp. and Te-
nericutes sp. The antagonistic properties of the enzyme
and probiotic complex, which includes three probiotics,
showed the maximum effect on Firmicutes sp., Clostridi-
um sp. Akkermansia sp. The prospect of further research
is to investigate the effect of the enzyme and probiotic
complex on rabbits in production conditions.
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AHotauis. lig yac BianyyeHHs BiA KponemaTku BiabyBaeTbCs BMPOOHWMUMIA Ta KOPMOBMI CTPEC Y KPOJEHST, B
pe3ynbTaTi 4YOoro 3HUXKYETbCS PE3UCTEHTHICTb OpraHiaMy. MonofgHsaK y nepexigHuWi nepiog 4acto Mae po3nagu
LUTYHKOBO-KMLUKOBOFO TPaKTy Ta 3HA4Hy BTpaTty Baru. [pobioTWYHI WTAaMM MiKpOOpraHiamMiB Ta (QepMeHTU €
6e3neyHol0 anbTepHaTMBOK AN CTUMYAALil pocTy Ta MIATPUMKM IMYHITETY KpOnuKiB. MeTo AocnigxeHHs 6yno
BM3HAYMTU BMNIMB LOOABOK 40 OCHOBHOIO paLioHy Ha reMaTonorivyHuiA CTaTyc, 6ioxXiMiyHi Ta NPOLYKTMBHI NOKA3HWUKM
Kponis. BUKOpUCTaHi MeToAM: 300TEXHIYHUI, reMaToNOriYHNUIA, BiOXIMIYHMIA, CTAaTUCTMYHUIA. B mocnigHux rpynax, ae
3aCTOCOBYBanu epMeHTU 3 NpobioTnkamu, cnocTepiranu 30inblieHHs xuBoi Barn Ha 30 poby ekcnepuMeEHTY: y
nepwin gocnigHin rpyni Ha 4,18 %,y npyrin — Ha 9,69 %,y TpeTit — Ha 18,72 %. Ha MOMeHT focarHeHHs 3abiiHoro
BiKY y KponiB uMBa Bara 36inbwmnace Ha 5,47 %,y apyrii Ha - 11,0 %, Ta y TpeTiit Ha — 12,6 %. CepenHboao60Bui
npupicTy rpynax, e BUKOPUCTOBYBaM KOMMIEKCHY A,00aBKy, OyB BinbLue BiANOBiAHO Ha: 6,64 %; 12,58 %,32,86 %.3a
BeCb rnepiof NpOBEAEHHS eKCNepUMEHTY 3aXBOPIOBAHHSA LWTYHKOBO-KMLLKOBOIO TPAKTy COCTEpiranu y TpbOoX KponiB
KOHTPOJIbHOI Fpynu, IKi 0TpMManu nikyBaHHs. KoHBepcis kopMy byna kpawa y nepuwin gocnigHin rpyni Ha 90,73 %,
y Opyriv — Ha 76,58 %,y TpeTii — Ha 82,92 %, nopiBHAHO [0 KOHTpO. Y rpyni, e 3aCcTOCOBYBaAM TpU NPOBiOTUYHI
WwTaMu, 3adikcoBaHo 30inbweHHs eputpoumTiB Ha 68,19 % (P<0,05), reMmornobiHy Ha 28,44 %, nerkoumMTiB Ha
72,17 %.Y kponis [ocnigHMX rpyn Biabynocb MOKpaLLeHHs NiniAHOro 06MiHy Ha QOHI 3HMXKEHHS XONecTepuHy y
nepwin Ha 25,3 %, npyroi — Ha 36,6 %, TpeTboi — Ha 39,4 %. 36iNbLUMNOCH 3ACBOEHHSA BiNKY Ta anbOyMiHY y LOCTIAHUX
rpynax: y nepwin Ha 15,33 %, y opyri — Ha 24,04 %, y TpeTiii — Ha 28,57 %. [MokpawmBCsa MiHepanbHWiA 06MiH y
TBapWH JOCNIAHUX FPYN 3@ paxyHOK MiABULLEHHS BMICTY KanbLito y nepwii Ha 10,1 %, apyroi - Ha 8,7 %, TpeTboi — Ha
17,9 %. lNpakTU4HO LiHHICTIO pOo6OTH € 36iNblUEHHS NPOAYKTUBHOCTI Ta 3HUXKEHHS LUTYHKOBO-KULIKOBMX PO3N13aAiB
3@ paxyHOK 3aCTOCYBaHHA (pepMeHTIB Ta NPobiOTUYHKMX WTaMiB BakTepii o OCHOBHOIO paLioHy

KntouoBi cnoBa: anbTepHaTUBHI CTUMYNATOPU POCTY; MPUPICT XMBOT MacK; KOHBEPCiS KOPMY; 3aXBOPHBAHICTb;
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a set of classical serological methods, which included the Rose-Bengal test, agglutination reaction, complement
binding reaction,enzyme-linked immunosorbent assay,as well as the analysis method and graph analytical method.
The results showed that the most infected with brucellosis were epizootic units in Aktobe, Kostanay, Mangistau,
Atyrau, Akmola and West Kazakhstan regions, with infection rates exceeding 23.4%. At the same time, Almaty,
Turkestan, and Karaganda regions were the least vulnerable, with infection rates not exceeding 3.1%. The largest
number of animals with brucellosis was registered in West Kazakhstan Region and the smallest - in Zhambyl
Region. This is due to the peculiarities of keeping and geographical locations of the regions of Kazakhstan. Thus,
we can classify the situation in Almaty, Pavlodar, Karaganda and Zhambyl regions as class A, as having a low degree
of infection. Kostanay, Akmola, Kyzylorda and Atyrau regions are considered to be zones with a medium degree of
infection, belonging to class B. In turn, all other regions are characterised by a high degree of infection and are
assigned to class C. The practical significance of the study is due to the contribution of valuable information to the
scientific understanding of the epidemiology of brucellosis in the Republic of Kazakhstan. The findings provide a
basis for the development of targeted intervention strategies and policy recommendations to mitigate the impact

of brucellosis on livestock

Keywords: epidemic; regions; diagnostics; statistics; cattle; biotypes

INTRODUCTION

Brucellosis infection poses a serious threat to live-
stock and human health, resulting in significant eco-
nomic losses in agriculture and health care costs. In
the context of modern livestock production technol-
ogies, where highly organised housing systems can
facilitate the rapid spread of infection, understanding
the current epizootic situation becomes key to effec-
tive control and prevention.

A. Shevtsov et al. (2023) and A.A. Taipova et
al. (2023) determined that in modern microbial tax-
onomy, Brucella occupies its place in the domain Bac-
teria, belonging to the type Proteobacteria, class Alp-
haproteobacteria, order Rhizobiales, family Brucellaceae
and genus Brucella. This genus includes 12 different
species, each characterised by variations in genetic,
biochemical, antigenic and virulence traits. B.suis -
represented by 5 biotypes, main host - pigs, B. vulpis
(common fox Vulpesvulpes), B. inopinata (main host not
identified), B. ceti (cetaceans), B. neotomae (desert -
bush rats), B. abortus - 7 biotypes, main host - cattle, B.
microti (grey vole), B. ovis (sheep), B. pinnipedialis (pin-
nipeds), B. papionis (Papiospp. baboons), B. canis (dogs),
B. meliensis - represented by 5 biotypes, main host -
goats and sheep. This diverse set of Brucella species
demonstrates their adaptation to different hosts with
different biotypes and characteristics in terms of their
ecological niches and relationships with different an-
imal species (Yespembetov et al., 2019).

Some domesticated and free-living wild animals
may inadvertently become hosts of Brucella species of
epidemiological importance. As noted by N.S. Syrym et
al. (2019), the brucellosis pathogen exhibits general
resistance to environmental factors typical of non-
spore-forming bacteria, persisting for long periods in
various substrates. In a humid environment at 60°C,
the brucellosis pathogen dies in 45 minutes; at 70°C, it
dies in 25 minutes; at 75°C, in 15 minutes and instant-

ly at boiling temperature. Dry heat (90-95°C) is fatal to
brucellosis after one hour. When exposed to sunlight,
brucellae die within a period ranging from a few min-
utes to 6-9 days, depending on factors such as insola-
tion intensity, atmospheric conditions, and other var-
iables. This resistance to a variety of environmental
conditions contributes to the ability of the pathogen
to persist and poses challenges to effective eradica-
tion measures (Storozhuk et al., 2022).

A. Raushan et al. (2023) estimate that Kazakhstan,
located in Central Eurasia and a former Soviet republic
is among the twenty-five countries in the world with
the highest incidence of brucellosis. Despite the im-
plementation of several brucellosis eradication pro-
grammes over the past eight decades, epidemiological
data for this period are scarce. This deficit makes it diffi-
cult to draw definitive conclusions regarding the effec-
tiveness of these measures and the dynamic changes
in brucellosis prevalence in both animals and humans
over time. In addition, accurate and up-to-date data
on specific genotypes of circulating brucellosis strains
are lacking, further complicating a comprehensive
understanding of the disease situation in the region.

Effective control of brucellosis requires compre-
hensive planning at the national level. D. Charypkhan
and S.R. Ruegg (2022) recommend the promotion of
increased cooperation between the veterinary and
health sectors,adequate financial resources and health
education programmes for health professionals, veter-
inarians, and the general public. In Kazakhstan, new
efforts to control animal brucellosis were initiated in
2001.These efforts were mainly based on a screening
and slaughter method involving serological testing to
detect asymptomatic cases in livestock, followed by
culling of the animals (Korotetsky et al., 2010). How-
ever, this approach proved costly and produced unsat-
isfactory results.
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Additions by K. Turgenbayev et al. (2023) include
the following information: “Alternatively, a transi-
tion to a mass vaccination programme for sheep and
goats was implemented as of 10 March 2019. Evalu-
ation of the effectiveness of this new programme re-
quires additional time and data analysis” Analysis of
primary studies of other authors concludes that there
is a lack of accurate data and extensive research in
each region and comparison with geographical com-
ponents in different content systems. Therefore,
the study aims to conduct different diagnostic pro-
grammes and compare them with the data provided
by other frameworks.

MATERIALS AND METHODS
The study, conducted in 2021-2023 in 14 regions of
Kazakhstan to investigate the epizootic situation of
bovine brucellosis, provides an overview of the num-
ber of livestock, including cattle, small cattle, pigs,
and horses, in different geographical units such as
districts, rural districts (RD), settlements and each ep-
izootological unit (EU) for 2023. According to the data
presented in Table 1, there are a total of 2479 rural
districts in the Republic of Kazakhstan. Among them,
the largest number is observed in Almaty Region
with 268 rural districts, while the smallest number is
observed in Mangystau Region with 52 rural districts.

Table 1. Census of cattle, pigs and horses by region, rural districts,
and epizootic foci of the Republic of Kazakhstan for 2023

. Overall RD Number of animals
Regions Counts of EU .
number Cattle Small cattle Horses Pigs
Atyrau 65 384 234,538 729,988 998 112
Akmola 231 1,398 400,106 512,332 160,365 91,819
Mangistau 52 273 23,568 431,425 81,474 64
Kostanay 257 1,199 413,142 410,057 120,477 169,201
Jambyl 155 2,402 432,741 3,000,425 124,011 15,504
Kyzylorda 139 1,786 331,289 626,681 149,551 4,679
Almaty 268 5,550 1,018,467 3,578,598 130,007 8,324
Turkestan 192 2,741 1,001,764 3,989,416 318,255 9,178
Pavlodar 131 2,268 402,342 476,316 154,433 40,652
East Kazakhstan 257 2,512 987,465 1,722,687 335,035 87,728
Aktobe 171 2,497 491,858 987,652 136,026 45,378
North Kazakhstan 201 1,347 349,657 441,842 131,713 140,327
West Kazakhstan 149 3,527 618,427 1,235,611 180,321 18,795
Karaganda 211 4,145 572,984 9,455,743 314,655 89,137
Total in Kazakhstan 2,479 32,029 7,854,528 24,407,622 2,493,193 607,237

Source: compiled by the authors based on the Ministry of Agriculture of the Republic of Kazakhstan (2023)

Identification of Brucella species and biovars in
specific regions and foci of infection has important
epidemiological significance for categorisation of foci,
assessment of the status of the epizootic process and
confirmation of cases of Brucella migration between
animal species. Differentiation procedures were carried
out under the conditions of the brucellosis laboratory
of the Kazakh Veterinary Research Institute. The fol-
lowing parameters considered the “gold standard” of
Brucella differentiation, were investigated: dependence
on elevated carbon dioxide (CO,) concentrations in the
growth medium, ability to generate hydrogen sulphide
(H,S), ability to reduce the activity of dyes such as thio-
nine and basic fuchsin, agglutination potential with
monospecific brucellosis sera, including anti-abortion
and anti-melitensis sera, and sensitivity to the diagnos-
tic brucellosis bacteriophages Tb, Wb, Fi and Bk2. These
criteria are fundamental for the accurate classification
of brucellosis strains, allowing a thorough assessment
of the epidemiological situation and an understanding
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of the dynamics of brucellosis transmission among dif-
ferent animal species.

Classical serological methods including the
Rose-Bengal test, agglutination reaction, complement
binding reaction and enzyme immunoassay were used
in the diagnostic study. The Rose-Bengal antigen test
was used as the initial screening test, detecting anti-
bodies against Brucella by agglutination with specific
antigens. The agglutination test further confirmed and
characterised the serological response by observing
the accumulation of anti-Brucella antibodies in the se-
rum of infected animals. The complement binding test
quantifies antibody levels in serum, providing accurate
titres and helping to quantify the immune response.
The diagnostic repertoire has been enriched by en-
zyme-linked immunosorbent assay (ELISA), a sensitive
and specific assay that uses antibody-binding enzymes
to detect and quantify Brucella-specific antibodies. This
multifaceted serological approach has provided a com-
prehensive assessment of Brucella infection, combining




traditional and advanced techniques for a detailed un-
derstanding of the immune response.

The evolution of the brucellosis epizootic situa-
tion over time has been studied by analysing the data
provided and the main epizootic indicators. The risk as-
sessment focused on the prevalence of brucellosis-in-
fected animals in certain areas, using this information
to assess the potential impact and severity of the dis-
ease in these regions. Most of the data used in this
study were obtained from annual official reports that
focus on brucellosis, a registered epizootic disease in
the Republic of Kazakhstan. To summarise the relevant
information, some data were extracted from the official
statistical reports of the Veterinary Control and Surveil-
lance Committee and the Ministry of Agriculture. These
reports provided information on the absolute number
of farm animals that had serological tests positive for
brucellosis during the relevant period.

The graph-analytical method involves maps with
smaller mapping units and annual data. These maps are
vital in identifying ‘hot spots’ by determining areas that
may serve as potential sources of disease spread,as well
as ‘cold spots’ that require in-depth research for disease
control. The analysis includes surveillance of regions
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with increased incidence, assessment of their recovery
and identification of new areas susceptible to the dis-
ease. This advanced research approach helps to under-
stand the causes of animal brucellosis in the Republic of
Kazakhstan, providing valuable information for the de-
velopment of targeted prevention and control strategies.

RESULTS

Extensive research has established that Brucella spe-
cies such as B. melitensis and B. suis are anaerobes. It
is worth noting that the initial generations of B. ovis
and B. abortus cultures can only be isolated in a 6-12%
carbon dioxide environment. However, with subse-
quent reseeding, B. abortus cultures lose this require-
ment and feel perfectly well under normal atmospheric
conditions. Furthermore, the hydrogen sulphide (H,S)
production capacity varies among Brucella species.
Notably, B. suis (biotype 1) has the most pronounced
ability to produce hydrogen sulphide, whereas B. neo-
tomae, and B. abortus (biotypes 1-3, 7) show this trait
to a lesser extent. These results shed light on the di-
verse physiological characteristics of different Brucella
species, highlighting their ability to adapt to different
environmental conditions (Table 2).

Table 2. Distinctive characteristics of different bacterial species and biological variants of brucellae

23

Type Biotype Comparison strains C0,-dependency H,S formation
I 14-T - -
B. melitensis Il 3/15 - -
1 Bart - -
I 633 (+) +
Il 91/3/62 (+) +
I Theon (+) +
B. abortus I\ 194 (+) +
\% W-4387 - -
Vi 957 - (+)
Vil A-32 - +
I 2,950 - +
Il Virat 34 - -
B. suis 1 752 - -
\% 39 - -
\% 483 - -
B. ovis + -
B. canis - -
Type Growth on media.l wi.th dyes Agglutination reaction with sera  Sensitivity to bacteriophage.s Animal carriers
Fuchsin Tionine R A M Wb Tb Bk2
+ + - - + () +
B. melitensis + + - + - () + Sheep, goats
+ + - + + () +
+ - - + - + + + +
- - - + - + + + +
+ + - + - + + + +
B.abortus ) - - - + + + + + Cattle
+ + - - + + + + +
+ + - + - + + + +
+ + - - + + + + +
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Table 2. Continued

Growth on media with dyes Agglutination reaction with sera

Sensitivity to bacteriophages

Type : — Animal carriers
Fuchsin Tionine R A M Wb Tb Bk2

0 + - + - + I Pigs

_ + - + - + - * + Pigs, rabbits
B. suis + + - + - + - + + Pigs

() + - + + + - + + Reindeer

- + - - + + - * + Mice rodents
B. ovis () + + - - - - - - Sheep
B. canis - + + - - - - - R Dogs

Note: + - the trait is detected in all representatives; (-) - the trait is absent in most cultures; - the trait is absent in all
representatives, * - the trait is detected in some strains that are not sensitive; (+) - the majority of cultures have this trait

Source: compiled by the authors

Some strains of B. abortus (biotype 6) demonstrat-
ed hydrogen sulphide generation ability. At the same
time, cultures of B. abortus (biovar 5), B. melitensis, B.
canis,and B. ovis show notable reducing activity against
dyes. In particular, cultures of B. abortus biotype 1 grow
on media containing fuchsin but do not grow on media
containing thionine. Conversely, cultures of biotype 1
B. suis grow on media containing thionine but show no
growth on media containing fuchsin. In contrast, cul-
tures of B. melitensis species show growth on media
containing both dyes, demonstrating their unique dye
staining characteristics.

The agglutination reaction with monospecific (R-,
A-, M-) sera varies between Brucella cultures. In addi-
tion, agglutination of Brucella cultures with monospe-
cific sera against melitensis (M) and against abortus (A)
depends on the respective biotypes. In the case of cul-
tures of B.ovis and B. canis as well as other Brucella spe-
cies and biotypes in the R-form, monospecific antisera
are used in the agglutination reaction. In addition, the
sensitivity to the brucellosis diagnostic bacteriophag-
es Wb, Tb, Bk2 and Fi varies among brucellosis species.

B. abortus is lysed by all four bacteriophages, whereas
B. melitensis is sensitive only to bacteriophage Bk2. B.
suis is sensitive to Bk2 and Wb. It is noteworthy that B.
Abortus and partially B. suis are lysed by bacteriophage
Fi. However, cultures of B. ovis and B. canis are resistant
and are not lysed by these phages. These observations
highlight the diverse and subtle characteristics of dif-
ferent Brucella strains in response to different diagnos-
tic tests and conditions.

According to the data presented in Tables 3 and 4,
among 2,479 rural districts, brucellosis-positive animals
were detected in 1,634, which is 56.4% of the total. Bru-
cellosis was most prevalent in West Kazakhstan Region,
where out of 149 rural districts, brucellosis-positive an-
imals were recorded in 137, or 91.9% of the total. Sim-
ilarly, a significant prevalence of brucellosis infection
among rural districts was observed in Akmola (83.9%),
Kyzylorda (70%), East Kazakhstan (75.8%) and North
Kazakhstan (75.6%) regions. The obtained data indicate
that brucellosis is widespread in some regions, which
requires special attention and measures to reduce the
spread of the disease among livestock.

Table 3. Brucellosis incidence and animal infection rates by RD and EU in 2023

Regions RD amount RDs with infected animals/% EU amount EUs with infected animals/%
Atyrau 65 38/58.4 384 123/32
Akmola 231 194/83.9 1,398 365/26.1
Mangystau 52 28/53.8 273 67/24.5
Kostanay 257 157/61 1,199 297/24.7
Jambyl 155 102/65.8 2,402 308/12.8
Kyzylorda 139 98/70 1,786 158/8.8
Almaty 268 81/30 5,550 157/2.8
Turkistan 192 113/58.8 2,741 56/2
Pavlodar 131 89/67.9 2,268 361/15.9
East Kazakhstan 257 195/75.8 2,512 409/16.2
Aktobe 171 107/62.5 2,497 1,273/50.9
North Kazakhstan 201 152/75.6 1,347 176/13
West Kazakhstan 149 137/91.9 3,527 827/23.4
Karaganda 211 68/32.2 4,145 129/3.1
Total 2,479 1,634/56.4 32,029 4,976/17.4

Source: ccompiled by the authors
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Table 4. Number of infected animals by species

Regions Cattle Small cattle Pigs Horses
Total Infected/% Total Infected/% Total Infected/% Total Infected/%
Atyrau 175,905 1,327/0.7 44,453 468/0.1 34,024 312/0.9 1,196 3/0.02
Akmola 300,080 1,422/0.5 549,836 1,976/0.3 80 4/5 372 0
Mangystau 17,676 521/2.9 329,173 399/0.1 30,034 68/0.2 447 0
Kostanay 309,857 1,693/0.5 233,921 108/0.05 50 0 146 0
Jambyl 324,556 398/0.1 2,281,051  1,934/0.08 4,529 18/0.3 770 0
Kyzylorda 248,467 1,224/0.4 2,504,441 2,667/0.1 2,396 5/0.2 14,387 5/0.003
Almaty 763,850 968/0.1 566,449 201/0.03 622 0 620 0
Turkistan 751,323 10,512/1.3 3,237,266  1,097/0.03 2,461 0 1,221 2/0.1
Pavlodar 301,757 420/0.1 1,856,900 2,237/0.1 2,312 11/0.4 9,265 7/0.007
East Kazakhstan 740,599 4,381/0.6 443,273 694/0.02 22,028 23/0.1 550 0
Aktobe 368,893 3,079/0.8 770,866 1,327/0.1 5,068 0 533 0/0
North Kazakhstan 262,243 4,512/1.7 1,133,192 2,733/0.2 8,546 0 2,272 2/0.008
West Kazakhstan 463,820 8,647/1.8 1,088,723 4,502/0.4 6,133 0 671 1/0.1
Karaganda 429,738 795/0.2 390,325 204/0.005 24,996 37/0.1 552 0
Total 5,890,896 39,899/0.7 15,082,168 20,547/0.1 142,008 478/0.3 33,001 13/0.03

Source: compiled by the authors

On the territory of the Republic of Kazakhstan,
32,029 epizootological units were registered. Of these,

Kazakhstan (8,647 heads), North Kazakhstan (4,512
heads), East Kazakhstan (4,381 heads) and Turkestan

in 4,976 epizootological units, or 17.4%, animals posi-
tive for brucellosis were detected. The spread of bru-
cellosis is particularly pronounced in some regions. It
is noteworthy that the Aktobe Region has the highest
prevalence rate: 50.9% of epizootological units were
affected, followed by Kostanay Region - 24.7%, Man-
gistau Region - 24.5%, Atyrau Region - 32%, Akmola
Region - 26.1% and West Kazakhstan Region - 23.4%.
In 2023, a comprehensive testing of the cattle popula-
tion of the Republic of Kazakhstan was carried out.A to-
tal of 5,890,896 cattle were tested, as a result of which
39,899 cattle, representing only 0.7%, were identified
as brucellosis-positive. In parallel, 15,082,168 sheep
were tested, of which 20,547 (0.1%) tested positive for
brucellosis. Among 142,008 pigs tested, only 478 were
positive, representing 0.3%. In addition, 33,001 hors-
es were tested and only 13 (0.03%) tested positive for
brucellosis. According to Tables 3 and 4, the highest in-
cidence of brucellosis in cattle was observed in West

(10,512 heads) regions. On the contrary, Zhambyl (398
heads) and Pavlodar (420 heads) regions registered the
smallest number of cattle with brucellosis positive sta-
tus. Regional analysis of the epizootic situation places
Almaty, Pavlodar, Karaganda and Zhambyl regions in
class “A” (areas with a low degree of infection) in terms
of bovine brucellosis incidence. Kostanay, Akmola,
Kyzylorda and Atyrau regions are classified as class “B”
(zones with medium degree of infection). Conversely, all
other regions have the status of class “C” (zones with a
high contamination degree).

According to the data presented in Table 5, the
analysis of the results of diagnostic tests shows that in
recent years, from 2021 to 2023, Mangistau Region has
consistently had the highest level of infestation among
cattle. In particular, a rate of 2.3% was recorded in 2021.
Subsequently, a slight increase was noted in 2022,
where 2.9% of animals had reactions indicative of bru-
cellosis and this indicator remained stable in 2023.

Table 5. Results of diagnostics of brucellosis of cattle in Kazakhstan: analysis 2021-2023

2021 2022 2023

Regions Study Pos. % Study Pos. o% Study Pos. %

groups reactions groups reactions groups reactions
Atyrau 204,590 1,454 0.7 188,706 1,440 0.8 175,905 1,327 0.7
Akmola 358,120 1,420 0.3 327,138 1,347 0.4 300,080 1,422 0.5
Mangystau 20,481 487 2.3 187,740 549 2.9 17,676 521 2.9
Kostanay 355,555 2,181 0.6 330,762 1,902 0.6 309,857 1,693 0.5
Jambyl 381,528 389 0.1 349,999 342 0.1 324,556 398 0.1
Kyzylorda 283,457 1,155 0.4 261,761 1,346 0.5 248,467 1,224 0.4
Almaty 886,620 1,117 0.1 808,989 1,084 0.2 763,850 968 0.1
Turkistan 878,755 9,662 1.0 820,754 9,961 1.2 751,323 10,512 13
Pavlodar 348,450 359 0.1 323,309 402 0.1 301,757 420 0.1
East Kazakhstan 844,161 5,274 0.6 778,610 4,829 0.6 740,599 4,381 0.6
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Table 1. Continued

2021 2022 2023

Regions Study Pos. o Study Pos. o Study Pos. o
groups reactions % groups reactions % groups reactions %
Aktobe 434,924 2,467 0.5 402,322 2,703 0.7 368,893 3,079 0.8
North Kazakhstan 308,263 4,605 1.4 282,691 4,833 17 262,243 4,512 1.7
West Kazakhstan 542,383 9,526 1.7 493,553 8,660 1.8 463,820 8,647 1.8
Karaganda 489,711 935 0.1 455,439 894 0.2 429,738 795 0.2
Total 6,841,464 41,031 0.6 6,266,917 40,292 0.5 5,890,896 39,899 0.7

Note: Pos. reactions - positive reactions
Source: compiled by the authors

In recent years, West Kazakhstan and North Ka-
zakhstan regions experienced a high incidence of bru-
cellosis in cattle. In West Kazakhstan, incidence rates
were 1.7% in 2021, 1.8% in 2022, and 1.8% in 2023.
Atyrau Region also had a relatively high incidence of
brucellosis in cattle from 2021 to 2023 with relatively
stable rates of 0.7%, 0.8% and 0.7%, respectively. On
the contrary, in the Zhambyl Region, the situation of
cattle brucellosis is more stable, nevertheless, for sev-
eral years in a row there have been up to 400 posi-
tive animals. In Almaty and Pavlodar regions there are
single cases, where the incidence of cattle brucellosis
does not exceed 0.1% during annual routine diagnostic
tests. These differences in brucellosis morbidity high-
light the diverse regional dynamics and emphasise the
need for targeted measures to control and treat the
disease in specific regions. Comparing these data with
the physical map of the Republic of Kazakhstan reveals
a remarkable observation: cattle and small ruminant
breeding is concentrated mainly in hilly and flat areas
where arable land development is less prominent (Na-
tional Atlas of..., 2023).

By studying the atlas maps illustrating the features
of Kazakhstani land and Tables 1, 3 and 4, it is possible
to estimate the prevalence of the disease in different
regions of Kazakhstan. A marked correlation is evident
when comparing the table data, which respectively
represent the number of cattle and the number of in-
fected cattle. This correlation is more obvious for small
ruminants. This means that the farming approach is not
strongly tied to the type of animals being farmed. How-
ever, an interesting pattern emerges when assessing
the incidence of brucellosis in cattle compared to small
ruminants. Geographical factors play an important role
in this respect, as small ruminants are predominantly
reared in mountainous and more arid areas, whereas
cattle are reared in the highlands. This conclusion is
supported by a similar comparison in the case of cattle
and small ruminant livestock (sheep and goats), allow-
ing an assessment of the scale of agricultural activi-
ty in the study area. Moreover, these data indicate the
perceived presence of natural conditions and economic
viability favouring this particular agricultural activity in
different regions of Kazakhstan.

Mangystau Region is the least developed in terms
of cattle production in comparison with other oblasts.
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Among other less productive regions, Kyzylorda and
Atyrau regions are 10 times ahead of the Mangystau
Region (p £ 0.05), and Kostanay and Zhambyl regions
surpass it even more significantly. Karaganda, Aktobe,
Akmola and West Kazakhstan regions belong to the
category of medium producers. The most favourable
agricultural conditions are observed in three regions -
East Kazakhstan, Almaty, and Turkestan regions — where
livestock production is three times higher than in
North Kazakhstan oblast (p <0.05). Thus, six regions of
Kazakhstan can boast a medium to high level of live-
stock development, which exceeds the number of less
favourable regions. The resulting Pearson correlation
coefficients indicate significant associations within the
dataset. In particular, there is a strong positive corre-
lation of 0.71 (p £0.005) between the total headcount
and the number of cases, suggesting that as the total
herd size increases, the number of reported cases also
increases. In addition, there is a moderate positive cor-
relation of 0.44 (p<0.01) between the total population
and the proportion of infected animals, indicating a
tendency for a higher proportion of infected animals in
areas with larger populations. In addition, a remarkable
correlation of 0.91 (p £0.0001) was observed between
the number of animals and the proportion of infected
animals. This finding emphasises that as the number
of animals in a given area increases, the probability of
brucellosis infection among them increases. These re-
sults are consistent with the broader patterns observed
in the elevation sector and rainfall map, confirming a
consistent trend in the relationship between popula-
tion factors and brucellosis prevalence.

The prevalence of infected animals is often corre-
lated with herd size. As the number of animals in a herd
increases, the number of infected animals increases ac-
cordingly. Conversely, this trend may reverse, indicating
a potential decrease in the number of infected animals
as herd size increases, allowing more attention to be
paid to animal health. To effectively capture and visual-
ise this dynamic, it is useful to calculate the percentage
of infected animals to total herd size within an admin-
istrative unit. This ratio, chosen as a cartographic indi-
cator, indicates disease patterns.A similar analytical ap-
proach is valid when comparing data on the number of
infested animals with the percentage of the total animal
population. It is noteworthy that the data obtained show




a strong correlation with maps showing agricultural
land, especially areas labelled as pastures. This correla-
tion is important, especially in the Republic of Kazakh-
stan, where pastures dominate the landscape, empha-
sising their role in sustainable livestock production.

The increased prevalence of sheep and goat dis-
eases in the south-western regions is primarily due
to the proximity to the border with Kyrgyzstan, where
there are similarly high levels of animal infections.
Poor control at the border checkpoint, combined with
shared pastures and evacuation routes, exacerbates the
incidence of the disease in these areas. In contrast, ad-
dressing the data obtained for the number of hectares
of pasture per sheep shows a different trend: a con-
stant pasture size reduces the probability of contract-
ing the disease. This suggests that management and
optimisation of pasture allocation can play a key role
in mitigating the spread of disease. In addition, factors
such as farm size, equipment and transport accessibili-
ty can influence disease incidence. Ensuring good san-
itation and hygiene, providing adequate water sources,
and promoting controlled grazing are additional key
elements affecting disease prevalence. The complex
interplay of these factors emphasises the multifaceted
nature of disease dynamics, which requires an integrat-
ed approach to effectively address and manage the as-
sociated risks.

DISCUSSION

The study results obtained show a marked correlation
between geographical location and the extent of bru-
cellosis infection. The correlation between geographi-
cal location and the extent of brucellosis infection was
also important. Nevertheless, for greater objectivity and
relevance of the data, it is important to compare these
figures with similar works by other authors.

A study by M. Pal et al. (2020) a study of 131 B.abor-
tus strains from animals in two specific regions of
Mexico revealed limited genetic diversity, indicated by
a TYND-22 genetic diversity index of 0.512. However,
the discriminatory power of the study was considered
insufficient for reliable epidemiological monitoring, a
limitation possibly related to the limited sampling area.
To address this limitation, scaling up the study would
have entailed expanding both the sampling area and
time frame, including samples from repositories dat-
ing as far back as 1952. To overcome these limitations,
an alternative approach was adopted in Kazakhstan,
where more extensive diagnostic methods and sta-
tistical analyses were used in a comprehensive study.
This approach yielded accurate results in determining
the genetic diversity and extent of brucellosis infection
throughout the country. The comparative effectiveness
of this broader methodology in Kazakhstan highlights
the importance of methodological considerations and
the need for a thorough approach to provide reliable
epidemiological data.
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The observations of D. Tulu (2022) and J.M. Blas-
co et al. (2023), show that the main factors contributing
to the spread of this disease among animals are the
disregard of strict veterinary and sanitary regulations,
the shortage of veterinary specialists and the insuffi-
cient coverage of diagnostic tests for animals, espe-
cially breeding bulls. Other key factors were untimely
isolation and transport of sick livestock to slaughter,
irregularities related to prophylactic and continuous
forced disinfections with inadequate quality control,
and sub-optimal housing and proper feeding conditions.

The practice of feeding raw milk and skimmed
calf fat to calves was also a major concern for J. Papa-
paraskevas et al. (2023). These animals, which are not
identified by commonly accepted standard diagnostic
methods, persist in herds as vectors of brucellosis. They
are hidden sources of infection, thus supporting the on-
going epizootic process. Addressing these multifaceted
issues is crucial for effective control and prevention of
brucellosis in animal populations. This information is
also very important for the above study; as possible
modes of disease transmission are not sufficiently sup-
pressed even under current conditions of animal hus-
bandry technology in the Republic of Kazakhstan.

The main approach to controlling sheep brucellosis
in Iran until the early 1990s, as stated by M. Dadar et
al. (2020), was to test and cull seropositive animals.
However, this strategy had limitations as the coverage
of the sheep population did not exceed 50%, which con-
sequently had minimal impact on the overall economic
situation in the country. Between 1991 and 2003, there
was a shift towards brucellosis vaccination using the
B. abortus R21 vaccine for sheep of all ages, combined
with pre-testing and culling of seropositive cattle. This
initiative resulted in a significant reduction in the inci-
dence of brucellosis in sheep by 50%.

The additions of R. Al Jindan (2021) are equally im-
portant, noting that since 2004, young sheep received
the Kov2 vaccine and adults continued to be vaccinated
with the B.abortus R21 vaccine until 2015. Subsequently,
a switch to a single immunisation of young sheep with
the Kov2 vaccine was made to coincide with a complex
epidemiological scenario where groups of animals of
different ages were housed together. This adjustment
proved ineffective, leading to a rise in brucellosis inci-
dence between 2015 and 2022, reaching levels equiv-
alent to those observed in 1990. Similar epidemic con-
trol methodologies have been applied in Kazakhstan
but have also shown variable success in herd recovery.

According to C. Di Bari et al. (2022), the prevalence
of brucellosis in Venezuela is due to global climate
change, in particular general warming, which favours
an increase in the incidence of the disease in animals
and humans. This phenomenon is aggravated by inten-
sive agricultural development and a lack of compli-
ance with veterinary and sanitary regulations. The un-
controlled movement of infected animals, inadequate
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indoor hygiene, and the use of semen from untest-
ed animals for insemination have contributed to the
spread of brucellosis (Busol et al., 2023). This trend is
not unique to Venezuela; similar findings were report-
ed for countries such as Brazil, Mexico, Canada, India,
Peru, and various Asian countries. Although Kazakhstan
is slightly north of these countries, the effects of global
warming are also affecting farms in this territory.

Z.G. Liu et al. (2020) determined the economic
standard of living that forces people to keep farm ani-
mals on individual farms unattended. Similar oversight
applies to the limited differentiation of pastures where
multiple species coexist, favouring cooperative grazing.
The relatively modest participation of Central Asian
countries in the global division of labour increases un-
employment among local populations.As a result, there
is a significant share of small private farms character-
ised by inadequate equipment and a lack of compliance
with sanitary norms (Turmagambetova et al., 2017).

Following L. Xu and Y. Deng (2022), these problems
are compounded by the impact of unprotected borders
and the increased prevalence of animal infections in
neighbouring countries, further adding to the complex-
ity of the situation. This complex interplay of economic
factors, livestock management practices and regional
dynamics emphasises the multifaceted nature of the
challenges faced in this context. This indicates that, in
addition to Kazakhstan’s internal problem with brucel-
losis infection, this is compounded by the presence of
similar situations among its neighbours.

The spread of brucellosis, as observed by K.I. Pra-
hesti et al. (2020), is primarily related to economic and
geographical factors, which are essentially products of
human activities. Contrary to this view, physiographic
factors such as climate and weather are believed to
have a negligible effect on the incidence of brucellosis
due to careful animal care. However, this view overlooks
the potential influence of physiographic factors on the
type of farming activities that ultimately determine the
economic viability of stabling and grazing. This con-
tradiction emphasises the complex interplay between
environmental conditions, human habits and wider
economic dynamics that influence the prevalence of
brucellosis (Koroban et al., 2023). These ideas further
emphasise the importance of the above study of the re-
gional epizootiology of brucellosis infection under the
current conditions of livestock production technology
in the Republic of Kazakhstan.

The studyresults obtained by A.Shehzad et al. (2021)
and S.U.Hassan et al. (2023) highlighted the significant
correlation between total population and number of
infected animals, revealing a significant correlation of
0.66 for cows (p £0.004) and 0.49 for sheep and goats
(p<0.02). These results emphasise that regions with a
higher prevalence of infection foci have an increased
probability of brucellosis. Even though Pakistan has al-
most twice as many regions favourable for cattle than
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regions suitable for small ruminants, the correlations
of the variables for cattle and small ruminants remain
remarkably comparable. The findings from this study
prompted S.U.Hassan et al. (2023) to advocate a modifi-
cation of the existing methodology for epidemiological
surveillance. The proposed changes include the use of
spatial (geographical) analysis techniques to improve
the accuracy of disease monitoring. In addition, it is pro-
posed to adapt the cattle and small ruminant breeding
process by incorporating additional health guidelines
that consider geographical aspects of disease spread.
This approach echoes similar observations and corre-
lation values recorded in Kazakhstan. Thus, the recom-
mendations of S.U. Hassan et al. (2023) recommenda-
tions are valuable for choosing an effective strategy
to study and control brucellosis infection, given the
similarity of the situations observed in both regions.

According to the statements of S.S.R. Vakamalla et
al. (2023), established in India at the beginning of the
last century, brucellosis has since been reported in al-
most all states. Numerous publications emphasise the
widespread occurrence of brucellosis in the country,
affecting various mammalian species including cattle,
goats, buffaloes, yaks, camels, horses, and pigs. Five
years ago, a nationwide cattle survey revealed that 4%
of cattle and 2% of buffaloes in the country were in-
fected with brucellosis. The disease is more common
in organised farms (45%) compared to marginal herds
(8%), which is primarily due to intensive management
practices employed in large livestock enterprises. Data
obtained in a study of brucellosis in Kazakhstan region-
ally confirm the study of colleagues.

CONCLUSIONS

Analysis of data on the prevalence of brucellosis in cat-
tle in the regions of Kazakhstan revealed notable trends
emphasising the importance of geographical, climatic,
and economic factors in the dynamics of disease inci-
dence. the following key numerical indicators are high-
lighted based on the information provided. The total
number of epizootological units in the Republic of Ka-
zakhstan is 32,029, of which 4,976 (17.4%) were found
positive for brucellosis in cattle. In 2023, 5,890,896
cattle were tested, and 39,899 brucellosis cases (0.7%)
were detected, and among sheep and goats, out of
15,082,168 tested, 20,547 (0.1%) were positive. Impor-
tantly, only 478 out of 142,008 pigs tested (0.3%) tested
positive. In 33,001 horses tested, brucellosis was de-
tected in only 13 cases (0.03%).

In the regional context, in the West-Kazakhstan
region, 50.9% of epizootological units are affected, in
North-Kazakhstan Region - 24.7%, in Akmola Region -
26.1%, in Atyrau Region - 32%, and in Mangistau Re-
gion — 24.5%. It is noted that in the Mangistau Region,
which is a less developed agricultural region, there is
a persistent infection of cattle with brucellosis. Geo-
graphical dynamics are also noticeable, with Zhambyl




Region demonstrating a stable and more favourable
brucellosis situation. Correlation analyses indicate a
relationship between total herd size and the number
of brucellosis cases. There is also an influence of herd
size on the probability of infection, emphasising the
importance of effective herd management. In addition,
geographical factors such as pasture availability and
climatic patterns have been observed to influence the
prevalence of the disease.

Based on these findings, it is reasonable to assume
that the adoption of comprehensive measures, includ-
ing optimisation of herd management, pasture man-
agement and sanitary and hygienic practices, could
help to reduce the prevalence of brucellosis in differ-
ent regions of Kazakhstan. Consideration of geograph-
ical and climatic specificities in the development of
control strategies may also increase the effectiveness
of the measures taken. Prospects for further research
include genomic analyses for comprehensive strain
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characterisation, which will provide a better under-

standing of strain diversity for targeted interventions.

Adopting a holistic One Health (“EavHoe 3a0poBbe”)
approach that integrates human, animal and environ-
mental health data may provide a more complete un-
derstanding of disease dynamics, enabling the devel-
opment of effective control measures.
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AHoTauif. AKTyanbHiCTb cTaTTi 00yMOBAEHa TUM, WO B TBapMHHMLbKOMY naHawadti Pecnybnikn KasaxcraH, akui
PO3BMBAETLCS, rOCTpa NpobaemMa NOLWMPEHOCTi Ta BNAMBY OpyLenbo3y BUMarae HeraHoi OLiHKW A8 PO3YMiHHS
MOTOYHOrO CTaHy,06yMOB/IEHOTO AMHAMIYHUMM 3MiHAaMVM B TEXHOOTiSIX pO3BeAEHHS TBAapUH. MeTa Liboro A0CiAKEHHS
NONSra€ y BUKOHAHHI Pi3HWMX AiarHOCTUYHMX MPOrpaM i 3iCTaBAeHHI OTPUMAHUX AaHWMX 3 iHDOPMaLiE, HAAAHO
iHWWMM opraHi3auiamu. [Ins [LOCIrHEeHHS MeTM Oyno BMKOPUCTAaHO METOAM AOCHIAXKEHHS «30/10TOr0 CTaHAAPTY»,
KOMMIEKC KNAaCMYHUX CEPOSIOTIYHMX METOLIB, A0 AKOro Bxoaunun Po3-beHran npoba, peakuis arnoTuHaLii, peakui
3B'13yBaHHS KOMMNJIEMEHTY, iMyHObepMEeHTHMI aHani3, a TakoX MeToA aHani3y Ta rpadoaHanitmyHmnin metod. OTpumaHi
pe3ynbTaTM NPOLEMOHCTPYBaNM, WO Hal3apaXkeHilunMK Wwoao 6pyLenbo3y BUSBWUAMUCS €MNi300TONONIYHI OAMHMLI
AkTio6iHCbKOI, KocTaHarcbkoi, MaHrictaycbkoi, ATupaycbkoi, AKMONMHCbKOI Ta 3axigHo-KasaxcraHcbkoi obnacrei,
MOKa3HMKM 3apaXeHOoCTi SKMX nepesuwyBann 234 %. BogHouyac HalMMeHW ypasnuMBuMKM Oynn ANMATUHCLKA,
TypkectaHcbka Ta KaparaHauHcbka 06nacTi, MOKa3HMKM SKMX He nepesuityBanu 3,1 %. Haibinbwa KinbkKicTb
XBOPMX Ha OpyLenbo3 TBAPUH 3apeecTpoBaHa B 3axiaHo-KasaxcTaHcbKil 061acTi, a HaliMeHwWwa - B XKaMbUNbCbKI.
Lle noB913aHO 3 0COBAMBOCTAMM YTPUMaHHS Ta reorpadivyHMMM NONOXKeHHIMU perioHiB KasaxcraHy. Takum YnHoM,
MOXHA BifHeCTU cuTyauito B AnMaTuHCbKIl, [MaBnoaapcbkin, KaparaHauHcebKin i XXamMbuncbkii obnactax B kKnac
«A», K 3 HWM3bKMM CTyneHeM 3apaxkeHHs. KocTaHalcbka, AKMONUHCbKa, KusunopaunHebka i ATupaycbka obnacrTi
pO3rNa4aThCs K 30HM i3 CEPEAHIM CTYNeHEeM 3apaXKeHHs, BiAHOCAYMCH A0 Knacy «b». CBOE Yeproto, BCi iHLLI perioHn
Bi3HAYaAOTbCS BUCOKMM CTyNEHEM 3apaXKeHHs i NpunucytoTbes Knacy «C». MpakTuyHa 3HavyLLicTb 06YMOBHOETLCS
BHECEHHAM LiHHOI iHdhopMaLii B HaykoBe po3yMiHHA enigemionorii 6pyuenbosy B Pecnybniui KasaxcraH. OTpumaHi
pe3ynbTaTu CAyrylTb NiAFPYHTAM 415 po3p0o6AeHHS LiNbOBKUX CTpaTeri BTPyYaHHS Ta MONITUYHMX peKoMeHAALliM
WOA0 NOMAKLIEHHS BNAUBY 6pyLLenbo3y Ha NMOroNiB’s TBApMH

KniouoBi cnoBa: enifemis; perioHu; AiarHoCTMKa; CTaTUCTUKA; BEMKA poraTa xynoba; 6iotunu
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agricultural landscape. The dynamics of the coenotic composition of natural grasses of vegetation cover in the
organic cherry orchard was studied during 2013-2020 in the arid conditions of the Southern Steppe of Ukraine on
low-humus sandy loam soils. Morphological, ecological, and geographical methods were used to investigate the
species diversity of flora in an organic garden. The composition of herbaceous plant communities was estimated
using conbentional geobotanic description methods. The results of the study of the species composition and
coenotic structure of plant communities of grass cover in an organic sweet cherry orchard are presented. Grassing
of the garden with natural grasses has led to the enrichment of agricultural landscapes with useful species that
are important components of sustainable agricultural systems and can perform ecological services. Colonisation
of the grass cover by invasive and quarantine species was not observed due to natural processes of demutation
succession and the use of moderate four-fold mowing of plants during the growing season (to a height of 15-
20 cm). As part of herbal plant communities in the 8th year of research, all species were useful, had medicinal
properties, and served as a food base. The natural grasses in an organic sweet cherry orchard are a resource
of biomass and biodiversity. Phytocoenotic analysis of the grass cover in the organic cherry orchard will allow
substantiating and proposing principles for predicting the development of plant communities to optimise their
structure, improve quality, and maintain biodiversity

Keywords: species composition; biodiversity; environmental services; grass cover; coenomorphs; secondary

succession; natural restoration of agroecosystems

INTRODUCTION

The increased anthropogenic impact on natural ecosys-
tems has led to a serious violation of the state of the
environment, including a reduction in the area of ter-
ritories occupied by ecosystems and being the habitat
of biological species. A significant part of landscapes
is rapidly degraded due to the intensive use of natural
resources and economic activity. The scale of anthropo-
genic pollution is extremely large, so natural compensa-
tory processes are not able to offset their harmful effect
on the state and species diversity of plant communities
and ecosystems in general. The international commu-
nity has repeatedly stressed the need to take decisions
to prevent the negative impact of human economic ac-
tivity on biodiversity, which corresponds to the present.

Current trends in horticulture provide for the green-
ing of this branch of agriculture. Greening horticulture
involves the introduction of organic gardening. In or-
der to protect the soil in organic gardens, “live mulch”
is increasingly used - the soil should be covered with
live plants, most often sown with cover crops (Mia et
al., 2021). However, the cultivation of cover crops re-
quires additional financial investments, which may
not be justified due to the low competitive ability of
cultivated species against the local weed flora (Licz-
nar-Matanczuk, 2020).

However, the use of the local weed flora itself as
a live mulch can be useful for many reasons: firstly, to
preserve the local authentic flora; secondly, natural
grasses, due to their adaptability to local conditions,
are able to form a dense cover for the soil (Oldfield et
al., 2019). This, in turn, helps to protect the soil sur-
face from overheating in summer and freezing in win-
ter, slow down the wind speed, and reduce the impact
force of raindrops (protect the soil from deflation and
dispersion). Grass not only slows down water erosion
of the soil, but is also a nesting site for beneficial in-
sects (Carvell et al., 2022). The grass rhizosphere is a

habitat for numerous soil biota (including mycorrhizal
fungi. The results of research have established that my-
corrhizal fungi can enhance the adaptive properties of
plants to stressors. The functioning of mycorrhizal sym-
bioses in organic gardens improves the growth and de-
velopment of plants, increases their yield, and ensures
the sustainable development of agriculture and biodi-
versity conservation (Gerasko et al., 2023).

Flowering natural grasses can attract pollinating
insects to the garden (Antoine & Forrest, 2021; Mate-
os-Fierro et al., 2021). The loss of habitat, in particular
flower resources, is one of the main reasons for the
decrease in the number of pollinating insects and their
diversity in agricultural landscapes, and, as a result,
makes entomophilic pollination of plants impossible.
Pollinators can affect the stability, diversity, and func-
tioning of plant communities. In agroecosystems, pol-
linators are able to provide ecosystem services, affect
crop yields and product quality, which ensures sus-
tainable development of agriculture and solving food
security problems (Kowalska et al., 2023). Since sweet
cherries are recognised as a geographical brand in the
south of Ukraine, the blooming grass cover in the or-
ganic garden of this crop can serve as a tourist magnet
of the region. This will create new opportunities for
the country’s economic development, which is espe-
cially important for its recovery in the post-war period
(Trusova et al., 2020).

Despite all these advantages, using weeds as live
mulch can be harmful due to the dominance of in-
vasive, quarantine species. To install live mulch made
from natural grasses, it is necessary to stop the black
fallow regime. It is known that the cessation of till-
age in abandoned areas (fallows) leads to secondary
succession with a gradual restoration of authentic
flora (Borovyk, 2020). The rate of achievement of the
quasi-climatic state of the phytocoenosis depends
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on many factors: soil and climatic conditions, the lo-
cation of the site, anthropogenic activities (mowing,
grazing), the seed bank of authentic species (Szir-
mai et al., 2022). However, now there is practically no
information about the course of succession processes
of natural grasses as live mulch in the conditions of
the Southern Steppe of Ukraine. In this regard, there
is a need for further scientific research and compre-
hensive study to develop a strategy for harmonious
sustainable agricultural development in the concept
of biodiversity conservation.

The purpose of this study was to determine the
dynamics of the coenotic composition of natural herbs
in the organic cherry orchard during the eight years of
live mulch existence in the Southern Steppe of Ukraine.
From a practical standpoint, it was necessary to find out
whether grassing the garden with natural herbs would
lead to the enrichment of the phytocoenosis with use-
ful species (capable of providing valuable environmen-
tal services), or, conversely, to colonisation by invasive,
quarantine species, and whether it was possible to pre-
vent the spread of invasive and quarantine species due
to moderate mowing (to a height of 15-20 cm, 4 times
during the growing season).

MATERIALS AND METHODS

The study was conducted during 2013-2020 in the
Research Garden owned by the Tavria State Agrotech-
nological University (Zelene village, Melitopol district,
Zaporizhzhia Oblast: 46°46’N, 35°17’E).

Characteristics of natural vegetation of the re-
search area. Due to extensive ploughing, the natural
authentic herbaceous and fescue vegetation remained
on the slopes of the gullies, in some areas of water-
sheds, and near the forest edges. The most character-
istic representatives of mixed grasses were the follow-
ing: Adonis vernalis L., Paeonia tenuifolia L., Filipendula
vulgaris Moench, Fragaria viridis Duschesne, Plantago lan-
ceolata L., Dianthus capitatus Balb., Salvia nutans L., Draba
verna, Limonium sareptanum (A.Becker) Gams, Centaurea
adpressa Lede, etc. Of the cereals, the most common
were the following: Stipa capillata L., Stipa pennata L.,
Bromus erectus, Bromopsis inermis (Leyss.) Holub, Festuca

valesiaca, Elytrigia repens (L.) Nevski, Poa angustifolia L.
Of the legumes, the most common were the following:
Trifolium alpestre, Medicago minima (L.) Bartalini and Vi-
cia angustifolia.

Soil characteristics. According to the soil and eco-
logical zoning of land resources of Ukraine, the terri-
tory of the research site belonged to the dry steppe
zone, dry steppe subzone, winter-moderate-warm faci-
es (frost period lasts 75-90 days, cold period precip-
itation is absorbed by 72%). Hydrothermal conditions
of soil development were characterised by the arid
first part of the growing season (hydrothermal index
vy = 0.64-0.73) and very dry conditions of the second
part (hydrothermal index ,, ,, =0.40-0.49) with moder-
ate humidity during cold time (140-160 mm). The soil
of the experimental site was chestnut saline, very low
humus accumulation, heavy sandy loam, xeromorphic,
superficially saline, lithological series — ancient alluvi-
al. Ground water was below 3 m. The reaction of the
soil solution was slightly alkaline (pH =7.1-7.4). The
humus content in the upper horizon of the soil of light
particle size distribution was only 0.6%. No mineral ni-
trogen was detected, content of P,O, was 5.4; K,0 - 6.5
mg/kg of soil. There was no salinity with water-soluble
salts - the total content of water-soluble salts in the
water extract did not exceed 0.015-0.024%. No easi-
ly soluble neutral salts (magnesium, sodium chloride,
sulphates, calcium) were found in the soil in amounts
that cause toxic effects on tree growth and develop-
ment. A high specific gravity of sodium up to 3.5% of
the total absorbed bases indicates salinity of the soil.
Despite the poor soil composition, sweet cherries have
been successfully grown in this region since the 19%
century and have excellent fruit quality on such sandy
loam soils. The light granulometric composition of the
soil, due to its high thermal conductivity, contributes to
the early harvesting of products compared to planta-
tions on heavy soils.

Weather conditions. Analysing weather conditions
over the years of research (Tables 1 and 2), a trend to-
wards climate warming can be stated, since the average
annual air temperature was 0.8-1.6°C higher than the
normal annual average rate.

Table 1. Average air temperature in the research area, °C (according to the nearest weather station — Melitopol city)

Month Years of research §t'and.ard
2013 2014 2015 2016 2017 2018 2019 2020 precipitation rate

January 63.2 55.9 421 60.0 459 53.4 524 11.3 440
February 9.8 73 32.1 421 29.0 47.8 111 101.8 344
March 458 10.2 80.7 25.6 133 70.1 379 6.4 35.7
April 9.2 48.6 64.3 30.7 60.7 5.5 49.4 9.9 344
May 32.3 65.3 239 84.6 12.7 224 96.2 784 46.5
June 58.1 102.3 62.2 28.2 41.8 324 14.4 55.2 54.0
July 236 27.1 52.2 34.3 60.0 80.1 421 48.5 44.2
August 6.4 17.0 0.9 17.8 42.4 6.1 55.1 21.1 34.8
September 221 104.1 0.5 61.4 51.4 80.7 13.2 194 39.5
October 79.4 15.5 17.3 25.4 33.7 18.1 18.7 20.5 32.5
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Table 1. Continued

Month Years of research 'St.and.ard
2013 2014 2015 2016 2017 2018 2019 2020 precipitation rate
November 13.8 18.8 711 38.7 18.0 36.8 19.5 16.0 37.8
December 7.4 69.9 12.0 26.1 18.5 74.3 31.7 29.1 42.8
Per year 370.1 542.0 459.3 474.9 4274 527.7 441.7 4176 480.6

Source: compiled by the authors

The annual amount of precipitation did not sig-
nificantly differ from the long-term average, with the
exception of an abnormally dry 2013, when precipita-
tion was 23% lower. However, 2014 was quite wet for
the Melitopol district — precipitation fell by 13% more
than the long-term average norm. Winter conditions
for all the years of research were favourable for nat-
ural grasses, since the air temperature, for the most
part, was higher than the long-term average norm. In
March, when the average daily air temperature ris-
es above +5°C, perennial and winter natural grasses
resume vegetation, seeds of early spring species

germinate. During the research period, the average
monthly air temperature in March was significantly
higher than the long-term average norm, with the ex-
ception of 2018, when march was cold. The tempera-
ture conditions of April during all the years of research
were also favourable for grass growth. The summer
months during the study period were hot. Particular-
ly severe heat and drought continued in June 2019,
when the average monthly air temperature was 4.1°C
higher than the annual average, while the amount of
precipitation for the month was only 27% of the long-
term average norm.

Table 2. Total precipitation, mm (according to the nearest weather station - Melitopol city)

Month Years of research ‘St.and.ard
2013 2014 2015 2016 2017 2018 2019 2020 precipitation rate

January 0.4 -1.6 -1.0 -3.0 -2.8 -0.7 -0.3 0.9 -1.9
February 2.5 0.1 1.0 3.8 -0.9 -0.3 1.0 2.2 -1.4
March 3.4 6.6 5.4 6.1 6.8 1.6 3.8 7.8 31
April 123 11.2 9.5 129 8.9 13.4 114 9.4 10.4
May 20.8 18.7 17.1 16.4 16.4 19.8 18.3 15.1 16.8
June 23.1 20.7 219 22.6 22.1 23.4 25.3 22.8 21.2
July 24.0 25.0 23.7 24.8 23.6 24.8 231 25.0 237
August 25.2 24.8 25.2 25.8 26.4 25.8 23.6 234 23.2
September 14.9 18.5 21.7 17.3 20.1 18.7 179 20.5 17.2
October 8.8 9.5 9.1 8.5 10.7 133 1.8 15.0 10.4
November 6.6 2.7 6.7 3.8 5.2 2.9 6.3 4.7 4.0
December -0.4 0.1 2.2 -2.1 5.2 0.5 3.7 0.1 -0.1
Per year 11.8 114 11.9 114 11.8 11.9 12.2 12.2 10.6

Source: compiled by the authors

In terms of precipitation in March, the most fa-
vourable conditions for the germination of early
spring species and the resumption of vegetation of
winter and perennial species developed in 2013 and
2015. However, the following months of the growing
season in 2013 were dry. In 2015, May was dry, and
the severe drought lasted from August to December
of that year. March 2018 was wet (precipitation was
196% of the annual average), but, as mentioned above,
very cold. After the abnormally cold March 2018 for
the Melitopol district, an abnormally dry April came
(the amount of precipitation was 16% of the annu-
al average). May and June of that year were also dry,
which, respectively, affected the amount of terrestri-
al biomass of live mulch. In addition to 2018, 2016
and 2020 were unfavourable for the development of
a dense stand of grasses — due to the drought that

lasted during the two most important months for the
development of grasses — March and April.
Description of the experimental site. The total
area of the experimental plot of organic sweet cherries
was 1.7 hectares. In 2011, the sweet cherry (Prunus avi-
um L.) varieties Dilema and Valery Chkalov were plant-
ed on this territory. These two varieties are grafted on
an extensive tall rootstock — mahaleb cherry (Prunus
mahaleb). Scheme of planting cherry trees — 7x5 m.
The shape of the crown of trees is a slender columel-
la. Since 2013, the experimental plot of the orchard
with an area of 0.9 hectares was kept under plant
mulch (spontaneous vegetation cover). Vegetation was
mowed 4 times during the growing season, and the
mown mass was left on the soil surface. The rest of
the plot area was kept under black fallow, and then -
under the sowing of medicinal plants. During the care
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of black fallow, standard mechanical cultivation, one
disking to a depth of 15 cm, and manual weeding dur-
ing the growing season were carried out. Chemical
protection of plants and application of mineral fertil-
isers were absent.On all sides, the site of organic sweet
cherries was surrounded by field roads (4-6 m wide),
which border the old forest belts on the east, north,
and west (10-12 m wide, the trees were about 60 years
old), and on the south side — with a field of grain crops.
Basic elements of accounting and observations.
Species composition of grass cover plants; ecomorphs
of species; abundance and occurrence of species in the
experimental site; general aboveground phytomass of
plant mulch; general projective soil cover with herba-
ceous plant communities. The species composition of
the herbaceous plant communities was determined
according to the generally accepted methods of study-
ing the flora of vascular plants using keywords, atlases
and reference books (Prokudin & Dobrochaieva, 1999;
Lebeda, 2009; Lebeda, 2011; Mashkovska, 2015). Latin
names of species were specified according to the no-
menclature list of vascular plants of Ukraine (Mosyakin
& Fedorochuk, 1999). Ecological certification of plant
species was carried out based on the ecomorph clas-
sification (Tarasov, 2012; Baranovskij et al., 2017). The
abundance of plant species in live mulch was deter-
mined by counting the number of plant specimens of
each species (in rhizomatous plants — the number of
shoots) on temporary accounting plots with an area of
1 m?in a 6-time repetition with a random location on
the experimental site of an organic garden (Abduloieva
& Solomaha, 2011).
Occurrence of species was determined by the
equation (1):
F=S,/5,x100, (1)

where F - occurrence, %; S, - number of accounting
plots (in this study S, = 10); S, - number of sections
where this species is present.

2

Common aboveground phytomass of plant mulch
was determined 3 times during the growing season
(May, July, and September) using the method of mow-
ing to the ground level. The area of the accounting
plot was 1 m2. The repetition was 10 times with a ran-
dom location of an organic cherry orchard on the ex-
perimental plot. The mown fresh mass was weighed,
after which control samples were taken (in 3-time
biological repetition), which were also weighed and
dried to an air-dry state in a thermostat at a temper-
ature of 105°C. Total dry phytomass of plant mulch
(g/m?) was calculated considering the moisture con-
tent in fresh phytomass. The weight for three mows
was summed up and taken as the value of the total
aboveground dry phytomass for the growing season
(g/m?). General projective soil coverage with herba-
ceous plant groups was determined visually using a
1x1 m grid with a 10x10 cm window. The grid was
kept at the level of the grass stand, the grass cover
on the accounting plot was considered (there were
10 accounting plots in total) and the number of grid
cells accounted for plants and the soil surface free of
plants was determined. Then they were recalculated
in % of the soil surface. Determination was carried
out 3 times during the growing season (May, July, and
September), after which the average value of the total
projective grass cover of the soil for the growing sea-
son was calculated (Abduloieva & Solomakha, 2011).
Statistical analysis was performed using a general
linear model using Minitab 19 software suite (Minitab
Inc., State College, PA).

RESULTS

Anthropogenic human impact on natural ecosystems
leads to impoverishment of biodiversity and degrada-
tion of landscapes. Discontinuation of tillage under
such circumstances leads to colonisation of sites by in-
vasive and adventitious species, which is confirmed by
the experimental data obtained (Table 3).

Table 3. Bioecological characteristics of grass cover plant species in an organic sweet cherry orchard

= 2 z £ £ £ 3.
5 a o ] S ] =
Plant families and species £ g £ § g g £%
© o = o g a
£ @ 3 g 2 g 5"
O T = I o <
Amaranthaceae
Amaranthus blitoides S.Wats. T Ann He MsTr MsX Ru +1
Amaranthus retroflexus L. T Ann He MsTr MsX Ru +
Apiaceae
Daucus carota L. THKr Per ScHe OgMgTr XMs Ru
Eryngium campestre L. G Per He MsTr X St
Asteraceae
Achillea micrantha Willd HKr Per ScHe OgTr MsX Sil Ps
Achillea millefolium L. HKr Per He MgTr XMs Ru St
Ambrosia artemisifolia L. T Ann ScHe OgMgTr X Ru +1Q
Anthemis arvensis L. T Ann He MsTr MsX Ru St
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Table 3. Continued

2 P 2 £ £ £ g,
5 a2 5 e S 6 =
Plant families and species E g E E g E € ?:;;_
£ ] = aQ o 5 > 0
3 @ 2 2 £ 8 2
Crepis tectorum L. THKr Bien He OgMsTr MsX Ps St Ru
Hieracium umbellatum L. HKr Per ScHe OgTr MsX St Ps
Lactuca serriola Torner THKr Ann Bien ScHe MsTr XMs Sil Ru +
Senecio vernalis Waldst. et Kit. T Ann ScHe OgMgTr XMs Ru
Taraxacum officinale HKr Per ScHe MsTr Ms Ru Pr
Tragopogon dubius Scop. HKr Bien He MsTr MsX Ru St
Boraginaceae
Cynoglossum officinale L. HKr Bien He MgMsTr MsX Pr Ru +
Echium vulgare L. HKr Bien He MsTr X Ps St Ru
Lycopsis arvensis L. HKr Per ScHe MsTr MsX Ru Pt
Brassicaceae
Arabidopsis thaliana (L) Heynh. HKr Ann Bien He OgTr XMs Ps Ru +
Barbarea vulgaris R.Br. HKr Bien Ann ScHe MsMgTr Ms Pr Ru
Capsella bursa-pastoris (L.) T Ann He MsTr XMs Ru +
Descurainia Sophia L. T Ann He MsTr XMs Ru +
Lepidium campestre THKr Ann Bien ScHe MsTr XMs Ru
Caryophyllaceae
Melandrium album (Mill.) Garcke HKr Bien ScHe MsTr MsX Ru SMn Pr
Chenopodiaceae
Chenopodium album L. T Ann ScHe MsTr MsX Ru
Chenopodium polyspermum L. T Ann ScHe MsTr MsX Ru
Convolvulaceae
Convolvulus arvensis L. G Per ScHe MsTr MsX Ru
Cuscutaceae
Cuscuta campestris Junk. T Ann He Par Ms Pr Ru +Q
Dipsacaceae
Scabiosa ochroleuca L. HKr Per ScHe MsTr MsX Ps Pr St
Euphorbiaceae
Euphorbia stepposa Zoz. HKr Per He MgTr X Ru Cr Pt St
Fabaceae
Lotus Ucrainicus Klok. HKr Per He MgTr XMs St Pr
Trifolium arvense L. T Ann He MsTr MsX Ru Ps St
Vicia villosa Routh HKr Ann Bien ScHe MgTr XMs Ru SMn Pr +|
Fumariaceae
Fumaria officinalis L. T Ann He MsTr XMs Ru +
Papaveraceae
Papaver rhoeas L. HKr Per ScHe MsTr Ms X Pt St Ru +
Plantaginaceae
Plantago lanceolata L. HKr Per He MsTr XMs Pr St SMn Ru
Poaceae
Agropyron pectinatum (Bieb.) Beaux HKr Per He Ms Tr X St
Agrostis capillaris L. HKr Per ScHe OgTr Ms Sil Pr
Anisantha sterilis (L.) T Ann ScHe MsTr MsX Pr St Ru +
Anisantha tectorum (L. T Ann ScHe OgMgTr MsX Ps Ru +
Apera spica - venti (L.) Beauv. T Ann ScHe OgTr XMs Ru Ps +
Avena fatua L. T Ann He MsTr MsX Ru +
Bromopsis inermis (Leys.) Holub G Per He OgMgTr XMs Ru Pr St
Bromus arvensis L. T Ann He MsTr XMs Ru +
Bromus squarrosus L. T Ann Bien ScHe OgMgTr MsX Ru Ps St +
Cynodon dactylon (L.) Pers. HKr Per He MsTr XMs HalPr +
Elytrigia repens (L.) Nevski G Per ScHe MsTr Ms Sil St PrRu
Poa angustifolia L. HKr Per ScHe MsMgTr MsX Sil Pr St
Poa pratensis L. G Per He MsTr Ms Pr
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Table 3. Continued
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Puccinella distans (Jac q.) Parl. HK'r Per He MsTr XMs Ru Hal Pr
Setaria glauca (L.) Beauv. T Ann He MsTr XMs Ps Ru +
Portulacaceae
Portulaca oleracea L. T Ann ScHe MsTr XMs Ru +
Ranunculaceae
Delphinium consolida T Ann ScHe MsTr MsX SMn Ru +
Scrophulariaceae
Verbascum phlomoides HKr Bien He OgMsTr MsX St Ru
Zygophyllaceae
Tribulus terrestris L. T Ann He MsOgTr MsX Ps Ru +

Note: Abbreviations for Table 3: Climamorphs: HKr - hemicryptophyte; G - geophyte; Kr - cryptophyte; T - therophyte.
Biomorphs: Ann (Annuus) - annual species; Bien (Biennis) - biennial species; Per (Perennis) - perennial species.
Heliomorphs: He (Heliophiton) - heliophyte; ScHe - partially demanding of light. Trophomorphs: OgTr (Oligotroph) -
oligotroph; MsTr (Mesotroph) - mesotroph; MgTr (Megatroph) — megatroph. Hygromorphs: Ms (Mesophiton) — mesophyte
(a plant of medium-moist habitats); X (Xerophiton) - xerophyte (plant of dry habitats). Coenomorphs: Pr (Pratensis) -
pratanthus (Meadow plant); Sil (Silvaticus) - silvanthus (forest landscape species); St (Stepposus) - stepanthus (steppe
plant); SMn (Margosilvaticus) - silvomargoant (edge plant); Ps (Psammophyton) — psammophantus (sandy soil plant); Pt
(Petrophyton) - petrant (plant of stony soils); Ru (Ruderatus) - ruderant (weed); Hal (Halophyton) - halophant (a species of
saline soils and reservoirs with high mineralisation); Par (Parasitus) - parasite; | - invasive species; Q — quarantine species.
Source: compiled by the authors

It has been established that the species composi- 2 species each. Other families - Caryophyllaceae Con-
tion of grass cover plants in an organic sweet cherry or-  volvulaceae, Cuscutaceae, Dipsacaceae, Euphorbiaceae,
chard includes representatives of 21 families. The most  Euphorbiaceae, Fumariaceae, Papaveraceae, Plantagi-
numerous families were Poaceae (15 species) and Aster-  naceae, Portulacaceae, Ranunculaceae, Scrophulariace-
aceae (10 species). The Brassicaceae family is represent-  ae, Zygophyllaceae - are represented by one species.
ed by 5 species; Boraginaceae and Fabaceae - 3 species  However, the abundance of species varied both with-
each; Amaranthaceae, Apiaceae, and Chenopodiaceae - in the family and over the years of research (Table 4).

Table 4. Abundance of herbaceous plant species in an organic sweet cherry orchard
Years of research

Plant families and species

2013 2014 2015 2016 2017 2018 2019 2020
Amaranthaceae
Amaranthus blitoides S. Wats. Sol Cop Cop Sp Sp Sol Sol Sol
Amaranthus retroflexus L. Sol Cop Cop Sp Sol - - -
Apiaceae
Daucus carota L. - - - Sol Sol Sol Sol Sol
Eryngium campestre L. - - - - Sol Sol Sol Sol
Asteraceae
Achillea micrantha Willd - - - - - Sol Sol Sol
Achillea millefolium L. - - - Sp Cop Cop Sol Sp
Ambrosia artemisifolia L. Sol Cop Cop Sp Sol - - -
Anthemis arvensis L. - Sp Cop Cop Cop Cop Sp Sp
Crepis tectorum L. - Sp Sp Sp Sp Sp Sol Sol
Hieracium umbellatum L. - Sp Sp Sp Sp Sp Sol Sol
Lactuca serriola Torner Sol Cop Cop Sp Sol - - -
Senecio vernalis Waldst. et Kit. Sp Sp Cop Cop Cop Cop Sp Sp
Taraxacum officinale - Sp Sp Sp Sp Sp Sp Sp
Tragopogon dubius Scop. - - - Sol Sol Sol - -
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Table 4. Continued

Years of research

Plant families and species

2013 2014 2015 2016 2017 2018 2019 2020
Boraginaceae
Cynoglossum officinale L. - - - Sol Sol Sol Sol Sol
Echium vulgare L. - - Sol Sol Sol Sol Sol Sol
Lycopsis arvensis L. - - Sol Sol Sol Sol Sol Sol
Brassicaceae
Arabidopsis thaliana (L.) Heynh. Sp Sp Sp Sp Sol Sol - -
Barbarea vulgaris R.Br. Sp Sp Sp Sp Sp Sol Sol -
Capsella bursa-pastoris (L.) Sp Sp Sp Sp Sp Sp Sp Sp
Descurainia Sophia L. - Sp Sp Sp Sp Sp Sp Sp
Lepidium campestre - - Sp Sp Sol Sol - -
Caryophyllaceae
Melandrium album (Mill.) Garcke - - - Sol Sol Sol - -
Chenopodiaceae
Chenopodium album L. Sol Cop Cop Sp Sol - - -
Chenopodium polyspermum L. Sol Cop Cop Sp Sp - - -
Convolvulaceae
Convolvulus arvensis L. Sol Sp Sp Sol Sol Sol Sol Sol
Cuscutaceae
Cuscuta campestris Junk. - - Sol Sol - - - -
Dipsacaceae
Scabiosa ochroleuca L. - - - Sol Sol Sol Sol Sol
Euphorbiaceae
Euphorbia stepposa Zoz. - Sol Sol Sol Sol Sol Sol Sol
Fabaceae
Lotus Ucrainicus Klok. - Sol Sol Sol Sol - - -
Trifolium arvense L. - Sol Sp Sp Sp Sp Sp Sp
Vicia villosa Routh Sol Sp Sp Sp Sp Sp Sp Sp
Fumariaceae
Fumaria officinalis L. - Sol Sol Sol Sol Sol - -
Papaveraceae
Papaver rhoeas L. - Sp Sp Sp Sp Sp Sp Sol
Plantaginaceae
Plantago lanceolata L. - Sol Sol Sol Sol Sol Sol Sol
Poaceae
Agropyron pectinatum (Bieb.) Beaux - - - - - Sol Sol Sp
Agrostis capillaris L. - - - Sp Sp Sp Sp Sp
Anisantha sterilis (L.) Sp Sp Sp Sp Sp - - -
Anisantha tectorum (L.) - Sp Sp Sp Sp Sp - -
Apera spica-venti (L.) Beauv. - Sp Sp Sp Sp Sp Sp Sp
Avena fatua L. - Cop Cop Soc Soc Sp Sp Sp
Bromopsis inermis (Leys.) Holub - - - Sp Sp Sp Sp Sp
Bromus arvensis L. - Sp Sp Sp Sp Sp Sp Sp
Bromus squarrosus L. - Sp Sp Sp Sp Sp - -
Cynodon dactylon (L.) Pers. - - - Sp Sp Sp Sp Sp
Elytrigia repens (L.) Nevski Sol Sp Sp Cop Cop Soc Soc Soc
Poa angustifolia L. - Sp Sp Sp Sp Sp Sp Sp
Poa pratensis L. - Sp Sp Sp Sp Sp - -
Puccinella distans (Jac g.) Parl. - - - Sp Sp Sp Sp Sp
Setaria glauca (L.) Beauv. Sol Sp Sp Sp Sp - - -
Portulacaceae
Portulaca oleracea L. Cop Sp Sp Sol - - - -
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Table 4. Continued

Years of research

Plant families and species

2013 2014 2015 2016 2017 2018 2019 2020
Ranunculaceae
Delphinium consolida - - Sol Sol Sol Sol Sol -
Scrophulariaceae
Verbascum phlomoides - - Sol Sol Sol Sol Sol -
Zygophyllaceae
Tribulus terrestris L. Sol Sol - - - - - -

Note: Soc (Socialis) - number of plants 100 units/m?; Cop (Copiosus) - number of plants from 10 to 100 units/m?;
Sp (Sparsus) - number of plants <10 units/m?; Sol (Solitarius) - number of plants from 10 to 100 units/ha

Source: compiled by the authors

Thus, in the first year of research, after stopping soil
retention in the black fallow mode, natural grasses did
not create a dense cover in the garden. The study areas
were dominated by Portulaca oleracea L. In the 2™ year,
it was replaced by such species as Amaranthus blitoides
S. Wats., Amaranthus retroflexus L., Ambrosia artemisi-
folia L., Lactuca serriola Torner, Chenopodium album L.,
Chenopodium polyspermum L., Avena fatua L. In the 3™
year of research, these species remained abundant at
the experimental site. Two other species were also iden-
tified: Anthemis arvensis L. and Senecio vernalis Waldst.
et Kit. In the 3 year of research, the parasitic plant Cus-
cuta campestris Junk. was found in the vegetation. This
species was present in grass cover also next year, de-
spite systematic deletion (manually). In the fourth year,
there was a decrease in the abundance of the following

species: Amaranthus blitoides S. Wats., Amaranthus ret-
roflexus L., Ambrosia artemisifolia L., Lactuca serriola
Torner, Chenopodium album L., Chenopodium polysper-
mum L. At the same time, the abundance of Elytrigia
repens (L.) Nevski and, especially, Avena fatua L. also
increased. In the 5th year of research, the highest
abundance rates were characterised by Avena fatua L.,
Elytrigia repens (L.) Nevski, Senecio vernalis Waldst. et
Kit., Anthemis arvensis L., Achillea millefolium L. In the
sixth year, abundance of Avena fatua L. decreased, and
Elytrigia repens (L.) Nevski on the contrary increased. In
the 7" or 8" year of research, Elytrigia repens (L.) Nevski
was more abundant than the rest of the plant species
in the experimental area. In addition to the abundance,
an important indicator is also the occurrence of species
at the experimental site, which is presented in Table 5.

Table 5. Occurrence of herbaceous plant species in an organic sweet cherry orchard, %

Years of research

Plant species within families

2013 2014 2015 2016 2017 2018 2019 2020

Amaranthaceae
Amaranthus blitoides S. Wats. 20 80 70 30 20 10 10 10
Amaranthus retroflexus L. 30 90 80 40 20 - - -

Apiaceae
Daucus carota L. - - - 10 10 20 10 10
Eryngium campestre L. - - - - 10 10 10 10
Asteraceae
Achillea micrantha Willd - - - - - 10 10 10
Achillea millefolium L. - - - 20 30 30 30 20
Ambrosia artemisifolia L. 30 100 90 60 30 - - -
Anthemis arvensis L. - 50 100 100 100 80 60 30
Crepis tectorum L. - 60 70 60 50 40 20 10
Hieracium umbellatum L. - 40 30 30 40 20 10 10
Lactuca serriola Torner 10 30 30 20 10 - - -
Senecio vernalis Waldst. et Kit. 60 40 50 60 40 40 10 10
Taraxacum officinale - 10 40 50 50 50 50 40
Tragopogon dubius Scop. - - - 10 10 10 - -
Boraginaceae
Cynoglossum officinale L. - - - 10 10 10 10 10
Echium vulgare L. - - 10 10 20 10 10 10
Lycopsis arvensis L. - - 10 20 20 10 10 10
Brassicaceae

Arabidopsis thaliana (L.) Heynh. 80 90 100 100 60 50 - -
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Table 5. Continued

Years of research

Plant species within families

2013 2014 2015 2016 2017 2018 2019 2020
Barbarea vulgaris R.Br. 40 30 30 30 20 10 10 -
Capsella bursa-pastoris (L.) 100 100 100 100 100 70 60 50
Descurainia Sophia L. - 100 100 100 100 100 70 30
Lepidium campestre - - 30 30 20 20 - -
Caryophyllaceae
Melandrium album (Mill.) Garcke - - - 30 30 20 - -
Chenopodiaceae
Chenopodium album L. 30 100 100 40 30 - - -
Chenopodium polyspermum L. 20 60 50 30 20 - - -
Convolvulaceae
Convolvulus arvensis L. 100 100 100 100 100 100 100 100
Cuscutaceae
Cuscuta campestris Junk. - - 30 30 - - - -
Dipsacaceae
Scabiosa ochroleuca L. - - - 10 10 10 10 10
Euphorbiaceae
Euphorbia stepposa Zoz. - 30 30 30 10 10 10 10
Fabaceae
Lotus Ucrainicus Klok. - 20 20 20 20 - - -
Trifolium arvense L. - 30 50 60 60 60 100 100
Vicia villosa Routh 100 100 100 100 100 100 80 60
Fumariaceae
Fumaria officinalis L. - 100 100 100 80 70 - -
Papaveraceae
Papaver rhoeas L. - 50 100 100 100 40 20 10
Plantaginaceae
Plantago lanceolata L. - 10 10 10 10 10 10 10
Poaceae
Agropyron pectinatum (Bieb.) Beaux - - - - - 50 80 80
Agrostis capillaris L. - - - 50 50 60 60 60
Anisantha sterilis (L.) 30 30 40 40 40 - - -
Anisantha tectorum (L.) - 40 50 50 40 30 - -
Apera spica - venti (L.) Beauv. - 30 40 50 50 30 30 30
Avena fatua L. - 30 60 60 60 50 30 30
Bromopsis inermis (Leys.) Holub - - - 30 50 60 60 60
Bromus arvensis L. - 60 70 40 40 30 20 10
Bromus squarrosus L. - 40 40 50 30 10 - -
Cynodon dactylon (L.) Pers. - - - 40 50 60 70 70
Elytrigia repens (L.) Nevski 100 100 100 100 100 100 100 100
Poa angustifolia L. - 30 50 50 60 60 60 60
Poa pratensis L. - 20 40 40 50 30 - -
Puccinella distans (Jac q.) Parl. - - - 30 50 60 70 100
Setaria glauca (L.) Beauv. 100 100 80 50 50 - - -
Portulacaceae
Portulaca oleracea L. 100 60 40 30 - - - -
Ranunculaceae
Delphinium consolida - - 10 10 10 20 10 -
Scrophulariaceae
Verbascum phlomoides - - 10 30 30 10 10 -
Zygophyllaceae
Tribulus terrestris L. 30 10 - - - - - -

Source: compiled by the authors
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As a result of studying the occurrence of plant
species in the organic garden, it was established that
in the 1t year of research a high value of this indi-
cator was characteristic of Capsella bursa-pastoris (L.),
Convolvulus arvensis L., Vicia villosa Routh, Elytrigia re-
pens (L.) Nevski, Setaria glauca (L.) Beauv. and Portulaca
oleracea L. In the 2™ year of research, Ambrosia arte-
misifolia L., Descurainia Sophia L., Chenopodium album
L., Fumaria officinalis L. also had a high occurrence. It
should be noted that the occurrence of Ambrosia arte-
misifolia L. reached its maximum in the 2" year after
the termination of the black fallow regime, then grad-
ually decreased, and in the 6th year this plant disap-
peared from the experimental site. The occurrence of
Anthemis arvensis L. was high (100%) in years 3-5 of
the study, and decreased in subsequent years. Capsella
bursa-pastoris (L.) had a high (100%) occurrence in the
first five years, and in subsequent years it decreased.
Descurainia Sophia L. was 100% encountered from the
2" to 6™ year of research. Chenopodium album L. had a
high occurrence (100%) only in the 2" and 3™ years of
research, and from the 6th year this plant disappeared
from the experimental site. Vicia villosa Routh had a
high occurrence (100%) in the first 6 years. Fumaria of-
ficinalis L. had the highest incidence within 2-4 years.
Papaver rhoeas L. had a high occurrence value dur-
ing 3-5 years of research.Convolvulus arvensis L. and
Elytrigia repens (L.) Nevski had the highest occurrence
during all the years of research.

Thus, as of the 8™ year of the grass cover’s exist-
ence on the experimental site in the organic cherry
orchard (2020), it was possible to state the stage of
segetal and ruderal species. The number of species
was dominated by families Poaceae (10 species) and
Asteraceae (7 species). Family Boraginaceae was rep-
resented by 3 species, Apiaceae, Brassicaceae, and
Fabaceae - 2 types each, Amaranthaceae, Convolvulace-
ae, Dipsacaceae, Euphorbiaceae, Papaveraceae and Plan-
taginaceae - 1 type each. Control of invasive species
in the herbal plant communities was achieved due to
moderate application of mowing (4 times during the
growing season). Due to this event, it was possible to
get rid of the presence of such species as Amaranthus
retroflexus L., Ambrosia artemisifolia L., Lactuca serrio-
la Torner, Tragopogon dubius Scop., Arabidopsis thaliana
(L.) Heynh., Barbarea vulgaris R.Br, Lepidium campestre,
Melandrium album (Mill.) Garcke, Chenopodium album L.,
Chenopodium polyspermum L. Parasitic species Cuscuta
campestris Junk. during the growing seasons of 2014
and 2015, was removed from the site by hand and
burned outside the site, which helped to get rid of this
quarantine plant.

As part of herbaceous plant communities, the total
number of plant species that were determined in the
course of research was 55 species (Tables 3, 4, and 5).
However, the number of species present at the experi-
mental site varied over the years (Fig. 1).
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Figure 1. Number of plant species in the composition
of grass cover in the organic cherry orchard
Source: compiled by the authors

In the first year of research, only 19 plant species
were identified, in the next three years the number of
species increased and in 2016 it was 50 species. In the
future, the number of species tended to decrease and in
2020 amounted to 32 species. That is, starting from the
5t year of research, the species composition of plants of
herbaceous plant communities gradually simplified. In
the 1%t year of research, the composition of herbaceous
plant communities was dominated by therophytes, i.e.,
annuals that are restored from seed (Tables 4 and 5,
Fig.2 and 3).
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Figure 2. Climamorphs of species in the composition
of grass cover in the organic cherry orchard, %
of the total number of species
Note: *HKr - hemicryptophyte; Kr - cryptophyte; G -
geophyte; T - therophyte
Source: compiled by the authors
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Figure 3. Biomorphs of species in the composition grass
cover in the organic cherry orchard, %
of the total number of species
Note: “Ann (Annuus) - annual plant; Bien (Biennis) -
biennial plant; Per (Perennis) — perennial plant
Source: compiled by the authors




In the following years, the number of therophytes
steadily decreased (from 68 to 28%), and the number of
hemicryptophytes (herbaceous perennials) — gradually
increased. In 2020 (on the 8% year of research), the num-
ber of herbaceous perennials became 59% of the total
number of plant species on the experimental site. This
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indicates that in the biocoenosis of the cherry orchard, a
secondary succession of plants occurred as part of grass
cover. Plant heliomorphs as part of herbaceous plant com-
munities (Fig. 4) during the study period were represent-
ed by sciogeliophytes and heliophytes (approximately
equally, with a small predominance of sciogeliophytes).
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Figure 4. Heliomorphs of species in the composition of grass cover
in an organic orchard, % of the total number of species
Note: *Heliomorphs: He (Heliophiton) - heliophyte; ScHe - partially demanding of light

Source: compiled by the authors

Such properties of plants are logically related to
the features of their place of growth, because this cher-
ry orchard has quite wide row spacing (7 m) and a fair-
ly large distance between trees in a row (5 m), which

creates fairly good lighting conditions for natural grass-
es. In terms of nutrient requirements in the soil, the
herbaceous plants in the organic sweet cherry orchard
were mainly mesotrophs in all years of the study (Fig. 5).

?g EMgTr EMsTr mOgTr mOgMgTr mOgMsTr MsMgTr MsOgTr
60
50
40
30
20 -
10 _— — - —

0 |

2013 2014 2015 2016 2017 2018 2019 2020

Figure 5. Trophomorphs of species in the composition of grass cover
in the organic cherry orchard, % of the total number of species
Note: * OgTr (Oligotroph) - oligotroph; MsTr (Mesotroph) — mesotroph; MgTr (Megatroph) — megatroph

Source: compiled by the authors

The percentage of mesotrophs ranged from 65 to
69% of the total number of species. In the 2, 3, and
4% years of research, 12-13% of plant species belonged
to oligomegatrophs. In the 5" year of research, a sig-
nificant share (16%) was made up of oligomesotrophs,
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in the 6™ and 8™ years - oligotrophs (12-13%). In the
7t year, none of the trophomorphs (except mesotrophs)
reached the limit of 10% of the total number of species.
Xeromesophytes and mesocerophytes were the most
numerous in terms of moisture demand (Fig. 6).
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Figure 6. Hygromorphs of species in the composition of grass cover
in an organic garden, % of the total number of species
Note: *Hygromorphs: Ms (Mesophiton) — mesophyte (a plant of medium-moist habitats); X (Xerophiton) — xerophyte

(a plant of dry habitats)
Source: compiled by the authors
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Moreover, in the first year of research, xeromes-
ophytes prevailed (53% of the total number of spe-
cies). In subsequent years, mesoxerophytes prevailed
(except in 2016, when the number of xeromesophytes
and mesoxerophytes was the same). In 2020 (in the
8" year of research), the number of mesoxerophytes
was 41%. However, the number of xerophytes has sig-
nificantly increased - up to 12% of the total number
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of species. This indicates the competitive advantages
of more drought-tolerant species in arid climates, re-
gardless of the seed stock of other species accumu-
lated during the wetter weather conditions of past
decades. By changing the ratio of representations of
various coenomorphs at the experimental site (Fig. 7)
it is possible to judge the restoration of quasi-climaxic
vegetation.
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Figure 7. Coenomorphs of species in the composition of grass cover
in an organic orchard, % of the total number of species
Note: *Pr (Pratensis) - pratant (meadow); Sil (Silvaticus) - silvant (forest); St (Stepposus) - stepant (steppe); SMn
(Margosilvaticus) - silvomargoant (edge species); Ps (Rsammophyton) - psammophant (sandy soil species); Pt
(Petrophyton) - petrant (stony soil species); Ru (Ruderatus) - ruderanthus (weed); Adv - adventitious species

Source: compiled by the authors

Thus, the number of pratants increased over eight
years of research from 11 to 46% of the species, step-
ants - from 11 to 64% of the total number of spe-
cies that grew at the experimental site. At the same
time, the number of adventitious species decreased
from 58% to 28% of the total number of species. The
number of ruderants, although it decreased over the
years of research from 100 to 75%, remained large.
This can be explained by the relatively short period of
existence of the grass cover in an organic cherry or-
chard - only 8 years. Recovery succession is slow. The
accumulation of biomass is an important indicator of

ecosystem productivity, as the equivalent of the effi-
ciency of using solar energy for the accumulation of
organic matter, which will then be used to feed (and,
accordingly, enrich the number and number of species)
various participants in the biocoenosis, and to enrich
the soil. Total aboveground biomass of plant mulch in
the organic garden accumulated most intensively in
the 3 year of research, when the site was dominated
by Ambrosia artemisifolia L., Amaranthus retroflexus L.,
Lactuca serriola Torner, Chenopodium album L. which
can build up large biomass. This suggests the positive
ecological role of these weeds (Table 6).

Table 6. Total aboveground dry phytomass of plant mulch for the growing season, g/m?

Years of research

2013 2014 2015 2016

2017 2018 2019 2020

215+18 507 £43 86574 399+37

463+37 448+38 566%42 575%59

Source: compiled by the authors

In subsequent years of research, the value of the
total aboveground phytomass of plant mulch experi-
enced fluctuations, depending on weather conditions
and the composition of plants in the experimental
site. However, in the 71 or 8" year of research, this in-
dicator stabilised and was 2.7 times higher than the
total aboveground phytomass of plant mulch at the
beginning of research in 2013. The overall projective
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coverage of the soil with grassy vegetation affects its
ecological function of protecting the soil from over-
heating, freezing, over-drying, deflation, and water
erosion. According to the data obtained (Table 7), the
total projective coverage of the soil over the years of
research was subject to fluctuations depending on cli-
matic conditions, but it steadily increased over 8 years,
and at the 7t-8™ years it was 100%.
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Table 7. Total projective coverage of the soil with plant mulch (average value for the growing season), %

Years of research

2013 2013 2013 2013

2013 2013 2013 2013

65%9 72%8 78%7 82%9

85%5 93+9 100+9 100+7

Source: compiled by the authors

Dense soil coverage became possible due to the
development of such purely steppe species as Elytrigia
repens (L.) Nevski, Bromopsis inermis (Leyss.) Holub., Poa
angustifolia L.That is, it can be stated that for 8 years
the authentic flora was partially restored at the ex-
perimental site, judging by the presence of stepants
(Eryngium campestre L., Achillea millefolium L., Crepis

tectorum L., Anthemis arvensis L., Echium vulgare L.,
Scabiosa ochroleuca L., Hieracium umbellatum L., Euphor-
bia stepposa Zoz., Trifolium arvense L., Papaver rhoeas L.,
Elytrigia repens (L.) Nevski, Plantago lanceolata L., Agro-
pyron pectinatum (Bieb.) Beaux, Bromopsis inermis (Leys.)
Holub, Poa angustifolia L.), which formed a dense and
beautiful soil cover in the cherry orchard (Fig. 8).

Figure 8. Variety of grass cover in the organic cherry orchard, June 2017
Source: compiled by the authors

Many of these species are classified as ruderants, as
their presence in arable fields can significantly reduce
the yield of cultivated plants. However, their presence
in the garden can be useful for providing numerous
environmental services, in particular: enriching the
soil with organic matter, protecting against erosion,
promoting the development of soil biota, attracting
beneficial insects and pollinators. For example, Tarax-
acum officinale is classified as ruderant. However, it is
this species, due to its early flowering (when the sweet
cherry is not yet blooming), that plays a major role in
the nutrition of pollinators, and Osmia spp itself. Such
species as Trifolium arvense L. and Vicia villosa Routh are
also considered ruderants. However, at the same time -
these are very useful legumes for the soil, which, sur-
prisingly, can grow on sandy soil without watering in
hot and arid conditions.

From a practical (utilitarian) standpoint, all types of
grass cover plants that were present at the experimen-
tal site in the 8™ year of research have practical appli-
cations. Firstly, all of them have medicinal properties,
even such species as Achillea millefolium L., Elytrigia
repens L., Papaver rhoeas L., Capsella bursa-pastoris L.
are officially recognised medicinal plants. Secondly,
Amaranthus blitoides S.Wats., Taraxacum officinale, Sene-
cio vernalis Waldst. et Kit., Descurainia Sophia L., Capsella
bursa-pastoris, Vicia villosa Routh, Agropyron pectinatum
(Bieb,) Beaux, Trifolium arvense L., Agrostis capillaris L.,
Apera spica-venti (L) Beauv., Bromopsis inermis (Leys.)
Holub, Plantago lanceolata L., Puccinella distans (Jac
q.) Parl, Elytrigia repens (L.) Nevski, Poa angustifolia L.,
Cynodon dactylon (L,) Pers. are fodder plants. In addi-
tion, Scabiosa ochroleuca L., Echium vulgare L., Lycopsis
arvensis L., Taraxacum officinale, Descurainia Sophia L.,
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Senecio vernalis Waldst. et Kit., Vicia villosa Routh are hon-
ey plants. That is, the absolute majority of plant species
in the composition of grass plant communities, as of
the 8" year of research, in addition to environmental
significance, had major practical importance. Unfortu-
nately, in Ukraine, such species as Vicia villosa Routh,
Apera spica-venti (L.) Beauv. and Amaranthus blitoides S.
Wats. are recognised as invasive. However, further ap-
plication of mowing may lead to the removal of these
species from the biotope and their replacement with
steppe species.

DISCUSSION

Researchers from different countries are engaged in re-
search on key challenges related to the loss of biodiver-
sity due to human economic activity and ways to solve
them (Abuhasel, 2023). According to A. Kotelnytska et
al. (2021), the priority area of the agricultural sector
is not only to increase the volume of crop production,
but also to maintain the stability of agroecosystems.
This can be achieved by changing the way we farm and
switching to organic production, which will contribute
to achieving policy goals under the Kunming-Montreal
Global Biodiversity System and the EU’s Farm to Fork
strategy (Sharma et al., 2019; Wang et al., 2023).

Human impact on Ukraine’s steppe ecosystems has
caused irreversible loss of biodiversity, and today the
fragmented remnants of steppe vegetation in Ukraine
account for less than 20% of the vegetation (Dubyna et
al., 2021).Ya.V. Koplyk (2022) confirmed a high degree
of anthropogenic transformation of steppe biotopes
on the territory of Ukraine. According to the research-
er, for the normal functioning of ecosystems, it is a
priority to study the dynamics of steppe vegetation
as a result of anthropogenic transformation, climate
changes, and load regimes. The impoverishment of the
diversity of grass cover in the organic cherry orchard
on experimental plots can be explained by the fol-
lowing reasons: firstly, due to competition of grasses
with cherry trees; secondly, due to mowing. However,
mowing in an industrial garden is necessary to make it
easier for workers to take care of the garden.As for the
competition of herbs with cherry trees, this issue was
previously addressed in publications. The sweet cherry
trees were suppressed by coexistence with grasses in
the first 3 years after the grassing in the orchard. A
significant decrease in the annual growth of the trunk
diameter, the number and length of annual shoots was
recorded. However, in subsequent years, the annual
growth of shoots and leaf area was significantly larg-
er in grassing conditions, compared to black fallow.
In other words, the trees intensively created shading
to suppress competitive vegetation. At the same time,
the analysis of physiological and biochemical param-
eters of cherry leaves and fruits showed successful
overcoming of stress from competition with herbs
(Ivanova et al., 2021).
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Studies confirm the significant influence of soil
fertility on plant growth and development, the spe-
cies composition and diversity of plant communities
(Tian et al., 2023). In the studies conducted, the herba-
ceous plants in the organic sweet cherry orchard were
mainly mesotrophs (65-69% of the total number of spe-
cies). The high level of ruderants in plant communities
at the experimental sites can be explained by the short
period of existence of the grass cover (8 years) in the
organic cherry orchard, since the recovery succession is
slow. According to J. Zhang et al. (2023), the early stage
of recovery succession lasts from 5 to 14 years. Restora-
tion of phytocoenosis to quasi-climax (stable) state can
last for several decades (Sarateanu et al., 2020). D.V. Du-
byna et al. (2021) reported an increase in the level of
coenotic diversity of ruderal vegetation in Ukraine over
the past 30 years. Researchers explain this phenome-
non by increasing the intensity and various types of an-
thropogenic loads on natural ecosystems.

Since invasive species are resistant components of
the synanthropic fraction of flora in Ukraine, controlling
their spread, monitoring, and studying bioecological
features is an important task for the scientific com-
munity (Protopopova & Shevera, 2019). Mowing is rec-
ognised as an effective means of controlling invasive
species (Minuto et al., 2020). The lack of colonisation of
the grass cover by invasive and quarantine species in
the experimental areas of the cherry orchard can be ex-
plained by moderate mowing (4 times during the grow-
ing season). Control over invasive species is considered
active recovery (Grasic et al., 2023),and moderate mow-
ing (or moderate grazing) as reported (Yang et al., 2022;
Kun et al., 2024) accelerate recovery processes in the
phytocoenoses of meadows and pastures (the so-called
“moderate concern hypothesis”). In a global ecological
sense, ruderants provide invaluable ecosystem services,
namely, a dense cover of natural grasses mitigates the
effects of climate warming, binds carbon and thereby
reduces CO, emissions in the atmosphere (Berlinches
de Gea et al., 2023). The obtained findings are consist-
ent with the data of other researchers regarding the
attraction of natural pollinators — Osmia - by plant spe-
cies of the grass cover. These species are considered
the main pollinators of sweet cherries (Osterman et
al., 2023). The efforts of the international community
are aimed at developing measures that promote polli-
nator conservation and crop pollination.

In the future, it is advisable to continuously carry
out phytocoenotic monitoring of the species composi-
tion of plant communities under the influence of various
stressors to fully understand the relationship between
biodiversity and the stability of the agroecosystem.

CONCLUSIONS

In the arid conditions of the Southern Steppe of Ukraine
on low-humus sandy loam soils, an organic cherry or-
chard is formed within 5 to 8 years and significantly




depends on the species diversity and the state of pop-
ulations of herbaceous perennials and annuals in row
spacing. The species composition of herbaceous veg-
etation over the years of research was 55 plants be-
longing to different botanical families. The number of
species in live mulch varied over the years, peaking in
the 4 year of research - 50 species. In the future, the
species composition of grass cover plants gradually
simplified and in the 8% year numbered 32 species.
The most common floral composition of the grass
cover and phytocoenotic activity of species in row spac-
ing were found in families Asteraceae (Achillea micran-
tha Willd,,Achillea millefolium L.,Ambrosia artemisifolia L.,
Anthemis arvensis L., Hieracium umbellatum L., Crepis tec-
torum L., Lactuca serriola Torner, Senecio vernalis Waldst.
et Kit.,, Taraxacum officinale, Tragopogon dubius Scop.); Po-
aceae (Agropyron pectinatum (Bieb.) Beaux, Agrostis capil-
laris L.,Anisantha sterilis (L.),Anisantha tectorum (L.),Apera
spica - venti (L) Beauv., Avena fatua L., Bromopsis inermis
(Leys.) Holub, Bromus arvensis L., Cynodon dactylon (L.)
Pers.,Bromus squarrosus L., Elytrigia repens (L.) Nevski, Poa
angustifolia L., Poa pratensis L., Puccinella distans (Jac q.)
Parl., Setaria glauca (L.); Boraginaceae (Cynoglossum of-
ficinale L., Echium vulgare L., Lycopsis arvensis L.); Bras-
sicaceae (Arabidopsis thaliana (L) Heynh., Capsella bur-
sa-pastoris (L.), Barbarea vulgaris R.Br,, Descurainia Sophia
L., Lepidium campestre); Fabaceae (Lotus Ucrainicus Klok.,
Trifolium arvense L., Vicia villosa Routh); Chenopodiace-
ae (Chenopodium album L., Chenopodium poly spermum
L.). The composition of plant mulch in the first year of
research was dominated by therophytes (annuals that
are restored from seed). In subsequent years, the num-
ber of therophytes steadily decreased due to mowing
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In relation to light, it was revealed that during
the research period, plant heliomorphs in the herba-
ceous plant communities of the cherry orchard were
represented by scyogeliophytes and heliophytes with
a slight predominance of scyogeliophytes, that is,
shade-tolerant plants. According to the requirements
of plants for moisture, the most numerous were xer-
omesophytes and mesoxerophytes, the development
of the aboveground mass of which depended on the
hydrothermal conditions of the vegetation period. In
terms of nutrient content in the soil, grass cover plants
were mainly mesotrophs (65-69% of the total number
of species) during all years of research. The change in
the ratio of representations of various coenomorphs at
the experimental site indicates the restoration of qua-
si-climaxic vegetation: the number of meadow plants
increased over 8 years of research from 11 to 46% of
species, steppe plants - from 11 to 64%, the number of
adventitious or alien plant species decreased from 58
to 28% of the total number of species. The total above-
ground phytomass of herbaceous vegetation fluctuat-
ed depending on weather conditions and species com-
position in the experimental area (from 215 to 865 g/
m? of dry matter), but in the 8™ year of research it was
2.7 times higher compared to the 1 year of research.
The total projected soil coverage by populations of
herbaceous annuals and perennials varied depending
on climatic conditions, but gradually increased and
reached 100% by the 7t-8" year. The findings of this
study can be useful for establishing strategies for the
natural restoration of agroecosystems of the Southern
Steppe of Ukraine.
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of the herbage before the development of generative ACKNOWLEDGEMENTS
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AHoTauis. BrpaTta 6iopisHOMaHITTa € 0fHIEN 3 rM0BGaNbHUX €KONOTiYHMX MpobneM, 3 SKMMU CTUKAETBCS NIOACTBO.
[HTEHCMBHE BMKOPWUCTAHHS NPUPOAHUX pecypCiB Mpu3BeNno A0 Aerpajauii naHAwadTiB i CKOPOYEHHS BUAOBOMO
Pi3HOMAHITTS POC/IMHHUX YrpyNnoBaHb. TOMY NOWYK NPUPOAHMX pilleHb A5 NOLO0NAHHS LUX BUK/IUKIB € aKTyaIbHUM
nUTaHHAM. MeToo poboTu H6yno LOCNiAKEHHS AMHAMIKM GAOPUCTUYHOIO CKNAAy i LEHOTUYHOI CTPYKTYPU TPaBAHMUX
POCAMHHUX YrpyNnOBaHb MPUPOAHUXTPAB Y OPraHiYHOMY Cafy YepeLlHi AN CTiNKoro dyHKLiOHYBaHHS arponaHawadTy.
[uHaMiKy LeHOTUYHOIO CKNaAy NPUPOAHMX TPaB POCIMHHOIO MOKPUBY Y OPraHiYHOMY Cady YepelLuHi 4OoCNiaKyBanm
ynponosx 2013-2020 pp. y nocywnmsux ymoBax lliBaeHHoro Creny YkpaiHy Ha ManoryMyCHUX CymilLlaHUX FpyHTaXx.
[lng BUBYEHHS BUAOBOI Pi3HOMAHITHOCTI h10pM B OpraHiYHOMY cagy 3aCTOCOBYBaNM MOp(ON0ro-ekonoro-reorpadiyHi
mMetoau. OUiHKY Cknafy TPaBSHUX POCAMHHMX YrpyrnoBaHb 3A4iIMCHIOBAAM 3a AOMOMOro TPaAULIMHUX METOAMK
reoboTaHiuHMX onuciB. HaBeneHo pe3ynbtati AOCHIMKEHHS BUAOBOrO CKNaAy i LEHOTUYHOI CTPYKTYPU POCIIMHHUX
YyrpynoBaHb TPaBIHOro MOKPMBY B OPraHiYHOMY Cafy YepeluHi. 3afepHiHHA cafy NpUPOAHUMYK TpaBaMu NPUBENO L0
36arayeHHs arponaHaWwadTiB KOPUCHUMU BUAAMM, IKi € BaKIMBUMM KOMMOHEHTAMM CTiAKMX CiNbCbKOrOCNOAAPChKMX
CUCTEM | MOXYTb BUKOHYBATW €KOMOriYHi nocnyri. KonoHisauii TpaBiHOro nokKpuBY iHBa3iMHUMM i KapaHTUHHUMMU
BMAAMMW He CrocTepirany 3aBAsSKM NPUPOOHMM MpouecaM AeMyTauifHOI CyKuecii i 3acTOCYyBaHHIO MOMIpHOro
4YOTMPMPA30BOrO CKOLLYBAHHSA POC/IMH 3a BereTaLito (Ha BUcoTy 15-20 cm).Y cknagi TpaB’sHUX pOCIMHHUX YrpyrnoBaHb
Ha BOCbMWI PiK AOCHIMKEHb YCi BUAW OYAM KOPUCHWMMM, Manu NiKyBasbHi BNACTMBOCTI i CAyryBasv KOPMOBOK
6a3ot0. MNpupoLHi TpaBM B OpraHiyHOMY cafly YepellHi € pecypcoM bHioMacu i 6iopisHOMaHITTS. DITOLEHOTUYHUNA
aHani3 TpaB'IHOro MOKPMBY B OPraHiYHOMY Cajy YepeLlHi JacTb 3MOry obrpyHTYBaTH i 3anponoHyBaTH NPUHLMNK
MPOrHO3YBaHHS PO3BUTKY POC/MHHUX YrpynoBaHb AN ONTUMI3aLii X CTPYKTYpU, MOAINWEHHS AKOCTI | NiATPUMKM
HiopisHOMaHITTA

KniouoBi cnoBa: BaoBui cknan; 6iopi3HOMaHITTS; eKONOriYHi NOCNyrun; TpaBaHWMI NOKPUB; LLeHOMOp®U; BTOPUHHA
CYKLLeCifi; NPUPOAHE BifHOBNEHHS arpoeKoCcucTeM

Scientific Horizons, 2024, Vol. 27, No. 5



https://orcid.org/0000-0002-1331-4397
https://orcid.org/0000-0001-8980-7334
https://orcid.org/0000-0001-8880-9864
https://orcid.org/0000-0002-4185-7495
https://orcid.org/0000-0002-5671-7372

SCIENTIFIC HORIZONS [es

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 27(5), 51-67

UDC633.11:631.81:581.132:581.141
DOI: 10.48077/scihor5.2024.51

Stochastic predetermination of bioproductivity component
by the growth features of winter wheat upper leaf blades

Anhelina Dubytska
PhD in Agricultural Sciences, Leading Researcher
Institute of Agriculture of the Carpathian Region of the National Academy of Sciences
81115, 5 Hrushevskyi Str., Obroshyne Village, Ukraine
https://orcid.org/0000-0002-5685-0237
Oksana Kachmar’
PhD in Agricultural Sciences, Senior Researcher
Institute of Agriculture of the Carpathian Region of the National Academy of Sciences
81115, 5 Hrushevskyi Str., Obroshyne Village, Ukraine
https://orcid.org/0000-00020382-6030
Oleksandr Dubytskyi
PhD in Biological Sciences, Senior Researcher
Institute of Agriculture of the Carpathian Region of the National Academy of Sciences
81115, 5 Hrushevskyi Str., Obroshyne Village, Ukraine
https://orcid.org/0000-0002-8293-4119
Oksana Vavrynovych
PhD in Agricultural Sciences, Senior Researcher
Institute of Agriculture of the Carpathian Region of the National Academy of Sciences
81115, 5 Hrushevskyi Str., Obroshyne Village, Ukraine
https://orcid.org/0000-0003-3466-1432
Zynoviy Kotyk
PhD in Technical Sciences, Associate Professor of the Department
Lviv Polytechnic National University
79013, 12 Bandery Str., Lviv, Ukraine
https://orcid.org/0000-0002-7725-0791

Article’s History: Abstract. The relative and absolute importance of a number of traits, in particular,
Received: 13.01.2024 agrophysiological, morpho-functional, at the level of individual organs and parts of
Revised: 25.03.2024 an integral plant, and/or sowing for the development of features of biological traits,
Accepted: 24.04.2024 and other agroecologically significant components of the crop production process,
has been discussed in research papers for a long time. The purpose of the study was
to search for agroecologically significant signs of growth of the upper leaf blades
(ULB), which can empirically and potentially determine the development of the grain

Suggested Citation:

Dubytska, A., Kachma, O., Dubytskyi, O., Vavrynovych, O., & Kotyk, Z. (2024). Stochastic predetermination of

bioproductivity component by the growth features of winter wheat upper leaf blades. Scientific Horizons, 27(5),
51-67.doi: 10.48077/scihor5.2024.51.

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

*Corresponding author


https://orcid.org/0000-0002-5685-0237
https://orcid.org/0000-00020382-6030
https://orcid.org/0000-0002-8293-4119
https://orcid.org/0000-0003-3466-1432
https://orcid.org/0000-0002-7725-0791

52

Stochastic predetermination of bioproductivity component...

dry mass (GDM) of winter wheat under “model” conditions of biological agrotechnical influences designated as
biological fertiliser systems. Methods used in the research: methodological approaches of field experiments,
gravimetric, convective drying, and stochastic methods. The development of GDM was largely driven by potentially
scalable integral growth traits of ULB - leaf area duration, biomass duration (LAD , ,, BMD  ,, respectfully) or their
combinations with potentially non-scalable features of the average growth rate ULB - net assimilation rate,
relative growth rate (NAR ., RGR  ;, respectively). It is also highly probable that LAD  , may play a central role in
the development of RGR  , or BMD ; (but not NAR ). The coordination of RGR  , with NAR  , was not excluded,
although it was overly complicated. The construction of such and similar studies in the line of an exhaustive
explanation of consistent systemic and mechanistic predeterminations of the production process with signs of
ULB growth under various agrotechnical and biological influences will improve discursive and mathematical
simulation constructs that can characterise and integrate the differential effects of plant components on
photosynthesis of leaf cover, crown, and ultimately on the processes of development of components of the final
biological and economic yield of winter wheat

Keywords: signs or features of growth of upper leaf blades; leaf area and biomass durations; net assimilation and
relative growth rates; winter wheat; “model” biologically improved agronomic conditions - biologically improved

fertilisation systems

INTRODUCTION

To improve the final results of the production process,
among the world’s theoretical and applied aspects of
biological, agronomic, and related sciences, various al-
ternative ways to control and increase the efficiency of
photosynthesis of agricultural leaves were proposed.
The lack of proper success up to the day is mainly con-
ditioned by the fact that the biological and economic
productivity of agricultural plants is largely determined
by photosynthetic capacity indices (Pl) and related
terms (size, duration, and architecture of green leaf cov-
er, amount of captured radiation, RUE - radiation use
efficiency of the crown, distribution of photoasimilates,
size sinks strengths in the source-sink system of plants).
Pl of green organs and related terms are capable of be-
ing translated into growth indices (Gl) and bioproduc-
tivity of plants. However, during the grain production
of cereals, only two upper leaves produce more than
80% of the photoasimilates of the entire plant. There-
fore, it is important to formulate scientific questions
in the areas of clarifying the measure and methods
of determining the components of bioproductivity by
the Gl of individual upper leaf blades (ULB) of winter
wheat, developing a deeper understanding of the (mu-
tual) subordination between the first and second in the
“scaling down” coordinates under various agrotechni-
cal influences. The results of such studies will become
a meaningful basis for correcting theoretical, applied,
and generalising constructs for the development of the
“scaling up” yield components under various technolo-
gies for growing winter wheat.

Consistent with the classical analysis of plant
growth outlined several decades ago, total dry matter
(TDM) is directly proportional to the product of Gl - net
assimilation rate (NAR), leaf area duration (LAD); at the
same time, crop growth rate (CGR) is directly propor-
tional to the product of NAR, leaf area index (LAl) (the-
oretical and analytical equations (Eqgs.) - TAE category
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1 for plant growth analysis). It is also legitimate to pre-
determine TDM by the product of two other Gl - rela-
tive growth rate (RGR), biomass duration (BMD), and the
coordination of CGR with the product of RGR, biomass
index (BMI) (TAE category 2). Modern definitions and
formalisations of NAR and CGR are given by A. Khan et
al.(2023); for LAD, LAl -byN.Mehboob et al. (2022); BMD,
BMI in TAE category 2 - biomass-Gl, similar to LAD, LAL.

Formalisation of the RGR, submitted by M. Trip-
athi (2020), can be supplemented by considerations
of F.F.M. Oliveira et al. (2019), and interpreted as the
rate at which a given amount of existing biomass can
produce new biomass. Since RGR is the key to analyt-
ical understanding of growth, it is often presented as
a product of NAR, LAR (LAR - product of LMF, SLA, or
1/LMA) (Yano et al., 2018). In this TAE category 3 LAR,
LMF, SLA, LMA - leaf area ratio, leaf mass fraction,
specific leaf area, leaf mass per area ratio (specif-
ic leaf weight, SLW). In consistency with S. Tripathi et
al. (2018), the latter TAE is important for intra- and in-
terspecific variability of plant growth rates depending
on environmental factors, availability of sources of ali-
mentary reserves. As noted by M. Khirkhah et al. (2019),
crop bioproductivity of GI components may be affected
by insufficient or excessive intake of any of the main
alimentary components.

[.C. Dodd and E.D. Elphinstone (2021) showed that
N-supplements caused an increase in LAI, leaf longevity
(LL), LAD, leading to an improvement in plant biologi-
cal and/or economic productivity. Ukrainian researchers
D.A.Kirizii and I.M. Sheheda (2019) proposed predicting
the ability to photosynthesise (individual plants, seed-
ing) by LNC (Area), LDMC (Area) (N-leaf content/area,
leaf dry matter contet/area, respectfully), SLW, which
characterise interspecific differences In N-allocation to
proteins (Rubisco), cell walls, mesophyll conductivity,
CO,- partial pressure (leaf structure), etc. An increase in




N-concentration caused a decrease in LMF, RGR Horde-
um vulgare L. (hydroponics); at higher N-concentration,
the increase in LMF was offset by a decrease in NAR,
without changes in SLA (Ge et al. 2019). M. Khirkhah et
al. (2019) found that max-gain LAI, CGR, NAR, RGR of
alfalfa (a two-year field experiment) was induced by
P-biofertilisers + extracellular boron-supplements, ex-
tracellular or “intra-soil” manganese-supplements.

According to H. Tiwari et al. (2023), highest CGR,
NAR, RGR Triticum aestivum L. 100%-recommended
N-rate+farmyard manage + “Azatobacter” (biofertiliser)
(comparison with other integrated crop cultivation
systems) were determined. J.L. Miglioli et al. (2020)
demonstrated that a decrease in RGR, NAR, an increase
in DM of Brassica oleracea var. gemmifera was caused by
treatment with 6-benzylaminopurine, while the oppo-
site changes were caused by dopamine. An increase in
LAI, NAR, %-light interception in rice was caused by the
use of green manure crops with different N-dosage or
N,,-only (Islam et al. 2019). L.S. Yeremko et al. (2019)
showed that an increase in the rate of mineral fertil-
isers (using plant root feeding) caused an increase in
photosynthetic potential = LAD, net photosynthesis
productivity of pea crops, both without inoculation with
Rhizohumin, and with inoculation, compared with con-
trol (without fertilisers, without inoculation) or non-in-
oculated plants, respectively.

The analysed scientific sources show that the study
of aspects of Gl coordination, components of bioproduc-
tivity, functional and ecological relations is expedient
in hydroponics, agricultural systems of plant cultiva-
tion, and supplementation of the latter with biological
factors. Thus, the biologised fertiliser systems used in
this work (BFS, complex agrotechnical and biological
fertilisers) can be a full-fledged model agroecosystem
for elucidating the patterns of (inter-) subordination
between the undicators of bioproductivity and growth
of winter wheat. Over the past decade, a wide range
of researchers have formed a consensus, highlighted in
particular by J.L. Araus et al. (2021), according to which
it is advisable to consider the most significant factors of
increasing bio-productivity and economic grain yield in
conjunction with changes in growth and development
processes in the source-sink system of plants. However,
there are no clear answers to questions about the as-
pects of predetermined results of the production pro-
cess (the final sink) by the ULB-GI, i.e., by the important
attributes of growth and primary sources of photosyn-
thate, which characterise the accumulation, preserva-
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tion, and outflow of assimilates from the ULB to sinks
in terms of “scaling down”.

The structure of such considerations should be
supplemented by the predestination of the RGR, by
the product of NAR , ., SLA  ; (TAE category 4), similar to
T. Inoue et al. (2022). The latter suggests the existence
of growth-TAE that regulate TDM, , coordination on the
one hand, and NAR ., LAD ., RGR ., BMD,, on the
other. The assumption that sink size, e.g. grain dry mass
(GDM), can be empirically coordinated with NAR , , and/
or LAD ., RGR  ; and/or BMD . (TAE categories 1, 2);
RGR, ; can be stochastically determined by NAR  , (TAE
category 4) is logical. Given the importance of LAD for
the development of NAR (TAE category 1), the subordi-
nation of NAR to the value of RGR (TAE category 3), the
need for BMD for RGR (TAE category 2), and the scien-
tific sources cited above, the authors of this paper sug-
gested that within the framework of this experiment,
NAR, 5 RGR ;. BMD  , can be predefined by LAD ..

Research objective: to establish whether NAR .,
LAD; RGR 5, BMD,, ,, empirically and statistically de-
termine, and how exactly, the development of GDM of
winter wheat under the conditions of biologised fertil-
isation systems (BFS); to find out functionally and eco-
logically feasible stochastic subordination between the
described signs of ULB growth.

MATERIALS AND METHODS

The study was carried out in 2017-2018 on grey for-
est surface gleyed light loamy soil in the conditions
of a stationary experiment to investigate the scientific
foundations of productivity management of short-rota-
tion crop rotations in the Carpathian region (Institute
of Agriculture of the Carpathian region of the Nation-
al Academy of Agrarian Sciences of Ukraine). Plants of
winter wheat (Triticum aestivum L.) of the Benefis va-
riety (predecessor - peas, Pisum sativum L.) were used
for the research within a 4-field crop rotation with the
following crop rotation: oats, corn (for grain), peas, win-
ter wheat. The area of the experimental microplot was
1 m?; replication of plots was 3-fold; the arrangement
of the plots - systemic. Physical and agrochemical pa-
rameters of the soil (substrate thickness 0-30 cm) were
tested in 2016 before the field stationary experiment.
For the sake of space, the authors of this paper consider
it appropriate to mention that the values of the meas-
ured soil characteristics were presented in the previous
paper. The content of research variants (technologies)
for groups 1 and 2 is presented in Table 1.

Table 1. Content of research variants (Group 1 and 2 technologies)

DRV(T) Content of option (Group 1) DRV(T) Content of option (Group 2)
Cc.0 Control (no fertilisers or biologisation factors)
11 psSs® 2.1 MF(FD)”
1.2 PSSY + MF(HD)? 2.2 MF(FD)" + BS(TS)?
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Table 1. Continued

DRV(T) Content of option (Group 1) DRV(T) Content of option (Group 2)
1.3 PSSY + MF(HD)? + BS(TS)? 2.3 MF(FD)” + BS(TS)? + CM(AE)®
14 PSSY + MF(HD)? + BS(TS)? + HF(EI)® 2.4 MF(FD)" + BS(TS)? + HF(EI)®
1.5 PSSY + MF(HD)? + BS(TS)® + MF(ES)® 2.5 MF(FD)” + BS(TS)? + MF(ES)®
1.6 PSSY + MF(HD)? + CF(RS)” 2.6 MF(FD)" + CF(RS)®

Note: DRV(T) - designation of research variant (technology); upper numerical indices v, ?,%,4,%,9,7,8 — Pisum sativum
straw; mineral fertiliser (half of the dose); biostimulant Tera-Sorb; chelated fertiliser Rose-Salt 18-18-18+125+ME;

humus-containing fertiliser Eco-Impuls; microbiological fertiliser Eco-Soil; mineral fertiliser (full dose -

N60P9OK9O) ;

cattle manure (after-effect), respectively. The supplements, marked with indexes -9, ® are biologisation factors of the

corresponding biologised fertiliser systems (BFS)
Source: compiled by the authors

Brief characteristics and methods of application
of biologisation factors represented by commercial
preparations (indices -9 in Table 1) were contained
in the previous paper already cited above (Dubytskyi et
al., 2020). Supplements PSS, CM(AE) (see note to the
same table) represented non-commercial agricultural
biologisation factors. N, P, K were added to the soil in
the form of ammonium nitrate (34% of the active sub-
stance), superphosphate (18% of the active substance),
and potassium salt (40% of the active substance), re-
spectively, in doses of 30, 45, 45, or 60, 90, 90 kg/hat
(variants of Group 1 or Group 2 - MF(HD) or MF(FD),
respectively), immediately after sowing winter wheat;
PSS was applied for autumn ploighing (2.2 t/ha’);
CM - for autumn ploughing (40 t/ha') before spring
corn sowing.

Fluctuations in typical climate characteristics dur-
ing the growing seasons of 2016-2017 and 2017-2018
had a number of features. Among other things, the
beginning of this interval of winter wheat growth in
2016 was marked by an oversaturation of precipitation
and relatively low average ten-day temperatures; how-
ever, overwintering of plants was satisfactory. During
the tubing-earing phase of 2017, weather conditions
were acceptable. During the flowering-waxy ripeness
period, there was a partial lack of moisture in the soil,
and an increase in air temperatures by 1.0-1.9°C above
the long-term average norms (LAN). In the interval
of the initial stages of winter wheat ontogenesis in
2017-2018, the distributions of the sums of active tem-
peratures and precipitation were uniform. During the
3rd-4th months of the specified interval of years, there
was a lack of precipitation (95 mm against 52.7 LAN)
and an increased temperature background. During the
tubing-earing period of 2018, excessive soil moisture
occurred. On the contrary, during flowering - waxy
ripeness that year, there was a partial lack of moisture
and an increase in air temperatures by 3.8°C, compared
with the LAN. Summarising the properties of the cli-
matic background of winter wheat vegetation during
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2017-2018, it was clear that the ontogenesis of these
plants, taking place against the background of changes
in precipitation intensity and temperature, still typically
contributed to the optimal growth of this crop.

The upper leaf blades (ULB; one the flag FLB and
one the pre-flag PFLB - 1°t and 2" leaves of the upper
tiers, respectively) from productive shoots of winter
wheat were selected in the range of 8.00-11.30 h until
noon under the conditions of the onset of the ontogen-
esis phases of tubing, earing, flowering, milk ripeness
(T, E, F, MR, respectively; ~75% of plants in the prop-
er phase), as previously noted (Dubytskyi et al., 2020).
ULB was separated from 3 productive shoots in one
field repetition (diagonally across the field plot) and
on 3 field repetitions (total number n FLB+PFLB=18).
These operations were performed using scissors, ULB
was placed in labelled open moistened plastic ice
bags, which were placed in a moistened plastic ice
container, and transported to the laboratory in this
form. In the laboratory, the leafs were rinsed with tap
water, dried with filter paper, and the length and max-
imum width of each ULB was measured using a ruler
(in such a sequence as the leaves were placed in a
plastic bag - important for subsequent calculations).
2 discs were cut out of each ULB using a cork drill,
placed in glass buckets and fixed in a drying cabinet
2B-151 (USSR) at 105°C. During the next 2 days, the
leaf discs were dried in a drying cabinet at 105°C to
a constant mass (~ 8-14 hours) to determine the dry
mass of ULB (Dubytskyi et al., 2020). The dry matter
mass of ULB disks was measured on Radwag AS 220/
R2 analytical scales, Poland (* 0.0001 g). Specific leaf
weightSLW) = leaf disc weight/leaf disk area; found the
average for each research variant j - SLWM). The area
of ULB was calculated from the ratio represented by
K. Liu et al., (2019): A, ,=0.75-LBL - LBW- 1072, where

ULB

LBL, LBW, 10-% - leaf blade length, leaf blade width,
conversion factor mm? in cm? Mass of dry matter of

i-th leaf blades found as a product of SLWW(D and LA,.(D:

LDM =LA -SLW, .




With the onset of the full grain ripeness phase (for
~75% of plants), wheat ears were cut from every 3
productive shoots in one field repetition (diagonally),
and on 3 field repetitions (n=18), and were transport-
ed to the laboratory in “dry” form. Grain from the ears
was ground, the grain dry mass (GDM) was determined
from the grinding part in the same way as described
for upper leave blades. The values of this attribute
were recalculated on grain dry weight per plant (GDM-
»» @ plant™). The bio-productivity of winter wheat was
estimated as GDM based on the area under cultivation
(g/m-2 of the area of sowing; biologically and agro-
ecologically important “dry” or net result of the pro-
duction process); this plant trait was calculated as a
product of GDM,, and S (average number of productive
shoots in the waxy ripeness phase, pieces m-2).

Average values of RGR and NAR attributes for
each /-th ULB pair (n=18) of winter wheat between
the phases of ontogenesis (j+1) - j=k (RGR ., NAR , ;
k{i),T - E,E-F,F - M) were calculated based on general
approaches presented by S. Liu et al. (2019), consider-
ing the source (Dubytskyi et al., 2020):

RGR,,, -107=10%-log (DMI

ULBK()

/DMIULB )/At , 1)

ULBj+1j

NARULBk ADMIULBk /DAl ULBK(j) [09( ULBj+1(j /Al ULBj( ,))/At’( )

ADMIULBk =103-S- (DMULB/‘+1(,)_DMULB/(,))’ (3)
Mgy =107 S Auigry ™ Aug): “

At =t -t, ()

where the marking DM/, o Al W the indexes

of dry weight and area of /-th ULB (flag or pre-flag),
DM,y 5100 DMy 10 At jop uw,+10r5 At, - dry weight and
area of i-th ULB on the stages j, j+1 (mg,cmz),the num-
ber of productive shoots (m-2), the duration of the pe-
riod between phases (j+1) - j =k (day), respectively; 102,
1073, 10~* - coefficients for easy reading of numbers,
for converting mg to g, for converting cm? to m?, re-
spectively, indicators of j-th ULB pair between the T -
M ontogenesis phases - considered growing season
(RGRULB(I) -10%, NAR 0" Gys ;) were calculated as aver-
ages for the periods T - E, E - F, F - M; average RGR ,
NAR ; (10% day, g/m~? day) between ULB n = 18 - by
dividing G, ; , by n:
k=K
Guno =3, (RERyuascy 10° orNARyonco )/ K. (6)
=n
RGRy.5-10% orNARy .5 = Z GuLaG) / n, (7)

where GL_,LB 0=RGR 5 i
the previous Egs.; K=N

periods.

NAR 5 K=(*1) = j - just like

-1=3 - number of interfacial

Dubytska et al.

Average LAD, BMD for each j-th ULB pair (n=18)
winter wheat between the phases of ontogenesis
(+1) - j=k(LAD, 4, BMD, ;0 T - E,E = F,F = M) were
calculated based on the general approaches presented
by W. Saeed et al. (2021), using numerical integration by

the trapezoid method:
LADULB(!) OrBMDULB(L) =7Z-S-

J,

4 0 S(DULB](I.) + DULB]+1(L)) (t]+1 j) , (8
where DULB/ AULBj(/)’ DULB/+1(/) AULB/+1 0 for LADULBk/) orD,,
i DMULB/(/)’ DULB/+1(I)= ULBj+L() for BMDULBk ,N=4-num-

ber of ontogenesis phases (T, E, F, M); Z - conversion
factor cm? in m2 (104 or mg in kg (107%), S - see previ-
ous Egs. Calculating average n=18 (LAD ,, BMD
m-%/day, kg/m~2 day) is similar to Egs. (6), (7).
Average values of each trait T, 0. 1A (interannual
trait) for the j-th pair of ULB (T - M) between 2017-2018:

T ), ©)

ULB()2018

ULB’

ULBI)IA =1/2-(T, ULB()2017

where T, ., - similar to Eq. (7).

Statistical reliability a of differences between
numerical quantities of the data in groups (combina-
tions) of research variants (technologies) C.0-2.6, 1.1-
1.6, 2.1-2.6 were analysed using univariate analysis of
variance (Libre Office Calc Version 5), while t-statistics
was used for pairwise comparison (similar to O. Sta-
siv et al. (2023)); the last of these parameters was cal-
culated as previously indicated by S. Brown et al. (2020)
(the software mentioned above). 2D and part-relation
coefficients (tr, pr, respectively), their a was found in
the Statistica Version 10 package (StatSoft Inc). Stand-
ard stochastic OLS-dependencies (OLD; spatial data)
were constructed and generated in the GNU Regres-
sion, Econometrics, and Time-Series Library (the GNU
Unix operating system) (all the last specified statistical
procedures were previously described by O. Stasiv et
al. (2023)). The analytical achievement indicators and
the autocorrelation (denoted as AC) were tested in the
same way as in the previous paper (Stasiv et al., 2023).
Egs. for evaluating D-criterion and the concept of
weighing the presence or absence of AC were drawn
from P. Das (2019).

The authors adhered to the standards of the Con-
vention for the Protection of Biological Diversity (1992)
and the Convention on International Trade in Endan-
gered Species of Wild Fauna and Flora (1979).

RESULTS

The study demonstrated that field technologies 1.1-
2.6 caused a statistically significant increase in GDM
of winter wheat by 31.7-298.6%, compared with C.0
(Fig. 1). Under the conditions of pre-existing technogies
1.2-1.6, 2.2-2.6, this trait of biological productivity of
plants increased by 10.0-94.7%, compared to 1.1, 2.1.
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Figure 1. GDM of winter wheat depending on the applied field technologies (1.1-1.6, 2.1-2.6)
and under control conditions (C.0) (full grain ripeness, 2017-2018)
Note: statistical reliability of differences between one-factor analysis of variance data for CO - 2.6,1.1 - 1.6,2.1 - 2.6 -
0.<0.001; §,;,% - probability of differences from C.0, 1.1, 2.1 according to the t-criterion - a.<0.001

Source: compiled by the authors

Highly significant decline in NAR ;, RGR , 42.1-
61.0% was observed in winter wheat on research vari-
ants 1.1, 1.2 with typical comparisons with C.0 (Fig. 2).
Simultaneously, there was a decrease in these indices
of ULB plant growth rate in the case of field technol-
ogies 1.5-2.6 by 45.1-125.6% (vs. C.0). In winter wheat
under 1.4 conditions, a significant decrease in RGR
by 40.3% was observed and, at the same time, only
downward trends in NAR ; (-36.6%, o< 0.1), in the
case of comparison with C.0. There were no statisti-
cally significant changes in NAR ., RGR ; in plants
under 1.3 conditions (a>0.1, matching with C.0). How-

of winter wheat by 65.8-103.1% compared to 1.1; in
plants under 1.2, 1.4 there was only a tendency to in-
crease NAR , , by 43.8-62.5%, and no statistically valid
changes in RGR ;, when compared to 1.1. Similarly,
there were no statistically reliable changes in the ULB
growth rate indices of winter wheat under the condi-
tions of research technologies 1.5, 1.6 (vs. 1.1). In the
case of field technologies 2.2, 2.3, 2.5, 2.6, a signifi-
cant decrease in NAR ., RGR  ; plants by 75.0-187.5%
was noted, while in conditions 2.4 - only a downward
trend in NAR ; (-120.8,<0.1),and in addition - a de-
crease in RGR , by 123.5% (all recent comparisons -

ever, in 1.3 there was an increase in NAR ., RGR , from 2.1).

NARy.g, g m2 day™ RGRy.'102, 102-day”
18| 1.59 J18

- 1.21; 1
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Designation of research variants (var.)

Figure 2. Average net assimilation rate NAR
and pre-flag leaves) of winter wheat under the conditions
1.1-1.6,2.2- 2.6), MF(FD) (2.1) and without fertilisers and

and relative growth rate RGR

ws Of the upper leave blades (flag leaves
of BFS (research variants using of the biologisation factors:
biologisation factors (C.0) (tubing-milk ripeness, 2017-2018)

Note: Statistical validity of differences between features based on one-factor analysis of variance for C.0 - 2.6 0.<0.001,

for1.1 -1.6 -a=0.069,a=0.080,2.1 - 2.6 - 0<0.001; §,

the T-criterion - «<0.001-0.05
Source: compiled by the authors
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Briefly summarising the above-mentioned varia-
tions in the growth rate of winter wheat ULB alone, it
is clear that all fertilisation systems (field technologies
1.1-2.6) caused a decrease in NAR ., RGR , of winter
wheat during the evaluated phases of ontogenesis,
compared with C.0. The nuance in this pattern is de-
scribed under conditions 1.3, 1.4, respectively, or sta-
tistically unreliable changes in NAR ,, RGR  , plants,
or just a tendency to decrease NAR . fluently with
a reliable decrease in RGR ; of these organisms (vs.
C.0). The negative values of NAR  ; and RGR , , for win-
ter wheat presented here are not unique or incorrect
(@among other things, an artefact). S. Mohammadi

LADy,, day m2 m2

Dubytska et al.

Alagoz et al. (2023) reported, respectively, negative
RGR, NAR values of triticale variety Giannillo-92 86-93
days after sowing under conditions of 3 levels of salin-
ity and 4 levels of drought, in saffron (Crocus sativus),
negative growth of leaves of macrophytes Vallisneria
natans (depending on nitrogen load, fish abundance).

The combined effects in 1.1 - 2.6 caused a sig-
nificant and statistically reliable increase in the inte-
gral growth indicators of ULB in winter wheat LAD  ,,
BMD; by 9.1-233.5% (compared to C.0; Fig. 3). Sim-
ilarly, in the case of 1.2-1.6, 2.2-2.6, these plant ULB
growth indices increased by 12.9-133.3% compared
to 1.1, 2.1.

BMDys, day kg m2

214
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Figure 3. Average leaf area duration LAD

biomass duration BMD

. Of the upper leave blades

(flag leaves and pre-flag leaves) for the actions of applied field technologies (1.1-1.6, 2.1-2.6),
and under conditions without fertilisation and biologisation factors (C.0); tubing - milk ripeness, 2017-2018)
Note: statistical reliability of differences between one-factor analysis of variance data for C.O - 2.6,1.1 - 1.6,2.1 - 2.6 -
0.<0.001; 8, ;,% - probability of differences from C.0, 1.1, 2.1 according to the t-criterion - a.<0.001-0.05

Source: compiled by the authors

The tendencies to mostly statistically reliable dec-
rements of NAR  ,, RGR ;. in conjunction with highly
reliable increments LAD ., BMD ., indicate the op-
posite response of the Indicated categories of ULB
growth signs of winter wheat to agrotechnical influ-
ences in the research technology groups both 1 and
2, compared with C.0. Significant increases in LAD
BMD,; of plants and much less statistically defined
variations in their NAR ., RGR ; in the case of 1.2-1.6,
2.2-2.6, create opportunities for identifying different
responses of these two categories of ULB growth traits
of these organisms to technologies of groups 1 and
2, also in comparison with 1.1, 2.1. Higher values and
higher increments of LAD,, BMD , of winter wheat
on 2.1-2.6, 2.2-2.6 (comparison with C.0, 2.1), than on
1.1-1.6,1.2-2.6 (comparison with C.0, 1.1), at the same
time lower values and larger decrements of NAR
RGR, ; of plants on 2.1-2.6, 2.2-2.6 (comparison with
C.0, 2.1), than on 1.1-1.6, 1.2-1.6 (comparison with

uLB?

C.0, 1.1) may indicate different sensitivity of the two
categories of ULB growth traits of these organisms to
experimental groups 1 or 2.

However, questions about the detailed reasons for
these inventions are beyond the scope of this section
and, in general, this study. Other important findings
are that the patterns of variation of LAD  ,, BMD  , but
not NAR ., RGR  ;, were, in general, similar to those
for GDM. The presented statements highlight a cer-
tain intrigue around the subordination between the
classical “interval” signs of ULB growth and the eco-
logical and physiological features of the production
process of winter wheat under the conditions of the
studied agrotechnical influence (P.0, 1.1-1.6, 2.1-2.6).
This provides quite natural grounds for elucidating
the (mutually) predestination of GDM by the ULB
growth traits presented here, and the (mutually) sub-
ordination of the latter to each other using typical tr
analysis approaches. The comparisons of GDM with
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NAR,, or RGR,, revealed statistically significant correspondences between independent variables
negative correlations between them (Table 2). On the  (Vrb.; IV) for the discussed correlation matrix (NAR .,
contrary, there are highly probable but positive tr be-  LAD ,, RGR,, BMD ) were high in absolute value
tween GDM and LAD ,,BMD .. In this case,all empiric  and statistically significant.

uLB?

Table 2. Values of tr for the winter wheat indicators under study

Trait M N L R
N -0.8098* - -0.7121# 0.9955%
L 0.9726* -0.7121# - -0.7608#
R -0.8519% 0.9955% -0.7608+# -
B 0.9503* -0.6786% 0.9906* -0.7297+#
Note: N, L, R, B,M - NAR ., RGR ,,, LAD,y, ., BMD ., GDM; *, £, 1 - <0.001, o< 0.01, o< 0.05, respectively

Source: developed by the authors based on O. Stasiv et al. (2023)

To better understand the internal configuration (Table 3)and comparisonofthiscriterionwith tr,similarly
of interdependencies, the detection of collinearity to (Stasiv et al, 2023). Only 3 statistically reliable
(denoted as the MC) or statistical elimination (SE), an  differences were found (a<0.001-0.05) pr for M-L, N-R,
analysis pr was performed between considered Vrb. L-B (control Vrb., respectively, N, R, B; M, L, B; M, N, R).

Table 3. Values of pr between the winter wheat indicators under study

Index M N L R
N 0.4049 - -0.2346 0.9927%
L 0.72261 -0.2346 - 0.2689
R -0.4810 0.9927% 0.2689 -
B -0.3966 0.2597 0.8955* -0.2648
Note: N, L, R, B, M - NAR(ULB), RGR{ULB), LAD(ULB), BMD(ULB), GDM; pr for any 2 indexes are presented considering that the

remaining 3 belong to the control Vib.; *, + = «<0.001, 0.< 0.05, respectively
Source: developed by the authors based on O. Stasiv et al. (2023)

Comparative assessments of tr, pr in Table 2 and  (Since among the NAR ., RGR , if there are values
Table 3 provided the following results: 1) between IV less than 0, then instead of log_N, log.R in the future,
N,L,R,Bthere is an MC (by absolute values trand com-  the logarithms of the squares corresponding to Vrb.
parison tr with pr, according to A. Kalnins (2018) and  were used.)

P. Das (2019)); 2) SE of the Vrb. (Martinez Gutierrez & Such considerations are valid for R =f(N) (TAE cat-
Cribbie, 2021) between the considered traits is absent.  egories 3, 4, and for assumed predestinations N, R, B
Nevertheless, the analysis of tr, pr does not allow pre-  with index L. In connection with the above, the authors
dicting exactly how GDM can be determined by NAR , ;,  of this paper found conceptually characterised coordi-
LAD ., RGR 5 BMD  , separately or in combinations  nates as OLD with the use of an untransformed crite-
according to TAE categories 1, 2 in the “INTRODUC-  rion variable and IV, using making a linear path(MLP)
TION” section, and what is the probable form of con-  exponential-power (LE), semi-log (SL), log (LG) and
sistency between RGR , and NAR . (TAE categories modified logit or log-normal (ML) Egs., power-univar-
3,4; “INTRODUCTION” section) or NAR , ., RGR ., BM- iate polynomial (PP) functions; selected the best and
D,.s On the one hand and LAD , - on the other hand  at the same time the simplest OLD; for each univar-
(hypotheses of the authors of this paper). Within the iate Eq . or multivariate multinomials Eg. sequential
outlined framework and considering TAE categories IV exclusion based on two-way values was performed
1,2, it is clear that log TDM is an allomeric function a = 0.01-0.1 (typical approach in GNU Regression,
log NAR and log LAD, or log RGR and log BMD. How-  Econometrics and Time-Series Library) (all this is sim-
ever, log GDM is not identical to log TDM plants, nor ilar to the previous post (Stasiv et al., 2023)). Depend-
log,DM of the ULB and therefore cannot be immedi- ing on “single-" or “multi-regression”, the type of crite-
ately represented in a list of terms containing log,_  rion Vrb. (M, or N, or N, R, B), and compliance with TAE
NAR, ; and log LAD ;, or log RGR , and log BMD ,. classical analysis of plant growth (TAE categories 1,

uLB?
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2,3,4), or to the consistency of N, R, B with the L trait
assumed by the authors of this paper, the obtained
OLD were divided into 4 categories. This classifica-
tion of OLD certainly differs from the one previously
presented by O. Stasiv et al. (2023), but to a certain
extent consistent with the principles of the condition-
al process analysis and, among other things, contains
components of moderation and mediation of the Vrb.
(Hayes & Rockwood, 2020; Igartua & Hayes, 2021).

Category 1. 2-regressor polynomial predestination
log M signs N, L (LE-function - (10A-1), (10b-1)), log M
by IV log R? log B (LG-function, or “logarithm depend-
ence” of the LE - (11-1) type), and log_ (M, -10*/M)=b,
+b,L+b.R+b,L?as aresult of sequential exclusion of IV
from the OLD type log, (M, -10%/M)=b +b ,N+b,L++b,
R+bB+b N +b *+bR*+bB*+bN-L+b R-B(multi-
nomial ML-function - (12-1)).

log,M=4.001+0.311-L-0.010-L2-0.030-N-L
2<0.01 <0.01 <0.01 <0.01, (10a-1)

log,M=4.272-0.282-N+0.262-L-0.008 - L*
2<0.01 ©<0.01 0<0.01 <0.01 ,(10b-1)

log,M=6.109 - 0.096 - InR? - 0.428 - In?B- 0.007 - In?R?
2<0.01 <0.01 ¢<0.01 a<0.05, (11-1)

log,(615-10%/M)=11.314-0.258-L+0.162-R+0.008 - L*
0<0.01 €<0.01 ¢<0.01 <0.05, (12-1)

where 0<0.1,2<0.05,0<0.01 under OLD - correspond-
ing statistical reliability of OLD coefficients.)

Category 2. Linear and power polynomial coordi-
nates log M separately from IV N, L, R, B (LE functions -
(13A-2) - (16-2)).

log M=6.216-1.070-N

2<0.01 0<0.01, (13a-2)

log M=6.362-1.902-N-7.231-N*+30.586-N*-26.084 - N*
0<0.01 0<0.01 0<0.1 <0.05 0<0.05, (13b-2)

log,M=4.004+0.281-L-0.008-L?,

0<0.01 €<0.01 a<0.05, (14-2)
log M=6.234+0.587 - R,
<0.01 0<0.01, (15a-2)

log,M=6.290-10.588 - R*+40.002 -
“R6-42.034-R"+12.242 -R®
0<0.01 €<0.05 0<0.1 #<0.1 a<0.1, (15b-2)

log,M=4.134+5.271-B-3.007 - B

<0.01 <0.01 a<0.1, (16-2)
where 04<0.1,0<0.05,0<0.01 under OLD - correspond-
ing statistical reliability of OLD coefficients.)

Dubytska et al.

Category 3. ML-predestination R by N.

log,((1.65/R+4-10?)-10°)=17.765+0.357 - log, N* +
+0.210- log,log N +
0<0.01 0<0.01 0.<0.01,
+0.098 - log ’log N*-0.049 - log, log * log, N*
<0.01 a<0.1 (17-3)

where 0<0.1,0<0.05,0<0.01 under OLD - correspond-
ing statistical reliability of OLD coefficients.)

Category 4. Coordinations N, R, B with a trait L
(ML-multimomials - (18-4),(19-4),PP-functions - (20-4)).

log,(-0.395 - 105/log, %) = 11.103 - 0.051log L *
<0.01 ¢<0.01, (18-4)

log,((1.65/R+4-10?)-10°)=17.590-0.002 - L*+
+0.332-103-[*-1.427-10>-L°
0<0.01 #<0.05 0<0.05 a<0.05, (19-4)
B=0.105+0.648-102%-12-0.024-102- >
0<0.01 <0.01 a<0.1, (20-4)
where 0<0.1,0<0.05,0<0.01 under OLD - correspond-
ing statistical reliability of OLD coefficients).

(Accompanying descriptions: 615, 1.65,-0.395 rep-
resent the theoretical (expected) maximum values of
the criterion Vrb.; 10%, 104, 10° - a posteriori values for
“fitting” OLD; M, N, L, R, B - GDM,NAR ., LAD ., RGR .,
BMD, ,, respectively). Of course, the fact of suboptimal
complexity for Eq. interpretations (21-3) is an addition-
al reason and substantiation for the search for alter-
native predestinations N, R, B by L (OLD category 4).
However, all the OLD presented above were marked
with statistically suitable characteristics in the plans
for checking linearity (squares, cubes, squares + cubes,
logarithms), heteroskedasticity (White, Breusch-Pagan),
normal distribution of residuals, and structural stability
of the data sample (See O. Stasiv et al. (2023)).

To evaluate the analytical achievement indicators
generated by OLD, the study used “standard” highly pro-
fessional measures, in particular for the field of “Econo-
metrics”, built into the GNU Regression, Econometrics
and Time-Series Library: 1) standard sampling error
(SSE); 2) Fisher’s coefficient (®); 3) adjusted coefficient
of determination (ACD); 4) mean absolute %-error (€, ,);
5) logarithm of the likelihood (IL), Akaike, Bayesian,
Hennan-Quinn information measures - AIM, BIM, HQM;
6) Theil U decomposition criterion; 7) AC-criterion;
8) MC-criterion - fractions of variances (¢), variance-in-
flation coefficients (v), predestination numbers () (sim-
ilar to the previous study by O. Stasiv et al. (2023)). All
generated Eqgs. described @ C 0.<0.001-0.01 (Table 4).
Least satisfactory SSE, ACD, E,,,,, were inherent to Egs.
(13a-2), (18-4); most suitable SSE, ACD, E,,,, - in (10a-
1)-(12-1), (14-2), (16-2), (20-4); intermediate ACD, SSE,
E, .~ in Egs. (13b-2), (15a-2), (15b-2), (17-3), (19-4).
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Table 4. Key analytics dashboard of the generated OLD (of the individual and by category)

# and category

General criteria of statistical reliability

Highly specific information measures

of OLD E @ ACD SSE t AIM BIM HoM
Category 1

10a-1 0.612 176.592f 0.9777 0.061 20.361 -32.723 -30.463 -33.187

10b-1 0.652 178.814 0.9780 0.060 20.441 -32.882 -30.623 -33.347

11-1 0.637 153.864" 0.9745 0.065 19.482 -30.964 -28.704 -31.428

12-1 0.388 188.456! 0.9791 0.059 20.777 -33.554 -31.294 -34.019
Category 2

13a-2 3.492 17.6571 0.5813 0.263 -0.013 4.027 5.157 3.795

13b-2 2.125 8.910" 0.7250 0.213 4.790 0.420 3.244 -0.161

14-2 1.008 128.278" 0.9550 0.086 15.102 -24.201 -22.510 -24.553

15a-2 3.154 23.769! 0.6549 0.239 1.243 1514 2.644 1.281

15b-2 2.212 9.650f 0.7425 0.207 5.217 -0.434 2.391 -1.014

16-2 1.637 56.966! 0.9032 0.127 10.124 -14.249 -12.554 -14.597
Category 3

17-3 0.164 8.013r 0.7004 0.047 24.342 -38.685 -35.860 -39.266
Category 4

18-4 4.106 18.9461 0.5993 0.550 -9.594 23.188 24.318 22.956

19-4 0.155 14.245! 0.7680 0.042 25.241 -42.481 -40.221 -42.946

20-4 3.321 357.598! 0.9834 0.020 34.259 -62.518 -60.8234 -62.867

Note: ., T - 0.<0.001, 0 €0.01; E

MA%’

@, ACD, SSE, IL, AIM, BIM, HOM - mean absolute %-error, Fisher’s statistics, adjusted

coefficient of determination, standard sampling error, logarithm of the likelihood, Akaike, Bayesian, Hennan-Quinn

information measures, respectively

Source: developed by the authors based on O. Stasiv et al. (2023)

Mostly, clear correspondences between SSE, ACD,
E,. ON the one hand and (L, and AIM, BIM, HOM - on
the other hand, detected for the groups of Egs. (10a-1)-
(12-1), (14-2), (16-2), (20-4), and for Egs. (17-3), (19-4)
(Table 4; comparison with O. Stasiv et al. (2023)). Low (L
(@among other things L < 0), significant AIM, BIM, HOM
(@among other things > 0) confirm the low probability of
analytical forms of predestination M sign N, or N trait
L in Egs. (13a-2), (18-4), M by Vrb. N or R in Egs. (13b-2),
(15a-2), (15b-2).

Value of Theil (U1) inequality coefficients for all
subordinates were << 1 (0.00099-0.02596) and > O, cer-
tifying their total forecast accuracy and quality (Fang et
al., 2020). Other relevant measures of Theil U decom-
position of the mean error MSE - the disturbance pro-
portion (UD - is a result from source of the random er-
ror), the regression proportion and the bias proportion
(UR, UM, respectfully; they are the result from sources
of systemic errors in model parameters) had optimal
values for each OLD, i.e, 1, 0, 0, respectively, thus con-
firming the totals in the previous sentence (Ferrentino
& Vota, 2020).

None of the AC were found in the list of generat-
ed Egs. However, unlike the previous notice (Stasiv et
al., 2023) Egs. (10a-1), (10b-1), (12-1) - (15b-2), (17-3),
(19-4), (20-4) had unknown zones for AC (Table 5). It is
worth noting that the Vrb. M, N, L, R, B are estimates
of ecological and physiological processes in winter
wheat crops. Anumber of researchers, in particular J.
Martinez-Minaya et al. (2018), G. Gaspard et al. (2019),
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formulated the idea that the structure of the develop-
ment of ecological or biological processes is developed
under the conditions of interaction of “spatial”and “tem-
poral” abiotic and biotic factors, causing spatial auto-
correlation (SAC), rSAC (residual SAC),and temporal cor-
relation. In addition, the researchers emphasise that the
potential source of AC, rSAC, may be some features that
arise in the course of obtaining and processing environ-
mental data, for example, failure to take into account of
the contagious biotic processes (growth, mortality, etc.),
scales and distances, inability to choose the appropriate
localised and Vrb. with SAC (omitted Vrb), sample de-
sign, hypotheses and methodological approaches, etc.
The authors of this paper are inclined to assume that
the uncertain zones for AC in the above-mentioned OLD
(this paper) are at least partly conditioned by the fail-
ure to take into account the not yet established aspects
of (inter-) coordination between ULB growth traits,
an insufficiently perfect analytical form, and/or omit-
ted Vrb. Optimal ways out of this situation could be to
change the analytical forms of the corresponding OLD
using basic functions, including Moran | (Pedersen et
al., 2019), and in the directions of the generalised ad-
ditive model (GAM), the hierarchical generalised linear
models (HGLM) (Pedersen et al., 2019), the generalised
additive mixed models (GAMM) (Baayen et al., 2018).
A well-known alternative to such approaches - con-
sideration of AC in OLD - can be done by looking for
AC coefficients and data lags, and constructing AR,
MA, ARMA and ARIMA, as mentioned by P. Das (2019).
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Table 5. The most important benchmarks of the AC and MC for the OLD (of the individual and by category)

AC-criteria MC-criteria
#and category N Uncertainty . .
of OLD D-criterion p>0 or p<0 Jone 1 (max) ¢ (total interval) v (total interval)
Category 1
10a-1 3.03861 None Yes? 47.525 0.885-1.000 1.433-37.027
10b-1 2.86054 None Yes? 46.460 0.861-1.000 2.030-33.490
11-1 1.83745 None None 10.629 0.915-0.988 1.769-14.533
12-1 2.85631 None Yes? 10.074-46.673¢ 0.767-1.000¢ 2.375-33.859
Category 2
13a-2 1.10258 None Yes? —€ -e -e
13b-2 1.13358 None Yes® 18.927-87.332¢ 0.693-1.000¢ 12.580-862.448
14-2 1.47929 None Yes® 43.006 0.942-1.000 32.683-32.683
15a-2 1.16510 None Yes® -¢ -¢ -¢
15b-2 1.12215 None Yes® 12.134-6438.357°¢ 0.567-1.000¢  14429.852-5710158.011
16-2 1.83822 None None 44.468 0.944-1.000 38.110-38.110
Category 3
17-3 1.81374 None Yes® 64.594 0.598-1.000 7.536-223.971
Category 4
18-4 1.66049 None None -e -¢ -¢
19-4 1.40682 None Yes® 19.945-409.846¢ 0.678-1.000 2834.572-14396.170
20-4 2.81928 None Yes? 31.429 0.815-1.000 46.188-46.188'

Note: p - AC-coefficient; %, ° - zones of uncertainty AC at intervals dL < D <dU, 4-dU < D < 4-dL, respectively; n, ¢, v -
predetermination numbers, fractions of variances, variance-inflation coefficients, respectively; <, ¢ - intervals for N (max)
and ¢ in the presence of N210-N 2 30; ¢ - MC-criteria are missing because Eq. contains only one variable;’ - v is the

same in the case of the 1°t and 2" Vrb

Source: developed by the authors based on O. Stasiv et al. (2023)

Similarly, to the report by O. Stasiv et al. (2023), in
multi-step polynomial and single-step multi-step mul-
ti-step Egs. generated in this paper, ((10a-1) - (12-1),
(13B-2), (14-2), (15b-2) - (17-3), (19-4), (20-4)), a signif-
icant MC in terms of ¢, v, 1 was observed (Das, 2019;
Kim, 2019) (Table 5). According to A. Kalnins (2018),
MC can often be driven by a common cause with IV (a
common source of measurement error or a statistically
robust unobserved Vrb.) and a significant but idiosyn-
cratic term. This phenomenon can cause type 1 errors
(false positive results) — an overestimation of the 3 of
the OLD, their statistical validity, and a change in the
sign to the opposite. Therefore, MC, like AC or uncer-
tainty zones for AC, can be caused by the influence of
the omitted reasons on the behaviour of IV; however,
the nature of such reasons and their effect on IV is dif-
ferent in each case.

Additionally, attention should be paid to the fact
that Egs. (10a-1)-(12-1),(14-2),(16-2) are mostly non-hi-
erarchical (with the exception of (14-2), (16-2)) polyno-
mial predestinations of the criterion Vrb. by the IV, it is
clear that such properties of analytical forms will lead
to overfitting OLD (Montgomery, 2021). However, D. C.
Montgomery (2021) noted that the use of multilingual
OLD is appropriate for approximating functions with
unknown and possibly very complex nonlinear depend-
encies, i.e., similar to those found in this paper. Inter-
esting in this sense is, in particular, that polynomial

regression can be both an ‘essential” process in arti-
ficial neural networks and an alternative to the latter
(Cheng et al. 2018). Therefore, polynomial regression
can be considered as, to some extent, an alternative to
machine learning algorithms, and as a means for solv-
ing complex nonlinear problems.

The authors of this study suggest that Egs. (10a-1)-
(12-1), (14-2), (16-2) for predestination M by the IV N, L,
R,B,and also R, B by the IV L (OLD (19-4), (20-4)) empir-
ically and stochastically satisfactorily describe the con-
ditionality and subordination between the evaluated
ecological and physiological characteristics of winter
wheat under the studied agrotechnical influences. Nat-
urally, the presence of omitted Vrb., that affect such co-
herence is an objective condition for the existence of the
latter. Egs. (17-3), which characterises predestination of
R by the N unfortunately, cannot be conbsidered proper-
ly due to the excessive complexity of its interpretations.

DISCUSSION

Decrease to positive values or immutability of NAR .,
RGR, ; in research variants vs. C.0, 1.1, 2.1, at least to
some extent, were conditioned by the balance between
(i) increase or stabilisation of DM, DMI,,, LDMC ,
(explained by J.L. Miglioli et al. (2020), at defoliation -
K.E. Mueller et al. (2024)), respectively, with unidirec-
tional Al , changes, and probably LAR, LNC, LPC (under
defoliation - R. Bhadouria et al. (2023)), a decrease in
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the intensity of photosynthesis (Rezvani-Moghadd-
am, 2020) (tubing - flowering; early leaf ageing), (ii) a
subsequent decrease in photosynthetic activity, typical
increases in the rate of respiration (Rezvani-Moghadd-
am, 2020), outflow of photoasimilates and remobilisa-
tion of ULB resources, accompanied by a decrease in
DMl 5 LDMC ;. Al (earing - milky ripeness). The
changes in DMB ,, Al , specified in (ii) can lead to
RGR 4 NAR ;€0 (Lamont et al., 2023). Since, according
to J. Gu et al. (2018), negative leaf growth is accom-
panied by a decrease in plant RGR, then winter wheat
with RGR, ,,NAR , . <0 reached full ripeness the fastest.
Simultaniously, LAD ., BMD ., changed reciprocally,
relative to NAR  ;, RGR .. Such trade-offs can be scaled
to the level of plants, leaf cover,and mediate the devel-
opment of optimal eco-resistant results of the winter
wheat production process.

A. Bilal et al. (2019) demonstrated that for TDM-
seed Bt. cotton yield tr=0.94, a < 0.05. Therefore, the
components of bioproductivity can be significantly de-
termined by GI - NAR, LAD, RGR, BMD. For example, after
exposure to biological agrotechnical factors on alfalfa,
both NAR, RGR, and CGR grew, parts of which are com-
ponents of biological products (Khirkhah et al. 2019).
Confirming this, H. Tiwari et al. (2023) documented uni-
directional increase of RGR, NAR, CGR, bio-productivity
components, wheat harvest index (HI), whereas P. Ku-
mar and S.K. Brar (2021) cited studies in which there
were simultaneous increases in LAD, NAR, CGR, and HI.
Simultaneous increases in LAI, CGR, and yield structure
indicators in wheat (Khan et al,, 2023), LAI, NAR, dry
matter volumes and economic productivity of rice (Is-
lam et al. 2019). It is well known that FLB (“functional
leaves”) is important for providing 45-58% of wheat’s
photosynthetic activity at the grain completion stage
(Liu et al, 2019), the contribution of more than 80%
of the top three leaves of cereals to photosynthesis of
the entire plant at the grain maturation stages (Du et
al. 2019). However, the authors of this paper did not find
scientific reports with a comprehensive analysis of the
(inter-) conditions of the classical interval Gl of the up-
per leaves (in particular, FLB, PFLB) and a bioproductiv-
ity of winter wheat (Triticum aestivum L.) due to the in-
fluence of agrotechnical and technological factors on it.

This paper documents the presence of stochastic
essential 2D GDM-LAD  , co-subordination of, low-ex-
pressive 2D GDM-BMD, , co-ordinations, and the ab-
sence of statistically clear subordination of GDM-NAR
GDM-BMD, ,. The presentation of the determinants of
the GDM growth trait ULB, and then the individual Gl
analytical forms of OLD among themselves, allowed a
deeper and more diverse understanding of the com-
plex principles of development of the final bioproduc-
tivity of winter wheat (primarily in terms of = ADMI  ,
* AAl ;) under “model” conditions of BFS. Among the
generated OLD that characterise the development of
GDM depending on Gl of the ULB, Egs. (10a-1)-(12-1),
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(14-2), (16-2) is completely statistically satisfied. It fol-
lows from them that not M, but log M are non-linear-
ly determined by 2-regressor conjugations N, L or R, B
((10a-1), (10b-1)), whereas MLP ML function M - com-
binations of L and R (12-1) (multinomials). In (10a-1),
(10b-1) log M is positively coordinated with L, but neg-
ative — with L%, N, N- L, at the same time, in (12-1) the
MLP ML function M is negatively predetermined L, but
positive - L% R.In (11-1), log M is effectively coordinat-
ed with log R’ log B but not with R, B.

Considering TAE category 3 (‘INTRODUCTION”), the
basis of the relevant ideas published by S. Tripathi et
al., (2018), it is clear that (i) light intensity, (ii) reach,
capture of alimentary resources from the soil and/or
atmosphere, (iii) their interactive effects affect RGR,
and each of the growth components: an increase in (ii)
causes an increase in LAR by increasing LMF, RMF (root
mass fraction), a decrease in LMA; an increase in (i)
causes an increase in NAR,LMA, and a decrease in LAR;
multivariate studies are important for understanding
(iii) (Tripathi et al., 2018). Typically, NAR variations lead
to RGR changes if NAR does not have a negative covar-
iance with LMF or SLA (Gémez-Fernandez et al., 2022).
In accordance with the presented ideas, plant biomass
allocation (BA) takes place in line with the “theory
of optimal biomass allocation”: for optimal growth,
plants will distribute biomass to the organ that cap-
tures the most growth-limiting resources. Differences
in ontogenetic drifts of GI and BA also lead to trade-
offs, in particular between NAR and LAI, or RGR, and
investment in structural components, tissue renewal,
and self-shading (Islam et al, 2019). The trade-offs
(NAR s RGR, ;) = (LAD ;. BMD ) found in this paper,
statistically reliable negative values tr for LAD .-
NAR z BMD,,-RGR ., resemble the constructs of
plant Gl ratios outlined in this paragraph; significant tr,
pr for RGR; ;-NAR  ; allow predicting RGR ; ~NAR .
(as confirmation - TAE category 4 (“INTRODUCTION").
Through nonlinear coordination of the ML function R
with log N? (Eq. (17-3), interpretive suboptimality) a
likely alternative would be RGR , ~SLA , or the in-
volvement of the nearest morphological Vrb. - LAD  ,:
this is consistent with significant positive and negative
values tr for LAD,,-BMD,,, LAD  ,-NAR ., LAD -
RGR, ,, statistically reliable positive pr for LAD  ,-BM-
D,z mathematically SLA ~ LAl (LAD component) and
SLA ~1/LDM (Bosi et al. 2020). Therefore, non-hier-
archical polynomial OLD was generated between ML
functions N% R, B and L, among which the second (19-
4) and third (20-4) are statistically satisfied; these Egs.
are less difficult than (17-3).

According to K. Kikuzawa et al. (2018), and accord-
ing to TAE category 3,the larger the RGR, the smaller the
LMA and is directly proportional to it by LL.According to
this, leaf economic spectrum (LES) is considered: long-
lived plant species with structurally valuable leaves
(high LL, LMA), low instantaneous net photosynthetic




rate Aarea, NAR - fast-growing species with short-lived
leaves, high RGR, Aarea (NAR), low LL, LMA. Both in the
case of TAE categories 1, 2 and in terms of functional
ecology, the increase in carbon over plant life (net pro-
duction) is proportional to the products of (i) functional
LL or biomass duration, respectively, and (ii) of the av-
erage instantaneous rate of photosynthesis normalised
by weight. This implies a close or identical essence of
LAD, BMD, and LL. The influence of LAl on LL was pre-
viously noted by I.C. Dodd and E.D. Elphinstone (2021).
Consequently, LAD, BMD play a central role in classical
plant growth analysis, whereas LAD ., BMD  , - signif-
icantly determine the remaining signs of ULB growth
and probably GDM. This opinion corresponds to the
correlation matrices presented in this paper (the value
and statistical reliability of mutual agreements with L,
B). The contribution of L is significant and statistically
reliable in the development of log M in (10a-1), (10b-1),
(12-1), (14-2), ML functions R (19-4), in deployment B
(20-4); it is important that log M ~ log B (11-1).

Since OLD log M from N or R in (13A-2), (13B-2),
(15A-2), (15B-2) are characterised by unsatisfactory [L,
and AIM, BIM, HOM, then GDM should not depend on
NAR,; or RGR . either depend on them weakly, or
non-linearly. This corresponds to the basic concepts
proposed by J.L. Araus et al. (2021): the result of the
production process of agricultural crops is not deter-
mined or insufficiently, or is not directly determined by
the efficiency of leaf photosynthesis, but source-sink
relations, RUE, architecture and duration of the (green)
leaf cover play a crucial role in its development. The
latter type of traits will be determined by the function-
al LL, LAD size of the culture population. This makes
it fundamentally possible to scale to the level of leaf
cover of LAD, ,, BMD, ; - the most important Gl of the
ULB for GDM development. Thus, in the “successful”
OLD (10A-1) - (12-1), except L or B, also present N or
R.Since NAR ., RGR  , characterise the average rate of
BA in the area or ULB biomass, then it is reasonable to
assume that GDM can be caused by BA, both at the level
of ULB and at the level of parts of the whole plant, in
particular the structures of reproductive organs.

Thus, the statistically reliable (inter-) dependence
of winter wheat GDM (full maturity) on LAD  ,and BM-
D, (tubing — milky ripeness), i.e., on ULB growth traits
that can be scaled to the level of crop leaf cover, is
fundamentally explainable. These subordinates do not
contradict, but rather correspond to, (mutually) coordi-
nated ULB-growth terms, similar to multipliers in TAE
category 3 (‘INTRODUCTION”), with the LAD  , trait.

The authors of this study consider a middle way
between the approaches proposed by M. Weemstra et
al. (2023) to consider plant functional traits (PFT) of
the whole plant (underground + aboveground parts)
and, for example, the findings of N. An et al. (2021),
which attest to the influence of agroclimatic conditions
on resource capture and leaf construction costs (SLA,
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LMA, LDMC, LNQ), and, in particular, the findings of
J.L.Araus et al. (2021) in terms of prioritisation of plant
traits that scale to leaf cover, crown, and seeding. It
is clear that in subsequent studies, it is advisable to
search for similar allometric Egs. (10A-1)-(16-2) GDM
predeterminations not only by the Gl of the ULB, but
also by features similar to BA (DM investment in the
ULB - LMA  ; area, area reinvestment in DM of ULB-
SLA . average leaf area, leaf DM - dimensions of
source), of the reproductive allocation (RA, see G. Li et
al. (2019); average volumes of ULB biomass outflow
on leaf DM, or GDM, or GDM/leaf DM), among other
things, for the purpose of “‘embedding” the Gl of classi-
cal growth analysis of even ULB itself in broader, but
still compact systems of causal relationships woven
into the processes of formation of potential, relevant
bio- eco-important and economically valuable features
under various agrotechnical and technological influ-
ences. The development of appropriate networks and/
or groups of plant traits can help solve a number of
inconsistencies in the scientific area.

CONCLUSIONS

The potential possibilities and significance of empiri-
cal and statistical (mutually) predeterminations of the
levels of an agroecologically important component of
the production process of winter wheat (grain dry mass,
single-character designation - M) potentially scala-
ble integral growth traits of the upper leaves blades
(ULB), which characterise the development power of
their photosynthetic apparatus - leaf area duration or
biomass duration (L, B, respectively), under the con-
ditions of “model” biological and agrotechnical influ-
ences (biologised fertilisation systems - BFS). For the
development of M, the consolidated additive effects
of one of the above-mentioned ULB growth traits and
non-scaled features of the average ULB growth rate
(net assimilation rate, relative growth rate - N, R), for
example, combinations N and L, or R and B, or L and
R. Statistically reliable unidirectional changes of L, B,
on the one hand, and M - on the other hand, and si-
multaneous inversely directed variations N, R, found
obvious trade-offs (in terms of reciprocity of changes
in the indices under consideration) between potentially
scalable and non-scalable ULB growth traits (L, B vs. N,
R, respectively).

In passing with the expected statistically reliable
empirical (mutually) consistency between R and N in
the direction of well-established regularities of func-
tional ecology and classical analysis of plant growth,
the analytical form of predestination of the first of
these features of the second was too complex for se-
mantic and abstract-logical interpretations. Analytical
forms of predetermination of criteria can be quite ap-
propriate partial alternatives to such subordination
between the specified ULB growth traits of winter
wheat R or B sign L. However, N, most likely, did not
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depend, or was difficult to coordinate with L. The iden-  duction process in winter wheat.
tification of semantic and statistical weights of growth

traits, the distribution of biomass in the components of ACKNOWLEDGEMENTS
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ly found networks and groups of such indices can be
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AHoTauis. BigHoCHa Ta abcontoTHa BaXK/IMBICTb HU3KM 03HAK, 30KpeMa, arpodizionoriyHnx, MopdodyHKLiOHANbHUX,
Ha piBHi OKpeMMX OpraHiB i YacTMH LiNiCHOi pocanHM Ta/abo nociBy Ang po3BUTKY ocobnmBocTei HionorivHmx
03HaK Ta iHLWMX arpoeKosiIoriyHO 3HAYYLLUMX CKNAA0BMX NPOAYKLIMHOro NpoLecy pOCAMHHMLTBA, 0OroBOPHOETHCS B
HayKOBMX MpaLsix BXe TpUBaAui yac. MeToto poboTu ByB MOLIYK arpoOeKoIOriYHO 3HAUYLMX 03HAK POCTY BEPXHIiX
JIMCTKOBMX NNACTUHOK (GDM), siki MOXYTb €MNIPUYHO Ta NOTEHLLIAHO BM3HAYaTH PO3BMTOK Cyxoi Macu 3epHa (ULB)
NWeHuL 03MMOI 33 «KMOLENbHUX» YMOB Bi0NIONYHMX arpoOTEXHIYHMX BMIMBIB, MO3HAYEHMX K CMCTEMM BioNOriYHOro
yAobpeHHs. MeToam A0CNIAXKEHHS: METOAMYHI NiAX0AM NONbOBOMO A0CAIAY, FPaBiIMETPUUYHMIA, KOHBEKTUBHOIO CYLLiHHS
Ta CTOXaCTUYHI MeToau. Po3enTok GDM 3HauHOK Mipo BM3HAYaBCS NOTEHLIMHO MACLITaboBaHMMU iHTErpasbHUMK
pocToBuMM 03Hakamu ULB - TpuBanicTio IMCTKOBOI noBepxHi, Tpusanictio 6iomacu (LAD  ,, BMD  ;, BinnosigHo) abo
iX KOMBIHALISIMUM 3 MOTEHLiMHO HeMaCLITaboBaHUMM XapakTepUCTUKaMM cepesHboi wenakocTi pocty ULB - uuctoto

aCUMINALIMHOI WBKUAKICTIO, BiAHOCHOW waunakicTio pocty (NAR | ., RGR  ;, BianosiaHo). Takox Ayxe MMOBIpHO, Lo
LAD, , Moxe BifirpaBatvt LueHTpanbHy ponb y po3sutky RGR  ; a6o BMD  , (ane He.NARL.JLB). KOOp,ELl/I.HaLI,IFI RGRULB
3 NAR  ; He Byna BMKNtOHYEHa, Xo4a BOHa Oyna HaATo cknaaHot. MobynoBa Takux i NoaibHWMX AOC/ILKEHb Y pyChi

BMYEPMHOro MOSICHEHHS NOCNIAOBHUX CUCTEMHO-MEXaHICTUYHMX 3yMOBNEHOCTEN NPOAYKLiIMHOI0 NpoLecy 3 03HakaMu
3poctaHHs ULB 3a pi3HMX arpoTexHiyHux i 6ionoriyHnMx BNAMBIB CNpUSTUME BAOCKOHANEHHIO AMCKYPCMBHUX i
MaTEMATUYHMX IMITALIMHUX KOHCTPYKLiM, 30aTHMX XapaKTepu3yBaTW Ta iHTerpysatu audepeHuinoBaHi BNAUBU
POC/MHHUX KOMMOHEHTIB Ha HOTOCMHTE3 IMCTKOBOTO NMOKPUBY, KPOHU i, 3pELLTOI0, HA NPOLECU PO3BUTKY CKIAA0BUX
KiHLLeBOro 6ionoriYHoro Ta eKOHOMIYHOIO BPOXAK 03MMOI MILEHUL

KniouoBi cnoBa: 03Haku abo 0CO6MMBOCTI pOCTY BEPXHiX IMCTKOBUX MIACTUHOK; TPMBANiCTb Nepiogy GopMyBaHHS
NINCTKOBOI NoBepxHi Ta BiomMacu; Yncrta acuMinaLis Ta BiAHOCHA WBMAKICTb POCTY; 03MMA MWEHULS; KMOAENbHI»
6ionoriyHo NoKpaLLeHi arpoHOMIYHi YyMOBM — H6ioN0riYHO NOKpaLLeHi cucTeMun yoobpeHHs
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interaction of the research object with biotic and abiotic factors; statistical — to evaluate the results to determine
the parameters of cowpea adaptability. Within the studied varieties,a direct and inverse correlation was established
between the yield of cowpea and the sum of effective temperatures. For Groik (r=0.36) and Kafedralna (Control)
(R=0.36), U-Cha-Kontou (r=-0.64) varieties, the correlation was average, while for Gasson (r=0.96) and American
improved (r=-0.98) varieties, it was strong. Based on the regression equations, an increase in the amount of
precipitation by 1 mm can increase the yield of cowpeas by 3.4 kg/ha in the American improved variety and by
20.8 kg/ha - U-Cha-Kontou, and for the Gasson, Kafedralna (control), Groik varieties, there will be a decrease in yield
by 6.4 kg/ha, 10.8 kg/ha, and 20.7 kg/ha, respectively. Varieties with high overall adaptive capacity, defined as the
ability of genotypes to maximise the manifestation of traits under all environmental conditions, are valuable. High
indicators of total adaptive capacity for plant yield were observed in the varieties Gasson (TAC=5.16) and Groik
(SAC=2.16). The lowest value of this indicator was observed in the U-Cha-Kontou variety (TAC =-3.44). Varieties
that produce high but unstable yields are not able to guarantee maximum yields in conditions of improper farming
and difficult climatic conditions. The genotype breeding value is a complex indicator that determines the totality of
productivity and stability of varieties. Studies have obtained such fluctuations in this indicator from 0.84 to 13.63.
The best varieties in terms of genotype breeding value were Gasson (GBVi=13.63) and Kafedralna (GBVi=8.06).
There is a relatively low yield stability and the ability to respond to improved growing conditions in the U-Cha-

Kontou variety (GBVi=0.84)

Keywords: legumes; seedpods; technical ripeness; yield, stability; adaptability; plasticity

INTRODUCTION
The population of the whole world, as in Ukraine, is
changing approaches to nutrition, which consists in in-
creasing the consumption of products from less com-
mon crops. More and more Ukrainians, along with tradi-
tional vegetables, require less well-known ones, which
are valued for their medicinal properties and are safe
for human health. Supermarkets and wholesale markets
offer a small number of sparsely distributed vegetable
crops.The main reason in Ukraine is the insufficient sup-
ply of new products. Over the past decades, the world’s
food system has experienced several crises, including
climate change and the COVID-19 pandemic, war that
has disrupted markets and supply chains, and raised
concerns about food security. The military conflict be-
tween Russia and Ukraine also undermines important
principles of food security, as Ukraine has long been
known as the breadbasket of Europe (Rabbi et al., 2023).

In this context, sparsely distributed vegetable leg-
umes are a significant factor in meeting the needs of
the population in a balanced diet. Vegetable legumes
are a valuable source of carbohydrates, vitamins and
minerals, and biologically active substances that pro-
mote health. Due to the growing awareness of consum-
ers about a balanced diet, there is a constant increase
in demand for fresh and processed legumes and vege-
tables. With this in mind, maintaining optimal yields of
vegetable legumes is extremely important (Dhaliwal et
al., 2020; Fedosiy et al., 2022).

Despite the significant impact of legumes on global
food and food security, solving the problem of restor-
ing and preserving soil fertility, there is also an opinion
that their production volumes are still unsatisfactory,
compared to the need for them, due to biotic and abi-
otic factors (Ojiewo et al,, 2019; Tanchyk et al, 2021;
Hnatiuk et al, 2023). Among legumes, representatives

of the genus Vigna unguiculata are becoming increas-
ingly socio-economic, especially in countries where the
local population cannot afford animal proteins. Accord-
ing to M. Guney et al. (2021), cowpea is a low-calorie
source of protein, which makes it worth adding to the
diet, especially for those who are vegetarian or prone
to obesity. B.Abebe and M. Mulugeta (2022) and A. Qua-
mruzzaman et al. (2022) noted that cowpea contains
dietary fibre, a number of vitamins and minerals, and is
also characterised by a high content of phytochemical
antioxidants. It belongs to the category of healthy and
high-quality food products.

The value of the crop is its high heat, drought and
salt resistance, and the ability to grow it for vegetables,
seeds, green manure, and feed. However, annual warm-
ing and rising air temperatures accelerate the growth
and development of the crop, reducing the duration of
phenological phases. Under stressful conditions, plants
change their metabolism for optimal development,
which is conditioned by increased respiration (De-
hodyuk et al., 2021). J. Barros (2021) pointed out that
the crop reacts negatively to increased water scarcity
and rising temperatures. It is the study of the ecological
stability, plasticity, and adaptability of cowpea plants
that can help producers change growing technologies
to maintain sustainable crop production.

In 2008-2010, for the first time in the northern
Forest-Steppe, cowpea varieties were studied and
evaluated for early maturity, morphological character-
istics, productivity, yield of seedpods and ripe seeds at
the Department of Vegetable Crops and Indoor Green-
house at the National University of Life and Environ-
mental Sciences of Ukraine (Bobos et al., 2022). The
selected source material of varietal samples of cowpea
was used in breeding work as parent forms. As a result
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of breeding, the first Kafedralna variety of cowpea was
created, which in 2024 was listed in the State register
of plant varieties (2024).

Nowadays, there is a growing interest in the con-
sumption of cowpea, but it remains sparsely distrib-
uted. Given the climatic conditions that change every
year, there is a need for a comparative assessment
of cowpea varieties by phenological, morphological,
and economically valuable characteristics. With this
in mind, comprehensive research on introduction,
creation, and replenishment of the Ukrainian gene
pool, and selection of promising samples for further
breeding work will significantly expand the range of
economically valuable plants aimed at developing
the agricultural sector and ensuring a high quality of
life for the population. That is why the purpose of this
study was to investigate the development of the yield
of seedpods of cowpea varieties with high ecological
stability, plasticity, and adaptability.

MATERIALS AND METHODS

During 2014-2016, the following cowpea varieties
were studied: Groik (Israel), Kafedralna (Ukraine), Gas-
son (Vietnam), American improved (USA), U-Cha-Kon-
tou (China). Variety samples were obtained from the
National Centre for Plant Genetic Resources of Ukraine
(n.d.). The research was conducted in the training lab-
oratory “Fruit and vegetable garden” at the collection
plots of the Department of Vegetable Crops of the Na-
tional University of Life and Environmental Sciences
of Ukraine The plot was located on soddy-medium
podzolic soils in the northern part of the Forest-Steppe
region of Ukraine. The field study was conducted ac-
cording to the methodology of one-factor experiments
(Bondarenko & Yakovenko, 2001). Repeatability - three
times with randomisation. The accounting area - 5 m2
The control was the Kafedralna variety, which has been
approved for use in Ukraine since 2014. The variety
was created by the staff of the Department of Vege-
table Crops of NUBIiP of Ukraine (authors: |.M. Bobos,
Z.D. Sych, |.0. Fedosiy, 0.0. Komar).

Research continued in 2022-2023 within the
framework of the state programme “Development
of innovative technologies for growing sparsely dis-
tributed vegetable crops” (state registration number:
0122U001637). An examination of the new variety was
carried out for the purpose of state registration of the
variety for distribution in Ukraine and state registration
of rights to it. In 2023, Certificate No. 230516 on state
registration and Patent No. 230332 for the Kafedralna
cowpea variety (Vigna unguiculata (L.) Walp. subsp. ses-
quipedalis (L.) Verdc.) were obtained.

Technology of growing cowpea varieties, adopted
in production conditions. Sowing scheme - 70x25 cm.
Seed embedding depth - 2-3 cm. Seeds of varieties to-
gether with the control were sown simultaneously on
May 13 in all years of the study. Plant care consisted of
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mulching, systematic loosening, protection from weeds,
diseases, and pests. During the field method, phenolog-
ical phases were noted: full shoots, the beginning and
full flowering, the beginning of harvesting ripeness of
pods, and economic ripeness of pods. The beginning of
maturation was noted for the maturation of the predom-
inant number of pods (more than 75%). The duration of
the growing season was determined from sowing to the
date of economic ripeness. The period from sowing to
germination in varieties ranged from 12 to 17 days and
passed with an average sum of effective temperatures
of 70.2-105.7°C and precipitation of 42.8-56.8 mm.

Harvesting of pods in technical ripeness was car-
ried out weekly on all variants of the experiment simul-
taneously. Before harvesting, biometric measurements
were made, namely, the length of the central stem was
measured and the number of side shoots on the plants
was counted. During harvesting, the length of the pod
was measured and the number, weight of pods on the
plant, and the number of seeds in one pod were deter-
mined. The response of a variety to growing conditions
characterises the total adaptive capacity (TAC) - the av-
erage value of the trait in different environmental con-
ditions, specific adaptive capacity (SAC) - a deviation
from the total in a particular environment. Stability is
characterised by the ability of a genotype to maintain a
specific phenotype under various growing conditions as
a result of regulatory mechanisms. Plasticity (bi-regres-
sion coefficient for the environment) is the response
of a genotype primarily to changes in environmental
conditions, expressed in phenotypic variability (Tysh-
chenko et al,, 2023).

A population study with n genotypes in m environ-
ments was used for the determination of TAC and SAC.
The number of repetitions in this case is c:

X =U+Vi+d +(Vd), +e,, (1)

where X, - phenotypic value (/) of genotype grown in
(k) environment in (r) repetition; U - total average of the
entire set of phenotypes; V. - effect of (/) genotype; d, -
effect of (k) environment; (Vd), - effect of interaction of
( genotype with (k) environment; e, - effect caused by
random causes and attributed to (ekr) phenotype.
Model elements have a set of the following restric-

tions:

ZiVi = dek = Zk(\/d)ik = Zk(Vd)ik = zeik = O (2)

At the first stage of evaluating the parameters of
TAC and the stability of varieties, a two-factor analysis
of variance was performed. The second stage of evalua-
tion included the establishment of TAC, SAC, and stabil-
ity of varieties. According to the definition, the effect of
the total adaptive capacity of the TACi variety is Vi. De-
viation from the sum of U+ Vi is the effect of the specific
adaptive capacity of the variety in the R medium - SAC...
This effect combines a linear (R medium effect) and a
nonlinear part (interaction effect (Vd),).




The SAC parameters of cowpea are defined as follows:

1

* Y(dg +Vdig)2 - == o2 (3)

m

0% SAC; =

m-1

0 SAC; = /o? CA3; . (4)

The values of relative stability Sgi used to compare
the variability of different characteristics of varieties:

OCA3;
Sgi = :
U+3A3

% 100 %. (5)

Regression coefficient b, was defined:

b; = X" &k (6)

L7 Spdd
The genotype breeding value (GBVi) was used to
identify cowpea varieties that combine productivity and
stability:
GBV,=U+3A3, - po,;. (7)

The sum of effective air temperatures was calculat-
ed by the formula:
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where Ztef - sum of effective air temperatures for the
period, °C; t,, — average active air temperature for the
period, °C; b - biological minimum, which in this study
was taken as 10°C; n - number of days in the period.
Variance (ANOVA) and correlation analysis were per-
formed using the XLSTAT add-in in MS Excel software
suite. The differences were considered significant for
the validity of a.=0.95 (Rao, 2018). The authors adhered
to the standards of the Convention on Biological Diver-
sity (1992) and the Convention on International Trade
in Endangered Species of Wild Fauna and Flora (1979).

RESULTS

As a result of a study of the yield of commercial seed-
pods in 5 cowpea varieties with 3 replications of the ex-
periment and 3 replications in time (2014, 2015, 2016)
with a sample size n=45. The approximate number of
groups was V45,50 7 groups were selected. In this case,
the interval value will be 1.7. A visual representation of
the frequency distribution is shown in Figure 1. A step
graph (histogram) in the form of columns has a height
proportional to the frequencies, and its width, equal to
the class intervals, the distribution curve connects the

Yter = (tawg — B) *m, (8) average values of groups with a line.
12 +
10 + — —
.§ 8 1+ — = \
]
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Figure 1. Histogram and yield distribution curve of commercial seedpods of cowpea varieties (2014-2016)
Source: developed by the authors based on the conducted research

Based on the obtained data of the variance anal-
ysis F._ . > F_.=459.684 > 3.47804, which indicates

the reliability of these differences at the level of P .
(Table 1).

Table 1. Results of one-factor analysis of variance (2014-2016)

Sourse of Variation SS df MS F P-value F crit
Bethwein Groups 209.616 4 52.404 459.684 2.76576 E-11 3.47804
Winter Groups 1.14 10 0.114
Total 210.756 14

Source: developed by the authors based on the conducted research

Judging by the coefficient of determination
(R? = 0.13-0.95), approximately 2% in the Groik variety,
17% - U-Cha-Kontou, 43% - Kafedralna (control), 84% -
Gasson, and 91% - American improved) of changes in
the yield of seedpods were conditioned by changes in
the sum of effective air temperatures and only, respec-
tively, by 98%, 83%, 57%, 16%, and 9% of the changes

were conditioned by other factors. Within the variants
under study, a direct and inverse correlation was estab-
lished between the yield of cowpeas and the sum of ef-
fective temperatures. For Groik (r=0.36) and Kafedralna
(Control) (R=0.36),U-Cha-Kontou (r=-0.64) varieties, the
correlation was average, while for Gasson (r=0.96) and
American improved (r =v -0.98) varieties, it was strong.

Scientific Horizons, 2024, Vol. 27, No. 5



72

Ecological stability, plasticity, and adaptability of cowpea varieties...

Based on the regression equations presented in
Figure 2,it can be assumed that an increase in the sum
of effective temperatures by 1°C corresponds to both
an increase in the yield of seedpods for the varieties
Groik (2 kg/ha), Kafedralna (control) (2.5 kg/ha), Gasson
(2.2 kg/ha), and a decrease - for the varieties Ameri-
can improved (2.0 kg/ha), U-Cha-Kontou (2.4 kg/ha).

15 +
= “r y =0.0022x + 12.149
13 + 2w
= RE=09154 y - 0.002x + 9.2141
g BT R?=0.13®
=% & ===
T U7 »°®
% 0l e————70
5 ] y = 0.0025x + 7.8831
= %7 R2=0.6543
s 8+
=-0.0024x + 8.3498
7T R2=04111
6 + — — .
s 1 @
.1 = -0.002x + 6.2343
R?=09514
3 1T rrr T rrT T —rrrr 1
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Kafedralna (control)
Gasson
American improved
e  U-Cha-Kontou

According to the coefficients of determination
(R?=0.02-0.96), about 2% of the yield variation in the
varieties American improved, 25 % - Gasson, 65 % - Ca-
thedral (control),94% - Groik,and 96% - U-Cha-Kontou
was due to a change in the amount of precipitation, but
the rest 98%, 75%, 35%, 6%, and 4% of the variation,
respectively, was due to the influence of other factors.
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Figure 2. Dependence of the yield of cowpea seedpods between the sum
of effective air temperature (left) and precipitation (right) (2014-2016)
Source: eveloped by the authors based on the conducted research

It turned out that among the varieties under
study, the yield directly and inversely depended on the
amount of precipitation. The correlation was average
for the American improved variety (r=0.39), and strong
for the Gasson (r=0.71), Kafedralna (control) (r=-0.90),
Groik (r=-0.98), and U-Cha-Kontou (r=0.99) varieties.
Based on the regression equations, an increase in the
amount of precipitation by 1 mm can increase the yield
of cowpeas by 3.4 kg/ha in the American improved vari-
ety and by 20.8 kg/ha - U-Cha-Kontou, and for the Gas-
son, Kafedralna (control), Groik varieties, there will be a
decrease in yield by 6.4 kg/ha, 10.8 kg/ha, and 20.7 kg/
ha, respectively.

The range of feature variability allows assessing a
certain influence of the environment on the expression
of quantitative parameters. A higher scope means a
greater environmental impact. Samples that have a low
range of variations, regardless of the growing environ-
ment, are more stable. This means that the degree of
influence of the genotype on the severity of the trait in
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them is greater than the influence of the environment.
The smallest yield range of seedpods was found in
the varieties American improved (0.3 t/ha) and Gasson
(0.4 t/ha). This indicates that the boundaries in which
the value of the trait changes narrow when the growing
conditions of these varieties worsen. The largest range
of variation of this trait was observed in the Groik varie-
ty (1.1 t/ha) (Fig. 3). Varieties with high overall adaptive
capacity, defined as the ability of genotypes to maxim-
ise the manifestation of traits under all environmental
conditions, are valuable. High indicators of total adap-
tive capacity according to plant yield was observed in
the varieties Gasson (TAC=5.16) and Groik (TAC=2.16).
The lowest value of this indicator was observed in the
U-Cha-Kontou variety (TAC=-3.44) (Fig. 4). The specific
adaptive capacity allows assessing the level of stabil-
ity of varieties - the lower the value of this indicator,
the more stable the variety. The Gasson (SAC=0.015)
and American improved (SAC=0.005) varieties were the
most stable in the study.
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Figure 3. Yield of seedpods of cowpea varieties, t/ha (2014-2016)
Note: (c)* - control
Source: developed by the authors based on the conducted research
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When assessing relative stability (Sgi), it was found
that all the varieties have a high stability in the range
of 0.10 to 2.50 %. The plasticity coefficient is a meas-
ure of adaptive ability. The higher the coefficient, the
more sensitive the variety is to improved growing con-
ditions, and this may indicate its ability to make the
best use of favourable environmental conditions. At
the same time, it is less stable in the event of deterio-
ration of growing conditions. A coefficient value of less
than 1 indicates both greater stability of the variety
and a worse ability to respond to better growing con-
ditions with an increase in the quantitative trait. The
variety does not respond to changes in environmental
conditions when bi=0.The Groik variety had the high-
est regression coefficient (5.0), therefore, it has a high
sensitivity to growing conditions. A value close to 1
was observed in the Gasson variety (bi=1.13). Varieties
American improved and U-Cha-Kontou had a bi coef-
ficient in the range from -0.24 to -0.29, therefore, they
have a low level of sensitivity to any changes in the
environment (stable). Such a variety provides a guaran-
teed high yield in any growing conditions.

A higher homeostatic index, compared to the con-
trol, was observed in the Gasson variety (Hom=10.37).
Varieties that produce high but unstable yields are
not able to guarantee maximum yields in conditions
of improper farming and difficult climatic conditions.
The genotype breeding value is a complex indicator
that determines the totality of productivity and stabil-
ity of varieties. In this study, this indicator ranged from
0.84 to 13.63. The best varieties in terms of genotype
breeding value were Gasson (GBVi=13.63) and Kafed-
ralna (GBVi=8.06). There is a relatively low yield sta-
bility and the ability to respond to improved growing
conditions in the U-Cha-Kontou variety (GBV,=0.84).

Using the correlation calculation, a direct strong
relationship was established between the average
yield and genotype breeding value (GBVi) (r=0.77), ho-
meostasis (Hom) (r=0.84), total adaptive capacity (TAC)
(r=0.99); between the range of variation and relative
stability (Sgi) (r=0.94), specific adaptive capacity (SAC)
(r=0.99); between the coefficient of variation and rel-
ative stability (Sgi) (r=0.71); between total adaptive
capacity (TAC) and homeostasis (Hom) (r = 0.84), gen-
otype breeding value (GBVi) (r=0.77); between specif-
ic adaptive capacity (SAC) and relative stability (Sgi)
(r=0.94); between homeostasis (Hom) and genotype
breeding value (GBVi) (r=0.96).

An inverse strong correlation was found between
the average yield and the coefficient of variation
(r=-0.68); between the coefficient of variation and
total adaptive capacity (TAC) (r =-0.68), homeostatic-
ity (Hom) (r=-0.87), and the genotype breeding value
(GBVi) (r=-0.97). The presence of a direct average re-
lationship was established: between the average yield
and plasticity (bi) (r=0.62); between the range of varia-
tion and the coefficient of variation (r=0.46), plasticity
(bi) (r=0.62); between the coefficient of variation and
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specific adaptive capacity (SAC) (r=0.51); between to-
tal adaptive capacity (TAC) and plasticity (bi) (r=0.62);
between specific adaptive capacity (TAC) and plasticity
(bi) (r=0.62); between specific adaptive capacity (SAC)
and plasticity (bi) (r=0.61).

An inverse average correlation was found: be-
tween the range of variation and the genotype breed-
ing value (GBVi) (r=-0.38); between specific adaptive
capacity (SAC) and the genotype breeding value (GBVi)
(r=-0.44); between relative stability (Sgi) and homeo-
staticity (Hom) (r=-0.46), and the genotype breeding
value (GBVi) (r=-0.62).

DISCUSSION

Cowpeas perform well in semi-arid tropics, where oth-
er legumes cannot thrive. Due to its ability to grow in
extreme conditions, cowpea is a suitable choice in the
face of climate change (Ayalew & Tarek, 2022). Q. Cui et
al. (2023) reported that 4 drought-tolerant samples
were identified among 36 Arkansas cowpea lines.
O. Olorunwa et al. (2022) confirmed that the UCR 369
genotype can develop adventitious roots and provide
biomass accumulation during waterlogging. The pho-
tosynthetic response to waterlogging varied between
tolerant and sensitive cowpea genotypes. According to
the study, excessive precipitation was observed in May
2016, where the difference between the average long-
term precipitation was 102 mm. Waterlogging led to an
increase in the concentration of CO, in the root zone
of plants, and to a decrease in hydraulic conductivity,
which as a result, caused rapid closure of stomata.

The study of the effect of temperature stress on
pollen is extremely important, as the viability of pollen
grains is one of the key indicators for assessing plant
tolerance to temperature stress (Havryliuk et al., 2022).
In San Francisco, the cowpea variety BRS Gurguéia has
proven itself well, which under conditions of temper-
ature stress maintained greater pollen viability with a
lower level of flower abortivity and, as a result, provided
a higheryield (Barros et al., 2024). Our research also con-
firms that high temperatures affected the metabolism of
cowpea plants, causing changes in plant growth. How-
ever, the varieties had different physiological responses
due to each variety’s different need for thermal energy.

Soil salinity is one of the key abiotic factors limiting
the productivity of cowpea plants. For the most part, sa-
linity negatively affects growth processes, reproductive
characteristics such as the number of flowers, bean de-
velopment, seed yield and size, thus affecting the final
yield (Le et al., 2021). W.Ravelombola et al. (2019) found
that P1582438 variety had a lower percentage of dead
plants, increased chlorophyll content, and a lower rate
of leaf damage.

In recent years, heavy metal toxicity has become
one of the most serious threats to agricultural pro-
duction, which may become even more urgent in the
coming decades (Tonkha et al., 2020). In particular, the
effect of heavy metal toxicity on cowpea is evident in




almost all plant tissues and at all stages from seed ger-
mination to ageing, although these effects are strong-
est during seed germination and root system growth
(Riyazuddin et al., 2021). A. Ahmad et al. (2023) proved
that the use of rhizobacteria is an effective tool for
improving the growth and physiological parameters
of cowpea in conditions of lead contamination. Some
of the most serious bacterial infections of cowpea are
Xanthomonas axonopodis pv.vignicola (Xav) and Xantho-
monas citri pv. glycines (Xcg), causing serious damage to
crops (Mahmoud, 2021). Depending on the time and in-
tensity of infection, viral diseases can cause crop losses
from 10% to 100% (Mekonnen et al., 2022). In August,
a summer drought was observed, and intense dews at
the end of August led to the development of diseases
(bacteriosis, anthracnose), which reduced the marketa-
bility of products.

Cowpea is damaged by insects at all stages of
growth and development. Aphids are the first major
pest to settle in the early stages of development (Mo-
fokeng & Gerrano, 2021). According to the study, dry
weather was often observed in May, which led to inten-
sive infestation of plants by bean aphids. Plants inhab-
ited by aphids were distinguished by the presence of
sticky honeydew, which is a favourable environment for
the development of mould. In such plants, a decrease in
the effective leaf area was observed, which significantly
reduced the level of photosynthesis.

Cowpea is one of the most valuable leguminous
crops that ensures food and food safety. Due to its nutri-
tional value, it is in demand all over the world. Although
the climatic conditions prevailing in Ukraine are not so
difficult in terms of drought and high temperatures,
in contrast to the tropical climate, in which cowpea is
mainly grown, it is exposed to numerous abiotic and
biotic influences, and other factors that reduce its yield.
However, the genetic resources of cowpea in most cas-
es remain unexploited. Therefore, to further unlock its
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potential,itis necessaryto create highly productivevarie-
ties with avariety of purposes, high nutritional value and
adapted to the climatic and soil conditions of the region.

CONCLUSIONS

According to the results of studies on cowpea in the con-
ditions of the northern forest-steppe of Ukraine, it was
established that the maximum level of yield of seed-
pods was provided by the Gasson variety (14.4 t/ha), the
minimum - by the American improved variety (4.2 t/ha).
The maximum range of yield variation (Max-Min) ranged
from 0.3 to 1.1 t/ha. A low value of linear yield regres-
sion (bi < 1) was found only in the varieties American
improved and U-Cha-Kontou, therefore, such varieties
respond less to changes in environmental conditions
than on average the entire set of varieties under study.
The Groik variety was the most responsive to chang-
es in environmental conditions for this feature (bi > 1).
The relative stability index of the varieties under
study ranged from 0.1 to 2.5.Thus, all the studied varie-
ties belong to a highly stable group. However, the Amer-
ican improved and U-Cha-Kontou varieties do not have
high productivity (average yield 4.2-5.8 t/ha), so they
are not economically valuable. Kafedralna and Gasson
varieties are distinguished, which are characterised by
a combination of high yield parameters (10.4-14.4 t/
ha), adaptability, and genotype breeding value (8.06-
13.63). Marketing of little-known legumes is complicat-
ed by the fact that they are mostly less well-known to
consumers, so a promising area of further research is
to investigate the mechanisms of popularisation and
widespread inclusion of them in the human diet.
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AHoTauif. BU3HauyeHHs eKoNoriYHoi MAACTUYHOCTI Ta CTabinbHOCTI COpTiB i ribpMAIB /I KyNbTyp AAE MOXAMBICTb
KOMIMMIEKCHO OLIHUTU iX 3 YpaxyBaHHAM NOTEHLiany NPOAYKTUBHOCTI, AKICHUX TEXHOMOTYHUX NOKA3HMKIB Ta PiBHA
CTIMKOCTi 4O CTpecoBUX yMOB. MeTo AaHOro A0CNiAXKeHHS Byno BUBYEHHS GOPMYBaHHS BpOXat 606iB-nonaTok
COpTiB BirHM CNapXeBOi 3 BMCOKOK €EKOJOriYHOK CTaBiNbHICTIO, MNACTUYHICTIO Ta afanTuBHICTHO. [MpoBigHMMMU
MeToAaMM LOCNIIKEHHS LAHOI NMpobneMu € MoMbOBMI — ANS BU3HAUYEHHS B33EMOAiT OO'€kTa LOCNIAKEHHS 3
6i0TMYHMMU Ta ABIOTUUYHMMM DAKTOPAMM, CTATUCTUYHMIA — ANS OLIHKM Pe3ynbTaTiB AOCAIIKEHD 3 METOK BU3HAYEHHS
napameTpiB aAanTMBHOCTI BirHW. B MeXax AOCNiAXYBaHWX BapiaHTIB BCTAHOBEHO NPSMY Ta 3BOPOTHIO KOPensLio
MiXK YPOXAMHICTIO BirHM Ta cymMoto edekTuBHMX TeMnepatyp. [ina coptis [poik (r=0,36) i KadeapanbHa (KOHTPOb)
(r=0,36),Y-Ta-KoHToy (r=-0,64) kopensuis 6yna cepeaHboto, a ansa coptis [accoH (r=0,96), AMepuKkaHCbka noninweHa
(r=-0,98) - cunbHO. BUxoasuM 3 piBHSAHb perpecii NiABULLEHHS CyMM ONaAiB Ha 1 MM MoXe 306inbLuyBaTH YPOXKaMHICTb
6006iB-10NaTOK BirHW CNapXeBoi Ha 3,4 Kr/ra y copTy AMepuKkaHCbka nokpalleHa Ta Ha 20,8 kr/ra - Y-Ta-KoHTtoy, a gns
coptiB laccoH, KadenpanbHa (KOHTpob), [poiK cnocTepiraTUMEeTbCs 3MEHLLEHHS BPOXAMHOCTI Ha 6,4 kr/ra, 10,8 kr/
ra Ta 20,7 kr/ra BianosigHo. COpTM 3 BMCOKOK 3arasibHOI aAanTUBHOK 34aTHICTIO, IKa BU3HAYAETHbCS K 30aTHICTb
reHoTMNIB 40 MAKCMMANbHOro MposiBy 03HaK 3a OyAb-SKMX YMOB HABKOMIMLLIHLOMO CEPefoBMLLIA, € LiHHUMK. Bucoki
NMOKA3HMKM 3arajibHOi aAanTUBHOI 34aTHOCTI 33 YPOXKAMHICTIO POCAMHM cnocTepiranucs y copTie laccoH (3A3=5,16)
Ta [poik (3A3=2,16). HariMeHLLe 3HaYEeHHS AAHOro NOKa3HMKa cnoctepiranu y copty Y-Ta-KoHToy (3A3=-3,44). Coptu,
SIKi 4aK0Tb BUCOKI, ane HecTabinbHi BpoXKai, He 34aTHI rapaHTyBaTU OTPUMaHHS MaKCMManbHOI BPOXAMHOCTI 3a YyMOB
HeHaneXxHoro 3emsiepobcTBa Ta CKNALHUX KNiMaTUYHMX YMOB. CenekuitHa LiHHICTb reHoTMNy — Le KOMMIEeKCHUM
NMOKA3HMUK, KM BMU3HAYAE CYKYMHICTb NPOAYKTMBHOCTI Ta CTabinbHOCTI COpTiB. Y LOCNIAKEHHAX OTPUMAHO Taki
KONIMBAHHA LbOro nokasHuka Big 0,84 no 13,63. KpalwimMmu 3a nokasHMKaMu CeNeKLLiAHOI LLiHHOCTI BUSBUIUCS COPTU
laccon (CLM=13,63) i KadbeppanbHa (CLIMN = 8,06). CnocTepiraeTbcs BiLHOCHO HM3bKa CTabiNbHICTb BPOXKAMHOCTI Ta
3[0aTHICTb pearyBaTi Ha NOKpaLLeHHs YMOB BUpOLLYBaHHS Y copTy Y-Ta-KoHTtoy (CLTi =0,84)

KniouoBi cnoBa: 6060Bi KynbTypu; 6061-10NaTKKU; TEXHIYHA CTUIMNICTb; YPOXKAMHICTb; CTabiNbHICTb; afanTUBHICTb;
NAACTUYHICTb
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Productivity of common flax varieties depending on fertiliser

to investigate the regularities of the development of productivity of common flax plants and determine changes
in quality indicators depending on the application of improved agrotechnological techniques in the soil and
climatic conditions of the Western Forest-Steppe. The following methods were used: field, laboratory (to determine
qualitative indicators), and statistical (to assess the reliability of data). Field studies were conducted during 2021-
2023 on grey forest surface-gleyed soils. The features of growth and development of common flax varieties Miandr,
Oberih, Usivskyi and Ivanivskyi were studied using the following fertiliser rates: N, P, K =N, P K - N, P, K .. It
was found that the productivity of common flax varied depending on the dose of mineral fertilisers and varietal
characteristics. On average, in 2021-2023, the growing season of common flax lasted 91-94 days (depending on
the variety and mineral nutrition of plants). The highest yield of flax straw (4.37 t/ha) was obtained on average for
2021-2023 in the Oberih variety, subject to the application of a dose of mineral fertilisers N, P, K, . The increase
over control was 0.52 t/ha (13.51%). The yield of straw in the Miandr variety varied from 3.59 t/ha (in the control)
to 4.31 t/ha (with the application of N,.P, K...), for the Usivskyi variety - 3.97-4.17 t/ha, for the Ivanivskyi variety -
3.12-3.81 t/ha. In terms of seed vyield, the highest indicators on average for 2021-2023 were obtained from the
Miandr variety, provided that a dose of mineral fertilisers N,.P, K .. was used - 1.26 t/ha. The control yield was
0.88 t/ha.A similar trend was observed in the Oberih variety with seed yield indicators of 0.93 t/ha and 0.58 t/ha in
the control. The seed yield of the Miandr variety exceeded the indicator of the Oberih variety by 0.33 t/ha against
the background of fertiliser N,.P, K, ... Against this background, fertilisation resulted in the highest seed yields in
the varieties Usivskyi (0.99 t/ha) and lvanivskyi (0.91 t/ha), which was 0.17 t/ha (20.73%) and 0.07 t/ha (8.33%)
higher than the control variant, respectively. The results of these studies can be used to adjust the elements of the

technology of growing common flax in production conditions to increase the yield and quality of fibre

Keywords: common flax; varieties; mineral fertilisers; productivity; cultivation technologies

INTRODUCTION

In modern conditions, the improvement of existing cul-
tivation technologies and the selection of new adaptive
varieties is relevant in the cultivation of flax. Since cli-
mate change is currently taking place, improving tech-
nologies and adapting varieties to appropriate condi-
tions without losing the yield and quality of fibre and
seeds is an important aspect of research. The average
annual air temperature has increased by 2.0 degrees
Celsius since the beginning of the 20" century, accord-
ing to L.Wilson et al.(2021). O.Tarariko et al. (2022) note
that recent climate changes are encouraging research-
ers to improve technologies for growing all crops.

Meteorological factors and their role in the de-
velopment of flax productivity were investigated by
Y.Trach (2020).The weather conditions and their changes
were analysed during 2000-2020 inrelation to long-term
average indicators and the criterion of the coefficient
of materiality of deviations of elements of agromeoro-
logical data. According to these observations and anal-
yses, climate change is still occurring in the Western
Forest-Steppe and Polissia, namely: an increase in the
average daily air temperature, a change in the duration
and onset of the growing season of flax,and an increase
in the number and intensity of adverse weather events.

The application of mineral fertiliser doses was
studied by A. Shuvar et al. (2021). According to these
data, the combined application of organic and mineral
fertilisers is an alternative to the use of moderate dos-
es of mineral fertilisers. Fertilisation, as an agrotech-
nical method of regulating the potential capabilities
of common flax varieties, was considered by O. Mel-
nyk et al. (2022), O. Petrova (2020), I. Vereshchagin et
al. (2022). The researchers highlighted the state of the
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problem and developments in the field of flax grow-
ing and the impact of fertilisers on product quality. Im-
provement of the technology of growing long-stemmed
flax in the Western region of Ukraine was studied by
V. Dumych (2020). His study highlights the systems of
minimising tillage, which are used to increase the yield
of straw and seeds. Another important aspect of flax
research is the evaluation of breeding material for the
main economic indicators, which was carried out by
H. Dorota et al. (2020).

Yu. Berezovsky et al. (2021), SV. Yahelyuk and
V.F. Didukh (2020), A. Seleznyov and N. Danilova (2020),
in their papers covering the development of the flax in-
dustry in Ukraine, analysed the current state and main
trends in its development. V. Petrychenko and V. Lyk-
hochvor (2020) substantiated the strategy for the de-
velopment and improvement of the efficiency of this
industry, proposals for its development. A. Limont and
Z.Limont (2021) in their study on the development of
productivity of common flax and stem, considering the
density of plants before harvesting, note the influence
of these factors on the change in the number of stalk
bolls, the proportion of unproductive stems, and the
coefficient of variation in the height and diameter of
stems. According to data, the highest yield of seeds and
straw was obtained at the maximum density values,
namely: 2,500 pcs./m2

The study of the features of the elements of com-
mon flax technology under certain soil and climatic
conditions with different fertiliser rates is an important
aspect of obtaining a high-yield fibre and seed crop.The
purpose of this study was to determine the influence of
these factors on the development of yield indicators.




MATERIALS AND METHODS
The research was conducted on the experimental
field of the Institute of Agriculture of the Carpathian
Region of NAAS in 2021-2023 according to generally
accepted methods. The soil of the experimental field
was grey forest is superficially gleyed with the follow-
ing agrochemical indicators (before the experiment)
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at a 0-20 cm layer: humus (by Tyurin) - 1.7-2.1%; pH
(salt extract) - 5.1-5.4; easily hydrolysable nitrogen (by
Cornfield) according to DSTU 7863:2015 (2015), - 85.4-
88.2 mg/kg of soil; mobile forms of phosphorus — 67.4-
99.0 mg/kg of soil and potassium (by Kirsanov) accord-
ing to DSTU 4405:2005 (2005) - 84.4-86.2.0 mg/kg
of soil. The predecessor of flax was winter cereals.

Table 1. Experiment scheme

No. Factor A (variety) Factor B (fertiliser)
1 Without fertilisers (control)
2 Miandr NP
3 N30P60K90
4 N45P90K135
5 Without fertilisers (control)
o Oberih NuoPacKen
7 N30P60K90
8 N45P90K135
9 Without fertilisers (control)
10 N, P, K
Usivskyi 0 A0
11 N30P60K90
12 N45P90K135
13 Without fertilisers (control)
14 N, P, K
Ivanivskyi e
15 N30P60K90
16 N,.P, K

45" 90" 135

Source: developed by the authors

Ploughing was carried out to a depth of 22-26 cm,
followed by harrowing, application of mineral fertil-
isers, pre-sowing cultivation, and rolling. The crops
were sown at the optimum time, at a soil temperature
of 7-8°C at a depth of 10 cm, as soon as weather con-
ditions allowed (second ten days of April) with a SL-16
seeder using a narrow-row method (7.5 ¢cm) in a four-
fold replication with a seeding rate of 22 million germi-
nated seeds per hectare in accordance with the meth-
odological recommendations. Plot area: sown area - 36
m?; accounting area - 25 mZ. The repetition of the ex-
periment was fourfold. The seeding rate was 22 million
germinated seeds per 1 ha. The following mineral fer-
tilisers were used: ammonium nitrate, granular super-
phosphate, potassium salt, or potassium magnesium. To
control weeds in the phase of leaf development, a tank
mixture of herbicides Grodil (0.1 l/ha) and Oreol maxi
(1.25 l/ha) was introduced on all variants of the exper-
iment. To control the flax flea beetle (Aphthona euphor-
biae Schrk) in the presence of economic threshold of
harmfulness (ETH) (pest population density exceeds 10
beetles per 1m?) - the entire field is treated using Fury
insecticide (0.10 l/ha) during the onset of the full ger-
mination phase.

Collection and accounting of seeds and straw was
carried out separately. The weight of 1,000 seeds, its

germination rate, and germination energy were deter-
mined. Fibre quality was determined by the following
indicators of technological analysis: fibre content in
straw, in flax stock, fibre yield, its strength and flexi-
bility. Sampling for structural and technological anal-
ysis was carried out in the yellow ripeness phase of
flax plants. Morphophysiological studies in dynamics
by stages of organogenesis of common flax was deter-
mined according to procedures (Molotskyi et al., 2006).
Statistical processing of the results was carried out us-
ing the programmes Statistica 6.0 and Excel 2003.

Experimental studies of plants (both cultivated and
wild), including the collection of plant material, were in
accordance with institutional, national or international
guidelines. The authors adhered to the standards of the
Convention on Biological Diversity (1992) and the Con-
vention on International Trade in Endangered Species
of Wild Fauna and Flora (1979).

RESULTS AND DISCUSSION

The effectiveness of the fertiliser application was pri-
marily assessed based on the yields of flax straw and
flax seeds. It is from them that conclusions can be
drawn about the influence of growing conditions on
the processes of plant growth and development. The
choice of variety and the application of appropriate
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fertiliser affects the course of plant vegetation and
productivity.

The results of the study showed that the use of fer-
tiliser significantly affected the productivity of common
flax (Table 2). The yield of straw in 2021 of the Miandr
variety ranged from 5.8 t/ha (in the control) to 6.11 t/ha
(with the application of N, P K. ). A similar pattern
of straw yield formation under the influence of fertil-
iser was recorded in the Oberih variety from 6.0 t/ha
(in the control), up to 6.21 t/ha (for applying a dose of
mineral fertilisers N, P, K ). On average, the increase
in flax straw yield was 0.20-0.31 t/ha (3.45-5.34%) for
the Miandr variety, 0.12-0.21 t/ha (2.00-3.50%) for the

Oberih variety, and for the Usivskyi variety, the average
increase in flax straw yield was 0.21-0.42 t/ha (3.32-
6.65%), for the lvanivskyi variety - 0.19-0.47 t/ha (3.37-
8.33%). The highest yield of flax straw (6.74 t/ha) was
obtained from the new variety Usivskyi, subject to the
application of N, P, K, . The increase over control was
0.42 t/ha (6.65%). The yield of straw in 2022 of the Mi-
andr variety ranged from 1.58 t/ha (in the control) to
2.20 t/ha (with the application of NP, K...). A similar
pattern of straw yield generation under the influence
of fertiliser was recorded in the Oberih variety from
1.17 t/ha (in the control) to 2.13 t/ha (when applying a

dose of mineral fertilisers N,.P, K. ..).

Table 2. Productivity of flax straw of common flax varieties depending
on the elements of cultivation technology in 2021-2023, (t/ha)

Fertilisation

Flax straw yield, t/ha

Deviation from control, t/ha

Variety background 2021 2022 2023 2021 2022 2023
Control 5.80 1.58 3.38 - - -
Miands NLoP.oKeo 6.00 1.95 3.59 0.20 0.37 0.21
NyoP Koo 6.11 2.07 433 0.31 0.49 0.95
N, 5PooK s 6.09 2.20 4.65 0.29 0.62 1.27
Control 6.00 1.17 438 - - -
Oberin N,oP.oKeo 6.10 1.30 4.74 0.10 0.13 0.36
NyoPoKoo 6.21 1.92 497 0.21 0.75 0.59
N,sPooK s 6.13 2.13 476 0.13 0.96 0.38
Control 6.32 1.13 2.64 - - -
Usivskyi N,oP.oKeo 6.53 1.18 3.01 0.21 0.05 0.37
NyoP Koo 6.74 1.38 3.33 0.42 0.25 0.69
N, 5PooK s 6.67 1.40 443 0.35 0.27 1.79
Control 5.64 1.45 2.29 - - -
anivskyi N,oP.oKeo 5.83 1.90 2.79 0.19 0.45 0.50
NyoPoKoo 6.11 2.05 3.12 0.47 0.6 0.83
N,.P, K 5.95 2.18 3.31 0.31 0.73 1.02

45" 90" "135

Source: compiled by the authors

The increase in the yield of flax straw in 2022 was
0.37-0.62 t/ha for the Miandr variety (23.42-39.24%), for
the Oberih variety - 0.13-0.96 t/ha (11.11-82.05%), for
the Usivskyi variety, the average increase in the yield
of flax straw was 0.05-0.27 t/ha (4.42-23.89%), for the
Ivanivskyi variety - 0.45-0.73 t/ha (31.03-50.34%). The
highest yield of flax straw in 2022 (2.20 t/ha) was ob-
tained in the Miandr variety, subject to the application
of NP, K,.., the increase over the control was 0.62 t/
ha (39.24%), and the Ivanivskyi variety (2.18 t/ha),
subject to the application of a dose of NP, K, .., the
increase over the control was 0.73 t/ha (50.34%).

The yield of flax straw in 2023 mainly depended on
the varietal characteristics and fertilisation background,
namely: Miander - 3.38-4.65 t/ha; Oberih - 4.38-
4.97 t/ha; Usivskyi - 2.64-4.63 t/ha; and lvanivskyi -
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2.29-3.31 t/ha.The increase over control (without fertil-
isers): Miandr - 0.21-1.27 t/ha (6.21-37.57%); Oberih -
0.36-0.59 t/ha (8.22-13.47%); Usivskyi - 0.37-1.79 t/
ha (14.01-67.80%) and Ivanivskyi - 0.50-1.02 t/ha
(21.83-44.54%). The highest straw yield in 2023 was in
the Oberih variety with the applicatoin of NP, K., -
497 t/ha. Other varieties were also characterised
by high indicators - Miandr - 4.65 t/ha, Usivskyi -
4.63 t/ha. Slightly lower straw yield indicators were ob-
tained with the Ivanivskyi variety - 3.31 t/ha.
Regarding the seed yield indicator in 2021 (Ta-
ble 3), it was obtained from the Miandr variety under
the condition of using a dose of mineral fertilisers
N,;PyoK 55 = 0.99 t/ha. With this, the yield of the control
was 0.91 t/ha. A similar trend was observed in the Ober-
ih variety with seed yield indicators of 0.90 t/ha and




0.83 t/ha in the control. The seed yield of the Miandr
variety exceeded the indicator of the Oberih variety by
0.09 t/ha against the background of N,.P, K, .. appli-
cation. Against this background, fertilisation resulted
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in the highest seed yields in the varieties Usivskyi
(1.02 t/ha) and lvanivskyi (1.05 t/ha), which is 0.08 t/ha
(8.51%) and 0.06 t/ha (6.06%) higher than the control
variant, respectively.

Table 3. Productivity of seeds of common flax varieties depending
on the elements of cultivation technology in 2021-2023, (t/ha)

Fertilisation Seed yield, t/ha

Deviation from control, t/ha

Variety background 2021 2022 2023 2021 2022 2023
Control 091 0.77 0.97 - - -
Miandr N,oP.oKeo 0.94 0.86 1.00 0.03 0.09 0.03
N, P, Kgo 0.96 0.98 1.23 0.05 0.21 0.26
N,sPooK s 0.99 1.43 1.37 0.08 0.66 0.40
Control 0.83 0.45 0.47 - - -
Oberih N,oP.oKeo 0.86 0.65 0.69 0.03 0.2 0.22
N, P oKgo 0.89 0.87 0.90 0.06 0.42 0.43
N,sPooK s 0.90 0.98 0.92 0.07 0.53 0.45
Control 0.94 0.55 0.97 - - -
Usivskyi N,oP.oKeo 0.98 0.68 1.01 0.04 0.13 0.04
N, P oKgo 1.01 0.77 1.07 0.07 0.22 0.10
N,sPooK s 1.02 0.8 1.16 0.08 0.25 0.19
Control 0.99 0.55 0.97 - - -
vanivskyi N,oP.oKeo 1.02 0.57 1.00 0.03 0.02 0.03
N, P Koo 1.03 0.58 1.03 0.04 0.03 0.06
N,.P,.K 1.05 0.58 1.09 0.06 0.03 0.12

45" 90" "135

Source: compiled by the authors

The use of a dose of mineral fertiliser N,.P, K. for
the new variety Ivanivskyi in 2021 resulted in an in-
crease in seed yield of 0.06 t/ha (6.06%) compared to
the control variant (without fertiliser), with the highest
seed yield of 1.05 t/ha. The highest seed yield in 2022
was obtained from the Miandr variety - 1.43 t/ha. The
yield of the control was 0.77 t/ha. A similar trend was
observed in the Oberih variety with seed yield indica-
tors of 0.98 t/ha and 0.45 t/ha in the control.

The seed yield of the Miandr variety exceeded the
indicator of the Oberih variety by 0.45 t/ha against the
background of N,.P, K, .. application. Against the same
background, fertilisation provided the highest seed
yields in the Usivskyi (0.80 t/ha) and Ivanivskyi (0.58 t/
ha) varieties, which were 0.25 t/ha (45.45%) and 0.03 t/
ha (5.45%), respectively. The use of a dose of mineral
fertiliser N,.P, K .. for the Miandr variety in 2022 re-
sulted in an increase in seed yield of 0.66 t/ha (85.71%)
compared to the control variant (without fertiliser),
Oberih variety - 0.53 t/ha (117.78%) compared to the
control variant (without fertiliser), respectively, with the
highest seed yield of 1.43 t/ha.

Analysing the yield indicators of flax seeds that
were received in 2023, it is worth noting that the Mi-
andr variety had the highest result, namely 1.37 t/ha

against the background of NP, K. .. application, an
increase over the control (without fertilisers) — 0.40 t/
ha (41.23%). The second in terms of yield was the
Usivskyi variety, with a yield in the range of 0.97-1.16 t/
ha, an increase over control (without fertilisers) - 0.04-
0.19 t/ha (4.12-19.59%). Slightly lower indicators of
seed yield were noted in the Ivanivskyi varieties — 0.97-
1.09 t/ha, an increase of 0.03-0.12 t/ha (3.09-12.37%)
and Oberih -0.47-0.92 t/ha,an increase 0f 0.22-0.45 t/ha
(46.81-95.74%). According to the data presented in Ta-
ble 2, it can be concluded that the yield of flax seeds
during 2021-2023 depended on varietal characteris-
tics and the level of mineral nutrition, and hydrother-
mal conditions that accompanied the plant during the
growing season.

The analysis of the productivity of common flax va-
rieties on average for 2021-2023 is shown in Table 3.
The highest yield of flax straw (4.37 t/ha) was obtained
on average for 2021-2023 (Table 4) in the Oberih va-
riety, subject to the application of a dose of N, P, K.
The increase over control was 0.52 t/ha (13.51%). The
average straw yield for 2021-2023 in the Miandr variety
ranged from 3.59 t/ha (in the control) to 4.31 t/ha (with
the application of N,.P, K ..), in the Usivskyi variety -
3.97-4.17 t/ha, in the Ivanivskyi variety - 3.12-3.81 t/ha.
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Table 4. Productivity of common flax varieties depending on the elements
of cultivation technology, on average for 2021-2023 (t/ha)

No. Fertilisation F_lax straw Deviation from Deviation to Seed yield, Deviation from Deviation to
background yield, t/ha control, t/ha control, % t/ha control, t/ha control, %
Miandr
1 Control 3.59 - - 0.88 - -
2 N,oPaoKeo 3.85 0.26 7.24 0.93 0.05 5.68
3 N,.P.oKso 417 0.58 16.16 1.06 0.18 20.45
4 N,PyoK s 431 0.72 20.01 1.26 0.38 4318
Oberih
5 Control 3.85 - - 0.58 - -
6 N,oP.oKeo 4.05 0.20 5.19 0.73 0.15 25.86
7 NooP Koo 437 0.52 13.51 0.89 0.31 53.45
8 N,oPooK s 434 0.49 1273 0.93 035 60.31
Usivskyi
9 Control 3.36 - - 0.82 - -
10 N,oP.oKeo 3.57 0.21 6.25 0.89 0.07 8.54
11 N,.P..Kso 3.82 0.46 13.69 0.95 0.13 15.85
12 N,oPooK 156 4.17 0.81 24.11 0.99 0.17 2073
Ivanivskyi
13 Control 3.12 - - 0.84 - -
14 N,oPaoKeo 317 0.05 1.60 0.86 0.02 2.38
15 N,.P.oKso 3.76 0.64 20.51 0.88 0.04 476
16 N,,PyoK s 3.81 0.69 2211 0.91 0.07 8.33
Note: LSD, ., t/ha: flax straw yield A (varieties) - 0.5; B (fertilisers) - 0.11; AB (interaction) 0.010; LSD, ., t/ha: seed yield

A (varieties) -0.47; B (fertilisers) —-0.03; AB (interaction) -0.09

Source: compiled by the authors

On average, the increase in flax straw yield was
0.26-0.72 t/ha (7.24-20.01%) for the Miandr variety;
0.20-0.52 t/ha (5.19-13.51%) for the Oberih variety;
0.21-0.81 t/ha (6.25-24.11%) for the lvanivskyi variety;
0.05-0.69 t/ha (1.6-22.11 %) depending on the fertiliser.
The average seed yield for 2021-2023 was 1.26 t/ha
in the Miandr variety, subject to the application of
N,;PyK 55 The control yield was 0.88 t/ha. A similar
trend was observed in the Oberih variety with seed
yield indicators of 0.93 t/ha (against the application of
N,;P,,K,5) and 0.58 t/ha (in control). The yield of seeds
of the Miandr variety exceeded the indicator of the
Oberih variety by 0.33 t/ha against the application of
N,.RyK, .- Against this background, fertilisation result-
ed in the highest seed yields in the varieties Usivskyi
(0.99 t/ha) and lvanivskyi (0.91 t/ha),which was 0.17 t/ha
(20.73%) and 0.07 t/ha (8.33%) higher than the control
variant, respectively.

The results of current studies indicate that the pro-
ductivity and growing conditions of common flax di-
rectly depend on the varietal characteristics and miner-
al nutrition of plants. Analysing the significance of the
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research factor, fertilisers had a greater impact on pro-
ductivity than varieties. When applying different fertil-
iser rates, the productivity of straw and flax seeds of all
the varieties under study increases. These findings were
consistent with the data of other scientists. H. Dorota
and O.Voloshchuk (2023) investigated that the highest
straw yield was developed by applying mineral fertil-
isers N, P, K... When increasing the rates of mineral

30" 60 "90°
nutrition from N, P, K. to N,P K. .., the straw yield

increased. Accordzi%aotoeothe findings, the influence on
straw yield was established. The highest results in the
Western Forest-Steppe were obtained with N, P, K ..
in the Miandr variety, while the yield of flax straw was
4.15 t/ha and seeds - 1.21 t/ha. The increase in rela-
tion to the non-fertilised version (control) was 0.46 and
0.37 t/ha, respectively.

Ye. Zaika et al. (2021) found that in seed crops of
common flax varieties, the highest yield was obtained
with the aplication of NP, K, namely: 0.69 t/ha
(Rushnichok variety) and 0.66 t/ha (Vruchyi variety).
The researchers recommend using the results of these
studies to accelerate the introduction of new varieties




of common flax in various parts of seed production in
the Forest-Steppe zone and note that it is character-
ised by a good reaction to the use of fertilisers, and
low sensitivity to condensed crops. Comparing these
studies, the application of fertiliser also had a posi-
tive effect on these indicators, the increase in relation
to non-fertilised variants (control) was: 0.05-0.38 t/
ha (Miandr variety), 0.15-0.35 t/ha (Oberih variety),
0.07-0.17 t/ha (Usivskyi variety) and 0.02-0.07 t/ha
(Ivanivskyi variety).

One of the main measures to increase the produc-
tivity of common flax and improve the quality of fibre
is the use of mineral fertilisers. Indicators of its quality
may vary depending on the doses and ratio of micro-
and macro- elements, the timing and methods of their
introduction. According to current research, the amount
and quality of fibre also improved with the movement of
fertiliser application. The highest flexibility indicators
were observed in the Oberih variety - 56.3-63.7 mm,;
Miandr - 55.0-62.7 mm, Usivskyi - 52.0-52.4 mm,
Ivanivskyi = 53.7-57.6 mm. Improvement of cultivation
technology should be carried out depending on zon-
al features, using new achievements in agrochemistry
and ecology. The solution of this problem involves the
use of microelements and biologics that are impor-
tant for growth and development on flax, depending
on the availability of mobile forms of elements in soils.
This information is consistent with the data set out by
0.Rudik and R.Vozhegova (2018), A. Chuhlib (2020).

Summing up the above data, it can be noted that
given the changes in the environment, it is important
to revise some elements of the technology of grow-
ing common flax depending on the zone and varietal
characteristics.
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ensured by the rates of mineral fertilisers N, P, K,/
and NP, K ... According to these fertilisation rates,
the varieties under study formed an average yield of
4.17-4.31 t/ha (Miandr), 4.37-4.34 t/ha (Oberih), 3.82-
4.17 t/ha (Usivskyi) and 3.76-3.81 t/ha (lvanivskyi). A
decrease in the fertilisation rate and non-fertiliser op-
tions resulted in lower coenosis yields. The deviation of
these indicators in relation to the control (without fer-
tilisation) was: in the Miandr variety - 0.58-0.72 t/ha;
Oberih - 0.52-0.49 t/ha; Usivskyi - 0.46-0.81 t/ha;
Ivanivskyi — 0.64-0.69 t/ha.

Application of mineral fertilisers at the rate of
N,oPoKeor NioPeoKoe N,PyoK, .o contributed to an in-
crease in the yield of flax seeds of all the varieties under
study. Depending on the variety and mineral nutrition,
the increase ranged from 0.02 to 0.38 t/ha. Based on
the results of the research, the influence of the studied
factors on the yield and fibre content in straw was es-
tablished. The highest indicators were obtained in the
Oberih variety - 1.24 t/ha and 28.3% with the applica-
tion of N, P, K. Slightly lower indicators of fibre yield
and its content in straw against the same background
were found in the Miandr variety - 1.04 t/ha and 25.1%;
Usivskyi - 0.97 t/ha and 25.1%; Ivanivskyi - 1.02 t/ha
and 24.1%, respectively. The increase over control
ranged from 0.08 to 0.22 t/ha, depending on the variety
and mineral nutrition.

Prospects for further research will be related to the
study of seeding rates of common flax in the Carpathian
region in order to prevent lodging of plants, increase
productivity and fibre quality. It is crucial to investigate
the impact of biological methods on the effectiveness
of growing common flax.
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AHoTauif. CyyacHi CopTM NIbOHY-AOBIyHUS MalTb BUCOKMI FEHETUYHWMIA NOTeHLian NpoAyKTMBHOCTI, peanisyBaTtu
MOro MOXHa 3a LOMOMOIOK YAOCKOHANEHHS efleMeHTIB TEXHOJOTIi BUPOLLYBAHHS, 30KpeMa, CUCTEMU yA0DOpeEHHS,
WO ¥ 3YMOBMIE aAKTYyaNlbHICTb A0CNIAXEHHS. MeTow pobotu 6yno AoCnianMTM 3aKOHOMIPHOCTI (OPMYyBaHHS
NPOAYKTUBHOCTI POC/IMH JIbOHY-A0BIYHUS Ta BU3HAYMTM 3MiHM SKICHUX MOKA3HWKIB 3aNIeXXHO Bif, 3aCTOCYBaHHSA
YAOCKOHANIEHNX arpoTeXHONOrYHMX MPUMOMIB B IPYHTOBO-KNiMaTMUHUX yMoBax Jlicocteny 3axigHoro. Y npoueci
BMKOHAHHS poOOTM BMKOPUCTOBYBaNM HACTYMHI METOAM: MOMbOBWIA, NIABOPATOPHUIA (BN BU3HAYEHHS SIKICHWUX
MOKa3HMKIB), Ta CTAaTUCTUYHUIM (ANS OLiHKM OOCTOBIPHOCTI AaHuX). [101bOBI AOCNIAXEHHS NMPOBOAMAWM BNPOAOBXK
2021-2023 pp. Ha Cipux NiCOBMX MOBEPXHEBO OIMEEHUX I'pyHTax. [locnigkyBanu 0cOBAMBOCTI poCTy i pO3BUTKY
COpTiB NbOHY-AO0BryHUto MiaHap, Obepir, YCiBCbKMI Ta |BaHIBCbKMIA i3 3aCTOCYBAHHAM TakMX HOPM YA00pEHHS, 9K
N,oP.oKeo NooPeoKog NysPo K, .. BCTaHOBNEHO, WO NPOAYKTUBHICTb IbOHY-AOBryHUA 3MiHIOBAIMCA 3a/1EXKHO Bij [O3M
MiHepanbHUX fo6pUB Ta cOpTOoBUX 0cobnuBocTei. B cepenHboMy 3a 2021-2023 pp. BereTauiiHuin nepioa, y NbOHY-
[OBryHus TpuBae 91-94 nobu (3anexHo Bif, COPTY Ta MiHEPAsbHOIO XMBMEHHS POCAMH). HalBuULLY BPOXAMHICTb
NbOHOCONOMU (4,37 T/ra) oTpuMaHo B cepeaHboMy 3a 2021-2023 pp. y copty Obepir 33 yMOBM BHECEHHS 03
MiHepanbHux nobpus N, P, K. . Mpupict fo koHTponto ctaHosms - 0,52 1/ra (13,51 %). BpoxaiHicTb conomu y copty
MiaHap, BapitoBana Bif 3,59 T/ra (Ha KOHTpoNbHOMY BapiaHTi) 10 4,31 T/ra (3a BHECEHHS [,03M MiHepanbHUX J,06pMB
N45P90K135), y copty YciBcbkuii —3,97-4,17 1/ra, y copty IBaHiBcbkuii — 3,12-3,81 1/ra. LLofo BpOXaMHOCTI HACIHHSA,
TO HaMBMLLi MOKa3HMKKM B cepenHboMy 3a 2021-2023 pp. oTpMMaHo y copTy MiaHap 3a YMOBM BUKOPUCTAHHS 03U
MiHepanbHux nobpue N, P, K .. - 1,26 7/ra. [pu uboMy BpOXarHiCTb Ha KOHTponi ctaHosunia 0,88 1/ra. AHanoriuxy
TeHAeHLUito cnoctepiranu y copty O6epir 3 nokasHMKaMK BPOXXaMHOCTI HaciHHA — 0,93 T/ra 1a 0,58 T/ra Ha KoHTponi.
BpoxaiiHicTb HaciHHA y copTy MiaHap nepesuulyBana nokasHuk copty O6epir Ha 0,33 1/ra npu $oHi yanobpeHHs
NPy K, ;- Ha uboMy X dOHi ynoGpeHHS OTpUManu HaiBULLi NOKa3HWKM BPOXKaMHOCTI HACiHHA y COPTIB YCiBCbKMA
(0,99 1/ra) Ta IsaHiBcbkmii (0,91 1/ra), WwWo BuULEe KOHTPONbHOrO BapiaHTy Ha 0,17 1/ra (20,73 %),1a 0,07 1/ra (8,33 %)
BiANOBiAHO. Pe3ynbTaTM umMx [OCNIOXKEHb MOXYTb OyTM BMKOPUCTaHi ANS KOPEryBaHHs eNeMEHTIB TeXHOMOorii
BMPOLLYBaHHS JIbOHY-A0BryHUS Y BUPOOHMYMX yMOBaX ANS NiABULLEHHS BPOXAMNHOCTI Ta SKOCTi BOOKHA

KniouoBi cnoBa: 1bOH-A0BryHeLb; COPTU; MiHepasnbHi 4OOPUBA; NPOAYKTUBHICTb; TEXHONOTiT BUPOLLYBAHHS
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system with an extended grazing period for meat livestock in the late autumn period. The purpose of the study was
to select the best perennial grasses for late autumn alienation of herbage in the system of an extended continuous
pasture for meat breeds of cattle in the Right-Bank Forest-Steppe. The results of long-term research on the features
of the development of the yield of aboveground biomass, the chemical composition of feed, the stability of certain
types of grasses depending on the time of alienation of aboveground biomass in total for all cycles of use and
in the last cycle in the autumn period are presented. The highest productivity (at the level of 0.60-0.95 t/ha of
dry weight) of all types of grasses in the last (autumn) cycle of use is provided when the green mass is alienated
on October 1. When alienated at a later date, the collection of dry mass from 1 ha decreases, while the quality of
feed worsens due to a decrease in the content of crude protein and an increase in the concentration of crude fibre
to the limits that do not meet the zootechnical norm of feeding cattle and the requirements of DSTU for green
feed. Studies have identified the best single-species agrophytocoenoses of grasses, which include smooth brome,
cocksfoot grass, and intermediate wheatgrass. On average, for 2008-2015, in the sum of all three cycles of use,
they provide a productivity of 6.52-7.19 t/ha of dry weight when applying N, . The results of these studies can be
used in the development of recommendations for the creation of continuous pasture with an extended period of
grazing grass with meat livestock in the autumn period, which reduces the cost and increases the competitiveness
of livestock products

Keywords: fertilisers; green feed; productivity; pasture; mode of use; reserve paddock; chemical composition of

feed; cycle of use

INTRODUCTION

Increasing the production of competitive Llivestock
products, in particular cattle breeding products, is im-
possible without developing a high-quality feed base.
In the structure of feeding beef cattle, green fodder
should account for at least 60-70% in the summer and
autumn period. The cheapest are grass feeds, in particu-
lar pasture ones, developed based on perennial grasses,
which, along with feed-producing ones, are of great en-
vironmental importance (Crews et al., 2018; Reynolds et
al,, 2021; Kurhak, 2023).

Such agrophytocoenoses are the basis for profita-
ble production of meat cattle products. In this regard,
it is extremely important for beef cattle, which are the
least demanding in terms of feed and maintenance, to
extend the grazing period. Previous studies by V. Kurhak
and U. Karbivska (2019), U. Karbivska (2020a), S. Pana-
siuk (2023) suggest that the grazing period in late au-
tumn can be extended by 60 days, and under favourable
weather conditions up to 90 days, until snow falls.

The presence of several optimal dates for the be-
ginning of regrowth of autumn aftergrass in combi-
nation with grass stands of different types in ripeness
ensure the continuous supply of pasture feed in reserve
pens. Especially promising is the use of reserve pens
in pasture, where a supply of grass is formed for graz-
ing beef cattle or sheep in the late autumn period. For
this purpose, meadow lands can be used, which are re-
produced on former arable land in the erosion-hazard-
ous zone of agricultural landscapes, including by their
spontaneous overgrowth with grassy vegetation.As evi-
denced by V. Picasso et al. (2019), S. Culman et al. (2023),
for this purpose, hayfields and seed beds of perennial
grasses can also be used, or the cultivation of peren-
nial grasses for grain, the aftergrass of which can be
used for grazing livestock in the late autumn period.
The maintenance of meat livestock extended to 200 or

more days is possible not only on cultivated pastures,
but also on uncultivated pastures and even on une-
quipped sites or summer camps. This allows feeding
live weight of animals on cheap grass feeds in the late
autumn period. All this, combined with the subsequent
intensive fattening of animals in stable conditions, will
significantly reduce the cost of beef and accelerate the
achievement of high weight conditions of meat cattle
(Favre et al., 2019; Hunter et al., 2020)

Such an alternative possibility of extending the pas-
ture period in the late autumn period due to perennial
grasses, which causes the late alienation of the grass
stand during this period, which is not recommended
until now, becomes a reality due to new theoretical pre-
requisites for preserving the species composition and
productive longevity of meadow coenoses under certain
conditions. Such prerequisites, according to the authors’
experience and previous research, may include the use
of reserve paddocks in the system of haylage or pas-
ture rotation, selection of appropriate components that
can withstand late autumn alienation (Panasiuk, 2023).

However, until recently, there are still many unex-
plored issues in the use of pastures, which negatively
affects the development of scientific foundations and
technologies for creating reserve pens for grazing cattle
in the late autumn period. That is why the purpose of the
study was to select the best perennial grasses for late
autumn grass alienation in the system of extended con-
tinuous pasture for beef cattle breeds with green fodder
supplyfor 200-220days inthe Right-Bank Forest-Steppe.

MATERIALS AND METHODS

Research on the selection of perennial grasses for
late autumn alienation of grass stand in the system of
extended continuous pasture was conducted during
2008-2015 at the National Research Centre Institute of
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Agriculture of the National Academy of Agrarian Scienc-
es in Fastiv district, of Kyiv Oblast. The experiment was
established in the spring of 2007 and conducted on
dry meadows of normal moisture with grey forest light
loamy soil. In a 0-20 cm layer, this dry soil contained
1.7% humus, 83 mg/kg - alkaline hydrolysed nitrogen,
175 mg - P,0,, and 98 mg -K,O. The salt pH - 5.5.The
terrain of the research site was flat. The size of the
sown area is 21 m?,accounting - 15 m% The experiment
was repeated four times. The number of variants - 32,
and the number of land plots - 128.

The alkalisation of experimental areas was car-
ried out in early spring without cover. For this purpose,
zoned varieties of cereals were used, in particular:
cocksfoot grass Muravka, smooth brome Vyshhorodskyi,
meadow fescue Siverianka, tall fescue Dominika, mead-
ow timothy Vyshhorodska, intermediate wheatgrass Vi-
tas, red fescue Manchul, smooth meadow-grass Alex.
A two-factor field experiment to investigate the reac-
tion of perennial grasses to late autumn use of herb-
age was carried out according to the scheme shown
in Table 1.

Table 1. Experiment scheme

Factor A Cereals

(types and norms of sowing seeds, kg/ha at 100% economic capacity)

Factor B Mode of use with different dates
of the last grazing cycle

1. Smooth meadow-grass (Poa pratensis L.) - 20

1.September 1

2.Smooth brome (Bromopsis inermis (Leyss.) Holub) - 28

2.October 1

3.Meadow fescue (Festuka pratensis Huds) - 25

3.November 1

4. Tall fescue (Festuca orientalis (Hack.) - 25

4. December 1

5. Meadow timothy (Phieum pratense L.) — 15

6. Intermediate wheatgrass (Elytrigia intermedia (Host) Nevski — 22

7.Red fescue (Festuca rubra L..) - 22

8. Smooth meadow-grass (Poa pratensis L.) - 15

Source: developed by the authors

The experiment was conducted against the back-
ground of the introduction of N ;1. 4.40P4sKgo Nitrogen
fertilisers (@ammonium nitrate) were applied separately
in equal parts in three terms: N, in early spring for the
1st cycle, N, for the 2" cycle, and N, for the 3™ (last)
cycle of use. Phosphorous (simple granular superphos-
phate) and potash (potassium chloride) were applied
early in spring in the same period. The weather condi-
tions for the vegetation of grass plants were general-
ly satisfactory in the spring-summer period and often
not favourable, mainly in August and September, when
there were long rainless periods, which negatively af-
fected the regrowth of grasses.

Phenological observations of the growth and de-
velopment phases of perennial grasses were carried
out in accordance with DSTU 4674:2006 (2008). The
dry weight content was determined by the thermo-
static-weight method at a temperature of 105°C ac-
cording to DSTU 4674:2006 (2008). Accounting of the
green mass yield was carried out by weighing and then
calculating the yield per 1 ha of dry weight according
to DSTU 8044:2015 (2018). In dry vegetable mass, the
content of crude protein and protein was determined
according to DSTU 1SO 5983-2003 (2003); crude fat -
according to DSTU ISO 6492-2003 (2005); crude fibre,
crude ash - according to DSTU ISO 5984:2004 (2005);
nitrogen, phosphorus, potassium - by infrared spectros-
copy according to DSTU 4117:2007 (2007); the con-
tent of nitrogen-free extractives (NFE) - according to
DSTU 4674:2006 (2008).

Agrochemical parameters of the soil were de-
termined in a 0-20 cm layer of soil according to gen-
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erally accepted methods, namely: humus - by Tyu-
rin according to DSTU 4289:2004 (2006), nitrogen,
which is easily hydrolysed by alkali — by Cornfield
according to DSTU 7863:2015 (2018), mobile phos-
phorus and potassium - by Chirikov according to
DSTU 4115:2002 (2003), pH (salt) - using the poten-
tiometric method by V.F. Moiseichenko, V.0O. Eshchenko
according to DSTU ISO 10390:2001 (2008).
Experimental studies of plants (both cultivated and
wild), including the collection of plant material, were in
accordance with institutional, national or internation-
al guidelines. The authors adhered to the standards of
the Convention for the Protection of Biological Diver-
sity (1992) and the Convention on International Trade
in Endangered Species of Wild Fauna and Flora (1979).

RESULTS AND DISCUSSION

The dynamics of the content of sown cereals in sin-
gle-species cereal agrocoenoses by year during 2008-
2015, depending on the duration of the last cycle of
use, is shown in Table 2. According to average indica-
tors, the duration of the last cycle of use in terms of
the share of sown crop did not significantly affect the
smooth brome, tall fescue, meadow timothy, red fes-
cue, and smooth meadow-grass. At the latest period of
the last alienation, namely 1.12 compared to the ear-
liest (1.09), the share of sown crops in single-species
agrophytocoenoses of cocksfoot grass, meadow fescue,
and medium wheatgrass decreased by 5-7%. Analysis
of the findings showed that the species characteristics
of grasses had a greater impact on their stability over
the years of use. According to average indicators, the




highest proportion of sown crops (76-89%) was best
kept in agrophytocoenoses with the highest proportion
of sown crops (76-89%), cocksfoot grass and smooth
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brome, and the worst - meadow fescue with the pro-
portion of sown crops of 41-48%. Other species occu-
pied an intermediate position.

Table 2. Content of sown cereals depending on the period of the last cycle of use of herbage by year, %, 2008-2015

Duration of the

Years of use

Average for

last cycle 2008,1+ 2009,2 2010,3¢ 2011,4* 2012,5* 2013,6* 2014,7* 2015,8%" these years
Cat grass - Dactylis glomerata L., Muravka variety
1.09 91 96 94 89 88 82 84 81 88
1.10 92 95 95 88 90 83 82 84 89
1.11 90 93 92 84 85 84 81 80 86
1.12 89 90 92 83 83 80 76 72 83
Smooth brome Bromopsis inermis (Leyss. Holub - Vyshhorodskyi
1.09 88 89 92 86 82 74 69 59 79
1.10 87 90 93 87 81 76 70 54 80
1.11 85 87 88 84 80 76 73 54 77
1.12 86 87 81 82 79 73 71 52 76
Meadow fescue - Festuka pratensis Huds - Siverianka
1.09 96 81 66 49 35 19 18 14 47
1.10 95 83 67 48 34 22 20 13 48
1.11 91 78 58 41 28 25 21 12 44
1.12 88 76 55 38 27 20 16 10 41
Tall fescue - Festuca orientalis (Hack.) - Dominika
1.09 82 83 87 75 71 66 70 62 74
1.10 81 84 86 74 73 67 74 63 75
1.11 80 82 83 71 70 69 77 63 74
1.12 81 80 84 70 66 65 76 61 72
Meadow timothy - Phieum pratense L. - Vyshhorodska
1.09 92 87 71 59 52 49 41 26 60
1.10 93 88 72 58 57 54 42 25 61
111 90 85 70 58 55 56 44 23 60
1.12 90 80 70 57 54 55 38 21 58
Intermediate wheatgrass - Elytrigia intermedia (Host) Nevski - Vitas
1.09 97 85 81 77 72 58 52 41 70
1.10 94 86 80 78 73 66 56 40 72
1.11 93 80 78 64 66 65 58 35 67
1.12 91 77 74 63 61 59 51 32 63
Red fescue - Festuca rubra L.. - Manchulska
1.09 83 79 72 68 66 57 52 48 67
1.10 84 80 71 69 67 81 61 50 70
111 82 80 72 71 65 80 74 56 72
1.12 81 76 70 65 63 72 72 57 69
Smooth meadow-grass - Poa pratensis L. - Alex
1.09 96 90 78 64 61 49 49 41 66
1.10 94 91 77 65 59 53 53 43 67
111 92 89 74 66 62 58 58 38 67
1.12 92 88 72 63 58 60 48 38 65
Note: the experiment was conducted against the background of N P, K

Source: compiled by the authors

This pattern was more clearly manifested in the
years of life and use of herbage. Notably, in the first
three years, all types of grasses were well preserved in
agrophytocoenoses with a seeding rate of 55-97%. In
the following years, up to the 8th year of use, the cocks-
foot grass with a high proportion of sown crops was best
preserved. The fastest rate of decline in sown crops oc-
curred in the agrophytocoenosis from meadow fescue,

120 (40 + 40+40) ~ 45 " "90

which almost completelyfell out of the grass stand,start-
ing from 2013 to 2015 with a share of 10-25%, which
negatively affected the productivity of this species.

Meadow timothy was also characterised by a strong
liquefaction of the herbage over the years of use, which
almost fell out of the herbage in the 8" year of life and
use, when the content of the main crop in the variants
did not exceed 21-26%. Other species (smooth brome,

Scientific Horizons, 2024, Vol. 27, No. 5

91



92

Selection of perennial grasses for an extended pasture in the autumn period

tall fescue, intermediate wheatgrass, red fescue, smooth
meadow-grass), except for cocksfoot grass, which was
well preserved in all years, are better preserved in herb-
age. Their number gradually decreased over the years,
but still was at a sufficient level and in the 8th year
ranged from 32-62%. Among these species, at the last
year of use in 2015, the best preserved are smooth
brome, tall fescue, and red fescue.

Studies have established that the productivity of
single-species crops of cereals was determined not only
by the share of the sown species, but also by weather
conditions during the years of study (Table 3). With the

application of a total dose of nitrogen N, , the produc-
tivity of different types of these grasses in total for all
mowing ranged from 5.08-7.19 t/ha of dry weight on av-
erage in 2008-2015. Regardless of the timing of the last
cycle of use, the most productive were herbage, which
was formed based on single-species crops of cocksfoot
grass, smooth brome, and medium wheatgrass, and the
least productive - agrophytocoenosis from meadow
fescue, where the share of sown crop was the smallest
in the yield. Other species, namely tall fescue, meadow
timothy, red fescue, smooth meadow-grass, occupied an
intermediate position.

Table 3. Dynamics of productivity of cereals depending
on the period of the last cycle of use by year, t/ha of dry weight, 2008-2015

Duration of Years of use Average for
last cycle  2008,1*  2009,2™  2010,3<  2011,4*"  2012,5*  2013,6*"  2014,7% 2015,8* 2008-2015
Cocksfoot grass
1.09 8.90 7.18 5.74 5.24 5.12 5.65 9.64 5.11 6.52
1.10 9.32 723 5.82 5.32 5.20 5.96 9.72 5.29 6.73
1.11 9.24 6.93 5.68 5.18 5.06 5.72 9.80 5.17 6.60
1.12 8.53 6.60 5.39 4.89 477 5.43 9.69 5.05 6.25
Smooth brome
1.09 11.90 770 5.62 5.12 5.00 5.17 8.81 5.36 6.81
1.10 12.34 771 5.67 5.17 5.05 5.49 8.96 5.55 6.96
1.11 12.23 7.39 5.55 5.05 4.93 5.23 9.03 5.39 6.87
1.12 11.64 7.08 5.32 4.82 4.70 4.92 8.93 5.30 6.62
Meadow fescue
1.09 11.95 7.80 3.40 2.90 2.78 3.84 6.12 3.25 5.22
1.10 12.03 7.81 3.49 2.99 2.87 4.19 6.19 3.29 5.33
1.11 11.72 7.55 3.40 2.90 2.78 4.10 6.16 3.27 5.25
1.12 10.98 7.23 3.32 2.82 2.70 3.77 6.14 3.23 5.08
Tall fescue
1.09 1191 8.11 4.04 3.54 3.42 5.05 748 3.99 5.92
1.10 12.00 8.13 4.05 3.55 3.43 5.29 761 4.15 6.04
1.11 11.55 7.84 3.88 3.38 3.26 5.07 7.69 4.17 5.81
1.12 11.06 7.51 3.73 3.23 3.11 4.61 7.62 3.96 5.66
Meadow timothy
1.09 10.85 8.06 4.82 4.32 4.20 4.11 7.01 3.44 5.85
1.10 11.01 8.09 4.84 4.34 4.22 4.40 7.06 3.49 5.93
1.11 10.61 7.82 4.74 4.24 4.12 4.35 7.09 3.47 5.81
1.12 10.17 7.54 4.63 413 4.01 3.88 7.04 3.45 5.60
Intermediate wheatgrass
1.09 11.71 8.33 748 6.98 6.86 4.72 7.22 3.77 7.13
1.10 11.81 8.35 749 6.99 6.87 4.86 727 3.88 719
1.11 11.34 8.14 728 6.78 6.66 4.51 7.30 3.79 6.97
1.12 11.06 7.78 7.00 6.50 6.38 4.29 7.26 3.71 6.70
Red fescue
1.09 11.05 6.80 4.85 4.35 4.23 4.60 761 3.82 5.76
1.10 11.18 6.88 4.86 4.35 4.23 5.03 7.70 3.86 5.83
1.11 10.68 6.77 4.64 4.14 4.02 4.75 777 3.99 5.64
1.12 10.20 6.48 4.32 3.82 3.70 4.21 773 3.94 5.52
Smooth meadow-grass
1.09 11.44 7.36 5.62 5.12 5.00 4.36 6.56 3.70 6.22
1.10 11.57 7.39 5.71 5.21 5.09 4.58 6.62 3.83 6.25
1.11 11.16 7.10 5.62 5.12 5.00 4.32 6.64 3.75 6.05
1.12 10.73 6.82 5.54 5.04 4.92 4.06 6.53 3.67 5.92
LSD,, t/ha 0.41 0.22 0.19 0.27 0.17 0.19 0.37 0.07 0.13
Note: productivity in total for three cycles of use against the background of N, .. 40,4 Pss Koo

Source: compiled by the authors
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According to the average indicators, the duration of
the last cycle of use had a different effect on the total
productivity of the species under study. The highest pro-
ductivity of all species was obtained for the alienation
of aboveground biomass 01.10, which ranged from 5.33
(meadow fescue) to 7.19 (intermediate wheatgrass) t/ha.
This mowing period slightly reduced the total produc-
tivity for all mowing periods at alienation 1.09 and
1.11. And only with the last alienation of 1.12, the to-
tal productivity compared to the last alienation of 1.10
significantly decreased by 0.31-0.48 t/ha. This decrease
was slightly greater in the cocksfoot grass and less in
the red fescue and smooth meadow-grass.

Productivity significantly changed in the sum for
all mowing and for the years of use of the stands of
grass types under study. The highest productivity was
obtained in the 1% year of use, which was in the range
of 10.20-12.34 t/ha of dry weight. The exception was
the cocksfoot grass, whose productivity, due to favour-
able conditions, was greatest in the 7™ year of use. The
productivity of the cocksfoot grass that year from other
species was less by 2.20-3.05 t/ha, which naturally dif-
fered little in productivity.

Over the years, the productivity of all species grad-
ually decreased, with the exception of 2014, when due
to the favourable conditions of moistening and over-
wintering of perennial grasses, the spread of unseeded
(wild) species and groups of mixed grasses and cereals,
and the good development of sown species, their pro-
ductivity level was in second place after the first year
of use. The exceptions were meadow fescue and tall
fescue, whose productivity level in the last year ranked
third after the first year. These species took the second
place in terms of productivity in the 2™ year of use. In
general, the smallest decrease in productivity over the
years was observed in the cocksfoot grass and smooth
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brome, whose performance was more or less stable
during all 8 years of use. The productivity of intermedi-
ate wheatgrass and smooth meadow-grass was main-
tained at a relatively stable level for the first 5 years. In
the 6™ and 8™ years, they sharply reduced their produc-
tivity. Other species, namely meadow fescue, tall fescue,
meadow timothy, red fescue, sharply reduced their pro-
ductivity, starting from the 3™, with the exception of the
7t year of use of agrophytocoenoses.

The analysis of literature sources shows that re-
serve pens on pastures for grazing meat cattle in the
autumn period are created based on the development
of a reserve of grass feed from the last mowing or
cycle of use of perennial grasses or natural meadow
phytocoenoses (Kurhak & Karbivska, 2019; Karbivs-
ka, 2020b; Panasiuk, 2023). Results of evaluation of the
feed productivity of various types of perennial grasses
in the last cycle of use at different times of its imple-
mentation against the background of the introduction
of N,.is shown in Table 4. The productivity of the last
cycle of use of the studied types of herbs with dif-
ferent terms of its implementation in terms of yield
from 1 ha of dry weight ranged from 0.29-0.86 tonnes,
fodder units - 0.15-0.53 tonnes, and crude protein -
0.04-0.16 tonnes. It was the largest in intermediate
wheatgrass and red fescue, and the smallest in mead-
ow fescue and smooth meadow-grass. Analysis of the
results of productivity studies for different periods of
alienation of the aboveground mass in the last cycle
of use shows that its increase occurred only up to
1.10, after which it gradually decreased and it was the
smallest at the alienation of 1.12. The highest produc-
tivity of the last cycle of all species obtained on 01.10
ranged from 0.60 (smooth meadow-grass) to 0.95 (red
fescue) t/ha, and the lowest productivity on 01.12 - in
the range of 0.29-0.51 t/ha.
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Table 4. Productivity and quality of the last cycle of use of perennial grasses,
depending on the duration of its implementation, average for 2008-2015

Date of t'he last Dry weight, t/ha F_odder Cr.ude Provisio.n of Fhe fodde'r unit with Dry weight
mowing ’ units, t/ha protein, t/ha digestible protein, g content, %
Cocksfoot grass
1.09 0.73 0.44 0.12 122 319
1.10 0.85 0.54 0.11 120 31.3
1.11 0.69 0.43 0.10 118 30.8
1.12 0.40 0.39 0.08 115 34.8
Smooth brome
1.09 0.69 0.40 0.11 121 334
1.10 0.83 0.51 0.14 117 33.2
1.11 0.63 0.38 0.10 114 32.7
1.12 0.39 0.25 0.06 108 35.2
Meadow fescue
1.09 0.56 0.39 0.09 119 32.0
1.10 0.66 0.42 0.11 115 33.6
1.11 0.52 0.32 0.08 113 319
1.12 0.31 0.17 0.05 110 35.1
Tall fescue
1.09 0.72 0.42 0.10 112 324
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Table 4. Continued

Date of t.he last Dry weight, t/ha FPdder Cr.ude Prqvisiqn of !:he fodde-r unit Dry weight
mowing units, t/ha protein, t/ha with digestible protein, g content, %
Tall fescue
1.10 0.81 0.50 0.14 109 31.8
1.11 0.68 0.41 0.12 106 331
1.12 0.35 0.23 0.05 103 34.2
Meadow timothy
1.09 0.57 0.31 0.08 118 33.0
1.10 0.65 0.40 0.11 113 334
1.11 0.50 0.31 0.08 109 329
1.12 0.30 0.17 0.04 102 353
Intermediate wheatgrass
1.09 0.82 0.51 0.13 110 33.7
1.10 0.88 0.56 0.15 114 34.2
1.11 0.67 0.42 0.11 105 34.1
1.12 0.39 0.24 0.05 103 36.2
Red fescue
1.09 0.86 0.53 0.14 121 34.3
1.10 0.95 0.60 0.16 118 34.5
1.11 0.85 0.52 0.14 116 336
1.12 0.51 0.33 0.06 115 34.1
Smooth meadow-grass
1.09 0.51 0.28 0.06 113 335
1.10 0.60 0.37 0.09 112 32.8
1.11 0.45 0.27 0.06 110 34.1
1.12 0.29 0.15 0.05 109 36.7
LSD,, t/ha 0.04

05°

Note: the dose of nitrogen fertiliser for this mowing is N,
Source: compiled by the authors

Analysis of the quality indicators of grass feed
obtained in the last cycle of use at different times of
its implementation showed that the provision of the
feed unit with digestible protein ranged from 102 to
122 g,and the content of dry weight in the green mass
of feed - from 31.9 to 36.7%. With the shift of the
last usage cycle from 1.09 to 1.12, the parameters of
these indicators worsened. In particular, the supply of
digestible protein to the fodder unit during this peri-
od decreased by 4-16 g, and the dry weight content in
the green mass of feed increased by 1.8-3.2%. Slightly
better availability of one fodder unit in the last cycle
of use was characterised by single-species agrophy-
tocoenoses of the cocksfoot grass, smooth brome, and
red fescue. Analysis of feed chemical composition in-
dicators on average for 2008-2015 (Table 5) showed

Table 5. Chemical composition of the

a deterioration in the quality of feed in the last cycle
of use due to alienation at a later date. In particular,
with the monthly shift of the last cycle of use of grass
stands from 1.09 to 1.12, the content of crude protein
in the dry matter of grass stands decreased by 2.9-
3.9%, and crude fibre, as the least valuable (ballast)
indicator of feed quality, increased by only 5.2-7.5%.
However, the content of protein, crude fat, and min-
eral elements, in particular, phosphorus, potassium,
and calcium, decreased. The worst indicators of the
chemical composition of the feed were for the aliena-
tion of the last cycle of use at the latest, namely 1.12.
According to the content of crude protein, the chem-
ical composition of the feed in the last cycle of use
was slightly better: cocksfoot grass, smooth brome,
red fescue.

fodder of the last cycle of use of cereals,

depending on the period of its implementation, % in dry weight (average for 2008-2015)

Duration of the

Crude protein  Crude protein Crud

e fat Crude fibre NFE P Ca

last cycle
Cocksfoot grass
1.09 14.5 134 3.16 28.2 44.6 0.37 2.36 0.77
1.10 15.3 13.8 3.29 29.6 421 0.35 2.10 0.41
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Table 5. Continued

Duration of the

Crude protein  Crude protein Crude fat Crude fibre NFE P K Ca
last cycle
Cocksfoot grass
1.11 124 11.0 3.02 32.5 43.0 0.29 2.08 0.47
1.12 119 11.0 2.58 35.7 38.6 0.28 2.01 0.50
Smooth brome
1.09 14.7 13.6 292 29.8 425 0.37 1.34 0.69
1.10 15.1 13.7 3.15 29.7 431 0.39 2.08 0.56
1.11 12.8 11.6 311 33.2 416 0.40 2.14 0.51
1.12 11.2 10.2 2.29 36.5 38.7 0.32 2.04 0.49
Meadow fescue
1.09 13.1 12.2 2.89 30.5 436 0.37 1.52 0.74
1.10 134 124 3.01 314 423 0.37 2.09 0.48
1.11 121 114 2.96 33.1 414 0.37 2.13 0.43
1.12 9.8 9.1 2.36 38.3 38.1 0.31 1.88 0.36
Tall fescue
1.09 14.5 13.3 312 29.6 42.7 0.36 1.75 0.67
1.10 14.2 12.7 3.31 30.3 421 0.38 2.07 0.45
111 131 11.5 2.93 329 40.6 0.36 2.18 0.54
1.12 10.7 9.8 2.35 36.3 39.2 0.31 2.07 0.46
Meadow timothy
1.09 13.6 12.5 317 29.1 432 0.36 1.70 0.59
1.10 12.9 11.8 2.74 31.8 43.0 0.38 2.10 0.41
111 12.4 11.3 2.49 339 42.2 0.37 2.12 0.48
1.12 10.2 9.6 2.38 38.3 37.5 0.29 1.66 0.38
Intermediate wheatgrass
1.09 14.1 13.0 3.13 29.5 436 0.37 1.96 0.70
1.10 13.3 121 3.02 311 42.6 0.37 2.05 0.48
1.11 12.6 11.7 292 334 40.8 0.36 2.19 0.40
1.12 10.6 9.8 2.19 37.2 38.5 0.26 161 0.29
Red fescue
1.09 14.8 13.5 2.7% 30.6 42.7 0.35 1.80 0.51
1.10 14.7 13.5 3.35 27.7 44.6 0.36 2.11 0.50
1.11 133 123 3.22 32.5 41.0 0.36 2.13 0.49
1.12 11.9 10.9 2.18 354 39.2 0.33 1.80 0.38
Smooth meadow-grass
1.09 14.1 12.8 3.46 29.5 433 0.35 1.83 0.74
1.10 13.9 12.6 3.19 314 42.0 0.38 2.11 0.47
1.11 12.2 114 2.83 337 40.6 0.40 2.17 0.48
1.12 10.2 9.6 2.45 36.8 38.9 0.29 1.66 0.35
LSD,,, t/ha 0.5 0.4 0.1 1.0 1.9 0.02 0.13 0.03
Zootechnical norm 14 - 3-5 25-30 - 0.2-04 1.0-3.0 0.3-0.6

Source: compiled by the authors

However, the forage of agrocoenoses of grasses,
even after the last cycle of use 1.12, was quite suitable
for grazing less demanding beef cattle. The obtained
data on the chemical composition of the feed showed
that the biomass of grass stands was more or less bal-
anced in terms of the content of organic and mineral
elements and, in general, met the zootechnical stand-
ards for feeding cattle.

The study by V. Kurhak et al (2023) shows that the
creation of intensive-type sown grasslands with mul-
ti-mowing has an important role in increasing the
production of cheap grass fodder. They are a reliable

measure to increase the productivity of meadow land
and significantly improve the quality of fodder com-
pared to traditional single- or double- mowing. Mul-
ti-mown grass stands are created using economically
feasible and environmentally sound doses of nitrogen
mineral fertilisers at the level of Ny .., in combina-
tion with the application of phosphorous and potash
fertilisers. These fertilisers increase the productivity
of floodplain, lowland, normal dry and irrigated grass-
lands by 2-3 times, the productive longevity of sown
cereal components, and the share of valuable forage
grass species in natural grass stands.
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In single-species coenoses, they react well to ni-
trogen and are among the more productive perenni-
al grasses: smooth brome, cocksfoot grass, red fescue,
smooth meadow-grass, perennial ryegrass (Kurhak &
Karbivska, 2019). One of the most important areas of
grassland farming is the creation of multi-seasonal
sown high-yield grasslands. On high agricultural back-
grounds, subject to the recommended regimes of use,
multi-season grass stands provide not only high produc-
tive longevity of meadow coenosis and proper fodder
quality, but also, due to the wide range of species and
varieties, allow organising continuous fodder produc-
tion based on them. Such intensive grass stands should
be created during the application of full mineral fer-
tiliser in meadows with sufficient moisture (low-lying,
floodplain small rivers, dry land with normal moisture.

Along with increasing the yield of sown meadow
lands by selecting the most productive species and va-
rieties, creating optimal growing conditions for them,
obtaining high-quality feed is important for feeding
livestock. It is known that under certain conditions,
good quality of grass feed is also provided by grass
stands. First of all, this is ensured by applying sufficient
doses of nitrogen fertilisers. With increasing doses of
nitrogen fertilisers, the content of crude protein and
protein in grasses increases and the content of nitro-
gen-free extractives and, in particular, their component
part — hydrocarbons, including water-soluble or sug-
ars — decreases (Karbivska, 2020a; 2020b).

The mode of use also significantly affects the pro-
ductivity and quality of feed. As the frequency of grass
alienation increases, the possibilities of using solar
energy decrease, since most of the growing season is
used to grow them when they do not yet have the op-
timal leaf surface for maximum photosynthesis. With
frequent mowing, the roots are more depleted and less
“spare substances” are deposited in the reserve organs.
In many herbs, these substances begin to accumulate
intensively only in the phases of stemming, earing,
budding, and even flowering. Therefore, frequent al-
ienation is particularly dangerous for them, they grow
weaker, overwinter worse, and provide lower yields
(Kurak, 2023).

The timing of harvesting perennial herbs has a de-
cisive influence on the content of protein, fibre, mineral
elements, vitamins, and other substances in plants. The
best quality fodder is obtained when mowing grasses
in the early phases of vegetation, when plants use the
main nutrients, including spare and re-synthesised ones,
to increase the vegetative mass. As plants age, especial-
ly during the flowering period and seed formation, when
growth processes slow down and nutrients are deposited
in the storage organs, the quality of grass biomass de-
teriorates greatly. All this is accompanied by a decrease
in valuable nutrients (protein, carotene, minerals) and an
increase in the content of the least nutritious part of the
feed in grass biomass — fibre (Favre et al., 2019).
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Thus, the analysis of literature sources has shown
that one of the conditions for obtaining sufficient pro-
ductivity of cereal herbage and good feed quality is the
introduction of environmentally and economically jus-
tified doses of mineral fertilisers, and mowing grasses
in optimal terms. This is of particular importance when
alienating grass stands in the late autumn period,
which is confirmed by current research.

CONCLUSIONS

Against the background of N, P,.K, application on
grey forest soils, perennial grasses are suitable for late
autumn use in the continuous pasture system for graz-
ing beef cattle in reserve pens, which, with long-term
use (on average, 8 years), provide 5.33-7.19 t/ha of dry
weight. Perennial grasses are characterised by various
productive longevity. In single-species agrophytocoe-
noses, it is best to preserve the cocksfoot grass, smooth
brome, tall fescue, and red fescue with a 50-97% share
of sown culture for 8 years, and the highest productivity
is the cocksfoot grass, smooth brome, and intermediate
wheatgrass. It is well kept in single-species agrophy-
tocoenoses at the level of 55-96% and provides high
productivity only during the first three years of meadow
fescue and meadow timothy. Tall fescue, red fescue, and
smooth meadow-grass occupy an intermediate position
in these indicators.

All types of perennial grasses provide the highest
productivity in the total for three cycles of use due to
the alienation of aboveground biomass in the last cycle
of use 01.10. With the last alienation of 1.12 compared
to alienation of 1.10, the total productivity decreases by
0.31-0.48 t/ha. The productivity of the last cycle of use
of the grass species under study with different periods
of its implementation in terms of dry weight per 1 ha
ranges from 0.29-0.86 t, fodder units - 0.15-0.53 t, and
crude protein - 0.04-0.16 t. The most productive are in-
termediate wheatgrass and red fescue, and the least -
meadow fescue and smooth meadow-grass. In the last
cycle of use, at different times of its implementation,
the supply of the fodder unit with digestible protein
ranges from 102 to 122 g,and the dry weight content in
the green mass of feed ranges from 31.9 to 36.7%. With
the shift of the last cycle of use from 1.09 to 1.12, the
quality of feed worsens: the supply of digestible pro-
tein to the fodder unit decreases, and the content of dry
weight in the green mass of feed increases. At the same
time, the crude protein content in dry weight decreases
by 2.9-3.9%, and protein, crude fat, and the mineral ma-
cronutrients phosphorus, potassium and calcium, while
the crude fibre content increases by 5.2-7.5%.
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AHoTauif. AKTYyanbHiCTb HaBeAEHUX Pe3ynbTaTiB AOCNIAXKEHb MONAra€E B TOMY, WO [0 OCTAaHHbLOrO Yacy He 39CO0BaHO
peakuilo pi3HMX BMAIB OaraTopiyHMX 31aKOBMX TPaB Ha CTPOKMU BiAYYXXEHHS TPAaBOCTOIB B OCTAaHHbOMY LMK
BMKOPWUCTAHHS, LLLO CTPUMYE PO3POBSIEHHS | BMPOBAZXKEHHS TEXHONONiT CTBOPEHHS 6araTopiyHMxX arpo@itoLeHosiB
y CUCTEMi 3€1EHOr0 MacoOBMLLHOIO KOHBEEPA 3 MOLOBXEHWUM TEPMIHOM BMMACaHHSA M’ACHOro Moronie’sa xynobwu B
Ni3HbOOCIHHIM Nepioa.MeTa focnifxeHb nongrana B 4o6opi kpawux 6araTopiyHi 31aKoBi TpaBM AN Ni3HbOOCIHHBOTO
BiAUYY)KEHHS TPAaBOCTOK Yy CUCTEMIi MOLOBXKEHOro MACOBULLHOMO KOHBEEPA ANS MACHMX MOpif BEnuKoi poratoi
xynobu B [MpaBobepexHomy JlicocTeny. HaBeneHo pe3ynbtaTv 6araTopiuHMxX LOCNILKEHDb 3 BUBYEHHS 0COBAMBOCTEN
$hOpMyBaHHS ypoxal Haa3eMHoi 6ioMacu, XiMiYHOro cKnamy KOpMY, CTIMKOCTI OKpeMMX BWAIB 3M1aKOBMX TpaB
3a/1eXHO Bif, CTPOKIB BiAYY>XEHHSI HaA3eMHOi B6ioMacu B CyMi 3a BCi LUMKIM BUKOPUCTAHHS Ta B OCTAHHbOMY LMK
B OCiHHiM nepioa. Hanbinbwy npopykTuMBHICTb (Ha piBHi 0,60-0,95 1/ra cyxoi Macu) BCi BUAM 3N13aKOBWX TpaB B
OCTaHHbOMY (OCiHHBOMY) LMK/I BMKOPUCTaHHA 3abe3neuytoTb Npu BigYyXXeHHi 3eneHoi Macu 1-ro »oBTHS. pu
BiZYYXKEHHi y Mi3HiLWi cTpokK 36ip cyxoi MacK 3 1 ra 3MeHLYeTbCS, OAHOYACHO MOTiPLIYETLCA AKiCTb KOPMY Yepes
3MEHLUEHHS BMICTY CMPOro NpoTeiHy Ta 30iNblUeHHS KOHLEHTPaLii CMpPOi KNITKOBMHU A0 MEX, WO He BiAN0BiAATb
300TeXHiYHiM HOpMI rofiBni BenMKkoi poratoi xynobwm ta Bumoram [1ICTY Ha 3eneHi kopmu. JocniaKeHHAMKU BUSIBNEHO
KpaLli o4HOBKMAOBI arpodiTOLLEHO3M 3N1aKOBMX TPaB, IKMMU € CTOKONOC 6e30CTui, rpacTuus 36ipHa, Nupii cepenHin.
BoHu B cepeaHbomy 3a 2008-2015 pokm y cyMi 3@ BCi TPM LMKNM BUKOPUCTaHHA Npu BHeCceHHi N, 3abe3nedyiotb
NPOOYKTUBHICTb Ha piBHi 6,52-7,19 T/ra cyxoi macu. Pe3ynbtati UMX [OCAILXEHb MOXYTb OyTM BMKOPWCTaHI
npu po3pobneHHi pekoMeHAauUin WwWono GOpPMyBaHHS MAaCOBULLHMX KOHBEEPIB 3 MOAOBXEHMM B OCiHHIN nepiog
TEPMIHOM BMMACaHHA TPABOCTOK M'ICHUM MOrofiiB’aM Xyaobu, Lo [03BOMISE 3HU3UTU COBIBAPTICTb i MiABULLUATH
KOHKYPEHTHO3AaTHICTb TBAPUHHULIbKOI NPOAYKLi
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Determination of milk quality indicators...

quality of milk and its first streams. Research methods - zootechnical (selection of groups, organisation of the
experiment, determination of milk productivity, assessment of the stage of lactation, the level of milk yields, control
milking), biochemical (determination of the main indicators of milk quality), statistical, mathematical. A significant
difference between milk quality indicators in the daily milk yield and in the first three streams of milk (p 20.95) was
established, therefore, the need to separate the first streams of milk from the main milk yield was experimentally
proved. It was found that the indicators of the quantity and quality of milk and its first streams in various degrees
correlate with the stage of lactation, the highest daily milk yield was established in cows that were in the first
trimester of lactation. Fluctuations in the quality indicators of milk and its first streams depending on the level
of daily milk yield were established. It was found that the content of somatic cells in milk is quite significantly
negatively associated with the indicators of lactose content and freezing point of milk, to a lesser extent - with
daily milk yield, and positively - with the duration of lactation, protein and whey+casein content. In the first
streams of milk, the correlation coefficients for milk productivity and quality did not exceed 0.250. The highest
somatic cell content was positively correlated with the MSNF index, protein and whey+casein content, freezing
point, urea content, and negatively correlated with daily milk yield and fat content. The findings can be used in
milk production farms and when planning breeding work to improve the quality characteristics of milk by selection

Keywords: dairy cows; milk quality parameters; lactation stage; daily milk yield; somatic cell content

INTRODUCTION
Food safety is the foundation of the health of any na-
tion in the world, and the population of developed
countries is paying more and more attention to healthy
nutrition. In most countries, laws set minimum require-
ments for milk components and standards that provide
value added if they are satisfactory. Therefore, produc-
ers need to implement strategies that ensure the best
quality of milk in the production process and, thus, re-
ceive economic benefits. High standards of quality and
safety of dairy raw materials, which are the norm for
the world’s leading producers, should be integrated
into domestic production as soon as possible. The issue
of milk quality is of particular relevance in connection
with the signing of the EU-Ukraine Association Agree-
ment in 2014, under which Ukraine had to harmonise
its legislation with EU provisions, in particular, Regula-
tion (EC) No. 853/2004 (2004) laying down specific hy-
giene rules for food, including milk and milk products.

The need to approach European standards has con-
tributed to the introduction of new requirements for
raw materials for the production of dairy products, so
the task of Ukraine, which seeks the fastest accession to
the EU, is to introduce these standards. For this purpose,
on March 12,2019, the Order of the Ministry of Agrarian
Policy and Food of Ukraine No. 118 (2019) was issued.
This order has been repeatedly amended to improve
the requirements for milk quality in the conditions of
Ukraine. The new requirements set criteria for exceed-
ing which milk cannot be sold.

In addition to food safety, milk quality is an im-
portant factor with significant weight in the marketing
and industrial sectors. In most countries, laws set mini-
mum requirements for milk components and standards
that provide value added if they are satisfactory. There-
fore, producers need to implement strategies that en-
sure the best quality of milk in the production process
and, thus, receive economic benefits. High standards
of quality and safety of dairy raw materials, which are
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the norm for the world’s leading producers, should be
integrated into domestic production as soon as possi-
ble. On the other hand, consumers are becoming more
aware of food safety issues as the population’s income
increases.

Much attention is paid to milk quality research all
over the world, and high quality requirements are set
for milk and dairy products. Thus, one of the important
tasks is to search for factors influencing milk quali-
ty indicators. PL. Ruegg (2022), M. Cassandro (2020),
L.M. Piddubna et al. (2021) highlight genetic factors
as the main impact factors, whereas R. Feliciano et
al. (2020),E.Jeon et al. (2023) distinguish climatic factors.

S.Quiédeville et al. (2022),).Nzeyimana et al. (2023)
prove a significant impact on cow productivity and
milk quality of weather conditions and the heat stress
caused by them. However, many researchers focus
on technological factors. Thus, A. Correa-Calderon et
al. (2022), E. Hayes et al. (2023) prove the importance
of feeding rations in obtaining high milk yields and
high-quality milk. M. Lutsenko et al. (2021), R. Viei-
ra et al. (2022) note the special importance of keeping
livestock conditions for obtaining high-quality milk.
Among the main factors influencing the quality of milk,
V. Tantin et al. (2020) distinguish the indicator of the
number and stage of lactation. In the context of in-
ternational standards for milk quality, T. Chernyavska
(2023) and D. Giannuzzi et al. (2023) identify the par-
ticular importance of studying the somatic cell con-
tent in milk as a key indicator of milk and dairy product
safety. Thus, the study of factors affecting the quality of
milk requires testing in various conditions.

Given the relevance of the issue, the purpose of the
study was to determine the factors that affect the qual-
ity indicators of milk and its first streams: the timing
and stages of lactation, the level of daily milk yield, and
the relationship between milk quality indicators. Spe-
cial attention is paid to the study of the indicator of
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the content of somatic cells in milk and the establish-
ment of relationships of this trait with other indicators
of milk quality.

MATERIALS AND METHODS

The scientific and economic experiment was conducted
in June 2023 on high-yielding cows of the Ukrainian
Black-and-White dairy breed, taking into account pro-
ductivity and lactation stage, at Gagarin Agrofirm LLC
in Kharkiv Oblast. Control (n=160) and experimental
(n=56) groups of analogue cows were established in
terms of productivity and lactation stages under the
conditions of one typical four-row cowshed with a teth-
ered keeping. The conditions of keeping, feeding and
drinking regimes, and microclimate parameters during
studies between groups of experimental animals were
the same. Cows were fed with complete feed mixtures
twice a day. Control milking was performed twice a
day - in the morning and in the evening using porta-
ble buckets. Sanitary and hygienic treatment of udders
and teats in cows of all groups was carried out in the
same way. In the experimental group, the first three
streams of milk from each quarter of the udder were
taken in a separate container, in the control group - an
average sample from a bucket. Milk samples from each
cow were taken using a probe in proportion to morning
and evening milk yields in accordance with the require-
ments of the instructions for sampling milk and dairy
products (DSTU ISO 707:2002, 2003). Samples were de-
livered to the laboratory with a preservative (MicroTabs
broad-spectrum tablets, USA).

Biochemical parameters of milk were determined
in a certified laboratory for assessing the quality of
livestock products. Determination of the mass fraction
of fat, protein, casein+whey proteins, lactose, dry mat-
ter was carried out by express infrared spectrometry
(DSTU 8396:2015, 2017). The freezing point of milk
was determined by the conductometric express method
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(DSTU 7671:2014, 2015), the content of somatic cells -
by express flow cytometry (DSTU 7672:2014, 2015).

The influence of lactation on milk quality indica-
tors was determined by dividing cows of the control
and experimental groups into gradations: < 100; 101-
200; 201-300; 300 > differences between groups by
gradation were determined, and correlation coefficients
between lactation duration and milk quality indicators
were established. Accordingly, the influence of lactation
duration on the quality indicators of the first streams
of milk in cows of the experimental group was deter-
mined. The influence of daily milk yield on milk qual-
ity indicators was determined by dividing cows of the
control and experimental groups into gradations: < 25,
26-30, 31-35, 36 2 kg and determined differences be-
tween groups by gradation, and established correlation
coefficients between daily milk yield and milk quality
indicators. Accordingly, the influence of daily milk yield
on the quality indicators of the first streams of milk in
cows of the experimental group was determined.

All experimental studies were conducted in ac-
cordance with modern methodological approach-
es, requirements and standards (DSTU ISO/IEC
17025:2019, 2021), Directive 2010/63/EC (2010) and
the Procedure for conducting animal testing in re-
search institutions (Law of Ukraine No. 249, 2012). The
experiments were performed in accordance with the
provisions of the European Convention for the Protec-
tion of Vertebrate Animals used for Experimental and
other Scientific Purposes (1986).

RESULTS AND DISCUSSION

At the first stage of the experiment, a comparative
analysis of milk quality indicators of cows of the con-
trol and experimental groups was carried out (Ta-
ble 1). Milk quality indicators of cows in the control
group corresponded to the state of mature milk in ac-
cordance with Table 1.

Table 1. Milk quality indicators of experimental cows

Milk quality indicators

Control (n=160)

Experimental (n=56)

Fat,% 3.913+0.041 1.404%0.063

Protein,% 3.287+0.029 3.351+0.030

Whey+casein,% 3.481+0.026 3.580%0.030

Ratio (fat/protein) 1.197+0.012 0.418+0.017

Lactose,% 4.958+0.013 4.839+0.044

Dry matter,% 12.430+0.055 10.212£0.077

MSNF,% 8.516+0.027 8.808+0.059

Urea,% 23.031£0.138 22.929£0.225

Freezing point, °C 0.559%0.001 0.529+0.003
Somatic cell content (thous/ cm?) 469.09+64.286 1,223.643+37.114

Source: compiled by the authors

Analysis of the obtained data proved the probable
difference between the milk quality indicators of the
control and experimental groups of cows (p 2 0.95).

Thus, the fat content in the first streams of milk was al-
most three times lower than in the average samples -
by an average of 2.509%. The protein content in the
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control and experimental groups did not significantly
differ, and therefore, the fat/protein ratio significant-
ly differed in favour of the experimental group - by
0.779. The dry matter content was higher in the milk
of cows in the control group by 2.218%. The indicator
of the content of somatic cells in the first streams of
milk in cows of the experimental group exceeded the
control by more than 2.5 times - by 754,553 thous/cm?

with a probability (p 2 0.99). Other indicators of milk
quality did not significantly differ from those of the
control group. At the second stage of the experiment,
all control animals and experimental cows were di-
vided into groups on gradations according to lactation
terms to determine the effect of the lactation stage
on milk quality indicators. The results are shown in
Tables 2-3.

Table 4. The Contribution of agroforestry practice to pesanggem household income

Lactation periods, days

Milk quality indicators
quality €100 (n=28)

101-200 (n=56)

201-300 (n=46) 3003 (n=30)

Daily milk yield, kg 33.107+0.916 28.107£0.849 25.804%0.983 28.700%1.361
Fat,% 3.692+0.064 3.889+0.070 4.002%0.075 4.030%0.106
Protein,% 2.900+0.040 3.253+0.042 3.495+0.046 3.389+0.063
Whey+casein,% 3.130+0.041 3.450+0.038 3.659+0.041 3.596+0.060
Ratio (fat/protein) 1.276+0.023 1.201+0.022 1.147+0.018 1.193+0.027
Lactose,% 5.039+0.021 4.968+0.019 4.933+0.025 4.900+0.038
Dry matter,% 11.889+0.091 12.391+0.088 12.705%0.096 12.587+0.127
MSNF,% 8.197+0.050 8.501+0.038 8.702+0.044 8.557v0.065
Urea, % 22.964%0.315 22.804%0,224 23.152%0.262 23.333+0.350
Freezing point, °C -0.560%0.002 -0.560%0.002 -0.560%0.002 -0.557%0.003
Somatic cell content (thous/cm?) 157,750+15,600 524,482+109,051 488,913+£118,921 625,900+ 197,748

Source: compiled by the authors

It was found that the milk quality indicators of cows
of the control group fluctuated according to the lac-
tation period. The influence of lactation duration on
milk quality indicators is confirmed by indicators of the
correlation coefficient. The highest daily milk yield was
found in cows that were in the first trimester of lacta-
tion (33.107 £0.916 kg), the lowest - from 201 to 300
days (25.804 +0.983). This fact is confirmed by a fairly
high negative association between the duration of lac-
tation and daily milk yield (r=-0.622). The fat content
of milk, on the contrary, increased with every 100 days
of lactation, and a low positive correlation coefficient
was observed between the lactation period and the fat
content in milk (r=0.293).

The lowest protein content in milk was observed in
cows in the first trimester of lactation (2,900 £0.040%),
the highest - from 201 to 300 days (3,495 £ 0.046%),
the protein content in milk significantly correlated
with the duration of lactation (r=0.747). The correla-
tion coefficient between fat and protein content in the
milk of cows in the control group was quite signifi-
cant (r=0.497). The ratio of fat and protein content in
the milk of cows in the control group was the lowest
from 101 to 200 days of lactation, and the highest - at
the end of lactation. Similarly to protein, the whey+-
casein content index varied, and the protein content
in milk significantly correlated with the duration of
lactation (r =v0.687). Lactose levels, on the contrary,
were higher in cows in the first trimester of lactation
(5.039 £ 0.021%), however, there was no significant
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difference in this indicator in cows at different lacta-
tion periods. A negative correlation coefficient of aver-
age strength was found between the day of lactation
and the lactose content (r =-0.403). The dry matter
content, MSNF index, and urea content in the milk of
control cows increased with the duration of lactation.
However, the correlation coefficient was quite signifi-
cant between the day of lactation and MSNF (r=0.601)
and between the day of lactation and the dry matter
content (r=0.514), and the urea content in milk did not
actually correlate with the day of lactation (r=0.075).

The freezing point of milk of cows in the control
group exceeded the minimum requirements (-0.520°C)
and was on average the same throughout lactation
with limits 0f-0.494-0.585°Cand negativelyand slight-
ly correlated with the duration of lactation (r=-0.108).
The content of somatic cells was significantly lower in
the first trimester of lactation (157,750 15,600 thous/
cm?), and the highest - at the end of lactation. The
content of somatic cells was slightly positive-
ly associated with the day of lactation (r = 0.130).

Indicators of the quality of the first streams of
milk of cows of the experimental group also fluctu-
ated according to the lactation time (Table 3). The
highest daily milk yield was found in cows that were
in the first trimester of lactation (33,500 £ 4,252 kqg),
the lowest - at the end of lactation (28,000 = 3,000).
A negative relationship was established between the
duration of lactation and the daily milk yield of cows
of the experimental group (r=-0.356).
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Table 3. Indicators of the quality of the first streams of cow’s milk at different stages of lactation

Milk quality indicators

Lactation periods, days

<100 (n=4) 101-200 (n=37) 201-300 (n=13) 3003 (n=2)
Daily milk yield, kg 33,500+4,252 32,784+0,703 30,000 1,160 28,000+ 3,000
Fat,% 1.213+0.145 1.341+0.079 1.575+0.122 1.830+0.210
Protein,% 3.233%0.107 3.294%0.034 3.523%0.057 3.505%0.145
Whey+casein,% 3.458+0.110 3.525+0.034 3.753%0.057 3.720%0.150
Ratio (fat/protein) 0.379+0.056 0.406+0.022 0.449+0.035 0.521+0.038
Lactose,% 4.828+0.281 4.886+0.043 4756%0.115 4525%0.175
Dry matter,% 9.910+0.212 10.151+0.086 10.450+0.194 10.390+0.540
MSNF,% 8.698+0.297 8.8090.057 8.875+0.173 8.555+0.325
Urea,% 22.500%0.289 23.027+0.304 23.000+0.408 21.500£0.500
Freezing point, °C -0.525%0.021 -0.532%0.003 -0.523+0.009 -0.5090.017

Somatic cell content (thous/ cm®)  1,055,500+81,974

1,227,270%51,182

1,283,385+54,164 1,104,500%115,500

Source: compiled by the authors

The indicator of fat content in the first streams of
milk increased with the duration of lactation, these
indicators positively correlate with each other to an
average degree (r=0.403). The correlation coefficient
between fat and protein content in the first streams
of milk of cows of the experimental group was at
the level of r=0.306. The lowest protein content in
the first streams of milk was observed in cows in the
first trimester of lactation (3,233 +0.107%), the high-
est - from 201 to 300 days (3,523 +0.057%). Similarly
to the protein content, the whey+casein content in-
dex varied, it was the highest from 201 to 300 days
(3.753 £0.057%). The effect of lactation duration on
protein and whey+casein content in the first streams
of milk is confirmed by positive indicators of the cor-
relation coefficient (r=0.517 and r=0.509, respective-
ly). The ratio of fat and protein content in the milk of
cows in the control group was lowest at the beginning
of lactation and increased with the duration of lacta-
tion. The lactose level was higher in cows lactating for
101-200 days (4.828 +0.281%), and the lowest at the
end of lactation. According to the indicator of lactose
content, a negative association was observed with the
day of lactation (r=-0.334).

The content of dry matter and urea in the first
streams of milk of cows of the experimental group in-
creased unexpectedly with the duration of lactation,
the correlation coefficients were insignificant, respec-
tively r=0.284 and r=-0.137. The freezing point of milk
of cows in the control group exceeded the minimum
requirements (-0.520°C) and was on average the same
throughout lactation with limits of 0.494-0.585°C. The
freezing point index was negatively correlated with the
duration of lactation (r=-0.269). The somatic cell con-
tent was significantly lower in the first trimester of lac-
tation (157,750 £ 15,600 thous/cm?), and the highest -
at the end of lactation. The MSNF index and the content
of somatic cells in the first streams of milk practically
did not depend on the day of lactation (r=-0.058 and
r=0.080, respectively).

At the next stage, milk quality indicators were
studied depending on the level of milk productivity.
160 milk samples from cows of the control group were
examined, the average daily productivity of which was
28.431+0.540 kg of milk with limits lim=12-41 kg. The
largest proportion of cows had a daily milk yield of 31-
35 kg (30.6%). The results of the experiment are shown
in Table 4.

Table 4. Milk quality indicators of cows of the control group with different levels of daily milk yield

Daily milk yield, kg

Milk quality indicators

$25 (n=54) 26-30 (n=32) 31-35 (n=49) 36> (n=25)
Fat,% 4.002£0.077 3.988+0.068 3.818+0.060 3.7860.116
Protein,% 3.551%0.041 3.365%0.053 3.088+0.037 2.978+0.050
Whey+casein,% 3.699%0.041 3.605%0.052 3.317+0.038 3.207+0.051
Ratio (fat/protein) 1.126+0.016 1.192%0.023 1.240%0.018 1.274%0.037
Lactose,% 4.904£0.025 4.994+0,017 5.015%0.018 4.987+0.024
Dry matter,% 12.734%0.100 12.610%0.095 12.188+0.080 12.045+0.134
MSNF,% 8.734%0.043 8.621%0.053 8.3680.041 8.258+0.052
Urea,% 23.149+0.295 23.063+0.284 22.878+0.210 22.880%0.367
Freezing point, °C 0.558+0.002 0.564+0.001 0.561+0.002 0.557+0.002
Somatic cell content (thous/cm?) 570,128+ 141,494 338,563+ 108,565 337,592+ 84,863 419,600+127,363

Source: compiled by the authors
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Fluctuations in milk quality indicators of cows of
the control group depending on the level of daily milk
yield were established. Thus, the fat content in milk
was highest in cows with the lowest daily milk yield,
and the lowest in cows with the highest daily milk yield
(p 2 0.95). The correlation coefficient between these
indicators was respectively negative and amounted to
r=-0.240. The protein and whey+casein content in the
milk of cows in the control group varied with a similar
trend, but with a significantly higher negative correla-
tion coefficient (r=-0.673 and r=-0.573, respectively).
The ratio of fat to protein was highest in cows with a
daily milk yield of 26-30 kg of milk, and the lowest in
cows with the lowest daily milk yield (< 25 kg).

The lactose content in milk increased with an in-
crease in daily milk yields, it was highest in cows with
a milk yield of 31-35 kg per day. Calculation of the cor-
relation coefficient established a positive level of as-
sociation between daily milk yield and lactose content
(r=0.435). The dry matter content in milk was unex-

pectedly higher in cows with the lowest daily milk yield,
although signs with average bond strength were nega-
tively correlated with each other (r=-0.423). It is logical
that the MSNF index also varied with a similar trend, it
was highest in cows with the lowest daily milk yield and
negatively correlated with it at the level of r=-0.496.
The urea content was not significantly differ-
ent in cows with different levels of daily milk yield,
the correlation coefficient was negative and insig-
nificant (r=-0.112). The freezing point index did not
change much in cows with different levels of daily
milk yield and positively slightly correlated with this
trait (r=0.174). The highest content of somatic cells
was observed in cows with a minimum daily milk yield
(852.087 £ 232.773 thous/cm?), the lowest - in cows
with a daily milk yield of 26-35 kg. The correlation co-
efficient was correspondingly negative, although low
(r=-0.195). Indicators of the quality of the first streams
of milk were studied in cows of the experimental group
with different levels of milk productivity (Table 5).

Table 5. Quality indicators of the first streams of milk from cows
of the experimental group with different levels of daily milk yield

Daily milk yield, kg

Milk quality indicators

25 (n=5) 26-30 (n=9) 31-35 (n=28) 362 (n=14)

Fat,% 1.554£0.134 1.561£0.172 1.368£0.072 1.322£0.168
Protein,% 3.446%0.077 3.434%0.078 3.399£0.038 3.166+0.054
Whey+casein,% 3.666%0.075 3.668+0.076 3.625%0.039 3.401%0.055
Ratio (fat/protein) 0.449%0.030 0.4540.048 0.402%0.021 0.416%0.048
Lactose,% 4488+0.178 4.8340.102 4.851+0.065 4.943+0.055
Dry matter,% 10.042%0.310 10.433+0.202 10.246%0.096 10.060%0.171
MSNF,% 8.790%0.230 8.872%0.148 8.879+0.088 8.738+0.087
Urea,% 22.000%0.447 23.333%0.601 226790313 23.500%0.466
Freezing point, °C 0.503£0.015 0.531+0.008 0.530%0.005 0.534%0.004

Somatic cell content (thous/cm?) 1,345,600+ 103,982

1,289,667 98,660

1,219,179%49,270 1,146,571 +84,289

Source: compiled by the authors

It was found that in the first streams of milk there
are also fluctuations in quality indicators, depending on
the daily milk yield. Thus, the fat content in the first
streams of milk is highest in cows with a milk yield of
2 30 kg. The correlation coefficient between daily milk
yield and fat content in the first streams of milk was
negative and low (r=-0.117). The protein and whey+ca-
sein content in the first streams of milk were highest in
cows with a daily productivity of up to 30 kg inclusive.
Accordingly, these indicators were negatively correlat-
ed with daily milk yield with the same correlation coef-
ficient (r=-0.385). The ratio (fat/protein) was highest in
the first streams of milk of cows with a daily milk yield
of up to 30 kg inclusive.

The lactose content in the first streams of milk
increased with an increase in daily milk yields, it was
highest in cows with a daily milk yield of 36 kg or
more. Calculation of the correlation coefficient estab-
lished a positive level of association between daily milk
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yield and lactose content in the first streams of milk
(r=0.260). The dry matter content in the first streams
of milk was incredibly high in cows with a daily milk
yield of 26-30 kg, the signs did not actually correlate
with each other (r=-0.078). The MSNF index in the first
streams of milk was almost the same in cows of all gra-
dations, these indicators did not actually correlate with
each other (r=-0.023).

The urea content in the first streams of milk of
experimental cows did not significantly differ in cows
with different levels of daily milk yield, the signs are
not actually related (r=0.016). The freezing point of
the first streams of milk did not change much in cows
with different levels of daily milk yield and positive-
ly slightly correlated with this feature (r=0.205). The
highest content of somatic cells in the first streams
of milk was observed in cows with a minimum daily
milk yield (1345,600 + 103,982 thous/cm?), the low-
est - in cows with the highest daily milk yield. The




correlation coefficient was respectively negative and
low, although higher than that of cows in the control
group (r=-0.238). The indicator of somatic cell content
requires special attention when assessing milk quality,
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so the correlation coefficients of this feature with oth-
er indicators of milk quality of the control and exper-
imental groups of cows were calculated to establish
the patterns of influence (Table 6).

Table 6. Correlation coefficients (r) between the content of somatic cells (thous/cm?)
with milk productivity and quality traits

Relationship of the somatic cell content indicator
with signs of milk productivity and quality

Correlation coefficient (r)
cow groups

control (n=160) experimental (n=56)
Duration of lactation, days 0.130 0.080
Daily milk yield, kg -0.195 -0.238
Fat,% -0.044 -0.141
Protein,% 0.155 0.188
Whey+casein,% 0.145 0.200
Lactose,% -0.481 0.137
Dry matter,% -0.068 0.071
MSNF,% -0.072 0.244
Urea,% -0.063 0.153
Freezing point, °C -0.489 0.158

Source: compiled by the authors

It was found that the content of somatic cells in milk
is quite significantly negatively associated with the in-
dicators of lactose content and freezing point of milk, to
a lesser extent - with daily milk yield, and positively -
with the duration of lactation, protein and whey+casein
content. In the first streams of milk, the correlation coef-
ficients for milk productivity and quality did not exceed
0.250. The highest somatic cell content was positively
correlated with the MSNF index, protein and whey+-
casein content, freezing point, urea content, and neg-
atively correlated with daily milk yield and fat content.

Thus, it can be argued that the latest data on the
quality of milk and its first streams have been obtained,
depending on the duration of lactation and the amount
of daily milk yield. Positive and negative relationships
between traits were established, including correla-
tions of somatic cell content with other indicators of
milk productivity and quality. The need to separate the
first streams of milk from the main milk yield has been
experimentally proved, which helps to reduce the con-
tent of somatic cells in milk by three times and improve
some quality indicators.

The study of milk quality is a topic of interest to
many researchers and consumers of dairy products.
The main criteria for milk quality that the EU pays at-
tention to are total bacterial count, somatic cell count,
freezing point, fat and protein content. Thus, using the
multi-platform approach, C. Connolly et al. (2023) found
that the metabolomic profile of cow milk at the begin-
ning of lactation is markedly different from that in the
middle and end of lactation. R. Feliciano et al. (2023)
established seasonal patterns of milk quality indicators
(fat and protein content) in different weather conditions
throughout the year. However, A. Palii et al. (2020),J). Ma-
gan et al. (2021) link seasonal changes in milk quality

primarily to the cow’s diet. J. Cole et al. (2023) investi-
gated the effect of the season and stage of lactation on
milk quality parameters and found that fat, protein, and
lactose content vary depending on the development
of lactation. G. Huculak (2019) proved that lactation
affects the fat content of milk. P. Lackova et al. (2023)
proved the seasonality of milk quality indicators. C. Hur-
taud et al. (2020) proved changes in milk quality during
milking — from the beginning to the end, lactose and
protein content decreased, while fat content increased.
This fact is confirmed by studies of the first streams of
milk, in which the fat content is lower, and the protein
content is higher.

The probable difference between the indicators of
milk quality and the quality of milk of the first streams
is proved. Thus, the fat content in the first streams of
milk was almost three times lower than in the average
samples, and the dry matter content was 2.218% higher
in the milk of cows in the control group. The indicator
of the content of somatic cells in the first streams of
milk in cows of the experimental group exceeded the
control almost three times - by 754,553 thous/cm® with
probability. A significant effect of the lactation day on
the content of protein, lactose, dry matter, MSNF was
experimentally proven, and the fat content of milk in-
creased with every 100 days of lactation. The freezing
point index was negatively correlated with the duration
of lactation. The somatic cell content was significant-
ly lower in the first trimester of lactation and highest
at the end of lactation. The duration of lactation was
negatively correlated with the indicator of daily milk
yield. The freezing point indicator was slightly negative,
and the content of somatic cells is slightly positively
associated with the day of lactation. The data obtained
were consistent with research (Connolly et al., 2023) on
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the influence of the lactation stage on the level of milk
yield and milk quality indicators.

In studies of the parameters of the first streams
of milk, the indicator of fat, protein, and whey+casein
content increased with the duration of lactation, and
the lactose content decreased with the development of
lactation. The MSNF index and the content of somatic
cells in the first streams of milk practically did not de-
pend on the day of lactation. Fluctuations in milk quali-
ty indicators of cows of the control group depending on
the level of daily milk yield were established. Thus, the
content of fat, protein, whey+casein, dry matter, MSNF,
urea, somatic cells in milk was highest in cows with the
lowest daily milk yield. The lactose content, on the con-
trary, was higher in cows with a high level of daily milk
yield. The freezing point indicator did not change much
in cows with different levels of daily milk yield. In the
first streams of milk, fluctuations in quality indicators
are also established, depending on the daily milk yield.

Somatic milk cells are a mixture of milk-producing
cells and immune cells. Somatic cells enter milk dur-
ing the milking process, and their number is used all
over the world to determine the quality of milk and the
health of cows. It is known that the content of somatic
cells in milk depends on many factors: environmental
conditions, content, productivity level, duration and
stage of lactation, etc. (Gerun et al,, 2020; Toghdory et
al., 2022). Regular monitoring of the content of somatic
cells in milk is especially important in the subclinical
course of mastitis. The lower the content of somatic
cells in milk, the higher its quality and shelf life. In EU
member states, the average actual somatic cell count
has not exceeded 200,000/ml for more than twenty
years. The level of dependence of the indicator of the
content of somatic cells in milk and the first streams
of milk on the indicators of productivity and quality
of milk is established. A negative relationship was de-
termined between the content of somatic cells in milk
with the lactose content, freezing point and daily milk
yield, and a positive relationship with the duration
of lactation, protein and whey+casein content. In the
first streams of milk, the content of somatic cells to a
low degree positively correlated with the MSNF index,
protein, whey+casein, freezing point, urea content, and
negatively - with daily milk yield and fat content.

Thus, it has been experimentally proven that milk
quality and first milk streams depend to varying de-
grees on the stage of lactation and daily milk yield.
Positive and negative relationships between traits were
established, including correlations of somatic cell con-
tent with other indicators of milk productivity and qual-
ity. The necessity of separating the first streams of milk
from the main milk yield has been proved, which allows
reducing the content of somatic cells in milk by three
times and improving some quality indicators.
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CONCLUSIONS

The probable difference between the milk quality indi-
cators of the control and experimental group of cows
is proved (p 20.95). The fat content in the first streams
of milk was 2.509% lower than in the average samples.
The fat/protein ratio varied significantly in favour of the
experimental group — by 0.779. The dry matter content
was higher in the milk of cows in the control group by
2.218%. The indicator of the content of somatic cells
in the first streams of milk in cows of the experimental
group exceeded the control by more than 2.5 times - by
754,553 thous/cm? with a probability (p 2 0.99).

It was found that the indicators of the quantity and
quality of milk and its first streams in different degrees
correlate with the stage of lactation: daily milk yield
(r=-0.622),fat content (r=0.293), protein (r=0.747), lac-
tose (r=-0.403), dry matter (r=0.514), MSNF (r=0.601).
The correlation coefficient between fat and protein
content in the milk of cows in the control group was
quite significant (r=0.497), the ratio of fat and protein
content was the lowest from 101 to 200 days of lacta-
tion,and the highest - at the end of lactation. The freez-
ing point index exceeded the minimum requirements
(-0.520°C) throughout lactation, negatively and slightly
correlated with the duration of lactation (r=-0.108).
The content of somatic cells was significantly lower in
the first trimester of lactation (157,750 15,600 thous/
cm?), and the highest - at the end of lactation.

The relationship between the duration of lacta-
tion and milk quality indicators in the first milk flows
was proved: fat content (r=0.403), protein (r=0.517),
whey+casein (r = 0.509), lactose (r = -0.334) freez-
ing point (r =-0.269). The somatic cell content was
significantly lower in the first trimester of lactation
(157,750% 15,600 thous/cm?), and the highest - at the
end of lactation. The relationship of milk quality indi-
cators depending on the level of daily milk yield was
established: fat content (r=-0.240), protein (r=-0.673),
whey+casein (r=-0.573), lactose (r=0.435), dry matter
(r=-0.423), MSNF (r=-0.496), freezing point (r=0.174),
somatic cells (r=-0.195). The level of association with
the level of daily milk yield with the quality of milk of
the first streams was slightly different: with the con-
tent of fat (r=-0.117), protein (r=-0.385), whey+casein
(r=-0.385), lactose (r=0.260), dry matter (r=-0.078),
MSNF (r=-0.023), freezing point (r=0.205), somatic cell
content (r=-0.238).

It was found that the content of somatic cells in milk
is quite significantly negatively associated with the in-
dicators of lactose content and freezing point of milk, to
a lesser extent - with daily milk yield, and positively -
with the duration of lactation, protein and whey+casein
content. In the first streams of milk, the correlation coef-
ficients for milk productivity and quality did not exceed
0.250. The highest somatic cell content was positively
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correlated with the MSNF index, protein and whey+ca-
sein content, freezing point, urea content, and negative-
ly correlated with daily milk yield and fat content. The
prospect of further studies is to identify a wider range
of factors affecting milk quality, especially genetic,
technological,and environmental factors that affect the
content of somatic cells in milk of different conditions.
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AHoTauif. AKTyanbHiCTb AOCNIAXEHb MNONSAra€ y BUPiLLeHHI NpobaeMun AKOCTi MOMOKa KOpiB i BNAUBY Ha napameTpu
Monoka (akTopiB CTafii naktauii i LO6OBOro Hafow, a TaKOXK BCTAHOBMEHHS 3B3KiB MiX BMICTOM COMATUUYHUX
KNITUH Yy MOJIOLi Ta iHWMMM NapaMeTpaMu Mosoka. MeTa pob0oTu — BU3HaYeHHS BNAMBY CTaAii NakTauii i Lo60BOro
HaAO0l HA MOKA3HMKM AKOCTI MOJIOKA i MOro MepLuMX LiBOK, @ TAaKOX BCTAHOBMEHHS 3BA3KiB BMIiCTy COMATUYHUX
KNITUH 3 IHWKXMM NMOKA3HMKAMM GKOCTi MOJIOKa i MOro neplumx LiBoK. MeToam AOCNIAXEHHS — 300TexHiYHI (Migbip
rpyn, opradisauis focnigy, BU3HAYEHHS MOJSIOYHOI MPOAYKTUBHOCTI, OLIHIOBAHHA CTafii NakTauii, piBHS Hagois,
KOHTPO/bHI A0THHS), 6iOXiMiYHI (BU3HAYEHHS OCHOBHMX MOKAa3HWMKIB SKOCTI MOJIOKA), CTAaTUCTUYHI, MaTeMaTUYHiI.
BctaHoBneHo BiporifHy pi3HMLIO MiX MOKa3HMKaMK SAKOCTi MONOKa y [O6OBOMY HaAoi MOMOKa Ta Yy NepLimx
Tpbox uiBkax Monoka (pz0,95), omke ekcnepMMeHTaNbHO A0BeAEHO HEOOXiAHICTb BiLOKPEMAEHHS nepLlinx LiBOK
MONOKa Bifi OCHOBHOIO Hafdol. BCcTaHOBMEHO, WO NOKAa3HUKKM KiNbKOCTI i KOCTI MOMOKa i MOro mepuwmx LiBOK Y
Pi3HUX CTYMEHAX KOPENtoKTb i3 CTafi€lo nakTauii, HakbinblWnin LOOOBUI HALIA MONOKA BCTAHOB/IEHO Y KOPIB, WO
nepebyBanu Ha NepioMy TPMMeCTpi NakTauii. BCTaHOBNEHO KONMBAHHSA MOKA3HMKIB AKOCTi MOSIOKA i MOro neplimx
LIiBOK 3aN€XHO Bif piBHA A060BOro Hafow. BCTaHOBNEHO, WO BMICT COMAaTUYHMX KNITUH Y MONIOLi AOCUTb 3HAYHO
HeraTMBHO MOB'A3aHWUI 3 NOKA3HMKAMM BMICTy NaKTO3M i TOYKM 3aMep3aHHS MOMOKA, Y MeHLWii Mipi — 3 0060BKM
Ha[0€EM, | MO3UTUBHO — i3 TPMBANICTIO NaKTaLii, BMiCTOM BinKy i npoTeiHy. Y nepwmx LiBKax MOn0Ka KoedilieHTH
Kopensiuii i3 NpoAYKTMBHOCTI Ta SIKOCTi Monoka He nepesuutyBaB 0,250. Hanbinbwe BMICT COMATUYHUX KNITUH
NO3UTMBHO KOpentoBaB 3 nokasHnkoM COMO, BMicTOM npoTeiHy, 6inka, TOUKOK 3aMep3aHHS, BMiCTOM CEYOBUHM,
HeraTMBHO - i3 4OOOBMM HA[0EM i BMICTOM XuMpy. Pe3ynbtati poboTM MOXHA BUKOPUCTOBYBATM Y rOCNOAAPCTBAX 3
BMPOOHMLTBA MOJIOKA Ta NPU NIaHYBaHHI NIEMiHHOI po60THU 3 METO NONIMLWEHHS SKICHUX XapaKTePUCTUK MOJIOKA
cenekuiMHUM LWIaXoM

KniouoBi cnoBa: MoJIOUHi KOPOBM; NapaMeTpu AKOCTI MOJIOKA; CTaAiN NakTauii; LOOOBUIM HAAIN; BMICT COMAaTUUHMUX
KNiTUH
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excess was observed in the content of suspended solids in sample No. 10, where their concentration reached
1,000 mg/l, which exceeded the normative values by 1.43 times. A pressure sorption filter was installed to improve
the quality of treatment. The analysis showed that after its implementation, the wastewater indicators improved
significantly: the content of suspended solids decreased by 6.67 times, which indicated the effectiveness of this
treatment method. After treatment, the content of pollutants decreased to the levels corresponding to the norms.
Economic calculation showed low costs for the installation and operation of the pressure sorption filter, which
amounted to 22,570 KGS. It should be concluded that in the end, the results showed that the use of a drip irrigation
system was cost-effective to implement because the investment amount of 2,765.2 thousand KGS paid off with
additional profit in the period of 1.3 years. The results of the study can be used in practice by hydrologists, hydraulic
engineers, resource scientists, environmental engineers, ecologists, ecologists-hydrobiologists, specialists in water
management and environmental monitoring, as well as decision-makers in the field of ecology and environmental
management to develop and implement measures for the implementation of environmental programmes and

projects aimed at improving the environmental situation in the region

Keywords: wastewater treatment plant; drip irrigation; sprinkler irrigation; drought; glacier; Lake Issyk-Kul

INTRODUCTION

The research relevance is determined by the shortage of
fresh water being the major ecological problem, which
leads to the reduction of crop yields and disturbance
of ecosystem sustainability. In the study area, there is a
problem of insufficient fresh water due to the presence
of various anthropogenic and natural factors such as
climate change, irrational use of water resources and
pollution of water bodies.

G.Issanova et al. (2017) revealed that increased min-
eralisation and predominance of Ca*,S0,*,Na*and Mg**
were detected in the river waters of the Issyk-Kul Lake
basin. It is necessary to further investigate the ecologi-
cal consequences of changes in the chemical composi-
tion of water for local fauna and flora, as well as for hu-
man health, especially considering the alkaline reaction
of water and changes in its pH. P. Chevallier et al. (2023)
found that the climate projection for the period 2020-
2060 shows a possible 8.9% decrease in precipitation
and,a 0.4°C-1.8°Cincrease in air temperature. The study
can be complemented by the development of recom-
mendations or strategies for climate change adaptation
based on the identified trends and modelling results.

R.A. Usubaliev (2022) determined that in the con-
ditions of modern atmospheric warming due to the
disintegration of large glaciers into smaller ones, the
number of glaciers increased by 46. The study does not
sufficiently investigate the modern dynamics and evo-
lution of glaciation processes leading to the reduction
of glaciers located in the Ak-Baura and Aravan River ba-
sins, as well as their physical changes such as melting,
displacement and crevasse formation.

Ch.K. Amanturova (2020) developed economic
models to assess the use of water resources of trans-
boundary rivers in Central Asia. The shortcomings of
the study include the limited scope of the study, as the
study focuses exclusively on water resources in Cen-
tral Asia, ignoring or omitting other regions, which may
make the generalisation of the results incomplete. Ac-
cording to the findings of J.B. Maatkulova and N. Mirbek
kyzy (2019), 75% of sewerage engineering structures

in Kyrgyzstan for wastewater treatment and disinfec-
tion required modernisation or repair works. The gap
requiring research was the lack of data on the impact
of wastewater pollution on the environment and hu-
man health.

M. Mambetaliev (2022) proposed the development
of a set of measures for the introduction of modern sys-
tems of local treatment facilities for enterprises. The
analysis of the issues of ensuring efficient operation
and modernisation of local treatment facilities required
additional research and development of appropriate
strategies for the sustainable development of regional
environmental infrastructure. J.P. Chaudhary and P.Jha-
jharia (2024) while conducting a study on technolo-
gies in the field of wastewater treatment concluded
that the use of adsorbents based on nanomaterials
such as iron, copper and titanium, carbon nanotubes,
graphene and polymer-based nanoadsorbents are ef-
fective for the wastewater treatment process. The en-
vironmental and human health impacts of nanomateri-
als in the long term have not been sufficiently studied.

The need to improve the wastewater treatment
sector is identified. S. Chaouali et al. (2024) presented
data showing that sludge drying, and biogas produc-
tion are potentially effective methods to reduce envi-
ronmental impacts in wastewater treatment. A gap in
the presented scientific research is the lack of research
to account for potential variables such as climate
change and technological innovation. E.D. Ugwuanyi et
al. (2024) investigated promising technologies in in-
tegrating advanced treatment methods such as active
sludge systems, membrane technologies and advanced
oxidation processes. Additionally, the use of natural
wastewater treatment methods such as phytoremedia-
tion and aquatic plants including wetlands and green-
belts should be explored.

The study aims to assess the quantitative compo-
sition of wastewater before and after a set of measures
to remove pollutants contained in domestic and indus-
trial wastewater before its release into water bodies.
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MATERIALS AND METHODS

The study employed methods of wastewater analysis,
as established by the following regulatory and legal
documents: Constitution of the Kyrgyz Republic (2021)
(Art. 16), Water Code of the Kyrgyz Republic (2005)
(Art. 18), Law of the Kyrgyz Republic No. 53 “On Environ-
mental Protection” (1999). The study applied the spec-
trophotometric method to determine the chemical ox-
ygen demand (COD). Nephelometric method of analysis
to measure the intensity of light flux scattered by solid
particles suspended in solution (usually at an angle of
90°). The gravimetric method with residue calcination
to measure sulphur dioxide (SO,?).

The research was conducted in 2023 in the waste-
water management laboratory of Cholpon-Ata city of
Issyk-Kul region, in the limited liability company of the
agro-industrial complex “El-Dan-Atalyk” of Issyk-Ata
district, as well as in the agronomic enterprise “Green
Valley” in Issyk-Ata district of Chui region. Figure 1
shows the treatment facilities of the “Vodokanal” enter-
prise in Cholpon-Ata city.

Figure 1. Wastewater treatment facilities
of the “Vodokanal” enterprise in Cholpon-Ata city
Source: P. Chevallier et al. (2023)

The wastewater was treated only mechanically,
without biological treatment. This is determined by the
fact that at the treatment plant aerotanks, sand traps,
and chlorinator room were in non-operational condi-
tion, and the building of the compressor unit was in
an emergency condition. The area of the pressure filter
was calculated according to the formula:

F= Qdays (1)

T Te£—3,6N(Witi+ Wt +Wats)—ntaves
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where Qdays - filter capacity in m*/day, T - daily oper-
ating time, assume 24 hours; v_. - design filtering
speed; 1.1 m/h, n - number of filter washes per day;
w, @2t - intensity in l/sec-m?® (assume 2 |/sec-m®) and
the duration in hours of initial loosening of the load;
0.017 hours, w,t, - water supply intensity in |/sec-m?
(3 l/sec-m?, so-called coal charge) and duration in hours
of water-air washing 0.083 h; w,t, - intensity in l/sec-m’
(2 /sec:m®) and washing time in hours, 0.034 hours; t, -
filter downtime due to washing in hours, 0.33 hours.
For a given useful capacity of a plant with pressure
filters Q o= 18.75 m?/days. The number of pressure fil-

=days
ters with the area of one filter 0.4 m?, should be (2):

N=F/f=1.78/0.4=4. Q)

Equipment and instruments were used to detect
the contaminant content of the samples:

®m for measuring acidity (pH) Philips-pw 9421
(Netherlands);

B to measure biological oxygen consumption
(BOCQ) - test unit laboratory oxygen meter Anion 4140
(China);

B to measure chemical oxygen demand (COD) -
test unit analyser CD200 (USA);

B to measure suspended solids (SS) test - using BD
Phoenix Spec Nephelometer microbiological nephelo-
meter system (USA) depending on the sample perme-
ability;

m for measuring sulphate (50,?) SO, testing unit
(USA);

m for phosphate determination and tin chloride
estimation (PO,?) PYE UHICAM spectrometer Sp 8-100
UVVIS (Great Britain);

m for measuring nitrite concentrations and esti-
mating content using indole (C;H,N) molarity of 0.05
and hydrochloride molarity of 5 Rikka test unit NO,
(Ukraine);

m for measuring nitrate concentration and assess-
ing the reduction of nitrate to nitrite in acidic media,
through the interaction of nitrite with indole (C;H,N)
Rikka test unit NO, (Ukraine);

m for chloride determination and evaluation by
titration of potassium chromate (as an indicator) with
silver nitrate (as titrant) Rikka test unit CL* (Ukraine).

RESULTS

The abnormal drought experienced in Kyrgyzstan in
2023, caused by climatic changes (including a 20-year
average temperature increase (2002-2023) from 4.8°C
to 6°C) and weak glacier melt, was a serious problem
with negative impacts on agriculture, water supply and
ecosystems (Kyrgyzstan and water scarcity, 2023). Fig-
ure 2 shows an example of the degradation of the Pet-
rov Glacier, located in the Ak-Shyirak mountain range,
Issyk-Kul region.
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Figure 2. Reduction in the Petrov Glacier
Source: More hot days, melting glaciers and droughts: What’s driving climate change in Kyrgyzstan (2023)

The data revealed shows that the area of Petrov
Glacier in 1980 was 64 km?. For 41 years, a gradual re-
duction of the glacier area was recorded at a rate of
0.084 km?/year, which resulted in the total area of the
glacier being 60.5 km? in 2021. The Issyk-Ata district
of the Chui region suffered the most from drought and
lack of drinking and irrigation water in all regions. In
this district, reduction and death of crops, deterioration
of soil quality and reduction of freshwater reserves were
recorded. The National Statistical Committee of the
Kyrgyz Republic (Natsstatcom) reported that in summer
2023,due to drought, the gross yield of wheat decreased
by 25.7% (19.1 hwt/ha was harvested) and barley by
29.2% (15.8 hwt/ha was harvested) (National Statisti-
cal Committee of the Kyrgyz Republic, 2024a, 2024b).

To combat drought and its consequences, water
management measures are important,including organ-
ising the efficient use of water resources, introducing
irrigation methods, improving the efficiency of agricul-
tural production and rational use of land resources. It
is also important to develop infrastructure for water
harvesting and storage, as well as to improve warning
and response systems for drought emergencies. Fol-
lowing the data presented in Decree of the President
of the Kyrgyz Republic No. 23 “On the National Water
Strategy of the Kyrgyz Republic until 2040 (2023) Is-
syk-Kul Lake level decreased by 0.95 m between 2011

and 2021 due to both climatic and anthropogenic fac-
tors. In 2023, due to water withdrawal for irrigation,
Lake Issyk-Kul was fed only by water from 30 rivers.

There are many advantages of wastewater
re-treatment, among them the improvement of the
ecological condition of aquatic ecosystems and the re-
duction of pollutants (Trus et al., 2020). In Kyrgyzstan,
this method of wastewater treatment was not wide-
spread. In the Wastewater Management Laboratory of
Cholpon-Ata city, Issyk-Kul region, water samples tak-
en from water bodies were analysed. The wastewater
considered in this study included domestic, industrial,
agricultural and stormwater runoff. As a result of de-
creasing water resources in the Kyrgyz Republic, a Na-
tional Water Strategy was developed, which envisaged
the future introduction of wastewater recycling and
reuse (Decree of the President of the Kyrgyz Republic
No. 23, 2023).

The data obtained in the process of characterisa-
tion studies corresponding to wastewater before and
after re-treatment were reviewed. Table 1 presents
the results of pre-treatment wastewater analyses con-
ducted in the environmental laboratory, during which
12 samples were collected from the shallow water of
one of the urban beaches of Cholpon-Ata, located be-
tween private guesthouses and the pumping station of
“Vodokanal’, containing pollutants.

Table 1. Results of quantitative tests of wastewater received before treatment from 02.02.2023 to 29.07.2023

No. Sample date pH BOC,mg/L COD,mg/L SS,mg/L SO,%,mg/l PO,%, mg/l NO,, mg/l NO,, mg/l Cl?* mg/l
1 02.02.23 6.6 64 89 92 242.4 111 0.00 0.00 67
2 18.02.23 6.6 112 142 346 270 0.6 7.20 0.36 57
3 03.03.23 6.6 45 74 41 126.8 13 2.32 0.0 74.6
4 16.03.23 6.5 72 126 98 180.3 1.10 0.0 0.0 49.8
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Table 1. Continued

No. Sample date pH BOC,mg/l COD,mg/L SS,mg/lL SO,2,mg/lL PO,2,mg/l NO,mg/l NO,mg/L Cl?* mg/l
5 16.04.23 6.6 107 162 144 185.4 0.3 2.3 0.3 56
6 24.04.23 6.5 96 122 88 145.8 1.6 9 0.4 42
7 08.05.23 6.3 171 210 248 142 1.7 2.6 0.06 61
8 23.05.23 6.6 171 218 416 234 1.7 5.7 0.3 49.8
9 08.06.23 6.6 112 122 640 288.6 2.4 13.5 0.34 67
10 21.06.23 6.7 72 94 1000 79.5 2.8 0.9 0.011 29.9
11 17.07.23 6.4 146 178 388 201.3 0.11 0.0 0.09 24.10
12 29.07.23 6 76 106 134 176.6 0.10 4.9 0.0 349

Source: compiled by the authors

Based on the results of the 12 test samples, it is
shown that the pH varied from 6 to 6.7, BOC - from 45
to 171 mg/L,COD - from 74 to 218 mg/L,SS - from 41 to
1000 mg/L, SO2 - from 79.5 to 288.6 mg/l, PO2 - from
0.3 to 2.8 mg/L,NO, - from 0.0 to 13.5 mg/l,NO, - from
0.0 to 0.36 mg/L, Cl'* - from 24.10 to 74.6 mg/L.

According to the requirements of Cholpon-Ata
Municipal Enterprise “Vodokanal’, the content of sus-
pended solids discharged into the city sewerage sys-
tem in wastewater should not exceed 700 mg/L. When
measuring suspended solids (SS), it was found that
the concentration of these pollutants in wastewater at
sampling No. 10 was 1000 mg/l and, therefore, exceed-
ed the normative values by 1.43 times. The presence
of the exceedance indicates insufficient efficiency of
wastewater treatment discharged into Lake Issyk-Kul.
To remove suspended solids from wastewater to the re-
quirements of the city Vodokanal,a proposal to improve
the treatment facilities of the enterprise “Vodokanal”

was developed. The selection of equipment for waste-
water treatment from increased content of suspended
solids was carried out and a pressure sorption filter
was installed.

Selection of the carbon filter was carried out ac-
cording to the indicator of water quality at the out-
let - suspended solids - less than 1 mg/L. Analysis of
different types of carbon filters allowed to stop on ver-
tical pressure carbon filter, using absorbent carbon as a
loading (internal pore volume 50-110 m%/g). Using for-
mula (1), the area of the pressure filter was calculated:

_ 18.75
T 24%1.1-3.6%1(250.017+3+0.083+2%0.034)-1%0.3+1.1

=1.78 m2 (3)

The results show that the area is equal to 1.78 m?,
which easily allowed to place this filter on the territory
of the treatment plant workshop. Table 2 shows the cal-
culation of the cost of installation and operation of the
pressure sorption filter.

Table 2. Costs for installation of pressure absorption filter

Costs, KGS/year

The electricity consumption of the pump is 2,190 kW per year. Cost of 1kW=3.00 KGS.

Electricity costs: C_=2,190%3.0=6.570 KGS/year

65,70 thousand KGS

Current maintenance and repair costs

8,000 thousand KGS

Charges for dumping

2,000 thousands KGS

Amortisation

6,000 thousand KGS

Total

22,570 thousand KGS

Source: compiled by the authors

According to the results of the calculation of costs
for installation of treatment equipment, it is shown
that the amount of spent costs, which amounted

to 22,570 thousand KGS, is quite low. Table 3 shows
the composition of wastewater after treatment from
02.02.2023 to 29.07.2023.

Table 3. Results of quantitative tests of wastewater obtained
dafter its treatment at the pressure sorption filter unit from 02.02.2023 to 29.07.2023

No. Sampledate pH BOC,mg/lL COD,mg/L SS,mg/lL SO,%,mg/l PO,%,mg/l NO,mg/l NO,mg/L Cl* mg/l
1 02.02.23 6.7 29 43 37 175.4 0.2 0.4 26 49
2 18.02.23 6.5 24 51 105 194 0.06 0.47 11.31 58
3 03.03.23 6.8 17 19 29 1215 0.4 0.2 11.8 49
4 16.03.23 6.8 5 11 33 159 0.4 0.30 0.00 53.5
5 16.04.23 6.7 13 49 39 132.6 0.2 0.3 1.8 48
6 24.04.23 6.7 28 59 47 130 2.5 0.2 3.1 48
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Table 3. Continued

No. Sampledate pH BOC,mg/lL COD,mg/L SS,mg/L SO,%,,mg/lL PO,%,mg/l NO,mg/l NO,mg/l Cl?*, mg/l
08.05.23 6.5 26 107 49 150 0.8 0.34 4.6 53
23.05.23 6.6 95 132 47 319 1.2 0.00 3 58.4
08.06.23 6.7 26 39 49 248.7 1.8 0.33 11.2 54

10 21.06.23 6.5 40 57 43 138 0.3 0.1 3 48.5

11 17.07.23 6.8 13 51 37 138.8 0.2 1.2 124 48.5

12 29.07.23 6.7 15 23 81 153.2 0.2 1.00 19 38.6

Source: compiled by the authors

The data shows that after the samples were an-
alysed, the pH values changed from 6.5 to 6.8, BOC -
from 5 to 95 mg/L,COD - from 11 to 132 mg/L,SS - from
29 to 105 mg/l, SO,? - from 121.5 to 248.7 mg/|, PO,
? - from 0.06 to 2.5 mg/l, NO, - from 0.0 to 1.2 mg/|,
NO, - from 0.0 to 26 mg/L, Cl'* - from 38.6 to 58.4 mg/L.

A comparison of the obtained results of analyses
before treatment and after treatment showed the re-
duction of quantitative indicators. Thus, the use of a
pressure sorption filter unit for the treatment of waste-
water containing synthetic surfactants allowed to re-
duction of the content of suspended solids in treated
wastewater - by 6.67 times. Wastewater treatment was
a necessary procedure, as the reused water could be
used in agriculture for additional irrigation of fields re-
quiring large amounts of water in areas where natural
rainfall is insufficient.

Kyrgyzstan was a favourable region for growing
maize hybrids of different maturity groups, as the
sums of active and effective temperatures provide an
opportunity to grow maize with a conditional index
of maturity (FAO) up to 500. Annual precipitation dur-
ing the spring-summer period ranged from 180 mm in
the east of Kyrgyzstan to 600 mm in the south-west-
ern regions, indicating a lack of moisture for growing
crops (Horticultural Crops and Wild Fruit Species in
Central Asia, n.d.). In this regard, drip irrigation is ap-
propriate for maize crops in Kyrgyzstan, which allows
efficient water consumption and fertigation (irrigation
with fertiliser application) during the period neces-
sary for vegetation. This technology is significant as it
achieves water savings from 30 to 50% compared to
sprinkling irrigation.

Limited Liability Company (LLC) agro-industrial
complex “El-Dan-Atalyk” (in Issyk-Ata district) analysed
crop breeding and seed production efficiency of using
drip irrigation in growing maize hybrids in southern
Kyrgyzstan. The study was conducted in the fields of
the agronomic enterprise “Green Valley”in the Issyk-Ata
district of Chui province. Maize hybrids with FAO 300-
400 were grown on this site: KRABAS FAO 300, KER-
BEROS FAO 310, KAIFUS FAO 330, KVS 6471 FAO 340,
KINEMAS FAO 350, KVS 381 FAO 350, CARIFOLS FAO
380. Sowing was carried out on 30.04.2023 using a
Kverneland Optima pneumatic precision air seeder with
tube confinement (16 mm diameter). The sowing rate of

all maize hybrids was 90 thousand/ha, 24 rows of each
hybrid were sown.
Astartermicro granular fertiliser Agristart — 40 kg/ha
and Regent - 4 kg/ha were applied to the crops. The ap-
plication of post-emergence herbicide MaysTer Power
for weed control in maize crops was also provided (the
rate was 1.25 l/ha). This field was irrigated with water
at a rate of 3800 m?* of water (corresponding to 380 mm
of precipitation). During the spring-summer period in
the study area, rainfall of 462 mm/ha was recorded.
Figure 3 shows the results of the study of the yield of
maize hybrids grown on drip irrigation technology.

m KRABAS FAO 300

H KERBEROS FAO 310
KAIFUS FAO 330

mKBC 6471 FAO 340

m KINEMAS FAO 350

m KBC 381 FAO 350
CARIFOLS FAO 380

Figure 3. The yield of KWS maize hybrids at the
application of drip irrigation technology, tonnes/ha
Source: compiled by the authors

In the experimental field, the yield in terms of basic
moisture content of 14% varied in the range from 13.1
to 16.5 t/ha. The maximum yield level of 16.5 t/ha was
reached by hybrid KVS 381 FAO 350 and KINEMAS FAO
350 - 15.2 t/ha. Figure 4 demonstrates the current har-
vest moisture levels.

m KRABAS FAO 300

H KERBEROS FAO 310
KAIFUS FAO 330

mKBC 6471 FAO 340

= KINEMAS FAO 350

m KBC 381 FAO 350
CARIFOLS FAO 380

Figure 3. Harvest moisture level, %
Source: compiled by the authors

The moisture content at the time of harvest varied

between 14.4-16.7%. The lowest harvest moisture con-
tent was found in hybrid KERBEROS FAO 310 - 14.4%
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and KRABAS FAO 300 - 15.2%. Therefore, it is possible
to assert, that when growing properly selected hybrids
with increased heat and drought tolerance with FAO
350, it is possible to achieve higher yields at lower

harvest moisture. Table 4 demonstrates a comparison
of approximate costs and economic indicators of the
efficiency of growing maize hybrids on drip and sprin-
kler irrigation.

Table 4. Comparative economic indicators of maize cultivation efficiency on irrigation

. .. Deviation
Values Rain irrigation Drip irrigation - %
Sown area, ha 125 125 125
Yield, hwt/ha 125 150 25 125
Gross yield, tonnes 1,025 1275 250 125
Production costs per 1 ha of area, KGS 34,426 3,2524 -1902 94.5
Production costs for growing products, thousand KGS 3,465.1 3,274.9 -190.2 94.5
The sales price of 1 tonne, KGS 7,925 7925 100
Revenue from sales, thousand KGS 7,925 9,900 1,975 125
The production cost of 1 hwt, KGS 369.01 284.99 -84 75.6
including irrigation expenses per 1 hwt of production 80.26 50.68 -29.6 46.5
Profit from sales, total, thousand KGS 4,484.9 6,650.1 2,165.2 148.5
including per 1 ha of sowing, thousand KGS 69.6 91.25 21.7 148.5
per 1 hwt, KGS 471 555 84 118.8
Profitability of production, % 154.644 228.86 74.2 -
The volume of investments, thousand KGS - 2,790.5 - -
Payback period, years - 1.3 - -

Source: compiled by the authors

Maize yield increased by 25 hwt/ha, which made
it possible to obtain an additional yield of 250 tonnes.
At saving of water and electricity, the level of produc-
tion costs decreased by 1,902 KGS/ha, or 190.2 thou-
sand KGS (based on the whole area of maize sowing).
The cost of 1 hwt of production decreased to 24.4%,
and the cost of irrigation itself per 1 hwt decreased by
29.6 KGS, which is 53.5%. The growth of gross produc-
tion made it possible to get additional revenue from
sales in the amount of 1,975 thousand KGS. At the
same time, according to calculations, the amount of
profit from sales was 6,625.1 thousand KGS, which is
48.5% more than under sprinkling. So, the use of a drip
irrigation system was cost-effective to implement: the
efficiency level reached the value of 203.8%, which
is 74.2% higher than the alternative method, and the
investment amount of KGS 2765.2 thousand paid off
with additional profit in the period of 1.3 years.

DISCUSSION

Analysing the obtained results of the study, it is possi-
ble to conclude that further monitoring of wastewater
quality and efficiency of the installed pressure sorption
filter should be conducted. The study determined that
the Petrov Glacier degradation was caused by a change
in the precipitation regime and insufficient precipita-
tion. A similar question was raised by S.A.G. Leroy et
al. (2021). They obtained results according to which
it was found that glaciers of the Tien Shan respond
primarily to changes in precipitation rather than tem-
perature. It is difficult to unequivocally agree with
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this statement, as changes in glaciers in different ge-
ographical areas can be caused by a combination of
both factors. In some regions, glaciers may respond
primarily to changes in precipitation. Increased pre-
cipitation can lead to increased snow accumulation on
mountaintops, which can favour glacier growth (Skar-
bevik et al., 2014). In warmer climates, temperature
changes can have a more significant impact on gla-
ciers. Rising temperatures can lead to the melting of
ice on mountaintops, leading to a decrease in glacier
size (Dzyba & Kyriienko, 2024).

The study that climate change and anthropogen-
ic activity were the reasons for the flow fluctuation
of Lake Issyk-Kul. The study of such a problem was
carried out by Y. Alifujiang et al. (2021). They revealed
that climate change was the main cause of runoff
fluctuations in the Issyk-Kul Lake basin. The state-
ment of the researchers is valid, as climate change
can affect precipitation, snowfall and glacier melt,
which directly affects the water level in the lake.
However, it is also worth noting other factors such
as human activities including the use of water for
agriculture and industry. The study determined that
climate change can increase or decrease precipitation
concentrations in Kyrgyzstan. This was addressed by
P.Yang et al. (2020). The results of their study indicat-
ed a significant increase in interpolated precipitation
between 2000 and 2010. This statement is notewor-
thy, as the results of the reviewed study revealed an
insufficient level of precipitation in Kyrgyzstan, which
led to a decrease in crop yields.




The study determined that the removal of pollut-
ants from secondary sedimentation tanks of wastewater
treatment plants was carried out by mechanical means.
A similar scientific study was conducted by AW. Ahmadi
and S. Dursun (2024). Their study determined that the
use of cassava in the secondary sedimentation tanks of
biological wastewater treatment plants showed com-
plete removal of chemical contaminants. This statement
is noteworthy, but it should be noted that to maxim-
ise efficiency, a combination of mechanical, biological
and chemical wastewater treatment methods should
be used to ensure complete removal of contaminants
(Bondarev & Gheorghe, 2022). The high efficiency of
irrigation methods and their economic benefits were
determined. This issue was studied by A. Alamanos and
Q.Zeng (2021). Their study investigated the measures of
steam use in farming aimed at maintaining agriculture
in arid areas. The results obtained from the work carried
out do not agree with the findings of the researchers,
this study present the results of the efficiency of irri-
gation methods and evaluate their economic benefits.
As such, the efficiency level of drip irrigation reached a
value of 203.8%, which is 74.2% higher than that of the
rainfed irrigation method.

Asimilar issue was studied by C. Li et al. (2024).They
proposed a method based on using a camera system
to measure the daily carbon dioxide (CO,) exchange at
different growth stages of maize under drip and flood
irrigation methods. According to the results of a study
by the researchers found that in the maize ecosystem,
drip irrigation showed greater average daily CO, up-
take by maize plants compared to flood irrigation. This
statement can be agreed with, as drip irrigation can in-
deed increase water use efficiency and improve plant
conditions, which in turn can increase photosynthesis
and CO, uptake (Shevchenko & Nikonchuk, 2022). The
study determined that drip irrigation contributed to the
increase in crop yields. The study of this issue was car-
ried out by PH. Rank and B. Vishnu (2019). The study
results revealed that the developed sensor-based au-
tomated pulse drip irrigation system for irrigating agri-
cultural plants showed high efficiency, as the presented
development contributed to maintaining sufficient soil
aeration, which helped to improve oxygen penetration
into the deep soil layers, stimulating plant root growth
and increasing plant productivity. It is worth noting the
similarity of this study with that of the researchers as
it was confirmed from their findings that drip irrigation
helped in improving crop yield.

The results of the calculation show data on the re-
duction of production cost per 1 hwt of production to
24.4%, as well as information indicating the reduction
of maize irrigation costs per 1 hwt by 29.6 KGS (53.5%).
A similar issue was studied by M. Sahin (2023). Accord-
ing to the results of his study, it was shown that under-
ground drip irrigation systems were found to be advan-
tageous in terms of saving water, irrigation labour and
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maintenance. The results obtained in this paper coin-
cide with the findings of the researcher as the efficiency
and cost-effectiveness of subsurface drip irrigation was
confirmed compared to conventional irrigation meth-
ods. To remove suspended solids from wastewater, a
solution to install a pressure absorption filter was un-
dertaken. The study of such an issue was carried out
by V. Cossich et al. (2024). According to the results of
their work, a high level of efficiency of drip irrigation
system with an emitter tube was revealed, which allows
for preventing clogging and increasing the efficiency of
water utilisation. The study results of the researchers
are noteworthy, as emitters with inbuilt mechanisms to
prevent clogging can significantly reduce the likelihood
of clogging and maintain a more stable water flow.

Increase of maize yield by 2.5 tonnes/ha when us-
ing subsurface drip irrigation has been demonstrated.
This was studied by J. Conde et al. (2023). During their
study, it was revealed that subsurface drip irrigation to
a depth of 20 cm had a water productivity of 8.23 kg/m?,
which was the best compared to furrow irrigation and
surface drip irrigation and achieved a high olive yield
of 9.3 t/ha. This statement should be agreed upon be-
cause according to the results of the presented study,
subsurface drip irrigation contributed to obtaining an
additional yield of 250 tonnes.

The study determined that the application of drip ir-
rigation contributed to increasing crop yields and saving
water resources.A.R.Bawa et al. (2023). In their scientific
paper, they presented a review of the principles of op-
eration of solar photovoltaic pumping systems (SPVPS)
used for drip irrigation in agriculture. The similarity of
this work with the results of the study of the research-
ers, according to which it was determined that the use
of SPVPS technology reduced greenhouse gas emis-
sions, as well as achieved water savings in agriculture.
The study determined that maize yield on the irrigated
field plot increased by 25 kg/ha. A. Toffanin et al. (2024)
studied a similar issue. It is necessary to note the sim-
ilarity of their work with the results of the presented
study, as the results show that soybean yield in the ir-
rigated field increased by 157% in 2022 compared to
the non-irrigated control plot. An increase in yield and
economic efficiency by using pulse drip irrigation was
found. A similar issue was studied by S.M. de Menezes et
al. (2024). According to the results of their work, the use
of pulse drip irrigation provided a reduction in water
consumption, increased growth as well as yield of plant
stems by 9%. It is possible to note that the conclusions of
the experiment of the researchers coincide with the cur-
rent study regarding the increase in yield and economic
efficiency when using drip irrigation for growing maize.

The study demonstrated that economic perfor-
mance has improved with the use of drip irrigation.
This has been studied by U.B. Ntesat et al. (2023). Their
proposed drip system for intermittent water supply was
able to cover an area of 0.000071 m? (out of a total area
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of 0.00119 ha) with spinach crops. From their results, it
is shown that the use of a drip system for intermittent
water supply helped to increase the off-season produc-
tion of spinach. Similar results were obtained in this
study, showing that improved economic performance
resulted in lower production costs and increased fi-
nancial returns. The study determined that when drip
irrigation was applied, maize hybrid KVS 381 FAO 350
and KINEMAS FAO 350 reached a maximum vyield of
16.5 tonnes/ha and 15.2 tonnes/ha. A similar issue
was studied by A. Tilaye Robi et al. (2023). Their study
showed that 100% drip irrigation gave the highest yield
of 34.31 t/ha compared to 75% and 50%, while the
amount of water saved at 75% irrigation was 25% and
at 50% reached 50% (comparing drip irrigation with
75% irrigation level, 50% and full 100%). This state-
ment is noteworthy, as the amount of water saved at
75% irrigation can compensate for the yield reduction
due to the use of saved water.

The study determined that the lowest level of har-
vest moisture was found in maize hybrid KERBEROS FAO
310 - 14.4% and KRABAS FAO 300 - 15.2%.A similar is-
sue was studied by Y.Wang et al. (2023). According to the
results of their study, the duration of crop irrigation ex-
ceeding 8 hours was found to exceed the irrigation rate.
This statement can be agreed with because under pro-
longed irrigation the topsoil can dry out, which reduces
water absorption and irrigation efficiency (Semenko et
al., 2022). The decision was made to use drip irriga-
tion to increase maize yields under conditions when
rainfall rates could not always meet the plants’ water
needs. A similar issue was studied by D.T. Mitku (2022).
His study in several regions of Ethiopia confirmed that
drip irrigation can be more effective than traditional
irrigation methods for vegetable crops when irriga-
tion water is insufficient. The results of the researcher
are noteworthy as drip irrigation ensures that water is
delivered directly to the plant roots, which minimises
water loss through evaporation and runoff. This results
in significant water savings compared to irrigation
methods such as surface irrigation or spray irrigation.

The superiority of the subsurface method of drip
irrigation over surface irrigation has been revealed.
F.A.O. Al-Obaidi and S.M.H. Al-Mehmdy (2023) studied
this issue. Their study revealed that the subsurface drip
irrigation method is significantly more efficient than
surface drip irrigation in terms of water consumption.
The efficiency of the subsurface drip irrigation method
was confirmed by applying the amount of perlite with
values of 252.28 kg/m? which resulted in a high yield
of potatoes. The statement of the researchers that sub-
surface irrigation can minimise water evaporation and
reduce water losses through direct delivery of moisture
to plant roots is noteworthy. An increase in profitability
of agricultural production was obtained when using a
drip irrigation system and it was shown that the invest-
ment of 2765.2 thousand KGS was recouped by addi-
tional profit in 1.3 years. The study of a similar issue
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was carried out by I. Cartika et al. (2023). Their results
revealed that the drip irrigation method can increase
yields by 8.39%, reduce costs of chilli pepper produc-
tion by 13.04% and increase farmers’ income by 9.25%
compared to manual irrigation. The statement of the
researchers is noteworthy as with increased yields and
reduced water and fertiliser costs, farmers can indeed
achieve increased profits.

CONCLUSIONS

The study analyses included quantitative parameters
such as pH, content of organic and inorganic pollutants,
and assessment of water quality in terms of its suitabil-
ity for agricultural reuse. The study provides important
conclusions regarding the evaluation of wastewater
treatment efficiency of wastewater collected from the
beach of Cholpon-Ata before and after the application
of the pressure sorption filter.

The results of the analysis revealed that there was
a significant reduction in pollutant content after the fil-
ter application, indicating the effectiveness of the treat-
ment. Irrigation with water at a rate of 3800 m* corre-
sponding to 380 mm of rainfall and with a rainfall of
462 mm/ha resulted in maize yields ranging from 13.1
to 16.5 t/ha. Hybrids with FAO 350, such as KVS 381
and KINEMAS, showed the highest yield levels, reach-
ing up to 16.5 t/ha. At the same time, harvest moisture
content ranged from 14.4% to 16.7%, indicating that
high yields can be obtained with the right choice of
hybrids with increased heat and drought tolerance.
According to the results of comparing the efficiency of
growing maize hybrids on drip and rainwater irrigation
methods, it is shown that when using drip irrigation, the
yield increased by 25 hwt/ha, which led to an addition-
al yield of 250 tonnes. The saving of water and elec-
tricity reduced production costs by 1902 KGS/ha. The
cost of production decreased by 24.4%, and the cost of
irrigation of 1 hwt decreased by 29.6 KGS, amounting
to 53.5%.An increase in gross production allowed us to
get additional revenue from sales — 1975 thousand KGS.
Profit from sales increased by 48.5% compared to the
method of sprinkling. As a result, drip irrigation turned
out to be more profitable: its efficiency reached 203.8%,
which exceeded the alternative method by 74.2%. The
investment amount was recouped by additional profit
in 1.3 years.

In the review of hydrochemical studies of the Is-
syk-Kul Lake basin, it is necessary to note the extreme
insufficiency and limitations of the previous works in
this direction. A direction for further research could be
the study of the impact of the wastewater treatment
process on biodiversity in Issyk-Kul Lake and its vicinity.
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AHotauif. [locnigxeHHs, npoBeaeHe 3 aHaNi3y XapakTepuCTUK CKAady CTOKIB A0 Ta NiCAS MOBTOPHOrO OYMLLEHHS,
€ aKTyaNIbHUM Yy KOHTEKCTi OXOPOHM HAaBKONULLHLOMO CepenfoBuila. MeTa AOCNIAXKEHHS — BUBYEHHS XapaKTEPUCTUK
CTIYHMX BOA, [0 TA NiC/I NOBTOPHOIO OUYMLLEHHS 3 BUKOPUCTAHHAM HaMnipHOro copbuitHoro dinbTpa.3a pesynbratamu
aHani3y KinbKiCHUX MOKA3HMKIB CTIYHWX BOA, BMUABMEHO, WO A0 OYMLLEHHS BOHM XapaKTEPU3YBaZUCA LUMPOKUM
[liana3oHOM MOKa3HMKIB, L0 NepeBULLYHOTb HOPMATUBHI piBHi. Halibinblue nepeBMLLEHHS CNOCTEPIranocs y BMicTi
3aBUCNX TBEPAMX peyvoBUH Yy npobi N2 10, ae ixHa KoHueHTpauia carana 1,000 mMr/n, o nepeBuLLyBano HOPMATUBHI
3HayeHHa B 1,43 pasa. [ng noninweHHs gKOCTi OYulieHHs 6yno BCTAaHOBMEHO HanipHWi copbuiinHuin dinbTp.
lNpoBeneHUi aHani3 NoKasas, WO Mica19 MOro BNPOBAAXKEHHS MOKA3HUKM CTIYHWMX BOA, iICTOTHO NOKPALLMANCS: BMICT
3aBUCIMX TBEPANX PEYOBUH CKOPOTUBCS B 6,67 pasiB, L0 CBIAYMN0 NP0 ePEKTUBHICTb LLbOro MeToAy oumLLeHHs. [Ticns
OYMLLEHHS BMICT 3a6pyaHIOBAaYiB 3HU3MBCS A0 PiBHIB, WO BiANOBIAATb HOPMATUBAM. EKOHOMIYHMI pO3paxyHOK
NMOKa3aB HEBMCOKi BUTPATU Ha BCTAHOBJIEHHS Ta €KCIJyaTaLito HanipHoro copbuiiHoro dinetpa, wo cknanu 22,570
coMm. Cnig, 3pobUTH BUCHOBOK, WO B MiACYMKY OTPUMAHO Pe3ynbTaTw, fKi 3aCBigYMIM, WO BUKOPUCTAHHS CUCTEMMU
KpanenbHoi ipurauii 6yno peHTabenbHUM AN BNPOBAAXKEHHS, OCKINIbKM CyMa iHBECTULIN y po3Mipi 2,765,2 Tucay
COM OKynunacs A04aTKOBUM NpubyTKoM y nepiof 1,3 poky. Pe3ynbtatv AOCNILKEHHS MOXYTb OYTU BUKOPUCTaHI Ha
NpakTULi riaponoraMu, rigpoTexHikamMu, pecypco3HaBLAMM, iHKEHEPAMU-EKONOraMK, EKONOraMu-Trigpobionioramu,
daxiBLsgMM 3 BOLOrOCNOAAPIOBAHHSA Ta €KOMOMYHOIO MOHITOPUHIY, @ TAKOX KEPiBHUKAMMU, WO YXBaKOKOTh PillleHHS
y cdepi ekonorii Ta NpMPOLOKOPUCTYBAHHS, 3 METOK po3pobneHHs Ta BMNPOBAa[KEHHS 3axofiB i3 peanizauii
€KONOriYHMX NpOorpam i MPOeKTiB, CNPAMOBAHMX HA NOANIMNLWEHHS €KONOTYHOT CUTYyaLii B perioHi

KniouoBi cnoBa: ouncHi cnopyam; KpanenbHUI NOUB; AOLLOBMIA CMOCIO 3pOLLEHHS; NOCYXa; NbOJ0BUK; 03epo lccuk-
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INTRODUCTION

Tra Vinh is one of the poor coastal provinces in the Me-
kong River Delta of Vietnam and 60% of land area of the
province is used for agricultural production. Regarding
the economic structure in the financial year 2022, three
main sectors of agriculture, forestry and fishery con-
tributed 30.29% to the province’s GDP (TVPPC, 2022).
It therefore indicates that agriculture has been playing
a vital part not only for farmers but also for the eco-
nomic development of the province. Importantly, shal-
lot production grown on coastal sand soil in Duyen Hai
district and Duyen Hai town for more than 10 years has
brought high economic efficiency for the farmers.

Shallot is currently considered to be an easy-to-
grow crop, suitable for land conditions in the local area.
Shallot-producing areas tend to increase in recent years.
Results of SNV’s survey (2022) showed that the total
shallot production area of Duyen Hai town is estimated
to be about 462 hectares in 2021 and the average yield
was about 20-25 t/ha. However, shallot producers have
been facing difficulties in production, including small
and fragmented production models, limited farming
technical competencies, high production costs, over-
use of agricultural chemicals, and unpredictable and
unfavourable weather leading to unstable production
efficiency and profits for growers.W. Huang et al. (2020)
demonstrated that improving technical efficiency in
agricultural production and overcoming shortcomings
in agricultural production efficiency is very important,
contributing to poverty reduction and building compre-
hensively moderately prosperous rural areas. In Indo-
nesia, technical efficiency is a main factor in maintain-
ing shallot production (Astuti et al., 2020). In addition,
T.Triyono et al. (2021) stated that the performance of a
farm can be benchmarked by production and efficiency.
Therefore, efficiency analysis on shallot production and
affecting factors of shallot production have been car-
ried out in many previous studies such as K. Mamary et
al. (2018), L. Astuti et al. (2019), K. Prakoso (2021). This
clearly indicates that studies on efficiency of shallot
farming have been concerned by researchers to help
the producers increase their income.

In Vietnam, although shallot is considered a crop
that brings high economic efficiency to farmers, studies
on the analysis of the efficiency of shallot production
are still few. There was only one study of Q. Nhut et
al. (2013) estimating technical and cost efficiency for
shallot-growing households in Soc Trang province, Viet-
nam. So far, no research has been conducted in Tra Vinh
province to analyse the efficiency of shallot production.
In addition, technical efficiency analysis of agricultural
production models has received more research atten-
tion than cost efficiency analysis while the latter also
makes an important and valuable contribution to en-
hancing farmers’ profits through adjustments in pro-
duction costs. Thus, the purpose of this study was to
determine the technical and cost efficiency of shallot
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farms in Tra Vinh province, Vietnam, and to identify fac-
tors that impact the efficiency differential among those
farms. The findings of this study may be useful for the
government in proposing to appropriate shallot devel-
opment strategies and for shallot producers in order to
improve productivity and profitability.

MATERIALS AND METHODS

Study area. Tra Vinh province is located in the Mekong
Delta area of Vietnam and was purposely selected for
conducting this study. The area of shallot production in
the province has been increasing since 2014. The pri-
mary data were collected from Duyen Hai district and
Duyen Hai town since they are main areas of shallot
production.As stated by SNV (2022), the total area under
shallot cultivation was about 462 ha in Duyen Hai town
where shallot is mainly produced on sandy coastal areas.
This crop is now a strategic commodity of the province.

Procedures. The data comprised 202 shallot farm-
ers using a structured questionnaire. The information
of the investigated shallot producers was for the crop
season of 2022 (from November 2022 to January 2023)
and collected from Mach to June 2023.The information
of shallot cultivated area, yield, cost of farming inputs,
and characteristics of shallot farmers were gathered
and analysed in this study. The authors have conducted
interviews to gather shallot farmers’s information. All
personal information about the farmers was collected
with their agreement. This study was approved by the
Science and Education Council of Tra Vinh Universi-
ty before conducting the survey under grant contract
No. 218/2022/HD. HDKH&DT-DHTV.

In the DEA model, the output was shallot yield and
expressed in kilogrammes. The quantities and respec-
tive prices of three input variables were considered in
the study analysis regarding shallot bulb seeds, labour
(hired labour and family labour), and chemical fertil-
isers. Whilst the quantities of shallot bulb seeds and
chemical fertiliser were expressed in kilogrammes, la-
bour was measured by annual work units (man-days).
The input variables of seeds, fertiliser, and labour,
which were previously employed by T. Le et al. (2019),
were used in the current study. Concerning the factors
that contribute to the efficiency of shallot production,
the characteristics of shallot farmers including the
size of the households (persons), the size of the farms
(hectares), the level of education, age, cultivation ex-
perience (years), membership in the cooperative, credit
access and technical training (dummy variables) were
investigated.

Data analysis. In this study, DEA was utilised to as-
sess both technical and cost efficiency for shallot farms,
and then these farms’ efficiency levels were determined
by using regression models. In agricultural production,
technical efficiency refers to the quantity of agricultural
products that can be achieved when using inputs such
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as seeds, fertilisers, pesticides, and labour resources.
Therefore, technical efficiency is a common approach
to assessing the efficiency of specific resources. In the
DEA approach, the technical efficiency of the shallot
farms differed due to the type of return scale chosen.
The Charnes, Cooper, and Rhodes (CCR) models result
in gross technical efficiency when constant returns to
scale are assumed while the Banker, Chames, and Coop-
er (BCC) models provide a purely technical efficiency
estimate (Ramanathan, 2003). This study relied on the
VRS assumption to estimate the technical efficiency of
shallot producers, which was widely used in previous
studies. (Le et al., 2019; Hassan, 2021). The DEA model
that measures technical efficiency is based on the fol-
lowing specifications:

TEyrs = Ngﬁ,{l 0,
Subject to '
Yi-Y20,
0X.-X2.20,
N1'A=1,
220, 1)

where Y - output vector; X - input vector, § - scalar; A -
vector of constants that is n x 1. The technical efficien-
cy for the i-th farm was displayed by the estimated 0
value, which ranges between 0 and 1. Farms were con-
sidered technically efficient when their efficiency score
was equal to one. In contrast, the efficiency scores were
lower than those showing technically inefficient farms.

The Scale Efficiency (SE) is the ratio between TE
score under CRS that was achieved by removing the
convexity constraint (N1'2=1) in equation (1) to TE
score under VRS and expressed as in (2)

SE=TE o TE, . 2)

The DEA cost minimisation was adopted to esti-
mate cost and allocative efficiencies of farms and ex-
pressed as in equation (3)

Min w;x;,
Ax;

Subject to
Yi-Y 20,
X-X.20,
N1'A=1,

220, (3)

where w, and x; - input price and quantity for the i-th
farm; Y. - output levels. The cost efficiency (CE) of the
i-th farm was determined by subtracting the minimum
cost from the observed cost as follows:

CE=w,x;/W,X,. “4)
The cost efficiency score and technical efficiency

score were combined to calculate the allocative effi-
ciency (AE), which was expressed as

AE=CE/TE. (5)
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The analysis of shallot farm’s efficiency was per-
formed with the DEAP 2.1 software suite (Coelli, 1996).
Determinant factors affecting efficiency from shallot
farming were examined by the ordinary least squares
(OLS) regression model. The empirical model was spec-
ified in equation (6)

Yi=BO+ﬁ1X1+B2X2+B3X3+B4X4+BSX5+B6X6+B7X7+e (6)

where Y, - efficiency score for the i-th farm (technical
and cost efficiency scores); X, to X, - age, experience,
education level of the farmer, household size, shallot
farm size, credit and training access (dummy), respec-
tively; e - error terms.

RESULTS AND DISCUSSION

Descriptive Statistics Characteristics of Farmers and
Shallot Farming. Table 1 displays the summary statis-
tics of the variables used in this study. The survey data
showed that shallot producers yielded an average of
15.24 t/ha ranging from 5.00 to 26.00 t/ha. This indicat-
ed that some farmers could achieve a quite high yield
(26.00 t/ha) while others experienced a lower level
(5.00 t/ha). SNV (2022) reported that the average shal-
lot yield of farms in Tra Vinh province was about 20-
25 t/ha. In comparison to the main shallot-producing
province, the study by V.Vellema et al. (2017) found that
there was a large variation in shallot yields in Soc Trang
ranging from 5.00 to 35.00 t/ha in 2017. Noticeably, the
reason for this low yield of the sampled growers in this
study is because their shallot farming experienced un-
seasonal heavy rains and major storms which destroyed
a large number of shallot growing areas and thereby af-
fected the yields. Farmers in the study area used shallot
bulbs bought from the main shallot-producing region
in Soc Trang province.

In Vietnam, there is still no research comparing the
effectiveness of shallot grown from seeds and bulbs. In
Indonesia, T. Triyono et al. (2021) compared the income
of shallot farming using bulbs and seeds in cultivation.
The results revealed that the yield, income, and profit
of shallot farming using seeds for cultivating were all
higher than those of shallot farming using bulbs sug-
gesting technology changes from using bulbs to seeds
for higher profit.

Information related to the characteristics of shal-
lot producers in this study are also revealed in Table 1.
It can be seen that shallot farms in the selected sam-
ple are quite small in size with an average of only
0.42 ha, ranging from 0.24 to 1 hectare. The average
number of household members is four people per
family. The shallot farmers have mean age of 49 years,
have over six years of schooling and seven years of
shallot cultivating experience. In the study area, only
15% of the growers attended the courses in technical
training. The low percentage of this factor could be
because shallot is a new crop in the province; thus,




research and provincial supporting policies in shal-
lot production are still limited. V. Vellema et al. (2017)
stated that shallot farming is capital-intensive be-
cause of the high input use. However, only 1% of the
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sampled farmers in this study have availed of credit
access. None of these farmers participated in agricul-
tural cooperatives so this variable is not included in
the regression analysis.

Table 1. The Contribution of agroforestry practice to pesanggem household income

Variables Unit Mean Minimum Maximum Standard Deviation
Output
Shallot output kg/ha 15,243.56 5,000.00 26,000.00 4,813.78
Inputs
Seed bulbs kg/ha 533.40 350.00 933.00 155.72
Fertiliser kg/ha 995.77 150.00 3,435.00 436.76
Labour man-days/ha 283.11 167.00 487.00 45.38
Seed price* 1,000 VND/kg 98.43 30.00 700.00 51.19
Fertiliser price* 1,000 VND/kg 20.35 12.20 25.56 2.61
Labour wage * 1,000 VND/day 213.49 190.00 230.00 5.42
Farm-specific variables
Shallot farm size ha 0.42 0.10 2.00 0.24
Household size persons 3.90 1.00 8.00 1.19
Age of the farmer years 49.45 26.00 72.00 9.82
Education level years 6.29 0.00 12.00 2.64
Experience years 7.26 1.00 20.00 3.25
Training access dummy 0.15 0.00 1.00 0.36
Credit access dummy 0.01 0.00 1.00 0.10
Member of agricultural dummy 0.00 0.00 0.00 0.00

cooperatives

Note: +1 USD=23,647 VND (as of January 2023)
Source: ompiled by the authors

Efficiency Analysis of Shallot Farms. The results of
the efficiency analysis for the shallot farms in the study
are displayed in Table 2.1t can be seen that the average
technical efficiency score of the shallot farms was rel-
atively high at 0.838, and average technical efficiency
score higher than 0.700 were achieved by over 87% of
farmers. Only 28 farms (about 14%) were fully efficient,
with a technical efficiency of one, indicating that most
farms still have considerable potential to improve their
technical efficiency.

The cost efficiency of shallot farms was found to be
low while the allocative efficiency score was relatively
high. The cost efficiency ranged from only 0.466 to 1,
with a mean value of 0.770. In which, over one-fourth of
farms acquired a cost efficiency level of less than 0.700.
In contrast, the farms’ allocative efficiency score was
0.917 and most farms (over 93%) achieved allocative
efficiency scores of more than 0.900 (Table 2). However,
in both cases, only 5 farms (2.5%) were fully efficient,
indicating that approximately 97.5% of farms had cost
and allocative inefficiency. Hence, these shallot pro-
ducers could increase their cost efficiency by improv-
ing technical efficiency. Z. Bayramoglu and E. Gundog-
mus (2008) demonstrated that the improvement of cost
efficiency can be achieved through the improvement of
both technical and allocative efficiency. If the allocative
efficiency was higher than technical efficiency, farms’
inefficiency was identified for technical efficiency and

vice versa. In the current study, the allocative efficien-
cy score was higher than technical efficiency (0.917 of
allocative efficiency compared to 0.838 of technical ef-
ficiency) implying technical efficiency was identified as
the primary cause of inefficiency in shallot farms.

The last column of Table 2 shows the information
of scale efficiency. It can be seen that the mean score
of scale efficiency was 0.724 showing that the sample
shallot farms reached about only 72% of the optimal
scale efficiency. Furthermore, technical efficiency scores
fell below the average value for over 42% of the farms
and out of 8 farms, only 4% were able to scale effi-
ciency. The statistical analysis also clearly revealed that
operating at optimal scale was only achieved in less
than 4% of shallot farms in the study while the majority
of them (95%) were functioning at a sub-optimal scale.
It means the farmers were producing on small farms.
The results of the analysis of low efficiency at small-
scale production and the fact that most shallot farmers
experience increasing returns to scale suggest that the
efficiency of shallot production can be improved by ex-
panding the scale of production on farms.

A previous study by T. Triyono et al. (2021) found
that the shallot farming in Indonesia was still alloca-
tive inefficiency with an average allocative efficiency of
0.773.1In Vietnam, Q. Nhut et al. (2013) showed that the
averages of technical, allocative and cost efficiency of
shallot producers in Soc Trang province were 0.93,0.66,
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and 0.62, respectively. In addition, these farms also
achieved a high scale efficiency of 0.98, with 51% of
farms operated at increasing return to production scale.
In comparison, shallot growers in the current study ac-
quired higher allocative and cost efficiency but lower
technical efficiency. Furthermore, a greater percentage

of farms was in the increasing return to scale. The rea-
son for the lower technical efficiency and scale ineffi-
ciency of shallot farmers in Tra Vinh province could be
because shallot is quite new crops in Tra Vinh province,
thus the lack of farming techniques prevents the farm-
ers from expanding production areas.

Table 2. Efficiency results of shallot farms in Tra Vinh province

Technical efficiency Allocative efficiency Cost efficiency Scale efficiency
Summary efficiency

Mean 0.838 0.917 0.770 0.724
Std. dev. 0.117 0.064 0.126 0.205
Minimum 0.537 0.639 0.466 0.236
Maximum 1.000 1.000 1.000 1.000

Frequency distribution
<60% 3.96 0.00 11.39 28.22
60-69% 8.42 1.49 16.83 13.86
70-79% 22.28 4.95 25.74 15.35
80-89% 35.64 27.72 31.68 15.35
90-100% 29.70 65.84 14.36 27.23
Fully efficient farms 28.00 5.00 5.00 8.00

Returns to scale

Constant (%) 3.96
Decreasing (%) 0.99
Increasing (%) 95.05

Source: compiled by the authors

In order to recognise whether inputs have been
used properly by farmers, the comparison of input lev-
els between technically efficient and cost-efficient was
conducted. The data related to technical efficient input
levels were acquired in the technical efficiency DEA
model, while the figures of cost efficient input levels
were obtained in the cost-minimising DEA model. The
input is considered overuse when its ratio is greater
than one. The estimated results of the study are shown
in Table 3. The mean ratios of three inputs including
seed, fertiliser and labour were just a little bit higher
than one (1.16, 1.11, and 1.00, respectively) implying
that these inputs were properly used. However, the

data regarding the percentage of over-use and un-
der-use farms indicated that most shallot growers in
the study still did not use these three inputs appropri-
ately. Specifically, almost 97% of farms were underus-
ing and overusing fertiliser and labour. In addition, data
presented in Table 1 showed that only 15% of shallot
farms were able to access technical training. These may
be the reasons for unstable production efficiency and
income of local farmers. The findings are in line with a
statement from V. Bui and M. Nguyen (2018) that shallot
producers in Tra Vinh face several difficulties including
high technical risks, small production areas, and expe-
rience-based farming.

Table 3. The state of inputs used by shallot farmers in Tra Vinh province

Seed Fertiliser Labour
Mean 1.16 111 1.00
Standard Deviation 0.24 0.31 0.13
Minimum 0.63 0.15 0.67
Maximum 2.00 1.96 1.52
Over-using farms (%) 64.85 52.48 38.61
Under-using farms (%) 10.89 4455 58.91
Proper-using farms (%) 24.26 2.97 248

Source: compiled by the authors

Factors Influencing Efficiencies. Regarding determi-
nants of farms’ efficiency, the OLS model was used to
regress technical and cost efficiency to characteristics
of shallot producers. Table 4 displays the results of the
regression analysis. It can be observed that many fac-
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tors had influence on technical and cost efficiency of
shallot producers including experience, household size,
shallot farm size, and training access. However, credit
access, age, and education level of the shallot farmer
were found to be irrelevant.
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Table 4. Determinants of technical and cost efficiency of Tra Vinh shallot farms

Technical efficiency

Cost efficiency

Variables Coefficients t-value Coefficients t-value
Age (years) 0.001 0.890 0.001 1.011
Experience (years) -0.009** -3.522 -0.012* -4.479
Education level (years) 0.002 0.539 -0.002 -0.571
Household size (persons) -0.018* -2.879 -0.015% -2.225
Shallot farm size (ha) 0.147* 4.594 0.173* 5.096
Credit access (dummy) -0.066 -0.873 -0.114 -1.406
Training access (dummy) 0.060** 2.779 0.062** 2.739
Constant 0.852** 14.073 0.797** 12.389
R-square 0.215 0.243
Sig. 0.000 0.000

Source: compiled by the authors

The coefficient of cultivation experience of the shal-
lot producer was negative and significant at 1% in both
the technical and cost efficiency models, indicating that
this factor was not likely to boost the technical and cost
efficiency of the shallot farmers (Table 4). It means that
less experienced farmers tend to obtain higher techni-
cal and cost efficiency than the ones who have more
years in shallot farming. Similarly, A. Kumar et al. (2020)
found that paddy and maize farmers with longer farm-
ing experience tend to adopt fewer technologies. This
could be explained that less experienced producers are
quite flexible and willing to apply advanced techniques
in their farming in order to increase farm’s efficiency.
In addition, S. Sriyadi and A. Yekti (2021) indicated that
shallot farmers with more experience are less afraid of
risks or able to minimise the risks than those with less
experience. However, P. Guha and T. Das (2020) report-
ed that experience assists the farmers in using optimal
time and appropriate inputs, and thereby decreases the
farms’ cost inefficiency.

The technical and cost efficiency of investigat-
ed farms is negatively impacted by the size of shallot
households. Large household sizes tend to incur less
technical and cost efficiency (Table 4). The reason for
this can be explained by the fact that growing shallot
indeed requires intensive labour and investment. This
result is in agreement with the findings of previous
studies. For example, A. Pratama et al. (2018) demon-
strated that due to financial limitations, large house-
holds could not optimise the input uses resulting in
low production. Similarly, T. Koye et al. (2022) also found
that the inadequate managing skills of large household
sizes in employing the workforce could be the main
reason to cause low production efficiency.

The findings showed that the estimated coefficients
associated with shallot farm size were all positive and
statistically significant at 1%, meaning that the larger
shallot farms were more efficient than the smaller ones
(Table 4). Additionally, the empirical results of return to

scale showed that over 95% of the shallot farmers were
operating at increasing return to scale (Table 2). Hence,
these investigated farms in this study could increase
technical efficiency by expanding their operation scale.
This result is consistent with the findings of T. Koye et
al. (2022) and N. Krasniqgi et al. (2023). Particularly,
T.Koye et al. (2022) indicated that farm size is the key in-
put that influences the onion output and that those on-
ion farmers who had larger plot sizes saw a significant
improvement in their technical efficiency. In the pres-
ent study, shallot farmers of Tra Vinh province showed
potential to expand their shallot growing area. Howev-
er, a lack of farming techniques may be the factor that
prevents producers from increasing production areas.

Regarding accessing technical training, it was in-
cluded in the regression model as dummy variable to
determine its role in shallot farming efficiency in the
study. It was found that both technical and cost effi-
ciency were positively correlated with training access,
indicating that training enabled shallot farmers to be
more efficient. Especially in the context of this current
study, where most growers have less experience in
shallot farming. Thus, training could be an important
way to keep up with knowledge and advanced tech-
nologies in shallot farming in order to promote farm-
ing activities more effectively. These findings were in
agreement with previous studies by T. Tesema (2021)
and G. Mulatu and T. Gemechu (2023). According to
L. Astuti et al. (2020), farmers who accessed extension
services could improve their farming technologies, so
their technical efficiency was higher than others who
did not receive any counselling. In addition, a study by
T. Haryanto et al. (2023) observed that participating in
agricultural extension programmes such as farmer field
school helped the farmers increase technical efficiency.

This study also pointed out that lack of coopera-
tion in production can be considered a limitation of
shallot farmers. As can be seen, there is a large var-
iation in shallot yield among surveyed households
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and some farmers can achieve a relatively high yield
(26,000 kg/ha). This shows that there are some produc-
tive farms. Sharing successes and technical advances
in farming among farmers is essential. However, the re-
sults presented in Table 1 show that all surveyed farm-
ers produced individually, and no one participated in
agricultural cooperatives. FAO (2022) noted that agri-
cultural cooperatives offer a diversity of extension ser-
vices, help smallholder farmers boost yields. The result
of T. Le et al. (2019) found that farmers in agricultural
cooperatives or associations achieved higher efficiency
than individual cultivators. Therefore, this study sug-
gests that local authorities need to pay more attention
to promoting the establishment, and supporting co-
operatives, cooperative groups, and clubs. These could
help shallot producers create producing networks, and
share effective farming techniques that are useful for
improving farming efficiency.

CONCLUSIONS

Shallots have been considered a valuable crop in Tra
Vinh province, Vietnam. The production efficiency of
crops is a significant factor in improving the livelihoods
of farmers, developing the agriculture sector, and the
economy of the province. The findings of this study re-
vealed that the estimated technical, allocative, and cost
efficiency were 0.838, 0.917, and 0.770, respectively.
The low level of cost efficiency of shallot growers in the
study was identified as technical inefficiency; hence, the
shallot producers could improve their cost efficiency by
adjusting farming technologies. An increasing rate of
return to scale was observed among most shallot farm-
ers (over 95%) indicating that the technical efficiency
of these farms could be increased by expanding their
production scale.

Factors influencing technical and cost efficiency in
shallot production were also determined. The empirical
results of the regression revealed that the technical and
cost efficiency levels were negatively influenced by the
size of the household and experience of the farmers.
The statistical analysis further revealed that achiev-
ing higher technical and cost efficiency is more Llikely
to happen for shallot farmers who have larger shallot
farm sizes or access to technical training.

As a result, three recommendations have been
made in this current study; (1) the local government
should prioritise support for research programmes on
shallot-farming techniques to improve productivity and
production efficiency for the farmers; (2) the operation
quality of agricultural extension centres needs to be
paid more attention to play an effective bridging role
in transferring knowledge and advanced technologies
to shallot growers; and (3) shallot farmers should pro-
actively access scientific data and advanced technolo-
gies in shallot farming to improve technical efficiency,
thereby, they could confidently expand shallot-farm
size. Nevertheless, this study focuses only on quanti-
tative analysis, whereas qualitative and natural factors
also influence the efficiency of shallot farms. Therefore,
future research in shallot farming should take these
factors into consideration in order to improve the per-
formance of shallot farms.
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AHotauis. LLanot - 6aratopiyHa KynbTypa, iKYy BMPOLLYKOTb SIK OAHOPIYHY A/ OTPUMAHHSA HACIHHSA UMOYIMH i
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concept of corporate social responsibility, which emphasises the ethical obligations of business to society. The
analysis of investment flows in such companies in the agricultural sector has shown that they can significantly
expand the scope of their activities and accelerate the introduction of sustainable agriculture methods around
the world. It was concluded that, given the benefits that investments in these companies bring to the country,
it is important to include programmes aimed at increasing the investment attractiveness of such companies
in the framework of national policy. In addition, targeted government support for such companies is effective.
All this remains especially relevant in the realities of Azerbaijan, as a country with a transitional economy with
a fairly high role for the agricultural sector (at least within the framework of food security), and the need for
economic diversification. The results obtained in the framework of the study can be used to formulate a long-term

development strategy for Azerbaijan in the context of combating climate change in the agro-industrial sector

Keywords: agro-industrial sector; investments; innovations; food security; ecology; sustainable development

INTRODUCTION

Sustainable development is a concept that implies
striving to meet the current needs of society without
compromising the ability of future generations to meet
their own needs. It provides a balance between the so-
cial, economic, and environmental aspects of develop-
ment, which ensures the long-term sustainability and
well-being of society. This concept is developed from
the principles of social justice (ensuring that all mem-
bers of society have equal opportunities to meet their
needs in education, health, housing, and other spheres
of life), economic efficiency (strives to create a stable
and prosperous economy that ensures an even distribu-
tion of benefits and resources, and fair participation in
economic activities), environmental sustainability (im-
plies conservation and protection of the environment,
efficient use of natural resources, reduction of pollution
and combating climate change), cultural diversity (re-
spect for cultural identities and traditions of different
communities, support for diversity of languages, cus-
toms and beliefs) and global responsibility (striving for
cooperation between countries and the world commu-
nity to solve global problems such as poverty, migra-
tion, climate change, and other challenges). Sustainable
development in the modern conditions of the country’s
development plays a critical role, since it ensures a bal-
ance between economic, social,and environmental pro-
gress, while preserving the ability of future generations
to meet their needs (Anarbayev et al., 2024).

Agriculture, in turn, is also one of the main areas
for achieving sustainable development goals (Shi et
al.,2022;Yap & Al-Mutairi, 2024). This is how it provides
food to the population of the country, and achieving
the ability to consistently and continuously create such
products is an important component for the qualitative
development of the country in the future. In addition,
the transition to sustainable agriculture can lead to the
conservation of biodiversity and ecosystem health by
preventing deforestation, soil degradation, water pollu-
tion, and a decrease in the number of wild species; this
sector is one of the main suppliers of greenhouse gases,
but can also play a role in mitigation and adaptation
to climate change. Sustainable farming methods such

Scientific Horizons, 2024, Vol. 27, No. 5

as agroforestry, carbon storage in soils, and agrotech-
nical techniques can reduce emissions and increase
resistance to abnormal climatic conditions (Bovsh et
al., 2024). In other words, the very essence of agricul-
ture in the context of its impact on the lives of citizens
requires special approaches in terms of methods uti-
lised by such enterprises.

In order to ensure the qualitative development of
agriculture in the country, one of the most important
roles is played by the volume of investments. This is
especially true for agriculture, which has a bias towards
sustainable development and innovation. Without suf-
ficient amounts of money, the latest technologies, and
the appropriate level of training, it is impossible to
build a company that could achieve significant success
in this area (Novruzova et al., 2023). In this regard, the
development of different approaches to attract funds to
certain industries remains relevant. Within the frame-
work of this study, an assessment of global trends was
carried out, based on which recommendations were de-
veloped to improve the situation in Azerbaijan.

The role of the Environmental, Social, and Govern-
ance (ESG) concept, for the development of the econom-
ic, social, and environmental components of a country,
has been considered by a large number of research-
ers, among which are R.M. Visconti (2023), I.R.D. de
Jesus and P.P. Nascimento (2021), M. Singhania and
N. Saini (2022a). They described the role of this compo-
nent from quite different angles, but did not focus on
its interaction with the investment component, which
is emphasised in this study. In addition, some research-
ers have written that there is an interaction between
the performance of enterprises and their propensity to
ESG. This, in particular, was emphasised by J. Brice et
al. (2022), M. Singhania and N. Saini (2022b), G. Zhou et
al. (2022). All of them came to the conclusion that ESG
eventually leads the company to more effective finan-
cial results, which is why they write about the role of
more active application of adherence to the concept.

Within the framework of this study, more attention
is paid to the use of this concept in the agricultural
sector. As for the analysis of the situation in Azerbaijan,




E.A. Ibraghimov (2022) emphasised the shift in the
focus of states from simply ensuring economic com-
petitiveness to achieving a balance of sustainable de-
velopment. He also noted the strong interdependence
between innovation, competitiveness, and sustainable
development within the current global economic sys-
tem. In the framework of this study, in turn, the em-
phasis is slightly shifted and the main attention is paid
specifically to the issues of this component in the agri-
cultural sector. Nevertheless, little attention is paid to
the issues of investing in sustainable projects in Azer-
baijan.M.Mammadli (2022),in turn, partially considered
the features of sustainable development in Azerbaijan,
but did not consider investing in this area.

In this regard, a more detailed analysis of this
component is relevant in the framework of the study.
Thus, the purpose of this study was to assess the role
of investments in companies in the agricultural sector,
whose activities are aimed at sustainable development.

MATERIALS AND METHODS

The study analysed data on ‘green” investments in
individual companies. The analysis included Indigo
Ag (Thomas, 2023), Bowery Farming (Bowery Farm-
ing secures..., 2022), BrightFarms (BrightFarms ex-
tends its..., 2021), Kaiima Agro-Biotech Ltd. (2024),
TruLeaf Sustainable Agriculture Ltd. ($150-million in-
vestment..., 2022), GoodLeaf Community Farms Ltd.
(Sokic, 2023), Rigoni di Asiago Srl. (Palazzolo, 2019),
Agricool (2024), InvertiGro (2024), WayCool (Ramasu-
bramanian, 2023) and DBN Group (DBN Group
makes..., 2024). The reason for mentioning such a list of
companiesisthattheyhaveattracted quite largeamounts
of investment at various times to create sustainable
development technologies in the agricultural sector.
To outline the principles of the ESG concept, a mod-
el was built that describes in detail all its components.
Thus, ESG inherently consists of three components,
namely: external environment (environmental), govern-
ment (governance), and social (social). However, each
of them includes many other components, which were
depicted within the framework of the model. These
include: pollution and waste, resources and land use,
climate change, ecological footprint and biodiversity
for the environment; leadership and corporate govern-
ance, anti-corruption and bribery, risk management, tax
transparency and business ethics for public administra-
tion; health and safety, product and consumer respon-
sibility, community impact, diversity and inclusivity, la-
bour standards and human rights for a component of
society. It is worth noting, however, that, in fact,a much
larger number of them can be produced, since each of
the components of ESG is quite multifaceted.
Information from individual legislative documents
was also evaluated, in particular, the Order of the Pres-
ident of the Republic of Azerbaijan “On Approval of the
National Priorities of Socio-Economic Development:

Huseynli et al.

Azerbaijan 2030” (2021). At its core, this document cov-
ers a wide range of aspects of the country’s economic
and social development for the future up to 2030. This
strategy is focused on achieving stable and sustainable
economicgrowth,improving the standard of living of the
population,developing human capital,reducing poverty,
and modernising the economy.Its main components are:
economic diversification, human capital development,
social protection, environmental sustainability,and oth-
ers. Within the framework of the study, this document
was mentioned as one of the main ones in the frame-
work of the analysis of the ESG concept in the country.

In addition, information from the Law of the Azer-
baijan Republic No.759-1G “On Food Stuffs” (1999) was
evaluated. This is the main regulatory act governing the
production, turnover and quality of food products in the
country. It establishes food safety and quality standards,
and rules and requirements for their production, stor-
age, transportation, and sale. The Order of the President
of the Azerbaijan Republic No. 3004 “On Approval of the
“State programme for reliable provision of food products
to the population in the Azerbaijan Republic for 2008-
20157(2008) was also mentioned, the main objective of
which is to stimulate the growth of agricultural output
and increase food supplies through local production.

RESULTS

Environmental, Social, and Governance (ESG) is a con-
cept that is used to assess the social responsibility
and sustainability of companies (Barrymore & Samp-
son, 2021; Broadstock et al., 2021). This approach con-
siders three main aspects: environmental (assessment
of the impact of the company’s activities on the en-
vironment; this may include emission management,
energy and resource use, waste management, and im-
pacts on biodiversity and climate), social (assessment
of the company’s relations with its stakeholders such
as employees, customers, suppliers, society as a whole.
Important aspects include labour standards (employee
rights, diversity and inclusion, and contributions to the
local community) and managerial standards (assess-
ment of company management systems and practices,
which includes corporate governance structure, inde-
pendence of the supervisory board, ethical standards,
corporate transparency, anti-corruption) (Cakranegara
& Sidjabat, 2021; Fang et al., 2023).

Corresponding ratings are available to assess the
level of commitment to ESG principles (Klinger et
al., 2022). They are based on an assessment of compa-
nies’ management of environmental, social, and man-
agerial issues that are crucial for sustainable invest-
ments: they are used by investors to make informed
decisions, assessing the long-term viability of compa-
nies and their impact on society,and therefore, they play
a very important role in the investment decision-mak-
ing process (Lankford, 2022). In turn, companies are
interested in paying more attention to solving such
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issues to attract more investors (Rosegrant et al., 2022;
Prasad et al.,2023). This motivates them to more active-
ly introduce innovative technologies into production
and management processes, and improve the quality
of their approach to personnel management and influ-
ence society as a whole. This concept is quite close to
corporate social responsibility. Both concepts relate to

business social responsibility; they are closely linked
and complement each other in creating sustainable
and socially responsible business practices that consid-
er environmental, social,and managerial aspects. In this
regard, they are often considered and assessed together.

In general, the principles of ESG can be described
using the model shown in Figure 1.

e
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Governance
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Health and safety

Leadership and
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Tax incentives for
innovation activity

Labour standards
and human rights

L Business ethics

Figure 1. The concept of ESG

Source: compiled by the authors

As can be seen from Figure 1, ESG consists of three
main components, which have already been mentioned
above, however, they include a fairly large number of
other introductory ones. They, in turn, should be consid-
ered during the development of national policy in this
area, including in the agricultural sector.

To assess the role of ESG in adapting the agro-in-
dustrial sector to climate change, it is worth consid-
ering the situation in individual companies, and how
investments in them have affected the ability of these
enterprises to develop business. So for a start, it is
worth considering Indigo Ag (USA), which has received
more than USD 250 million in funding to expand its
sustainable agriculture programmes and improve the
quality of service to its customers (Thomas, 2023). The
company itself offers products and services aimed at
improving the sustainability and productivity of agri-
culture: its seed treatment methods increase the yield
of the sector’s products in a variety of conditions, in-
cluding drought. Indigo Ag also facilitates communi-
cation between producers and buyers by helping with
crop logistics. They have signed contracts for significant
areas and initiated projects such as creating carbon
credits by measuring soil carbon levels, appealing to
companies seeking to reduce their carbon footprint. In-
ternationally, Indigo Ag is working in Brazil, introducing
microbial processing of soybean seeds, which signifi-
cantly increases yields, and in Europe is working on the
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creation of a carbon credit programme in collaboration
with companies such as Beiselen.

Both existing and new investors participate in the
financing round. In particular, such players as Flagship
Pioneering (a biotech company), pension funds of the
state of Michigan, and Lingotto Investment Manage-
ment were featured. Lingotto Managing Partner James
Anderson stressed the importance of supporting inno-
vative companies such as Indigo Ag in solving climate
problems. Indigo Ag has shown significant growth rates
in 2022, while actively cooperating with other large
companies to meet the goals of reducing emissions
into the atmosphere. With the funds received, the com-
pany plans to expand the range of biologically pure
products that it produces, and expand geographically.
Given the significant growth rates of the company, it is
worth expecting a high return on invested funds, while
providing significant benefits to the country in environ-
mental and social implications.

Another example is Bowery Farming, founded in
2015 also in the United States of America (Bowery
Farming secures..., 2022). Its goal is to improve access
to high-quality, local, safe, and sustainable products by
creating “smart” farms near urban areas, the company
produces fresher, protected, pesticide-free products
with a rich taste all year round in precisely controlled
conditions. The centrepiece of each farm is the pat-
ented BoweryOS, an integrated system that organises




and automates operations using software, hardware,
sensors, artificial intelligence, computer vision, ma-
chine learning, and robotics. This approach minimises
waste and significantly reduces the use of water and
land compared to traditional agriculture. The compa-
ny recently received USD 472 million in financing from
well-known investors such as Fidelity Management &
Research Company LLC, Temasek, GV (formerly Google
Ventures), General Catalyst, GGV Capital, First Round
Capital, and some well-known persons. It is expected
that due to such an investment, the company will be
able to significantly expand its capabilities for intro-
ducing innovations into the industry, developing its
own technology platform, expanding its customer base,
and attracting more qualified experts.

Another company worth mentioning is BrightFarms
(BrightFarms extends its...,2021).It is engaged in indoor
agriculture; the company specialises in growing and
supplying supermarkets with local salad greens that
do not contain genetically modified organisms (GMO)
and pesticides. The company received a loan of USD
150 million from the global investment company KKR
for the purpose of accelerating growth. As a result, the
company’s total funding has exceeded USD 647 million,
including a USD 325 million Series C stock investment
round in 2021, which is the largest private fundrais-
er in history for an indoor farming company. The main
area of their investments is to increase the efficiency
of the process of growing such products both in the
technological part and in terms of reducing transporta-
tion costs, energy. BrightFarms stands out in the closed
farming market due to an expanding network of high-
tech and environmentally friendly hydroponic farms.
They prioritise research, development, and operational
excellence to deliver fresh, locally grown products year-
round. With ambitious expansion plans, including the
creation of new farms and the strengthening of exper-
tise in various fields, BrightFarms is ready to meet the
growing demand for products grown indoors. Through
the use of funds raised from investments, the company
plans to expand production capabilities.

Another example is Kaiima Agro-Biotech Ltd.(2024),
an Israeli agricultural technology company. Founded in
2006, Kaiima specialises in the development and com-
mercialisation of innovative technologies to increase
crop yields and sustainability. One of the main activi-
ties of Kaiima is to improve the genetics of crops us-
ing non-GMO products. They use a patented technology
platform called Enhanced Ploidy Induction and Cultiva-
tion (EPIC), which allows the creation of new varieties
of crops with improved characteristics such as vyield,
resistance to environmental stresses and nutritional
value. Kaiima technology works by inducing polyploidy
in plants, a process that increases the number of sets
of chromosomes in a plant cell. This can lead to signif-
icant changes in the characteristics of the installation,
which will potentially lead to increased productivity.
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It is important to note that Kaiima’s approach avoids
the use of genetic modification techniques, which may
be subject to regulatory restrictions in some markets.
The company cooperates with agricultural partners, re-
search institutes and seed companies around the world
to further develop and commercialise its technologies.
Kaiima aims to address global challenges in agricul-
ture, such as providing food to a growing population,
adapting to climate change, and reducing the environ-
mental impact of farming practices.

Recently, Embrapa and the Israeli company Kaiima
Seeds signed a cooperation agreement on the breeding
of new castor oil varieties in Brazil (Santos, 2023). The
purpose of this interaction is to improve the cultivation
of castor oil by creating varieties with high productivity,
adaptability to various conditions, and distinctive char-
acteristics such as oil composition and disease resist-
ance. In general, cooperation and interaction between
this company and other potential partners can increase
opportunities for the future development and imple-
mentation of the latest technologies.

It is also worth mentioning a company such as Tru-
Leaf Sustainable Agriculture Ltd ($150-million invest-
ment..., 2022). It is a Canadian company that specialises
in vertical and sustainable agriculture. Vertical farming
is a farming method in which plants are grown in ver-
tical structures such as buildings, shelving or special
towers. This approach allows efficient use of limited
space, as cultivation takes place upwards, in several lev-
els, instead of the traditional horizontal distribution in
the field. Vertical agriculture is usually based on hydro-
ponics or aeroponics technologies that allow plants to
obtain essential nutrients through water without using
soil (Kobayashi et al.,2022; Oh & Lu, 2023). The method
itself has several advantages, including more efficient
use of water and land areas, increased yields compared
to conventional methods, and the ability to grow prod-
ucts closer to the place of consumption, which reduces
time and transportation costs. In addition, vertical ag-
riculture can be more resilient to climate change and
ensure stable production all year round in all climatic
conditions. The company was established in 2011, and
its main goals remain: to ensure a higher level of food
security, better indicators of environmental sustainabil-
ity, and to introduce innovative farming methods. They
use a plant growing system called TruLeaf, which uses
vertical farming techniques to grow leafy greens and
grasses. This approach allows year-round production
regardless of climatic conditions, reduces water con-
sumption compared to traditional farming methods,and
minimises the need for pesticides and herbicides. The
company’s indoor agricultural premises are designed to
optimise the use of space and resources, using modern
LED lighting, automated nutrient supply systems, and
climate control technologies to create ideal conditions
for growing plants. TruLeaf also pays great attention
to sustainable development, using renewable energy
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sources and implementing recycling and waste reduc-
tion measures in its activities. The company is also en-
gaged in the promotion of research developments in
this field, is constantly in the process of creating new
technologies to increase the level of sustainability of
agriculture.

Initially, the company attracted USD 8.5 million in
investments, due to which they were able to develop
their technology and begin to implement it at enterpris-
es. In 2022, its subsidiary GoodLeaf Community Farms
Ltd received funding for another USD 150 million to
expand the company and create new farms in Calgary
and Montreal (Sokic, 2023). GoodLeaf aims to solve
the problem of long transportation routes and food
spoilage by supplying Canadian consumers across the
country with types of agricultural products that are tra-
ditionally imported into Canada. Considering GoodLeaf
Community Farms Ltd in more detail, a big investor in
it was McCain Foods Ltd among others investing more
than USD 65 million as of 2021 (Sokic,2023). Using ver-
tical farming technology, GoodLeaf grows greens such
as young spinach and micro-broccoli in a controlled
indoor environment, which ensures faster growth com-
pared to traditional farming methods in the field. The
company’s new 96,000-square-foot facility in Calgary,
which was already mentioned above and is estimated
to cost USD 56 million, will initially operate at half ca-
pacity, which will create 70 new jobs in the city. The
greens grown by GoodLeaf are expected to be availa-
ble at major Calgary grocery stores, and the company
plans to expand further as demand increases. Consider-
ing the features of vertical cultivation technology, it is
worth expecting in the future both an improvement in
the company’s business opportunities in the future and
prospects regarding the impact on the environment.

The next company to be evaluated is Rigoni di Asia-
go Srl (Palazzolo, 2019). 1t is an Italian group of food in-
dustry companies headquartered in Asiago, Italy, known
for the production of honey and sweets. Its history be-
gins with Eliza Antonini, who initiated the production
of honey after the First World War. In 1979, the district
began processing and commercialising various types
of honey, rapidly expanding its activities. The compa-
ny’s headquarters are located in Asiago, the production
complex is in Fos, and the logistics centre is in Albare-
do dAdige. The company is also present in Bulgaria,
where it has been producing organic fruits since 1993.
In 2019, the company received EUR 50 million of loan
funds from UniCredit and Banco BPM with the support
of SACE SIMEST (CDP Group) to promote its growth
in international markets (Palazzolo, 2019). Currently,
foreign trade turnover accounts for 24% of Rigoni di
Asiago’s revenue, and the company is striving to expand
its presence in Europe and in America. Recently, the
company acquired 100% of the shares of Saveurs&Na-
ture, a French enterprise for the production of organic
chocolate: the company employs 70 people, including
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32 master chocolatiers, and the annual turnover of the
company is about EUR 12 million (Moore, 2022). Choc-
olate production, in turn, is no less important than any
other type of organic products, since it also includes
sustainable practices, namely organic farming, the use
of environmentally friendly ingredients.

Agricool (2024) is a French agrotechnological start-
up specialising in the cultivation of fresh products in-
doors, after entering into receivership, it began search-
ing for a buyer. The company, founded by Guillaume
Fourdinier in 2015, uses recycled shipping containers
to grow herbs, leafy greens, and strawberries under
controlled conditions. Agricool’s innovative systems
consume 90% less water and nutrients compared to
traditional farming methods and run on fully renew-
able energy sources. Despite investments from major
players such as Danone, which participated in a USD
28 million funding round in 2020, Agricool has faced fi-
nancial problems due to the capital-intensive nature of
indoor agriculture. In 2023, the company emerged from
bankruptcy proceedings, and its assets were bought by
Grosvenor Food & AgTech and Doha Venture Capital
(Harvey, 2023). With the new management component
of the company, it is worth expecting an improvement
in the overall situation in the company and the subse-
quent development of this technology.

Considering the situation in Australia, it is neces-
sary to mention InvertiGro (2024). It is located in Syd-
ney and specialises in indoor farming technologies,
offering modular vertical farming systems that can
be adapted to different scales, providing flexibility in
deployment and integration with existing operations.
As for India, there are also start-ups in the country
that attract investments. For example, WayCool Foods
from Chennai is negotiating to raise USD 40 million
through the issue of rights, and Lightrock is acting as
the main investor. WayCool, founded in 2015, initially
focused on agricultural supply chain services and later
expanded into consumer products with brands such as
Madhuram, Kitchenji, and Freshey’s (Ramasubramani-
an, 2023). The company has restructured its operations
over the past 18 months to improve profitability, and
is optimistic about breaking even by the target date.
Despite recent losses, the company aims to significantly
expand its activities to other markets and increase the
efficiency of its own operation. Its impact is expected
to spread to more than 800 cities in India through this
round of investments. In China, such an example is DBN
Group (2022), a well-known high-tech agricultural
enterprise that plans to become a major player in the
field of agriculture through investments, paying special
attention to strengthening its international influence,
brand awareness, and attracting the best specialists
around the world.

Thus, the above examples of companies such as In-
digo Ag, Bowery Farming, BrightFarms, Kaiima Agro-Bi-
otech, TruLeaf Sustainable Agriculture and others




emphasise the important role of investments for the
subsequent development of companies in the agricul-
tural sector, the purpose of which is to have a positive
impact on the environmental and economic compo-
nent. These companies use sustainable practices, in-
novative technologies, and strategic investments to
address climate change, improve food security, and
promote environmental sustainability. For most com-
panies, attracting investments is an approach to ex-
panding the sales market and increasing production
capacity. Thus, this allows for more active promotion of
innovative practices in the world, and therefore, leads
to more effective results in this area as a whole. This
also indicates that the public authorities should pay
much more attention to increasing the investment at-
tractiveness of companies of this kind.

Azerbaijan is currently on the path of developing
the basic principles of ESG. The country is facing a num-
ber of environmental problems, including air, water,
and soil pollution caused by industrial and oil and gas
operations, and therefore, significant efforts are being
made to pay attention to improving the environmental
situation in the country. In particular, special attention
is paid to the sectors of the oil and gas industry and
transport, and to reducing the negative impact on the
environment. All this is happening within the frame-
work of the Order of the President of the Republic of
Azerbaijan “On Approval of the National Priorities of
Socio-Economic Development: Azerbaijan 2030” (2021).
Social aspects include issues such as social justice, hu-
man rights, working conditions, and access to education
and health care: public authorities are working to im-
prove their social sphere, including the development
of education and health care, and the provision of jobs
and social protection. Transparency and accountabili-
ty of the work of the public administration system is
considered as one of the important achievements. The
government is taking steps to improve aspects of gov-
ernance, such as creating conditions for more open and
transparent governance, consolidating the legal sys-
tem, and fighting corruption. Many developed countries
also have problems of this kind, which they are trying to
solve using certain concepts with varying success. Con-
sidering all the observed problems, it is not surprising
that in recent years Azerbaijan has begun to pay more
attention to ESG initiatives, especially in the context of
attracting investments and improving its business cli-
mate. Due to the assistance from government authori-
ties, many companies and organisations in the country
are beginning to implement sustainable development
practices in their activities, including social responsi-
bility and environmental programmes.

As for the development of agriculture, this area in-
cludes the development and implementation of meth-
ods for the sustainable use of natural resources such
as land, water, and energy to minimise the negative
impact on the environment. Programmes and projects
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are aimed at protecting the quality of soil and water
resources, including the prevention of pollution from
agricultural chemicals and other industrial processes;
measures to create jobs, improve access to education,
health, and social services in rural areas to reduce the
gap between urban and rural areas. The initiatives are
aimed at ensuring fair working conditions, including
the protection of the rights of agricultural workers,
including on issues of wages, and workplace safety.
In addition, measures are being taken to encourage
the participation of agricultural enterprises in so-
cial responsibility programmes and environmental
protection initiatives, and the introduction of certifi-
cation systems that guarantee compliance with ESG
standards in agricultural production is supported. An
important component of this policy is the legislative
framework, which, among other things, is aimed at en-
suring food security. For this purpose, there are certain
norms that are recorded in the Order of the President
of the Azerbaijan Republic No. 3004 “On Approval of
the ‘State programme for reliable provision of food
products to the population in the Azerbaijan Republic
for 2008-2015" (2008), Law of the Azerbaijan Republic
No. 759-1G “On Food Stuffs” (1999). Activities are also
underway to improve this legislative framework. First
of all, this is done to increase the investment attrac-
tiveness of the country for such investments, both in
agriculture and other sectors such as transport, energy.
At the moment, it is difficult to say for sure about the
effectiveness of this policy, but it is worth assuming
that if it is effectively implemented, the state can get
really good results in terms of achieving the sustaina-
ble development goals.

Thus, to achieve the best results, it is worth in-
creasing efforts in this area. The country should give
priority to initiatives aimed at reducing environmen-
tal impacts, especially in key sectors such as oil, gas,
and transport. Public authorities should promote sus-
tainable farming practices by promoting methods of
efficient use of natural resources such as land, water,
and energy. Support programmes aimed at preserving
soil and water to prevent pollution from agricultural
chemicals will be effective in solving environmental
difficulties. This also applies to the training of educat-
ed personnel who would be able to manage such de-
veloped enterprises. It is necessary to implement such
programmes through private organisations, thereby
encouraging entrepreneurship in the country, along
with innovative development. The support of such en-
terprises can also help solve some social difficulties. In
addition, special attention should be paid to the possi-
bility of attracting investments to the country, showing
its focus on achieving sustainable development goals.
In this context, cooperation with international organ-
isations, whose attention can be attracted both at in-
ternational meetings and at personal meetings, should
also be effective.
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DISCUSSION

Thus, the paper considered the ESG concept and its ap-
plication in assessing the sustainability and social re-
sponsibility of companies, especially in the agricultural
sector. The reviewed examples have shown that compa-
nies that are aimed at spreading sustainable technolo-
gies and are committed to the principles of ESG have
the opportunity to attract investments quite success-
fully. This is how examples of companies such as Indigo
Ag, Bowery Farming, BrightFarms, Kaiima Agro-Biotech,
TruLeaf Sustainable Agriculture, were considered. It
was also concluded that it is important to attract in-
vestments for the development of such technologies,
and the efforts on the part of the state in this area to
increase the attractiveness of such enterprises.

Within the framework of this study, it was noted that
investments in enterprises related to the technologies
related to sustainable development are very important
for the comprehensive development of the country. In
addition, the connection between green finance, envi-
ronmental degradation, and sustainable development
was established by A.l. Hunjra et al. (2023). They not-
ed that there is a positive and statistically significant
relationship between green finance and the level of
sustainable development. In this regard, researchers
consider it important to pay sufficient attention to the
development of opportunities for attracting investment
in the sector to enhance the potential for sustainable
development. Similar conclusions have been obtained
by M.A. Nyasapoh et al. (2022). They concluded that
investments remain a very important component for
the development of renewable energy in Ghana, which
means that their maximum active involvement should
remain an important part of the country’s public pol-
icy. All this also agrees with the fact that the devel-
opment of innovations in the context of sustainable
development is a very important component for the de-
velopment of any country, including Kyrgyzstan, which
should pay special attention to this in modern condi-
tions (Amanova et al., 2020).

Within the framework of the study, individual en-
terprises were noted that had the opportunity to re-
ceive significant investments by developing technolo-
gies aimed at ensuring the sustainability of agriculture
(Kryvenko, 2024). The influence of the ESG-based man-
agement method on companies’ results has been in-
vestigated by L. Zeng and X. Jiang (2023). They noted
that companies with higher ESG ratings tend to achieve
higher levels of corporate efficiency. This indicates
that such companies not only succeed economically,
but also achieve better results in terms of achieving
the economic and social goals of sustainable devel-
opment. Thus, such an effect can be calculated as a
“win-win situation” for the company and the state. The
study highlights that social and managerial indicators
have a greater impact on improving corporate perfor-
mance than environmental ones, which also shows that
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government policy, market conditions, and the com-
position of managers influence the relationship be-
tween ESG and corporate performance. Based on this,
researchers develop recommendations that companies
should increase the macroeconomic role of ESG in their
activities, and government authorities, in turn, should
also pay more attention to it.

The dependence of ESG commitment in terms of
company size was investigated by MW. Rosegrant et
al. (2022). They noted that in modern conditions, large
companies actively adhere to these principles, which
cannot be said about small and medium-sized ones. In
this regard, the researchers concluded on the role of
supporting small and medium-sized agricultural com-
panies for the development of corporate social respon-
sibility initiatives, and the implementation of sustain-
able resource management approaches. Researchers
also noted that the application of measures related to
ESG, in general, has a positive effect on the activities of
companies, but not always, in connection with which
they write about the role of assessing the character-
istics of each of the companies to apply appropriate
measures to regulate the characteristics of their activ-
ities in case of problems. And although this study did
not pay much attention to the current situation in Azer-
baijan, it is worth noting that the development of ESG
among small and medium-sized enterprises is a higher
priority than among large ones. This is conditioned by
many aspects, but in general - due to the role of such
companies for the welfare of the country in principle
(Tkachenko et al., 2023).

Within the framework of this study, it was noted
that the development of human capital is an important
component for the development and implementation
of sustainable development technologies. The impact
of aspects of the environment, social sphere and man-
agement, and the characteristics of human capital on
the financial performance of state-owned agricultural
companies was assessed by M.G. Pirtea et al. (2021). The
study highlights the importance of corporate social re-
sponsibility and sustainability in the agricultural sector
to increase profitability, especially against the backdrop
of climate change challenges. It emphasises the need
for managers of agricultural companies to prioritise
such measures, especially in environmental aspects,
and devote more time to staff training to improve finan-
cial performance in the future. In addition, researchers
have proposed some strategies to improve the efficien-
cy of enterprises through measures of corporate social
responsibility. Thus, it can be concluded that in Azer-
baijan, increasing attention to the development of bet-
ter approaches to personnel training in the context of
sustainable development is an important component.

The impact of the disclosure of information on
sustainable development on the efficiency of agricul-
tural companies in Europe was considered by P. Mitite-
an (2023). The researcher wrote that the increasing




relevance of the ESG concept in recent years has led to
a gradual tightening of monitoring of companies’ ac-
tivities in this area. The results showed that companies
with a higher level of disclosure of information about
sustainable development tend to achieve better opera-
tional, financial and market performance, which is also
combined with past estimates. This study did not pay
much attention to the development of information on
sustainable development from companies in general,
but it is worth noting that this is an important compo-
nent of promoting this concept.

Considerable attention was paid, among other
things, to education issues. Thus, improving the qual-
ity of education will lead to better work of enterpris-
es, more effective work of researchers on theoretical
and practical projects. This was partially mentioned
by P. Dmuchowski et al. (2023), although their study
has specialised in the evolution of sustainable invest-
ments in the context of major global events in gen-
eral. Researchers noted that events such as the 2008
financial crisis and the COVID-19 pandemic acceler-
ated the adoption of an environmental, social, and
governance model, especially in the financial sector.
Although there is a positive correlation between ESG
factors and financial performance, problems persist
due to vague definitions of responsible investments
and data quality issues. In addition, the researchers
analysed the situation in Poland, noting the need to
significantly expand the markets for sustainable fi-
nancing. However, the main recommendation in this
area was to work on the quality of education in this
area in the country. Among other things, this study
highlighted the positive impact of ESG on their invest-
ment attractiveness, which ultimately is one of the im-
portant factors of their financial condition.

CONCLUSIONS

Thus, the ESG concept has become a vital basis for as-
sessing the sustainability and social responsibility of
companies. In recent years, the corporate world has
been paying increasing attention to the principles of
this concept, as companies realise the importance of
solving environmental and social problems to attract
investors and develop sustainable practices. It is close-
ly consistent with the concept of corporate social re-
sponsibility, which emphasises the ethical obligations
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of business to society. Both of these concepts create
a framework that allows enterprises to integrate en-
vironmental, social, and managerial aspects into their
activities, which ultimately contributes to sustainable
and socially responsible practices.

The study also showed examples of how compa-
nies in various sectors, including agriculture, apply ESG
principles to stimulate innovation and solve pressing
environmental and social problems. From sustainable
agriculture programmes to vertical farming technolo-
gies, these companies are attracting investments to de-
velop solutions that enhance food security, mitigate the
effects of climate change, and promote environmental
sustainability. The described examples of companies
have shown how innovative farming methods can
achieve better results in terms of achieving sustainable
development goals. In this regard, the development of
national programmes aimed at attracting investments
in such companies should become a very important
component of the national policy.

In the agricultural sector, the introduction of sus-
tainable practices is of paramount importance to ad-
dress environmental degradation, ensure food security,
and promote rural development. By promoting sustain-
able land use, water conservation and the introduction
of renewable energy sources, countries can mitigate the
adverse effects of climate change and contribute to the
creation of sustainable agricultural systems. It is also
worth noting that the ESG principles are an integral
part of shaping a sustainable future for both business
and society. By taking measures to protect the environ-
ment, social responsibility, and good governance, com-
panies can achieve positive changes and create value
for all parties, both for the companies themselves in
the context of increasing profitability, and for enter-
prises and society. An assessment of the possibilities
of attracting investments in sustainable agriculture in
Azerbaijan is relevant for further research. In particular,
in this context, it remains important to investigate for-
eign experience, especially in developed countries.
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Ponb ESG B apanTauii arponpoMMUCIOBOro CEKTOpY A0 3MiHM KniMaTy
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AHortauis. Lle nocnigxeHHs 6yno cnpsMoBaHe Ha OLLiHKY pPOfi BUKOPUCTaHHS poboTu arponpoMMUCIOBMX KOMMAHIN
y cTanoMy po3uTky AsepbaiikaHy. TakMM UMHOM, Yy paMKax [OCNIOXKEeHHS Oyno OUiHEHO CyTb KOHLenuii
Environmental, Social, and Governance, ii ponb ong gepxasu Ta nignpueMcTs. byno 3pobneHo BMCHOBOK, LWO
OCTaHHIMM pOKaMM B KOpMoOpaTMBHOMY CBIiTi Aefani Ginble yBarM NpuAaingoTb NO4IGHUM NPUHLMMAAM, OCKINbKKU
KOMNaHii yCBIAOM/IOTb BaXIMBICTb PO3B’A3aHHS €KOMOTIYHMX i couianbHUX Npobnem Ans 3anyyYeHHs iHBECTOPIB i
PO3BUTKY CTIMKMX NPaKTUK. Lle TaKoX y3rofxyeTbCs i 3 KOHLUEMLIEW KOpNopaTUBHOI COLianbHOI BiANOBIAANBHOCTI,
fKa MigKpecntoe eTUYHi 3000B’a3aHHs Gi3Hecy nepep cycninbctBoM. [poBeaeHa aHaniTMKa MOTOKIB iHBECTULIN Y
TaKoOro pofy KOMMaHil arpapHOro CeKTopy 3acCBifyunia, WO BOHWM AAl0Tb 3MOTY 3HAaYHO PO3WMPUTU cdepy CBOEI
LiSNbHOCTI Ta NPUCKOPIOKTbL BNPOBAAKEHHS METOAIB CTAaNoro CinbCbKOro rocnogapcrtea B YCbOMy CBiTi. byno
3p0o6/1IeHO BUCHOBOK, L0, 3 OFS4Y Ha TaKy KOPUCTb, WO MPUHOCATb iHBECTULIT B Li KOMMAHIi Ana KpaiHW, BaXKIUBO
BK/IOY4ATM B PaMKM HaLiOHaNbHOI MOAITUKM NpOrpamu, CNpsIMOBaHi Ha 36inblieHHs iHBECTULIAHOI NpuBabAnBOCTI
Takoro pogy KomnaHin. Kpim Toro, epekTMBHOI € LinecnpsmMoBaHa NiATPUMKA TakMX KOMMaHii 3 60Ky Aepxasu.
Yce ue 3anuWaeTbcs 0CcobAMBO aKTyanbHUM y peanisx AsepbaioxaHy, K KpaiHM 3 nepexigHOo eKOHOMIKOK 3
[LOCWTb BUCOKOK POJITIO arpapHOro CekTopy (LoHaliMeHLe, B paMKax NpoAoBoibYOoi 6e3neku), a Takox noTpeboto
ona pueepcudikalii eKoHOMiku. Pe3ynbTaTi, OTpMMaHi B paMKax AOCNIOKEHHS, MOXYTb OyTU BMKOpPUCTaHi Ang
($hOopMyBaHHA [LOBroCTPOKOBOI CTpaTerii po3BuTKY A3sepbaioxaHy B KOHTEKCTi 60poTbbu 3i 3MiHOW KniMaTy B
arponpoMMUCIOBOMY CEKTOPI
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value added in the context of accelerated integration into the EU. A variety of methods was used, such as analytical,
statistical, functional, systems analysis, deduction, synthesis, and comparison. The analysis of the development
and distribution of gross domestic product and gross value added in agriculture of Ukraine and the EU, including
the specifics of the development of gross value added in Ukrainian agriculture, was carried out. The influence of
European integration processes on the development of agriculture, in particular, their needs and opportunities to
increase gross value added, was investigated. A model of a cybernetic system with management in agriculture for
the growth of gross value added in the context of accelerated integration into the EU has been developed, which
allows substantiating the forecast of changes in the format of development of Ukrainian agriculture to avoid
the economy as a raw material appendage of the EU. The results of the study showed that the development of
agriculture in Ukraine based on increasing gross value added in the context of accelerated integration into the
EU involves the use of a comprehensive strategy that considers the specifics of the industry, European innovative
approaches, and best practices of in-depth processing of products of the European Union countries. The practical
significance of the study was to develop specific practical recommendations and strategies for public administration
bodies, agricultural enterprises to optimise the use of the available natural resource potential for the growth of
agricultural production, introducing advanced technologies for its deep processing in order to accumulate gross
value added, which is the basis for the development of agriculture

Keywords: gross domestic product; gross value added; Russian military aggression; development; economy;

conceptual model

INTRODUCTION

The development of individual industries is a compo-
nent of the overall growth of the national economy of
any country. The problem of development is particu-
larly important in the context of agriculture, which is
not only the main sector for many countries, but also
a key element in solving food security and sustainable
development of society. The development of Ukraini-
an agriculture is an urgent task that requires solving
problems to optimise the use of not only resources, but
also the entire production potential in the production
of agricultural products with the maximum share of
added value. Ukraine’s integration into the European
Union opens up wide opportunities for entering global
value chains, which will give an impetus to the acceler-
ated development of agriculture due to the growth of
production and exports of products with a high degree
of readiness. The main challenges of Ukrainian agricul-
ture were improving the processes of processing and
refining products to the highest degree of their readi-
ness and compliance with their quality and safety with
European standards. Such a statement of the problem
requires substantiation of the areas of agricultural de-
velopment based on in-depth processes of production
and sale of finished products, which are now more im-
portant and justified from the standpoint of achieving
successful integration into the EU.

The study by M. Shashyna (2020) proves that in the
current conditions of rapid development and transfor-
mation in the global economic space,and in the context
of globalisation and integration processes, one of the
indicators that most fully reflects the development of
individual business entities and economic systems in
general is the amount of value added, which is consid-
ered from the standpoint of cost-oriented management.
In other words, the value of the business is at the centre
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of analysis, not just the product. The researcher notes
that strategic areas for the development of region-
al and sectoral economic systems of Ukraine require
gradual development based on comprehensive mod-
ernisation at all levels. Therefore, in the context of the
development of agriculture in Ukraine and accelerated
integration into the EU, the industry needs innovative
management models, including management, commu-
nications, structures, production range, and technolo-
gies. Consideration of conclusions in the development
of strategic areas for the development of agriculture
in Ukraine indicates the expediency of substantiating
changes in management approaches and revising basic
management models in the industry.

T. Mirzoieva and M. Stepasiuk (2023) determined
that Ukraine’s integration into the European Union will
contribute to the development of agriculture by apply-
ing the experience of European farmers in the efficient
use of resources based on the use of innovative tech-
nologies for agricultural production. The researcher
considers the main chains of value added generation
on the example of oilseeds and focuses on the pro-
cesses of in-depth processing of sunflower. Thus, the
substantiation of measures to spread the European ex-
perience of gross value added generation using inno-
vative technologies of in-depth processing can become
an effective area for accumulating the added value of
products sold, which will create conditions for the de-
velopment of agriculture in Ukraine.

Scientific concepts of value chain development
in agriculture, according to V. Rossokha and O. Nechy-
porenko (2024), aimed at optimising the management
of natural, material and working resources, which will
create favourable conditions for the adaptation of
European standards of agricultural production and




increase the competitiveness of the agricultural sector
of the Ukrainian economy. In the context of balanced
development of agriculture in Ukraine, it is advisable
to substantiate measures to reform the resource man-
agement system in the industry, which in the future
will become the main source of product competitive-
ness growth and the economic basis for the develop-
ment of this industry.

Y. Pletnyova and V. Marchenko (2018) emphasises
that Ukraine has great opportunities for integration
into global value chains of such a sector as the pro-
duction of machinery for the agro-industrial complex,
which is the key to the competitiveness of agriculture
in the international context. The findings can be used
to develop areas for creating an attractive external en-
vironment for agricultural development. Integration
into the EU requires substantiation of priority areas
for updating and improving equipment, technologies
for the production and processing of agricultural prod-
ucts in accordance with European standards, which will
become the basis for improving the efficiency of func-
tioning and economic development of the agricultural
sector of the Ukrainian economy.

According to O. Svitovyi (2022), the problem of ag-
ricultural development in the context of accelerated in-
tegration into the EU can be solved by creating clusters,
which will contribute to the rational use of production
potential for the production of products with high add-
ed value.The researcher proves that one of the areas of
increasing the production with high value added is the
introduction of modern and highly efficient machinery
and equipment in agricultural production, which would
allow producing and selling not raw materials, but fin-
ished products with a high degree of deep processing
and processing. Such arguments are the basis for devel-
oping recommendations to strengthen state regulation
in the generation of added value at the level of enter-
prises, industries, and to improve the performance of
agricultural business.

According to Z. Kalinichenko (2023) and T. Ade-
bayo et al. (2024), European approaches to the develop-
ment of value chains are based on innovative ecosys-
tems, which can become the basis for the development
of highly developed sectoral and regional clusters.
European regionalisation of value chains in industries
supported by R&D, design, procurement, production,
distribution, marketing, and service is not a new trend.
Thus, there is a need to study existing European ap-
proaches to regional and global integration in order to
adapt it in the Ukrainian agricultural sector of the econ-
omy. Ukraine has a chance to join the EU’s integration
processes as an industrial and technological centre. In-
volving Ukrainian enterprises in such chains will create
a synergistic effect, allowing participants to join forces
to achieve common goals and opportunities to increase
added value, which is critical for Ukraine’s agricultural
development.

Skydan et al.

Approaches to processing agricultural products
need to be updated and improved to meet European
approaches to the generation of gross value added and
the development of the agricultural sector. Integration
into the EU requires effective management of agricul-
tural development and ensuring the competitiveness of
the agricultural sector. The purpose of the study was to
substantiate the areas of increasing gross value added
in Ukrainian agriculture, considering compliance with
European standards and sustainable approaches for its
development of the agricultural sector in the context of
accelerated integration into the EU.

MATERIALS AND METHODS

The study was based on official documents and reports
of the State Statistics Service of Ukraine (Gross Region-
al Product in 2019, 2021; State Statistics Service of
Ukraine, 2021), and materials from the official website
of the European Union (Eurostat, n.d.),the UN System of
National Accounts (System of National Accounts, 2008;
Project of the Recovery Plan of Ukraine, 2022), the
Resolution of the European Parliament and the Coun-
cil standards on the European system of national and
regional accounts of the European Union (National
accounts, 2006; Regulation (EU) No. 549/2013, 2013).
The methodology for the generation of gross domes-
tic product and gross value added in Ukraine is fully
harmonised with the international standards of the Eu-
ropean Union, which simplifies analytical research on
their generation not only in the national economy, but
also makes it possible to compare with similar indica-
tors of other countries and identify reserves for their
growth in agriculture in Ukraine.

The information basis was statistical data from the
State Statistics Service of Ukraine (2021) and the Food
and Agriculture Organisation of UN (n.d.) for 2015-2023
in terms of: production of real gross domestic product
and gross value added; export of agricultural products
and determination of its share both in the total exports
of Ukraine and in world production; products of refine-
ment and processing with a higher degree of readiness.
In addition, in the process of forecasting the develop-
ment of Ukrainian agriculture, given the significant im-
pact of hostilities,not only the state of production poten-
tial was considered, but also the specifics of managing
the demining of agricultural land, solving the problem
of replenishing labour resources, restoring fixed as-
sets, increasing working capital; growth of investment
resources; development of innovation processes, etc.

The study of the situation with the development
of agriculture based on the accumulation of gross val-
ue added in Ukraine and the EU was carried out using
methods that identify the content of the object. The
analytical method was used to investigate certain as-
pects of the agricultural development management
system based on the increase in gross value added to
study their characteristics, relationships, and impact on
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the overall result. The features of gross value added
generation in agriculture of Ukraine and the EU were
analysed to determine the areas of development of
Ukraine’s agriculture after the war based on increasing
gross value added in the context of accelerated inte-
gration into the EU. The statistical method was used to
investigate data on the level of gross domestic product
and gross value added in agriculture and analyse its
share in the structure of the main sectors of the nation-
al economy. The functional method was used to study
the role of each element of the management system
for the production, processing, and export of agricul-
tural products. Highlighting the importance of in-depth
processing of agricultural products at the expense of
introduction of new technologies and creation of fa-
vourable conditions for effective activity in agriculture,
opportunities for growth of gross value added in the
industry were identified and the areas of development
of the industry were substantiated.

System analysis provided an opportunity to con-
sider the development of agriculture as a complex
system where all components are interrelated, and to
determine the impact various factors (social, economic,
political) affect the management of its development,
based on which the results are achieved. The use of the
deduction helped to explore the general principles and
concepts of gross value added generation in Ukraine
and European countries. The synthesis combined vari-
ous elements, concepts, and aspects of creating a new
holistic concept in the context of gross value added
growth, which helped to substantiate the areas of agri-
cultural development in Ukraine, which combined mod-
ern advanced approaches of European practice in the
production of products with high degree of readiness.
The comparative approach was used to compare ap-
proaches to the generation of gross value added in ag-
riculture in Ukraine and the EU. It helped to understand
the advantages and disadvantages of each approach to
determine the best option for achieving strategic goals
for the development of Ukrainian agriculture.

Based on the results obtained, specific recommen-
dations were developed for the growth of gross value
added in agriculture in the context of accelerated in-
tegration of Ukraine into the EU and solving problems
that will contribute to the development of agriculture in
Ukraine. In general, the study was aimed at determining
the feasibility of applying European experience and best
international practicesinthe field of in-depth processing
of agricultural products, which will ensure the growth
of gross value added and the successful development
of the agricultural sector and the country as a whole.

RESULTS AND DISCUSSION

Development is an economic category that is based on
natural changes in the economic system and in its tran-
sition from one state to a qualitatively new one using
innovative techniques, technologies and management
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methods in order to increase the volume of gross prod-
uct and accumulate gross value added. Gross domestic
product and gross value added are both macroeconom-
ic indicators that fully characterise the level of devel-
opment of the country’s economy and, in particular, its
industries, and microeconomic indicators that indicate
the economic state of the enterprise. From a macroeco-
nomic standpoint, gross domestic product reflects the
total market value of created public goods for the year
in all sectors of the state’s economy that are intended
for domestic consumption, export, and accumulation,
regardless of organisational and legal forms of owner-
ship of production resources. However, total value add-
ed additionally reflects the value created in the pro-
duction process and is defined as the difference in the
value of goods and services produced and fully used
in the production (intermediate consumption) process
according to the national classifier of Ukraine (2010).
In relation to certain sectors of the Ukrainian econo-
my, gross value added is calculated as the difference
between gross output and intermediate consumption
costs, and is determined in basic prices, considering
subsidies for products and excluding taxes on them.

In other words, the components of gross value add-
ed are: remuneration of employees in the form of phys-
ical or monetary remuneration given by the employer
for work performed, direct social payments and other
taxes, except for production subsidies, gross profit in-
cluding rents paid for the use of land, subsoil resources,
patents to their owners by lessees, depreciation, and
less taxes paid by enterprise owners for production ac-
tivities regardless of sales or profitability of the enter-
prise (National accounts, 2006; Sustainable Develop-
ment Strategy for Ukraine by 2030, 2017).

In terms of economic content, the concept of value
added consists in managing resource costs throughout
the entire product value chain, from the manufacturer
to the end user. As for agriculture, the category of “gross
value added” has its own characteristics, since natural
resources (land, plants, natural and climatic conditions,
etc.) are involved in the production process, and it is
difficult to distinguish between human labour and the
effects of natural processes. According to V. Zbarsky and
M. Talavirya (2023) the combination of human labour
and the influence of natural factors increases added
value due to the increase in output, which determines
agricultural activity as the most productive.

Dynamic relationships between different sectors of
the economyare usually used to assess the impact of eco-
nomic shocks. The generation of gross domestic product
(GDP) is based on the concepts of supply and demand.
The first approach to determining GDP assumes that to-
tal output is equal to total domestic demand, so GDP is
the sum of public and private consumption, investment,
and net exports. The second approach concerns the pro-
ductive side of the economy, and states that GDP con-
sists of gross value added (GVA) by sector, import duty,




and value added tax (Salimova et al, 2020; Andrees-
cu, 2021; Melembe et al., 2021). To further study the pri-
ority of agricultural development in Ukraine, it is advisa-
ble to focus on the indicator of gross value added, since
taxes and subsidies are usually very difficult to predict.

In agricultural production, value added is the part
of the value that was increased not only in the process
of production of agricultural products, grain, milk, meat
of all kinds, honey, wool, etc., but also in the process of
processing or refining to the stage of readiness, which
the consumer is ready to buy and immediately consume.
In other words, deepening the processing of agricultur-
al products into finished food is currently an important
component of agricultural production, which allows re-
ducing the time for consumers to receive finished food
and to add value for producers.

Agriculture plays a key role in the Ukrainian econ-
omy, providing 9% of GDP, 18% of business entities’
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employment, and 6% of tax revenues (Batatin, 2022;
Sansika et al., 2023). The importance of the agricultural
sector in the national economy is growing from year to
year.Summarising the empirical material for 2015-2023
on the share of agriculture in the real gross domestic
product, its slight fluctuations in the years of econom-
ic crises are noticeable, which indicates the relative
stability of the agricultural sector to crisis phenomena
(Fig. 1). Among the main sectors of the national econ-
omy, the contribution of agriculture to the total gross
value added of the national economy averaged 10.7%
in 2015-2022, second only to the processing industry
by 0.3%, ahead of the mining industry by 5.7%, and
electricity and gas supplies by 7.1%. During the Russian
war in Ukraine, 2022-2023, there was a decrease in the
share of gross domestic product and gross value added.
However, the decline in agricultural production shows
a lower rate to other industries.
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Figure 1. Share of agriculture in real gross domestic product and gross value added of Ukraine, 2015-2023
Source: calculated according to the State Statistics Service of Ukraine, n.d.; Gross Regional Product in 2019, 2021, State

Statistics, 2021)

Ukrainian agriculture plays a key role not only for
the economy of its state, but also contributes to global
development by increasing the production and export
of a significant amount of agricultural products as raw
materials and finished food. However, the Ukrainian ag-
ricultural sector mainly supplies raw materials to the
foreign market, which importing countries send for par-
tial refinement, or for in-depth processing and receive
goods with high added value. Such finished products
are sent for sale to the foreign market, and from there
they enter Ukrainian markets. Foreign companies that
process and refine Ukrainian raw materials make profits
ten times higher than Ukrainian producers who have
grown agricultural products.

Back in 1581, the famous philosopher and econ-
omist John Giles noted that it is not economically
profitable to sell raw materials for processing to oth-
er countries, and then buy the finished product from
them. Four centuries have passed, and yet John Giles’
scientific argument reflects the current situation of

Ukraine on the international market, which gradu-
ally limits Ukraine’s potential and negatively affects
the economy. Thus, domestic producers contribute to
the development of other countries and improve the
well-being of foreign citizens, not Ukrainian society
(Batatin, 2022).

Since gross value added is the basis not only for
accelerated and balanced economic development
of agriculture, but also for the Ukrainian economy, it
is reasonable to recognise that the time has come to
change the components of the food production chain
in agriculture, which was developed during the years of
independence and continues now. Its emergence is as-
sociated with an imperfect strategy of the state, the in-
fluence of world players in the global market and with
stable international trade ties.

Agriculture in Ukraine plays a key role not only in
the national economy. Ukraine is one of the world’s
largest exporters of agricultural and food products. And
as a result of the war, there are already real problems
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in the global food market. In particular, in 2022, due
to Russia’s full-scale invasion of Ukraine, agricultural
production decreased by 4.2% and accounted for 8.2%
of the total gross domestic product. However, in 2023,
Ukrainian agriculture managed to increase the volume
of gross domestic product by more than 4%, and gross
value added by 0.7%. The economic growth rate of agri-
culture is the highest among other sectors of the econ-
omy, which proves the high stability of agricultural pro-
duction to external challenges, such as war, increased
imports, migration of labour resources, etc.

The main reason for the decrease in production
volumes was the occupation and mining of part of the
land, which belonged to agricultural land and were the
base of production. The area of mined fields reaches
8 million hectares, of which 6 million hectares are lo-
cated in the temporarily occupied territories, 2 million
hectares - in the liberated ones. This land is a food
source for about 81 million people worldwide. Ukraine
can overcome this challenge only by an extremely ef-
fective organisation and support of the international
community. Experts estimate the losses of agriculture

as a result of a full-scale invasion on April 24, 2023 at
USD 8.7 billion: USD 6 billion - losses of agricultur-
al machinery, USD 2 billion - losses of products and
resources as a result of theft or loss, USD 0.5 billion -
damage to perennial crops, USD 0.3 billion - losses in
animal husbandry and aquaculture. Millions of tonnes
of Ukrainian grain are stuck in Black Sea ports, which
has led to an imbalance in the global agricultural mar-
ket (Interfax-Ukraine, 2023).

In 2015-2021, exports of Ukrainian goods to the
world market grew every year, reaching USD 68.1 billion
in 2021, with the share of agriculture at USD 27.7 bil-
lion (or 40.6%) (Fig. 2).In 2022, the volume of Ukrainian
exports decreased by 23.92% and, in particular, agri-
culture by 12.8%. And in 2023, compared to 2022, ex-
ports from Ukraine decreased by 8.3% and agricultural
products by only 0.3%. However, agricultural products
accounted for the largest share of total Ukrainian ex-
ports, about 41%. In this case, agriculture is a strategic
sector, the level of development of which determines
the economic development of rural areas and the social
well-being of 13 million people.

2023
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2017 M Share of agriculture
2016 H Exports of Ukraine
2015
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Figure 2. Share of agriculture in total exports of Ukraine, 2015-2023
Source: calculated according to the State Statistics Service of Ukraine, n.d.; Gross Regional Product in 2019, 2021, State

Statistics, 2021)

Gross value added is generated in agricultural sec-
tors unevenly. Therefore, it is advisable to analyse the
trends in the development of sectors of the Ukrainian
economy by the amount of gross value added created
in 2015 and 2023. This would help to identify the in-
dustries that accumulate the largest GVA, and which
should become a priority for recovery in the post-war
period in the context of accelerated European inte-
gration. In recent years, Ukraine has become a leader
in the export of low-margin products, while having
successful cases in processing, in the field of crop
production - sunflower oil, rapeseed, corn, soybeans,
and in the field of animal husbandry - chicken, pork.
In 2015-2023, sunflower was the fastest growing crop
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in Ukraine and the highest exports to foreign markets
(Fig. 3). The share of its exports in the global market
reached more than 51.2%. Sales volumes of barley,
wheat, corn, and soybeans are slightly lower, but sig-
nificant in the world agricultural market.

The trend of selling low-margin types of products
will continue in the future, since in the structure of
crops 89 are low-margin crops, this leads to a decrease
in profit compared to what can be obtained from the
sale of crops with a higher margin. For comparison, de-
veloped countries mainly grow high-margin crops (80%
in the structure of crop production in the Netherlands,
Spain, and Italy). Ukraine is noted for its high produc-
tivity in the cultivation of grains and industrial crops,




but a significant portion of its grain crops is export-
ed. For example, 79% of corn, 66% of wheat, and 59%
of barley are intended for export. The situation with
wheat is particularly noteworthy, with 35% of the har-
vest intended for non-food use exported as first-stage
raw materials. Every year, the gross harvest of grain
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and oilseeds increases, but existing granaries limit the
ability to store increasing volumes of grain. It is impor-
tant to note that it is high-margin crops that are more
profitable, although they require a longer payback pe-
riod (Regulation (EU) no 549/2013, 2013; Global value
chains..., 2014; Gross Regional Product in 2019, 2021).

51.2

m Share of Ukrainian production
in total production

B Share of Ukrainian exports
in global exports

40 50 60

Figure 3. Ukraine’s share in world production and export of agricultural products, 2015-2023, %
Source: calculated based on State Statistics (2021) and Global value chains... (2014)

In the structure of agriculture, the livestock sector
occupied 21.1% in 2018, and in 2022 it decreased by
2.5% and amounted to 18.6%. In 2015-2023, there was
a trend of decreasing the number of pigs, sheep, and
cattle, including the dairy herd. The number of poultry
increased by 6.7% in large industrial poultry farms and
decreased by 0.4% in households. The main reasons
for the decline in livestock in animal husbandry are its
unprofitability. In 2018-2022, the profitability of cattle
meat production was -24.2%. Pig meat was profitable
at 2.6% and milk at 20.4%. In recent years, there has
been a loss-making rate in poultry farming, in particu-
lar, poultry meat -0.2%, and eggs -19.2%. However, the
increase in the number of poultry is substantiated by
the increase in demand for poultry meat and eggs due
to low prices and their dietary nature.

In terms of livestock products, in 2018-2023, the
production and export of milk and dairy products, beef,
and pork decreased, while only chicken increased. In
particular, in Ukraine, the share of milk production in
the total production of livestock products reaches 2%,
while in the EU countries - 8-23% (Gross Regional
Product in 2019, 2021). In 2021, milk production fell to
a record low of 8.7 million tonnes, which is a historic
low for Ukraine. This led to higher prices for dairy raw
materials on the domestic market and led to the spread
of falsification of dairy products, illegal imports, and
problems with monopolies in trade. In addition, the lack
of a legal alternative for the mandatory construction
of local wastewater treatment plants for milk process-
ing enterprises complicates the situation. The reason
for these results is its poor quality. The main difference
between the production of milk and dairy products,
beef, and pork is the high capital intensity of products
and a long payback period. Now animal husbandry is
dominated by a low level of automation, manual human

labour, and a small number of premises and technolo-
gies for its further processing. As a result, low-quali-
ty and low-cost products are produced. In comparison
of the production processes of raising cattle, pigs, and
poultry, it is advisable to note that the production of
poultry meat is less capital-intensive, labour-intensive
and risky to infect poultry with diseases. The poultry
industry is characterised by high export orientation and
depth of chicken processing.

Over the past decades, Ukrainian agriculture has
been characterised by the supply of crop and livestock
products to the world market in the form of raw mate-
rials, while its processing industries occupy the lowest
share in the sector. The highest share in the total supply
is made up of unprocessed products intended for export,
in particular, barley - 46%, corn - 84%, wheat - 54%.The
share of products used for industrial processing is low:
barley - 13%, corn - 3%, wheat - 19%. Milk processing
volumes have tended to decrease over the past 5 years
(by 17%) (Regulation (EU) No. 549/2013, 2013; Global
value chains..., 2014; Statistical collection of Ukraine,
2021). In general, in 2018-2023, in the structure of ag-
ricultural exports, finished products ranged from 11%
to 14%, primary processing — from 21% to 34%, and the
largest part was raw materials, from 55% to 64 % (Fig. 4).

As the dynamics of the structure of agricultural
exports shows, in recent years, a large share was occu-
pied by raw materials and only their primary process-
ing. However, the number of trade agreements con-
cluded has increased in the context of adapting quality
growth processes to European standards. It is impor-
tant to note that raw material prices are much lower
than prices for finished processed products. Due to the
fact that processing adds significant cost and allows
achieving the highest quality standards, the Ukrainian
processing sector has a significant potential for growth.
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The transition to each subsequent stage of processing
leads to an increase in value added. The shadow sec-
tor creates obstacles to the development of agricul-
ture, with grain production and land lease being the
main objects of shadow activity. Insufficient regulation

of the shadow sector of the economy primarily affects
the processes of refinement and primary processing of
agricultural products. The quality of exported products
is mainly controlled by the customer, and the largest
amount of them is sold through shadow sales channels.

Exports of agricultural products in Ukraine, billion USD

2023

2022 60 20 10

2021 65 25 15
2020 63 23 14

m Raw materials
m Primary processing
m Finished products

2019 64 21 14
2018 57 33 11

0 20 40 60

80 100 120

Figure 4. Dynamics of agricultural exports from Ukraine for 2015-2023, billion USD
Source: calculated based on data (State Statistics Service of Ukraine, n.d.; Gross Regional Product in 2019, 2021; State

Statistics, 2021)

Thus, the agricultural productivity of Ukraine is
significantly lower than that of highly developed com-
peting countries. Value added per employee in Ukraine
is significantly lower than in the leading countries in
agricultural production (91% lower than in France and
67% lower than in Turkey due to the radically different
distribution of crop and livestock production in the sec-
tor. In Ukrainian production, crop production accounts
for 83%, and animal husbandry -17%. The structure in
other countries is somewhat more balanced, the dis-
tribution is approximately 50/50%, for example, in the
EU, where crop production is 57%, animal husbandry is
52% (Global value chains..., 2014; Regulation (EU) no

549/2013,2013; Gross Regional Product in 2019, 2021).

The reason for this condition is low capacity and
low degree of processing and refinement of agricul-
tural products. Ukraine has already taken a leading
position on the world market in the supply of raw ag-
ricultural products. The quality of raw materials is im-
portant for increasing the share of exports. The main
reasons for the low quality of agricultural products are
unsatisfactory: quality and non-compliance with scien-
tifically based standards for the use of chemical fertil-
isers, the level of technological efficiency of agricul-
tural production, transportation processes by outdated
technical means, etc.

Now, monitoring the processing and refinement
of agricultural products to the highest degree of their
readiness will solve the problem of increasing gross
value added. The lengthening of the chain of creating
the gross value added of the final finished product in
agriculture is the multiplier that not only leads to an

Scientific Horizons, 2024, Vol. 27, No. 5

increase in prices on the product market, but is also the
foundation for the economic development of Ukrainian
agriculture. An example of the successful extension of
the value added chain in Ukraine’s agriculture is the
growing share of processing sunflower seeds into fin-
ished oil, which allowed Ukraine to become a leader
in sunflower oil exports on the world market in a short
time. While for the oilseed crop of soybeans, there is a
decrease in export volumes due to a decrease in the
volume of its processing.

Ukraine is in the spotlight, and this historic oppor-
tunity can radically change the position of Ukrainian
agriculture on the world market. Now it is important
to focus on processing raw materials supplied by the
Ukrainian agricultural sector. One agricultural crop,
such as corn, can serve as the basis for the production
of at least 15-20 types of products with high added val-
ue. The concept of creating a deep processing food sec-
tor of the economy is already being successfully imple-
mented in world practice. Therefore, it is important to
prepare the ground for the fastest recovery of Ukraine’s
agriculture after the war, which can be as difficult as
the period of war. An important condition for the resto-
ration of agriculture with deep processing is the access
of farmers to advanced technologies.

Unfortunately, Ukraine’s agriculture remains vul-
nerable in the production of products with a high lev-
el of gross value added. This situation is explained by
the lack of necessary advanced technologies. Ukrainian
agricultural producers who want to process grain into
citric acid, fuel ethanol, glucose monohydrate, and oth-
er products are technologically limited and do not have




the ability to do so.In addition, there is no infrastructure
for implementing such technologies. However, there is
a need to create favourable conditions for investors not
only to build their plants within international holdings
for the agricultural sector of the economy on Ukrainian
territory, but also to provide access to advanced tech-
nologies. This would allow developing and adapting
such technologies to Ukrainian geographical and cli-
matic conditions, which would facilitate the introduc-
tion of the latest technologies in agricultural produc-
tion for its further development.

The paper by O. Ivanenko et al. (2021) identified
that one of the main aspects of the financial policy of
EU member states is budgetary allocations for econom-
ic, environmental, technical, technological, and social
purposes. The costs of environmental protection are
significant compared to the costs in Ukraine. This con-
tributes to the development of innovative technologies
for recycling waste and, in particular, the development
of biotechnologies in agricultural production, the use
of which ensures the efficiency of their use, the man-
ifestation of which is an increase in the production of
agricultural products per unit of resource consumption
and an increase in profitability.

The problem of access to advanced technologies is
important,and it should be understood that there are a
limited number of technology development companies
in the world that are willing to provide access to them.
Therefore, such a “bottleneck” should be taken into
account. This refers not only to the creation of facto-
ries, but also the development of complete multi-pro-
ductive complexes for deep processing of agricultural
products. Without the implementation of a programme
of deep processing of agricultural products, Ukraine
may remain in the shadows in European civilisation.
Given the military situation in the country, it is impor-
tant to understand that this slows down the develop-
ment of agricultural production. Forecasts of Ukraine’s
GDP growth by 2050 by an average of 2-3% per year
are limited. If this rate continues, more than 70 years
will not be enough to reach the level of today’s Poland,
let alone reach the level of developed countries such
as France or Germany.

The implementation of the programme of deep pro-
cessing of agricultural products can help accelerate the
restoration and development of agriculture in Ukraine.
Ukrainian ambitions should reflect the desire to create
a powerful agricultural production that can generate a
significant amount of foreign exchange earnings and
create hundreds of thousands of jobs, promote the ac-
tivation of the introduction of new technologies, and
create favourable conditions for business activities in
agriculture, attracting both external and internal inves-
tors. This is the time to consolidate efforts and devel-
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op comprehensive solutions for the stable growth of
Ukrainian agriculture in the post-war period.

The big agro-processing programme is an impor-
tant step in this area. Changing the strategy of agricul-
tural production plays an important role in the devel-
opment and stabilisation of Ukraine both in the military
and post-war periods. Christian Ben Hell, head of Agri-
culture sector of the EU Delegation to Ukraine, stressed
that the EU funding for this FAO project aims to restore
or strengthen the functionality of agricultural value
chains, which will help meet the food needs of the local
population and internally displaced people in western
Ukraine. This approach contributed to solving the prob-
lem of food security in the country in the near and short
term and was crucial in preventing a food crisis in 2023
(Bulletin on the state of trade relations..., 2023).

Having an economy focused on raw materials, and
not introducing effective tools for its transformation,
the Ukrainian economy is becoming more and more de-
pendent on imports every year. This increases the vul-
nerability of Ukrainian agriculture to the global market.
To change this situation, it requires comprehensive pro-
jects and decisions at the state level aimed at funda-
mentally transforming the economy. Especially in the
post-war period of agricultural restoration.

In July 2022, the National Council for the recovery
of Ukraine from the consequences of the war presented
a draft Recovery Plan, which presented a strategy for the
development of the national economy until 2032, and
outlined the priority of restoring economic activities for
the transfer from a transition economy to a developing
economy in the context of accelerated integration into
the EU. Integration of Ukraine’s agriculture into glob-
al chains of gross value added creation, which allows
substantiating the priority areas for its recovery after
military aggression based on value added. The strate-
gic goal of agriculture in the context of globalisation
should be to increase the competitiveness of Ukrainian
products and ensure food security.

In the study by V. Bugaychuk et al. (2019) identified
that one of the main aspects of the financial policy of
EU member states is budget allocations for econom-
ic, environmental, technical, technological, and social
purposes. The costs of environmental protection are
significant compared to the costs in Ukraine. This con-
tributes to the development of innovative technologies
for recycling waste and, in particular, the development
of biotechnologies in agricultural production, the use
of which ensures the efficiency of their use, the man-
ifestation of which is an increase in the production of
agricultural products per unit of resource consumption
and an increase in profitability. Based on the analysis
(Table 1), the following areas and stages of develop-
ment of Ukrainian agriculture are proposed.
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Table 1. Areas of development of agriculture in Ukraine after the war
based on increasing gross value added in the context of accelerated integration into the EU

Stages of post-war X
Industries and subsectors of
development X
X . X agriculture
of agriculture in Ukraine

Areas of development of agriculture in Ukraine
after the war based on increasing gross value added
in the context of accelerated integration into the EU

Crop production:

grain production

B feed production

M vegetable production

M potato growing
Sustainability -
before December

B flax growing
H hop growing

B Obtaining EU candidate status, followed by full membership;
B establishment of logistics routes for the necessary resources
for agricultural production and marketing of finished products
with Western European countries;

B compliance with quality standards of finished agricultural
products;

2024 Animal husbandry B overcome the influence of the shadow sector of the economy

M cattle breeding (meat and dairy) on the lease of land resources and the sale of agricultural
M pig breeding products under corruption schemes;
B sheep breeding B monitoring of processing and refinement of agricultural
M poultry farming products to the highest degree of their readiness.
B beekeeping
Crop production: B Transition from exporting raw materials to processing should
M grain production be focused on the industries where gross value added is most
H feed production possible;
M vegetable production B access of agricultural producers to innovative technologies
B potato growing of deep processing of products;
| flax growing B improving the quality standards of finished agricultural

Recovery - ® hop growing products;

2024-2025

Animal husbandry

B cattle breeding (meat and dairy)
M pig breeding

M sheep breeding

B poultry farming

B beekeeping

B development of multi-productive complexes for deep
processing of agricultural products;

B conditions for creating hundreds of thousands of jobs in the
agricultural sector, using advanced technologies and promoting
the development of business activities, which opens up wide
opportunities for investors, both domestic and foreign.

Crop production:
M grain production
B feed production
M vegetable production
M potato growing
Structural modernisation, M flax growing
integration into the EU
-2026-2032

B hop growing

Animal husbandry

B cattle breeding (meat and dairy)
M pig breeding

B sheep breeding

B poultry farming

B beekeeping

B obtaining the status of an EU candidate;

B unlimited access to the markets of agricultural products of
the European Union and the G7 countries;

B development and application of advanced technologies for
the production and processing of agricultural products;

M an impetus for the transition from the export of raw
materials to processing in the field of crop and animal
husbandry, where the largest export revenues can be
generated;

B sale of agricultural products with a high degree of readiness;
B building an agricultural economy based on the principles of
deregulation and liberalisation.

Source: compiled by authors based on sources (Gross value added at basic prices, 2021; National classifier of Ukraine,

2010)

The processes of development of agriculture in
Ukraine after the war based on increasing gross val-
ue added in the context of accelerated integration into
the EU can be presented as a model of a cybernet-
ic system, that is, a system with management, which

Scientific Horizons, 2024, Vol. 27, No. 5

means that the information aspect of system analysis
will be reliable and a priority, since the description and
modelling of management processes involves the use
of methods of statistical information theory and cyber-
netics (Fig. 5).
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Figure 5. Cybernetic system model

Source: compiled by the authors

Thus, within the framework of statistical infor-
mation theory, the source of messages X (information
on the state of agricultural development by industry,
namely production in the fields of crop production, ani-
mal husbandry, industrial refinement and processing of
agricultural products, and external influences) is char-
acterised by entropy H(X), as a measure of uncertainty
of the observer’s information (control subsystem) re-
garding the state of observation objects (development
processes based on the growth of gross value added).
The entropy value can be written as the mathematical
expectation of the amount of information [(X) accord-
ing to the well-known Shannon formula.

HX) = ) p0I0e) - = = ) p(a) ogzp (), (1)

where X=(x,, X,, ..., X, ..., X ) — source of statistically in-
dependent messages; p(x,) - probability of /-th message.

In a qualitative control system, a necessary con-
dition is to reduce the entropy of the controlled sub-
system to zero, which characterises a deterministic
system, and vice versa, the maximum entropy NMax
corresponds to a system without control. Model of the
post-war agricultural development system of Ukraine
based on increasing gross value added in the context
of accelerated integration into the EU with governance
(Fig. 5) can be described by a set of states of the man-
aged object (recovery processes of Ukraine)

RE) = (7, (0), 1,(O) woor 1(0), oer 7 () 1=,

and multiple control influences

Yt = (,(0, Y, (0)s oo, YO, orrr v, () i=T,m.

It is possible to consider the lack of reliable infor-
mation or its distortion in the real conditions of the

system’s existence by introducing the conditional en-
tropy H(R/Y), which varies within the limits that show
the degree of definition of the system with control:

0<HR/MSHR), .. 2)

The difference between maximum and conditional
entropy determines the amount of mutual information
I(R, Y). This value can be taken as an indicator of the
effectiveness of management in the system of agricul-
tural development of Ukraine after the war based on in-
creasing gross value added in the conditions of acceler-
ated integration into the EU, which shows a decrease in
the entropy of the managed subsystem by the amount
of information received. Considering the properties of
mutual information, it can be presented as:

IR, V)=H(R),,, - HR/Y)=H(Y) - H(Y/R). (3)

After elementary transformations from (3), an ex-
pression that defines the limiting possibilities of con-
trol in the system is obtained:

H(R/Y)=H(R),,,, - H(Y) + H(Y/R). (4)

Equation (4) allows drawing conclusions in the
form of recommendations for improving the manage-
ment efficiency of the agricultural development system
of Ukraine after the war based on increasing gross val-
ue added in the context of accelerated integration into
the EU, which should be considered as a decrease in the
conditional entropy H(R/Y):

support the process of agricultural development of
Ukraine after the war based on increasing gross value
added in the context of accelerated integration into the
EU, as a managed subsystem, in the form of an “open
system”, that is, reduce the entropy of H(R) by destroy-
ing the diversity (Wiener-Ashby cybernetics law) of pos-
sible states of the managed subsystem (unprofitable,

Scientific Horizons, 2024, Vol. 27, No. 5

153



154

Growth of value added as a factor...

low-margin, and vulnerable agricultural production
facilities) and increase the diversity of managing influ-
ences of stability and development of H(Y),and actively
influence the identification and reduction of destabilis-
ing external and internal (corruption) factors of influ-
ence H(Y/R) on the system.

In general, among the branches of the national
economy, agriculture of Ukraine before the military ag-
gression of Russia, having a significant natural resource
potential, demonstrated a slowing development not
only within the state, but also with a focus on global
trends. Therefore, considering the priority areas of de-
velopment of agriculture in Ukraine after the war based
on increasing gross value added in the conditions of
accelerated integration into the EU, it is important to
compare the pace of development with industries that

had faster growth rates above it, namely: processing,
mining, supply of electricity, and gas industry, based on
a conceptual approach in the form of a “‘cascade” mod-
el of economic dynamics of agricultural development
processes, which is based on a nonlinear differential
equation of logistics type:

BO—pl1- %] R(D), (5)
where D - coefficient of dynamics of processes in the
relevant sectors of the state economy, the value of
which is determined by the result of the analysis of the
ratio of gross value added for a certain period, consider-
ing the corrective realities of military aggression of the
Russian Federation and the priority of restoring the rele-
vant sectors of the national economy of Ukraine (Fig. 6).
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Figure 6. Forecast for the development of agriculture in Ukraine after the war based
on the growth of gross value added in the context of accelerated EU integration
Source: calculated based on data (State Statistics Service of Ukraine, n.d.; Gross Regional Product in 2019, 2021; State

Statistics, 2021)

According to Figure 6, based on the forecasts for
the development of priority sectors of the national
economy, the development of agriculture, which pro-
duces food and raw materials for the processing indus-
try in order to solve food security problems not only in
Ukraine, but also in the world as a whole, is envisaged
first of all. It should be considered that the policy of
the European Union is characterised by the inconsist-
ency of sustainable development goals in the context
of food security, in particular, in such areas as: migra-
tion policy, which increases inequality and problems of
public access to food; limited internal resources of EU
countries, in particular, the area of land for the devel-
opment of organic production in order to ensure the
quality and safety of food (Ireland, Denmark, Germany
and Finland); the lack of effect of state funding for re-
search and development of the agricultural sector in
the event of excessive distribution of industry funds;
excessive regulation of technology development to
ensure production growth due to population bias to-
wards potential risks. This means that the produc-
tion approach to maintaining food security cannot be
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effective due to the numerous contradictions between
environmental and food safety issues. Therefore, it is
advisable to transform the EU’s food security policy in
the context of sustainable development by developing
goals for technological sustainability of the agricultural
sector (Ivanenko et al., 2021).

The essence of the conceptual approach is to de-
velop a mechanism for the development of agriculture
in Ukraine after the war based on increasing gross val-
ue added in the conditions of accelerated integration
into the EU according to the priority scheme of effective
‘connection” of the relevant sectors of the Ukrainian
economy at certain points in time, which, according to
the belief, are determined by the maximum dynamics of
recovery of priority objects of the socio-economic sys-
tem (Fig. 7).

In Figure 7, the values R (t) and R,(t) indicate the
states of processes for restoring the corresponding sec-
tors of the state’s economy according to certain priori-
ties. Figure 8 analyses the dynamics of the forecast of
gross value added in agriculture after the war in the
context of accelerated European integration.
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Figure 7. lllustration of “cascade” recovery at moments of maximum dynamics

Source: compiled by the authors
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Figure 8. Forecast of gross value added of agriculture in Ukraine until 2030

Source: compiled by the authors

In the context of post-military restoration of agri-
cultural production, the accumulation of gross value
added becomes important, which is the basis for ap-
plying the achievements of scientific and technological
progress to ensure the balanced development of all its
branches and improve the social standards of living of
the rural population. Therefore, for the agriculture of
Ukraine, development means a transition from an econ-
omy with the potential of raw material exports to one
that will export the finished product with the genera-
tion of gross value added. The priority of the develop-
ment of agriculture in Ukraine will provide opportuni-
ties to solve the problems of food security in the world
by increasing the export of agricultural products. Given
this, Ukrainian agriculture can become the ‘engine” of
the country’s recovery after the war, which can affect
the development of other sectors of the national econ-
omy due to the multiplicative effect.

CONCLUSIONS

The study found that the development of Ukrainian ag-
riculture involves an increase in the volume of gross
product and the accumulation of gross value added.
However, in 2022-2023, there was a decrease in the
share of gross domestic product and gross value added.
However,the decline in agricultural production was less
significant compared to other industries. In particular,

in 2022, during Russia’s full-scale invasion of Ukraine,
agricultural production decreased by 4.2%, which was
8.2% of the total gross domestic product. However, in
2023, Ukrainian agriculture managed to increase the
volume of gross domestic product by more than 4%,
and gross value added by 0.7%. The economic growth
rate of agriculture was the highest among other sectors
of the economy, which indicates the high stability of the
agricultural sector to external challenges, such as war,
increased imports, migration of labour resources, etc.

It was revealed that in 2015-2023, the share of
agricultural exports in the national market was 40.6%.
However, in 2022-2023, in the context of Russia’s mil-
itary aggression, the volume of Ukrainian exports de-
creased by 24% and the contribution of agriculture in
it decreased by 12.8%. The share of total domestic ex-
ports of agricultural products is about 41 %. However,
over the past decades, the share of unprocessed prod-
ucts exported is more than 64%. It was proved that ag-
riculture is a strategic branch of the national economy,
the level of development of which depends on the so-
cio-economic state of Ukraine and an important condi-
tion for its development is deep processing of products.

The areas of development of Ukrainian agriculture
after the war based on increasing gross value added in
the context of accelerated integration into the EU were
developed in the following stages: sustainability -
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in which Ukraine will receive the status of an EU can-
didate, followed by full membership. The next stage
will be recovery, during which there will be a transi-
tion from the export of raw materials to its processing
in those industries where the largest mass of gross
value added is accumulated. And the third stage will

into the EU is proposed based on the model of a cyber-
netic system with control, and it is proved that among
the priority sectors of the national economy, the devel-
opment of agriculture, which produces food and raw
materials for the processing industry, is the first priority,
which is one of the areas of further scientific research.

be successful in developing and applying advanced

technologies for the production and deep processing ACKNOWLEDGEMENTS
of agricultural products. None.

A forecast of the development of agriculture in
Ukraine after the war based on the increase in gross CONFLICT OF INTEREST
value added in the context of accelerated integration  None.
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B yMOBaX NpuLUBMALLEHOI iHTerpauii o €C
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AHorTauis. PO3BUTOK CiIbCbKOrO rocnoAapCcTBa € KYOBUM YUHHMKOM CTanoro NocTyny cycninbCTBa y ManbyTHbOMY.
IHTerpauis KpaiHM [O €BPOMEMCbKOro CMiBTOBApMCTBA CTBOPKE ANS CiNIbCbKOTO rOCMOAAPCTBA HOBi MOX/MBOCTI
Ta BOAHOYAC, BMMAra€e iHHOBALIMHMX MiAXOAIB LO PO3BUTKY Ta AOCATHEHHS KOHKYPEHTOCMPOMOXHOCTI ranysi
y rnobanisauiiHoMy npoctopi. [locnigkeHHs CnpsiMOBaHe Ha aHani3 i BAOCKOHANEHHS HASBHWUX CTpaTerivyHmx
niAXoAiB PO3BUTKY CiIbCbKOMO rocnogapcraa YKpaiHM Ha OCHOBI HAapOLLyBaHHS BaNOBOI A04AHOT BAPTOCTi B yMOBax
npuwsuaweHoi iHTerpauii fo €C. Y pocnigkeHHi BUKOPUCTOBYBANUCS Pi3HOMAHITHI MeToAM, TaKi K aHaniTUYHUIA,
CTAaTUCTUYHUI, YHKLIOHANbHUI, CUCTEMHUIM aHanNi3, AeAyKLis, CUHTE3 | NOpiBHAHHS. [IpoBeaeHo aHanis GopMyBaHHS
i po3noAiny BanoBOro BHYTPILIHBbOrO NPOAYKTY Ta BaNOBOI A0AAHOT BAapTOCTi Y CislbCbKOMY rocnofapctai YkpaiHu
Ta €C, Bk/toYatoum 0cobnmnBoCTi GopMyBaHHS BaNOBOI AOLAHOI BApTOCTi B YKPAiHCbKOMY CiflbCbKOMY FOCMOAAPCTBI.
[ocnipxeHo BNAMB MpoLECiB €BPOiHTErpaLii Ha PO3BMTOK CiNbCbKOrO roCMoOAapcTBa, 30KpeMa ix notpebu Ta
MOX/IMBOCTi [0 HAPOLLYBAHHS BasIOBOi A0AAHOI BapTOCTi.Po3pobneHo Moaenb KibepHETUUYHOT CUCTEMU 3 YNPABIHHAM
Yy CiflbCbKOMY rOCnoAapCTBi LWOA0 3pOCTaHHS BaNoBOi fOAAHOI BAapTOCTi B yMOBaX NpULWBMALLIEHOI iHTerpauii o €C,
SIKa [03BOJNIIE OOIPYHTYBATM MPOrHO3 3MiHW GOpPMATy PO3BUTKY YKPAIHCbKOMO CiflbCbKOrO rocrnoAapcTBa 3 MEeTOH
YHUKHEHHS eKOHOMIKM, IK CMPOBMHHOTO Npuaatky €C. Pe3ynbraTv LOCNIAXKEHHS NOKA3anu, WO pO3BUTOK CiNlbCbKOro
rocnogapcrea YKpaiHM Ha OCHOBI HApOLLYBaHHS BasoOBOi AOAAHOI BapTOCTi B yMOBAX NPULIBMALIEHOI iHTerpauii go
€C nepenbayae BUKOPUCTAHHS KOMMIEKCHOI CTpaTerii, ika BpaxoBye cneundiky ranysi, eBponencbki iHHOBALIMHI
niaxogM Ta nepenoBuii [OCBIA nornubneHoi nepepobku npoaykuii kpaiH €sponeicbkoro Coto3y. lNpakTuyHe
3HAYeHHS JOCNIIKEHHS MONAraE y po3pobui KOHKPETHMX MPaKTUYHMX peKoMeHAaLil i cTpaTerin Ons opraHis
[.epXaBHOro yrnpaBniHHS, CiIbCbKOrOCNOAAPCbKMX NiANPUEMCTB 40 ONTUMI3aLiT BUKOPUCTAHHSA HASBHOMO MPUPOAHO-
pecypCHOro noTeHLuiany WoAo 3pOCTaHHA 06CariB BUPOOHMLTBA CiflbCbKOrOCNOAAPCHKOI NPOAYKLii, 3aMpoBaaKy UM
NporpecuBHi TexHonorii ii rnbokoi nepepobku 3 METOK aKyMynaLii BanoBOi A0AAHOI BApTOCTi, WO € OCHOBO
PO3BMTKY CiNlbCbKOr0 rocnofapcTea

KniouoBi cnoBa: BanoBWMi BHYTPILWHIM NPOAYKT; BanoBa A0AaHA BapTiCTb; BiCbKOBa arpecia pd; pO3BWUTOK;
€KOHOMIKa; KOHLeNTyasbHa MOAeNb
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Abstract. The livestock industry has experienced rapid growth, and the demand for
livestock products is projected to continue increasing quickly due to population growth,
improved living standards, and urbanisation. This article aims to assess the feasibility
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modelling,and mathematical modelling. The authors assess the potential of utilising the created model to cultivate
feed for livestock intended for meat production during the standard planning phase of economic development. The
model predicts cost-effective feed. The authors’ economic model enables the growth of the feed base, reduces the
reliance on imported feed, and facilitates the expansion of meat breeds, which is the unique aspect of the study.
The study emphasises the importance of strategically distributing, specialising, and concentrating beef cattle
breeding in particular natural and economic contexts. It also highlights the significance of integrating large-scale
production with medium and small agricultural enterprises in the meat industry. The study’s practical significance
lies in utilising specific structures and controlling the share of imports in feed production, along with restricting
feed supply and ready-made food additives to guarantee food security

Keywords: forage crop cultivation; food supply; growth; food security; economic model

INTRODUCTION

Crop production constitutes 40% of the total agricultur-
al output in the global economic management practice,
with nearly one billion individuals employed in this
sector worldwide (Mataeva et al., 2018). Agriculture’s
crop growing sector is highly dynamic.An advanced ag-
ricultural sector will lay the foundation for establishing
new food and light industries and ensuring the nation’s
food security (Bauer et al., 2018; Soegoto et al., 2022;
Bhat et al., 2022).

Natural pasture areas in the country allow for the
production of organic products, which command a
higher price and are sought after in global markets. This
benefit is mainly a result of the minimal use of mineral
fertilisers, pesticides, and herbicides on Kazakh territo-
ries (Robinson et al., 2021). The current pasture land is
only being utilised at 25-30% capacity, with available
water resources to irrigate an extra 2 million hectares
for stable feed production in crop rotation. Livestock
development in Kazakhstan is significantly influenced
by the availability of labour resources, as 45% of the
population resides in rural regions.

Agriculture occupies a significantly important place
in our modern society, exerting a profound influence on
all of us (Misiuk & Zakhodym, 2023). It is an industry
undergoing unprecedented changes. Farmers are in-
creasingly assuming complex and vital roles in striking
a balance between the need for increased productivity,
environmental protection,and societal value (Shahini et
al., 2023). As agricultural challenges become increas-
ingly extensive and intricate, it becomes even more
crucial to work together to find the right equilibrium
for achieving success - for farmers, for agriculture, and
for future generations (Voronetska & Yurchuk, 2023).
Moreover, agriculture plays a pivotal role in Kazakh-
stan’s context as well. Farmers in Kazakhstan are nav-
igating a landscape of considerable transformations
and are essential in ensuring a harmonious coexistence
between productivity enhancement, environmental
conservation, and societal benefits. Addressing the ex-
panding agricultural complexities in Kazakhstan calls
for collective efforts and cooperation to achieve a sus-
tainable and prosperous agricultural sector that caters
to the well-being of future generations (Semenyutina
& Svintsoy, 2019).
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Toincreasethe productionofcompetitive,export-ori-
ented agricultural products and increase the country’s
food security, agro-industrial production requires the
maximum use of the adaptive capabilities of innovative
processes, technology modernisation, the harmonious
use of the natural,industrial and scientific-technical po-
tential of the territory (Chen et al., 2020). In this regard,
the assessment of potential resources in crop growing
as factors for increasing the efficiency of the forage
production industry is relevant (Moss & Havilah, 2022).

The research aims to determine the feasibility and
benefits of implementing the developed model in feed
crop-growing, considering cost-effective feed predic-
tion and specialization in forage crop cultivation. The
study’s objectivies are to collect data, evaluate trends,
and examine the factors influencing the growth of the
industry, assess government policies, identify challeng-
es and opportunities of cattle breeding in Kazakhstan.

LITERATURE REVIEW

Kazakhstan is a significant crop producer, with wheat
being its largest crop. It is the sixth largest wheat pro-
ducer in the world, and wheat accounts for 80% of its
grain production (Baitelenova et al., 2021). In addi-
tion to wheat, Kazakhstan also produces barley, cot-
ton, sunflower seeds, rice, sugar beets, flax, and minor
crops such as potatoes, watermelons, and melons. The
country has developed strategies to increase crop pro-
duction, with a focus on boosting yields rather than
expanding the area under cultivation (Yessenova et
al., 2023). The agricultural sector in Kazakhstan plays
an essential role in the country’s economic, social, and
environmental development, with over a third of the
population’s livelihoods depending directly or indirect-
ly on the extensive agricultural activities (Abuova et
al., 2020). The country’s agricultural potential remains
substantial, with significant untapped opportunities for
further development.

The Sustainable Crop Production Program for Re-
sults (World Bank, 2021) is a comprehensive initiative
aimed at fostering the advancement of environmentally
sustainable and economically viable crop cultivation in
the Republic of Kazakhstan. This program is specifically
tailored to achieve several key objectives, including the




promotion of export diversification in the agricultural
sector, the facilitation of small and medium enterprise
expansioninruralregions,the enhancement of crop pro-
ductivity through innovative agricultural practices, and
the provision of improved agricultural advisory and sup-
port services to farmers (Ministry of Agriculture, 2022).

P. Romanovska et al. (2023) conducted a study on
a statistical weather-driven crop model that accurately
predicts wheat yields in Kazakhstan at the oblast level
up to two months before the harvest. The model can
accurately predict the total wheat production for Ka-
zakhstan with R2 values ranging from 0.86 to 0.73. The
forecast model can complement existing forecasting
methods to help countries in Central Asia meet their
food demand. The model demonstrates high accuracy in
predicting wheat yields during the growing season up
to two months prior to harvest (Bissenova et al., 2023).
The model benefits from low computational power and
minimal input, relying solely on yield and weather data.
In conjunction with this study, the work of P. Romano-
vska et al. (2023) emphasises the importance of collab-
oration and scientific rigour, as well as the importance
of addressing food security and resource efficiency in
agricultural development.

In their study, S. Suieubayeva et al. (2022) show that
the agricultural industry in Kazakhstan is facing several
problems, including corruption, issues related to subsi-
dies, and a lack of a clear mechanism for tracking prob-
lems at a lower level. The population of Kazakhstan has
experiencedashortage of vegetables and fruits,whichare
on the market at inflated prices. The article recommends
building a model for assessing the state of problems to
improve the level of development of the agro-industri-
al complex. The article concludes that the agricultural
industry needs high-quality assistance from state ex-
ecutive bodies and subsidies to improve its scientific
and technical equipment and post-harvest processes.

These research efforts, policy initiatives, and pro-
grams collectively form a crucial framework for advanc-
ing food security, reducing corruption, and promoting
the long-term sustainability of Kazakhstan’s agricultur-
al industry.

METHODOLOGY

The study was conducted from 2020 to 2023 on the
territory of different regions of the Republic of Kazakh-
stan (Akmola region, Kostanay region, North-Kazakh-
stan region, Northern Kazakhstan). The study followed
a systematic approach to investigate the state of the
cattle breeding industry in Kazakhstan and its rela-
tionship with government interventions. The research
commenced with Stage 1, where the authors identified
a significant challenge: a low proportion of breeding
stock in the industry. Proceeding to Stage 2, compre-
hensive data were collected, encompassing breeding
stock proportions, production figures, input costs, and
market demand. A comparative analysis was carried out,
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benchmarking these metrics against highly developed
countries to provide context.

In Stage 3, the researchers constructed a mathe-
matical model. Using differential equations and numer-
ical modelling, the model captures the complex rela-
tionships between variables such as production, input
costs and market demand, allowing scenario analysis
to assess the potential impact of government policies.
In addition, the model allows for the assessment of
product quality according to international standards.
Ultimately, by combining the results of mathematical
modelling and product quality analysis, the model elu-
cidates the intricacies of the impact of public policies
on industry development and product quality, offering
invaluable information for policy makers and stake-
holders. Let Pv(t) be the amount of sown feed crop in
the process of growth in fields, measured in tons (Wu et
al.,2023).The change in this value will be calculated by
the formula (1):

P(t) = Pv(t)kw - Pyr(t) + 0.05Pvrmax(?), (1)

where kw is the coefficient of influence of weather con-
ditions, which is in the range from 0 to 1 and shows how
much of the harvest entrepreneurs can lose if weather
conditions affect negatively. Ideal weather conditions:
kw=0. On average, a quarter of the potential harvest
is possible due to adverse weather conditions during
the year; Pvr(t) is the amount of harvest that was actu-
ally harvested in a given year; 0.05 - coefficient show-
ing how much feed crops were planned for one day
if this process was planned for 20 days (Tsuru, 2023);
Pvrmax(t) is the available amount of feed culture that can
be obtained if the given area is a certain number of seed.

It is equal to zero when there is no sowing, and
in the days of sowing is determined according to the
formula (2):

0,t & [244;263]

Pyrmax(t) = {Pvmax, te 244263 @

In this model, Pvrmax will be considered a constant
value and determined by the formula (3):

Pvrmax=SDsz nz kk np, (3)

where S - the area of fields planned for feed crop, hec-
tare; Dsz — crop rotation necessary to obtain large har-
vests, because when processing the culture on the same
field (plot), the soil is depleted, the risk of developing
diseases and pests increases. Crops are placed on the
fields so that each of them returns to its previous place
no earlier than 3-4 years later (Li et al., 2022). The time
during which cultures pass each field in a certain se-
quence is called crop rotation; nz - the grain dissimilar-
ity coefficient, that is, the average coefficient showing
the loss of seed due to the loss of germination ability;
kk - the tillering coefficient of grain; tillering is a pro-
cess in which elevated lateral shoots are formed from
the buds of a tillering node, that is, cereals, and similar
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herbaceous plants; np — the sowing rate of the material,
tons per hectare; the sowing rate is an important in-
dicator that affects the harvest in the future, since the
density of the standing of the plants determines how
much they will receive nutrients, water, sunlight.
Simultaneously, in Stage 4, the Runge-Kutta meth-
od was employed to implement the mathematical mod-
el. This numerical technique allowed for the simulation
of variable interactions over time, providing a more
accurate representation of system dynamics. Stage 5
involved an analysis of agricultural product quality.
Through systematic data review and comparative anal-
ysis with international standards, it was revealed that
the agricultural products in Kazakhstan did not meet

the required global quality standards. In Stage 6, the
findings from both the mathematical modelling and
product quality analysis were integrated.

RESULTS

In agriculture, taking into account the natural, climat-
ic, economic, social and environmental conditions, dif-
ferent regions of the country have developed various
specialisation of production, which reflects the inter-re-
gional division of labour (Nurgazy et al., 2019). The re-
gion of Northern Kazakhstan, including the Akmola,
North Kazakhstan, and Kostanay regions, has grain and
livestock specialisation, crop production predominates
in gross agricultural output (Table 1).

Table 4. Gross agricultural output of Kazakhstan and Northern Kazakhstan for 2020-2023, bln KZT

Region 2020 2021 2022 2023
Akmola 189.6 2277 258.1 7457
Kostanay 195.2 2239 2478 721.4
North-Kazakhstan 270.8 294.7 363.6 851.3
Republic of Kazakhstan 1815.1 2040.8 2256.3 77419

Source: compiled by the authors based on Bureau of National Statistics (2023)

As a result of a radical economic reform in ag-
riculture in Northern Kazakhstan, a multi-layered
economy was formed based on a variety of forms
of ownership and management. The transition to
the formation of marketable meat on the market
in private farms led to a decrease in the productive

qualities of the herd, a low yield of meat in slaugh-
ter weight, and low-quality characteristics of meat
(Baimukanov et al., 2021). Analysis of the cattle stock
in Kazakhstan and the Akmola region, presented in
Table 2, shows a steady tendency to increase over
the years.

Table 2. Cattle stock in Kazakhstan and Akmola region from 2019 to 2022, thousand heads

Increase in 2023 Increase in 2023

Indicators 2019 2020 2021 2022 2023 compared to 2019,%  compared to 2022, %
Total number of cattle, thousands of heads
Total in Kazakhstan 6,279.2 64964 6,5156 6,813.9 8,538.05 35.99 25.31
including:
agricultural organisations 307.5 385.3 394.6 552.3 806.6 162.2 46.0
peasant households 884.2 1,202.5 1,3941 1,7247 3,373.8 281.6 95.62
personal subsidiary plots 5,087.5 4908.6 4,7269 45369 43574 -14.37 -3.95
Akmola region 401 400.1 421.8 484.9 458.4 14.3 -5.47
including:
agricultural organisations 72.7 89.1 115.5 128.2 134.3 84.67 4.76
peasant households (farms) 46.9 46.0 70.3 135.1 92.3 96.76 -31.67
personal subsidiary plots 2814 265.0 236.0 221.6 231.7 -17.64 4.56

Source: compiled by the authors based on Bureau of National Statistics (2023b)

The gradual increase in livestock requires an in-
crease in the food supply for the meet stockbreeding
industry. An effective way to solve this problem is to ex-
pand the sown area for growing feed crops on the fields
of agricultural entrepreneurs. Requires the formation of
a complex of high-quality varieties of feed adapted to
local growing conditions. In order for agricultural en-
trepreneurs to be interested in growing feed crops in
their fields, a pricing strategy for the sale of feed in the
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market will be calculated, which takes into account the
climatic conditions of the region and the state agrarian
policy aimed at economic support for the development
of meat stockbreeding through budget subsidising and
financing mechanisms.

Thus, the crop rotation condition Dsz may be equal,
for example, to the value presented in formula (4):

Dsz€{0.5;0.33; 0.25}. 4)




Suppose that Dsz =0.5, which means that in the
first year, 50% of the available area will be sown with
feed crops, and in the second year, the remaining 50%.
Provided that the harvest begins on the 225" day of
the year (approximately mid-August), the amount of
harvest that was actually harvested in a given year is
determined by the formula (5):

0,t # 225,
Pvr(t) = {Pv(t),t — 225. (%)

Denote Ps(t) — the amount of feed that does not
meet the International Grain and Feed Trade Associa-
tion (GAFTA) standard (raw materials). Then the change
equation Ps(t) looks like this,as indicated in formula (6):

Ps(t)=-Ps(t) a,+ Pvr(t) - Ps(t)u,(t), (6)

where a, is the share of raw materials that entrepre-
neurs want to bring to the GAFTA standard (a, € [O; 1]).
This value may be limited by the financial and produc-
tion capabilities of enterprises; u,(t) is the share of raw
materials that the state wants to bring to the GAFTA
standard after purchasing raw materials from entrepre-
neurs (u, € [0;1-a,]) (Bavorova et al., 2019).

Pp(t) - the amount of feed that meets the GAFTA
standard (product), and can, accordingly, be implement-
ed as a finished product, makes up a proposal on the
feed crop market, the equation of change of Pp(t) can
be written as (7):

Pp(t) = Ps(t)a, - min{Qd(t); Pp()} + Ps(t)u,(®), (7)

where Qd(t) - the final consumer demand for feed crop
at a given time; Ps(f)a, - the amount of feed that enter-
prises plan to bring to the GAFTA standard; Ps(t)u,(t) -
the amount of feed that the state plans to bring to the
GAFTA standard; min{Qd(t); Pp(t)} is the amount of feed
that meets current demand at a given time and thus
reduces supply (Yang et al., 2022).

Accordingly, the change in demand is written in the
form (8):

Qd(t)=a- bP(t) - min{Qd(t); Pp(t)}, (8)

where P(t) - the price of feed crop on the market at the
current time; a - the amount of feed crops that consum-
er would be willing to buy at zero cost; b - the slope of
the demand curve, showing how the demand for the
product will change when the price changes (increases
or decreases) by 1%; a - bP(t) the increase in demand at
a certain point in time depending on the price accord-
ing to a linear law (Srinivas 2009).

The change in the price of feed that complies with
the GAFTA standard is set taking into account its coeffi-
cient of elasticity Ep (Kunchamboo et al.,2021).Thus, the
change in the price of feed, taking into account the co-
efficient of elasticity, can be written by the formula (9):
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P(t)=-Ep(Pp(t) - Qd(d)). ©)

Denote the money of entrepreneurs Cp(t) (USD).
Then the change of money of entrepreneurs Cp(t) will
be calculated by the formula (10):

Cp(t)=-cpar(t) - Pvpr(t)(1 + toll) - Ps(t)a,pb +r(t
min{Qd(t); Pp(t)}P(t)(1 - tax) + Cd(t)u,(t) + Ps(t)u,(t)z, (10)

where cpar(t) is the cost of fertilisers, field processing,
herbicides, etc. Pvpr(t) is the cost of seed that must be
purchased by entrepreneurs from abroad to sow the
current field area; toll - state duty that must be paid for
the import of seed in the country (tax for international
trade); pb - the cost of processing raw materials for the
product - bringing the feed to the GAFTA standard by
drying and cleaning; tax - business income tax; r,(f) -
the share of all sales owned by entrepreneurs at a given
time; u,(t) - the share of state money used for direct
investment by enterprises at a given time; (Cd(t) - state
money; z - the price of government procurement of raw
materials from private enterprises (McCain, 1995).
Assume that the cost of fertilisers, field tillage, her-
bicides cpar(t) is zero when there is no crop in the fields
during growth, as well as in winter. Define the cost of
fertilisers and technical treatment according to the for-
mula (11):
Pv(t)kpgn
cpar(t) =4 kpa
0,t ¢ [60;151][245;334]

.t € [60;151][245; 334] a1

where kpg - the cost-effectiveness ratio for processing
the fields, showing how much feed can be processed by
a unit of money under conditions of applying a certain
number of mineral fertilisers, herbicides, etc.; kpgn -
a depreciation coefficient showing the proportion of
mineral fertilisers, herbicides, machinery for work that
wears out daily, transferring its value to the potential
amount of feed crop yield.

The seed purchase take place immediately before
the feed crop sowing process (Cabrera-Capetillo et
al., 2023). Then the cost of the required seed will be
determined as the product of the area of the available
fields, planting rates in tons per hectare, crop rotation
conditions for feed crops and seed prices per ton. This
condition can be written in the form of formula (12):

SpzDsz, t = 244,

Pvpr(t) ={ 0t%244 ° 12)

where pz is the price of seed per ton.

The share of all sales belonging to dependent en-
trepreneurs r,(f) is defined as the ratio of the share of
feed crop brought by enterprises to the GAFTA stand-
ard to the amount of feed crop shares those enterprises
and the state have brought to the GAFTA standard in
total, as shown in formula (13):
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r(t) =

a1+uz(t) (13)

Denote the state’s money as Cd(t). Then the change
in the state’s money Cd(t) will be calculated by the for-
mula (14):

Cd(t) = -Cd(t)u, (1) - P
Pp(6)}P(t)tax + r,( )m/n{Od( ;P

s(t)u,(t)pb + PVPf( ftoll + r,(t)min{Qd(t);
p(O}P() - Psliu 20z, (14)

where r,(t) - the share of all feed crop sales owned by
the state. It is defined as the ratio of the share proved by
the state to the GAFTA standard of feed culture to the
sum of the shares of feed crop, as shown in formula (15):

uy(t)
a+uz(t)

r(t) = (15)
Considering the above, the limitation of the system
is determined:
®m the sum of the shares of feed culture, which
enterprises and the state in total bring to the GAFTA
standard at a certain point in time, cannot exceed 1 in
accordance with (16):
a +u, ()<, (16)
m each of the particles of feed culture, which en-
terprises and the state bring to the GAFTA standard at
a certain point in time, cannot be less than 0 in accord-
ance with (17):

(17)

m the share of state money that it provides entrepre-
neurs with as subsidies for the development of produc-
tion lies in the range from 0 to 1 in accordance with (18):

u,(t) €[0;1], (18)

B time-dependent model parameters are integral

in accordance with (19):

Py(t), Pvr(8), Pvrmax(t), Ps(t), Pp(t), Qd(t), P(t), Cp(t), Cd(1),
cpar(t), Pvpr(t).r,(8), r,(t) 2 0, (19)

m at each moment of time, demand deviates from
supply no more than by a given value, as indicated in
formula (20), according to the theory of equilibrium of
Walras:

(Qd(r) - Pp(r))* <e. (20)

The authors will consider modelling the income of
the state and entrepreneurs as target functions, which
are written in the form (21):

I, = [1(Cd(t))dt—max, (21)

[, = [(Cd(t))dt—max. (22)
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To perform the calculations of the constructed eco-
nomic-mathematical model, it is necessary to have a
single objective function, therefore, having completed
the convolution, the objective function in the form is
obtained (23):

1= [1(Cd(t))dt + Cp(t)) dt—max. (23)

Taking into account the initial conditions of differ-
ential equations, there is (24):

Cd(0)=Cd,; Cp(0)=Cp,; Pv(0) =Pv,; Ps(0) =P
Pp(0)=Pp,; Qd(0)=Qd,; (O) P, (24)
Combining all the above equalities, differential
equations, restrictions and initial conditions, a model
of the state’s influence on the development of the feed
crop growing industry is obtained (25-45):

Py () = -Pv(t)kw - Pur(t) + 0.05Pvrmax(f),  (25)
Prmax(®) = (oo tograey 29
Pvmax=SD sz nz kk np, 27)

Dsz€{0.5; 0.33; 0.25}, (28)

P © = (ot s 29)

Ps (t)=-Ps(t)a, + Pvr(t) - Ps(t)u,(t), (30)
Pp(6)=Ps(t)a, - min{Qd(t); Pp(t)} + Ps(t)u,(6),  (31)
Qd(t)=a- bP(t) - min{Qd(t); Po(t)},  (32)
P(t)=-Ep(Pp(®) - Qd(t)), (33)

Cp(t)

=- par( Pvr(t)(1 +toll) - Ps(t)a,pb +r,(t)
min{Qd(t); Pp(

f)-
H}P(t)(1 - tax) + Cd(t)u, (t) + Ps(t)u,(f)z, (34)

Pv(t)kpqn
cpar(t) = { kpq ,t € [60;151][245; 334]

0,¢t & [60; 151][245; 334]

S pz Dsznp,t = 244,

0,t # 244 ’ (36)

Pvpr(t) = {

n(t) = a1+uz(f)

s()u,pb + Pvpr( Dtoll+r. ( tymin{Qd(t);

(37)

Cd(t) = -Cd(t)u,(®) - P

Pp()}P(t)tax +r,(t)min{Qd(t); Pp(t)}P(t) - Ps(t)u,(t)z, (38)
() = 20 (39)

0, +u (<1, (40)

0,,u,()>0, (41)

u,(H €[0.], (42)




(Qd(t)- Pp(t))* <e

Py(t), Pvr(t), Pvrmax(t), Ps(t), Pp(t), Qd(t), P(t), Cp(t), Cd(®),
cpar(t), Pvpr(t), r,(0), r,(t) > 0, (44)

(43)

Cd(0)=Cd,; Cp(0) = Cp,; Rv(0)=Pv,; Ps(0)=P:
Pp(0)=Pp,; Qd(0)=Qd,; P(O) P (45)

The constructed economic and mathematical mod-
el of the state’s influence on the development of the
feed crop growing industry is presented in the form of a
system of differential equations with initial conditions,
that is, the Cauchy problem. However, it also contains
a system of constraints and an objective function in
the form of an integral. That is why the solution to this
problem should be carried out in 2 stages:

The first stage is the solution of the Cauchy prob-
lem in numerical form without taking into account the
maximisation of the objective function, provided that
the state exposure parameters are u,, u,(t) = 0.

The implementation of such a numerical solution is
possible according to the 4-5 order Runge-Kutta meth-
od. To numerically solve a system of differential equa-
tions with initial conditions by the 4-5 order Runge-Ku-
tta method, in the Matlab environment there are such
built-in functions as ode23 and ode45, which differ in
their accuracy of calculations. The ode23 function cal-
culates the result up to 3 decimal places, and ode45 - a
maximum of 6 decimal places.

The syntax for the ode45 function is as follows (46):

[t, X] = ode45('< function_name>' t0, tf, x0, tol, trace), (46)

where <function_name>’ - a string variable, which is the
name of the M-file in which the right-hand sides of the
system of differential equations are calculated; tO - the
initial moment of time; tf - the final point in time; x0 -
the vector of initial conditions; tol - calculation accura-
cy; trace - a flag that regulates the output of intermedi-
ate results and is equal to zero by default.

The 4-5-order Runge-Kutta method is one of the
most common methods for solving systems of differ-
ential equations with initial conditions. Below is his
abridged algorithm. Suppose that on the interval [a, b]
it is necessary to find a numerical solution of differen-
tial equation (47):

Y =), Yx) =Y, (47)

Divide the segment [q, b] into n equal parts with the
help of points (48):

X.=x,+ih(i=0..n), (48)
where, (49)

(49)
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In the Runge-Kutta method, successive values y, of
the desired function are determined by the formula (50):

Wi+1)=y+hy. (50)

If to expand the function y in the form of a Taylor
series,and also restrict to terms up to h* inclusive, then,
respectively, the increase in the function Ay can be rep-
resented in the form (51):

Ay =y(x+h) —y(x) =hy'(x) =

hz " h3 m h4 v
Ly @+ Sy @+ Sy @), (51)

Instead of the direct calculations that appear in the
formula (51), the Runge-Kutta method determines 4
numbers by the formula (52):

ki = hf (x,),
h h
ky=hf (x+3,y+2)

n hs): (52)
ks =hf (x+35,y+2)
k,=hf(x+hy+ks)

If to give the numbers k,; k,; k;; k, weights 6,3%,%,

then the weighted average of these numbers respec-
tively, are accurate to the fourth power to Ay, which is
determined by formula (52), as shown in formula (53):

y =< Uy + 2k, + 2ks + ky). (53)
Using formula (53), (54) is obtained:
ay; = (kP + 2k + 2k + k). (54

Also, for each pair of values and using formulas
(52) values are determined (55):

K = hf (i ),
: e
K =nf (x + 2y + )
. k(‘)
KO =nf (x + Ly o+ )

kf) = hf(x,- +hy + k;l))

(53)

Finally, the following approximation will be calcu-
lated by the formula (56):
yi+1)=y,+ by, (56)
Having solved the Cauchy problem in numerical
form using the Runge-Kutta method, the result of the
model’s behaviour is obtained without taking into ac-
count the maximisation of the objective function, pro-
vided that the state does not affect the model in any

way. The second stage - to take into account the in-
fluence of the state with the help of two tools listed
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in the model, namely: providing money to enterprises
for the development of production and purchasing raw
materials from enterprises for its further processing
and sale. It is known that the state influence parame-
ters u,(t), u,(t) € [0,1].

Divide the segment into 100 intervals with a step of
0.01.Thus, there are 101 limiting values for each state
influence parameter. In this case, the maximum number

of combinations that need to be sorted out is 10,201.
It is impractical to select a larger number of iterations
due to the limited capabilities of a personal comput-
er that calculates 1 iteration in about 11 seconds, and
10201 iteration - respectively with =11 sx10,201 iter-
ation =32 hours. To solve the modelling problem, it is
first necessary to identify the initial conditions (Table 3)
and set the values of the model parameters (Table 4).

Table 3. Model parameter values (data for 2023)

The name fof the indicator Denotion Value
The area of fields planned for feed crop, million ha S 16
Business income tax tax 0.26
The cost of processing raw materials per product, KZT pb 250,175
State duty for the import of seed in the country toll 0.20
Seed price per ton, KZT pz 2,343,500
State purchase price of raw materials from private enterprises, KZT z 323,800
Weather coefficient kw 0.000757
Crop rotation condition Dsz 0.7
Feed dissimilarity coefficient nz 1
Tillering ratio kk 36.9
Material sowing rate, t/ha np 0.30
The share of raw materials that entrepreneurs wish to process al 0.027
Depreciation rate kpq 0.027
Cost-effectiveness ratio for field processing kpgn 0.0085
The amount of feed crops that consumer would be willing to buy at zero price, t a 10,000,000
The slope of the demand curve b 1,000
Price elasticity of demand Ep 0.01
Source: compiled by the authors based on Bureau of National Statistics (2023a, 2023b)
Table 4. Initial conditions of the model (data for 2023)
The name of the initial condition Denotion Value
The initial amount of sown feed crop in the process of growth in the fields, million tons Pv(0) 27.5
The initial amount of feed that does not meet the GAFTA standard (raw materials), million tons Ps(0) 0.14
The initial amount of grain that meets the GAFTA standard (product), million tons Pp(0) 0.19
The initial price of grain per 1 ton, KZT P(0) 532,550
The initial amount of money of enterprises, tn KZT Cp(0) 16.83
The initial amount of state money, tn KZT Cd(0) 49.72
Initial consumer demand for feed crops, t Qd(0) 0

Source: compiled by the authors based on Bureau of National Statistics (2023a, 2023b)

It should be noted that the availability and quali-
ty of feeding resources directly impact the growth and
size of the beef cattle population. Adequate and nutri-
tious feed supports optimal growth rates, reproduction,
and overall health, enabling a larger and more sustain-
able population of cattle.

DISCUSSION

The primary food crops cultivated in Kazakhstan are
wheat (60.3%), barley (14.9%), and potatoes (16%), as
reported by D.Wang et al. (2022). Water scarcity and soil
alkalinity are the primary constraints on wheat vyield,
whereas soil alkalinity is the main limiting factor for
barley. The current distribution of staple crops in Ka-
zakhstan is not ideal, but the suggested distribution plan
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of “Northern-Wheat, Southern-Barley, and Wheat, and
Western-Potatoes” is expected to increase crop produc-
tivity significantly. The complementary findings of the
author’s research can be supplemented by policy analy-
sis and growth modelling, creating a more complete un-
derstanding of agricultural optimisation in Kazakhstan.

G. Lukhmanova et al. (2019) identify the primary
paths of innovative development for ensuring the sus-
tainability of farmers in the country and suggest recom-
mendations for advancing innovation in the agricultur-
al sector. The authors propose that the modernization
policy for the agricultural sector should consider the
industry’s operational specifics, epistemological origins,
and developmental drivers. The integration of the ap-
proaches of G. Lukhmanova et al. (2019) and the authors




of this paper could create a robust strategy combining
data-driven models with tailored policies for sustaina-
ble agricultural growth and innovation in Kazakhstan.

L.A. Tokhetova et al. (2020) highlighted the Repub-
lic of Kazakhstan’s potential for cultivating eco-friendly
agricultural production due to its vast agricultural land,
numerous farms, and inclination towards producing
environmentally sustainable goods. Since 2016, Ka-
zakhstan experienced a decrease in organic agricultur-
al areas by 114 thousand hectares, representing 0.1%
of all farmland in the country in 2020. This reduction
was linked to the coronavirus pandemic and the global
economic crisis. With the authors’ results these studies
can provide a comprehensive understanding of sus-
tainable agricultural practices, inform policy decisions,
and address both environmental and economic aspects,
leading to a holistic approach for the development of
Kazakhstan’s agriculture in a sustainable and economi-
cally viable manner.

A study by T. Atakulov et al. (2024) conducted in
southern and southeastern Kazakhstan introduced in-
novative techniques to maximize agricultural output
through double cropping systems and developing a
“‘green conveyor” for animal feed. Researchers identified
plant species suited for two annual harvests based on
local climate conditions and established a system in-
volving winter rapeseed and triticale as primary crops
followed by corn as an intermediate crop for both grain
and silage. This approach led to increased yields, with
rapeseed producing 676 cnt./ha and triticale generat-
ing 648 cnt./ha during their respective growth phas-
es. Additionally, corn provided extra grain and silage
yields of 73.0 and 720 cnt./ha respectively. Compared
to no intermediate crops, the inclusion of corn resulted
in significantly higher overall feed unit yields ranging
between 198.4 and 236.0 cnt./ha. The most profitable
outcome occurred when sowing intermediate crops, re-
sulting in net incomes of 143.8-160.8 thousand KZT/ha
and profitability levels of 89.8-97.5%.

G. Samenova (2022) discusses the importance of
modernizing and innovating agriculture in Kazakh-
stan, particularly focusing on corn production as a
strategic yet understudied aspect. In 2021, corn cul-
tivation covered approximately 301 thousand hec-
tares in Kazakhstan, split between grain corn (63%)
and silage corn (37%). The Almaty region accounted
for half of the total grain corn produced in the coun-
try. Over 25 different corn seed origins were offered
to Kazakhstani farmers who planted over 150 diverse
corn hybrid varieties. However, 60% of these seeds
were imported into the country. To improve the corn
industry, Kazakhstan must address challenges related
to the modernization of farm machinery and agricul-
tural techniques. Additionally, the seed system needs
enhancements at every stage of the corn production
chain, including the adoption of innovative solutions
(Drobitko & Kachanova, 2023).
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The COVID-19 pandemic has worsened glob-
al food security, which was already compromised by
climate change and armed conflicts (Babayev, 2023).
This has led to a high demand for methods to improve
cereal production efficiency. A study by V. Uteulin
and S. Zhientaev (2022) was conducted to develop a
methodological approach to enhance cereal produc-
tion efficiency, which relied on time series to deter-
mine trends and make projections. The research was
conducted in the Kostanay region, which experienced
severe weather conditions in 2019, leading to a signif-
icant decrease in cereal production. The study antici-
pates substantial potential for increasing cereal pro-
duction in the region and proposes an action plan to
enhance efficiency. This plan includes optimizing state
support, creating accessible crop insurance, boosting
cereal yields, improving logistic infrastructure, and
implementing thorough monitoring of cereal produc-
tion. The study performed an econometric analysis of
cereal production trends in the Kostanay region. It
identified negative trends but highlighted that the re-
gion continues to be a significant producer of cereal
crops and high-quality wheat.

The mathematical model developed by the authors
is built on economic theories related to cattle popu-
lation growth and feed crop production, using mathe-
matical modelling and numerical simulations. Variables
were chosen based on trends, policy assessments, and
factors influencing the feed crop industry. This model
aids decision-makers by providing scenario analyses
and policy impact assessments. Its reliability stems
from its rigorous mathematical basis and real-world
data alignment, though complexities in modelling re-
al-world dynamics could be a potential weakness. The
model’s strength lies in its comprehensive approach
and practical solutions for industry sustainability.

CONCLUSIONS

The study showed that the growth and sustainability of
beef cattle in Kazakhstan is inextricably linked to the
availability and quality of forage resources. Sustainable
development requires an integrated, evidence-based
approach that includes optimising growing practices,
fertiliser use, protecting domestic producers and imple-
menting sustainable pasture management practices.
The data reveal significant growth in the gross agricul-
tural output across regions such as Akmola, Kostanay,
and North-Kazakhstan, with the Republic of Kazakh-
stan’s output reaching an impressive 7741.9 billion KZT
in 2023, a substantial increase from 2256.3 billion KZT
in 2022. Similarly, the cattle stock has shown notable
growth, with the total number of cattle in Kazakhstan
increasing to 8538.05 thousand heads in 2023, up from
6813.9 thousand heads in 2022.

Comparing the data for 2019 and 2023, as well as
for 2022 and 2023, we see a marked increase in both
agricultural output and cattle numbers, indicating the
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positive impact of feed optimisation and government
support policies. This upward trend emphasises the di-
rect correlation between feed quality and cattle health
and growth. The study recommends further optimisa-
tion of government support policies, including enter-
prise financing and strategic raw material procurement,
to further increase forage crop production. In addition,
adherence to international quality standards and the
introduction of stratified crop specialisation are neces-
sary to significantly increase beef cattle numbers in the
next 5-10 years.

The prospects for further studies in the field of beef
cattle population growth and sustainability in Kazakhstan

are highly promising. Ongoing research should prior-
itize the optimization of feeding resources, including
sustainable crop cultivation techniques and nutritional
analysis, to ensure a consistent supply of high-quality
feed. Additionally, economic modelling and policy anal-
ysis should continue to guide evidence-based decisions,
particularly in terms of government support policies.
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AHoTauif. [any3b TBapMHHULTBA NEPEXMBAE CTPIMKE 3pPOCTaHHS, i,3a NPOrHO3aMm, MONUT Ha NPOAYKLLi 0 TBAPUHHULITBA
NPOAOBXKYBATUME LUBMAKO 30iNblUyBaTUCS 3aBASAKM 3POCTAHHI0 YMCENIbHOCTI HACENEHHS, NiABULLEHHIO PIBHS XUTTS
Ta ypbaHi3auii. MeToto Li€i CTaTTi € OLiHKa AOLINIbHOCTI BUKOPUCTAHHS CTBOPEHOI MOLENi BUPOLLYBAHHS KOPMIB 415
M'SICHOrO CKOTApCTBa Ha eTani CTaHAAPTHOrO MAaHYBaHHS €KOHOMIYHOMO PO3BMTKY. ABTOPM BM3HAYAOTb MLIEHMULIO
9K pedepeHTHY KynbTypy. Y [OCNIOXEHHI BMKOPUCTAHO aHanis, CTaTUCTUYHI METOAM, eKOHOMIKO-MaTeMaTuyHe
MOJENOBAHHA Ta MaTeMaTUYHE MOAENOBAHHS. ABTOPU OLIHIOWTb NMOTEHLian BUKOPUCTAHHS CTBOPEHOI Moaeni ang
BMPOLLYBaHHS KOPMIB AN Xyfobu, Npu3HaYeHnxX NS BUpoOHMLTBA M'aca, Nif Y4ac CTaHAApTHOI dasu nNnaHyBaHHS
€KOHOMIYHOro po3BuTKY. Modenb NporHo3ye eKOHOMIYHO edeKkTMBHI KopMmu. Po3pobneHa aBTOpaMM eKOHOMIiYHa
MOJe/b YMOX/IMB/IOE 3pOCTAHHS KOPMOBOi 633, 3MEHLLYE 3aeXHICTb Bif iIMNOPTHUX KOPMIB Ta CNPUSIE PO3LLIMPEHHIO
M'ICHUX NOPifA, WO € YHIKaNbHUM acnekToM AocnimkeHHs. [locnigXeHHs NiAKpecne BaXIMBICTb CTpaTeriyHoro
po3noainy, cneuianisawii Ta KOHLEeHTpaLii M'ICHOro CKOTapCTBa B KOHKPETHUX MPUPOAHMX Ta EKOHOMIYHMX YMOBAX.
BoHO Takox nigkpecntoe BaK/MMBICTb iHTerpawii BenMKoMacwTabHOro BMPOOHMUTBA 3 CepefHiMM Ta Manumu
CiNbCbKOroCnoAapCbKMMM NiANPUEMCTBAMM B M'ACHIA NPOMMUCNOBOCTI. [TpakTUYHE 3HAYEHHS AOCNIAKEHHS NONSrae
Yy BMKOPUCTaHHI cneumndiyHnX CTPYKTYp i KOHTPOMi YacCTKM iMMOPTY Yy BUPOOHMLTBI KOPMIB, @ TaKOX OOMEXEeHHi
Npono3uuii KOpMiB i FOTOBUX Xap4y0oBMX [,00aBOK AN rapaHTYyBaHHS NPOA0BO/BLYOI 6e3neku

KniouoBi cnoBa: BMpOLLYBaHHS KOPMOBMX KY/bTYp; MOCTa4YaHHS NPOAOBO/LCTBA; 3pPOCTaHHS; NPOA0BO/bYa be3neka;
€KOHOMiYyHa Moaenb
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models of ensuring financial stability for the enterprises of this sphere in the Republic of Kazakhstan. Furthermore,
the state of the dairy industry in Kazakhstan was assessed, emphasising its significant potential to contribute to
the agricultural sector. Some difficulties that arise within the framework of the development of this sphere in the
country were described, such as dependence on imports of certain types of products and insufficient production of
certain types of goods of the industry. Shortcomings also exist in terms of milk quality and its export, specifically
to China. The study also proposed crisis prediction models. One of them was a model based on the logit regression
approach,which included seven coefficients that helped to identify organisations experiencing financial difficulties,
assess the boundary values of financial stability, rank organisations, and accurately predict the risk of financial
crisis. It was shown that its use can allow for increased efficiency in the functioning of agriculture. The study
brought new knowledge for the research of the agricultural sphere of the Republic of Kazakhstan. The findings
provide a better understanding of the foreign features of forecast model construction and allow enterprises and

government representatives to improve the construction of such models

Keywords: finance; macroeconomics; trade; investment; econometric analysis

INTRODUCTION

Agriculture as a whole serve not only as an industry for
the production of raw materials and goods, but also as
an important part of the life of the country. The lev-
el of agricultural production directly affects the food
security of the country. Thus, identifying problems at
an early stage can lead to prompt implementation of
measures to prevent potential future bankruptcies.
Given the reasons described above, it is relevant to
revise the recommendations that enhance the man-
agement of financial security of agricultural enterpris-
es, ensuring their sustainability and growth in an un-
stable environment. The deepening of this topic will
make it possible to assess the financial condition of
the subjects of agrarian-industrial complex and im-
prove the accounting, analytical, and financial tools
used in managing the development of agricultural en-
terprises. In modern conditions, many enterprises can-
not assess their stability in the face of various crises
that may arise (Gutsul et al., 2023). This creates addi-
tional risks for companies that, in the event of certain
situations that cannot be foreseen, they will not be
able to resist difficulties or will suffer significant loss-
es. Improving the methodology of crisis models will
considerably reduce the risk of such an outcome. The
importance of the study is also in identifying promis-
ing areas for improving the methods of measuring the
financial stability of domestic agricultural enterprises
based on foreign practices in diagnosing financial cri-
ses. This will help in forecasting and making informed
management decisions to improve the financial health
of agricultural organisations.

The general study of the current state of Kazakh-
stan’s economy has been worked on by quite a con-
siderable number of scientists. Thus, M. Sadyrova et
al. (2021) investigated innovation processes in Ka-
zakhstan. Researchers have noted that there is a clear
trend within the country towards an increasing role
for the latest technologies (both in terms of produc-
tion and as part of a more global policy of the state
in long-term development). Although scholars have

described certain steps that have already been tak-
en and should be implemented in the country in the
future in this area, but they are not enough to build
a full-fledged policy. A. Figus and D. Shaikin (2019)
investigated the features of socio-economic devel-
opment of the country. Scholars have written that
Kazakhstan is making considerable strides towards
becoming a major global player by emphasising en-
lightened reforms and technological advance. They
analysed government plans for the future develop-
ment of the country but did not themselves propose
any improvements or alternatives for them. Zh. Aigaz-
in (2021) in turn assessed the economic trends in the
state in the aftermath of the COVID-19 crisis, form-
ing predictions on how the situation may evolve in
the future. A.T. Aimen et al. (2022) studied the state of
dairy products in Kazakhstan. They emphasised that
certain problems do exist within the industry (lack of
competition, lack of productive capacity, low involve-
ment of scientific production), and proposed methods
of solutions for them.Y. Akhmedyarov et al. (2023) not-
ed the opportunities for the development of sustain-
able dairy production in the country. They considered
the environmental and economic factors affecting the
possibilities of sustainable development mechanism
in the country. They also looked at technologies that
states could use for these purposes, although they
paid little attention to public policy issues.

Thus, the purpose of this study was to assess the
current state of development of the dairy sector in Ka-
zakhstan and to draw conclusions about what models
can be used to forecast future trends in the industry.
This will allow for a more precise definition of public
policy in this sector.

MATERIALS AND METHODS

During the study, statistical data related to the assess-
ment of the current state of agriculture and the dairy
sector in Kazakhstan was also analysed. For this pur-
pose, data on the distribution of agricultural enterprises
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of Kazakhstan by financial results, distribution of agrar-
ian formations by their number and volumes of milk
production were used. The source of data for all three
of these indicators was the Bureau of National Statis-
tics of Agency for Strategic Planning and Reforms of
the Republic of Kazakhstan (2023). All calculations and
plots were performed in Microsoft Excel.

The main approach during the study was system-
atic. It allowed an assessment of the factors affecting
Kazakhstan’s dairy sector within a single system where
they interact with each other. This made the generated
evaluation model more accurate and qualitative. Sev-
eral main scientific methods were utilised within the
study. Based on data analysis, the specific features of
formation of crisis-models of agricultural enterprises
both in Kazakhstan and in other countries were evalu-
ated. The historical method helped to draw conclusions
about current trends in the development of the industry
based on known information about how it has evolved
in the past. Forecasting made it possible to assess fu-
ture scenarios of its development, based on the same
known past and present data. The comparison method
was used to evaluate different methods of crisis mod-
elling to assess their strong and weak characteristics.
Furthermore, statistical methods of research were ap-
plied, specifically, statistical modelling to describe the
models of crisis forecasts based on the data of the Re-
public of Kazakhstan. Data characterising the develop-
ment of agriculture and, namely, the dairy sector, were
subjected to statistical processing to form conclusions.
The study employed the tabular method, which made
it possible to present the information analysed during
the study in a compact way. The same applies to the
graphical method because the study used figures to
show individual statistics within the research.

Nevertheless, this study, like any other, has certain
limitations. Thus, only a few crisis-forecasting mod-
els were analysed within the framework of the study,
which may partially distort the final conclusions. Fur-
thermore, there has been no comparative analysis of
both the state of the dairy industry between individual
countries and the effectiveness of certain models un-
der different economic conditions. The study also does
not assess the environmental part of the impact of the
activities of such enterprises in the country, which may
be especially relevant given the spread of the concept
of sustainable development in the world. The study is
also based solely on the analysis of statistical informa-
tion and the evaluation of theoretical data, but for more
accurate results, a survey of stakeholders, such as the
authorities or dairy producers, may also be effective. All
this indicates the importance of conducting additional
research in this area.

RESULTS

To begin with, it is worth assessing the development of
the dairy industry in Kazakhstan as a whole. The dairy
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industry has considerable potential for the development
of the entire agricultural sector, contributing almost KZT
500 billion annually to the agricultural economy. Al-
though there are around 800 dairy farms in the country,
the average scale is small, with an average of 150 head
per farm,while larger farms of more than 1000 head are
rare. Despite the sector’s potential for steady cash flow
and the scarcity of the domestic market, entrepreneurs
are discouraged by some of the complexities, including
the need for considerable one-time investments, irri-
gation requirements, and difficulty in recruiting skilled
staff. The need for a consistent long-term strategy is
crucial as businesses are hesitant due to changes in
government support rules, leading to a lack of confi-
dence in creating long-term projects. This points to the
need to create strong links between public authorities
and enterprises to improve development opportunities
for the industry.

Kazakhstan has a shortage of quality milk faced
by dairy producers, resulting in dependence on im-
ported milk powder. This shortage could lead to lower
production turnover and potential company closures.
The decline in milk supply over the past five years has
outpaced producer growth, creating challenges for
processors. Compensation of raw milk shortages with
imported milk powder makes producers dependent on
external prices, which affects their competitiveness
(Raimbekov et al., 2018). The region’s Department of
Agriculture emphasised the tightening of requirements
for the quality of raw materials from 2025, stressing the
importance of animal feed supply and condition. To ad-
dress the shortage problem, it is worth increasing dairy
production in the country by investing in dairy farming
projects, which can also be influenced by the govern-
ment through both direct injections of funds and by of-
fering incentives for such enterprises by reducing their
taxes or credit rates (Amirbekova et al., 2022).

In general, one can identify several major issues in
the dairy sector of Kazakhstan related to its production
and imports. There are approximately 908 dairy enter-
prises in Kazakhstan, and they generally have problems
meeting microbiological requirements for raw milk and
problems with testing of milk quality parameters, which
affects exports to China. Adjustments to the require-
ments for dairy products made from milk other than
cow’s milk are also proposed. Thus, it is relevant to re-
view conformity assessments and consider cancelling
some declaration schemes based on rules adopted in
2013 (Kazakhstan has a big..., 2023).

In State program for the development of the
agro-industrial complex of the Republic of Kazakhstan
for 2017-2021 (2017), SWOT analysis revealed that one
of the weaknesses of the agricultural sector is low pro-
ductivity and limited profitability of agricultural pro-
ducers. Consequently, Kazakhstan has expressed signif-
icant concerns about the sustainability of agricultural
production. Financial instability of agricultural business




is manifested in the main financial and economic indi-
cators of the agricultural sector of the Republic of Ka-
zakhstan. Thus, over the period from 2010 to 2021, the
share of agricultural enterprises reporting negative fi-
nancial results has been steadily fluctuating at the lev-
el of at least 21% of all enterprises in the agricultural
sector, as presented on Figure 1.
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As can be seen from Figure 1, the highest percent-
age of unprofitable results was observed among agri-
cultural enterprises in 2013 - 48.3% and in 2015 - 39%.
At the end of 2023, the share of unprofitable enterpris-
es decreased to 21.8% (compared to 45% in 2010). Data
on the location of agricultural units across the country
are presented in Figure 2.
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Figure 1. Distribution of agricultural enterprises in Kazakhstan by financial results for 2010-2023
Source: compiled by the authors of this study based on data from Bureau of National Statistics of Agency for Strategic
Planning and Reforms of the Republic of Kazakhstan (2023)
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Figure 2. Distribution of agricultural formations in Kazakhstan by their number for 2010-2023
Source: compiled by the authors of this study based on data from Bureau of National Statistics of Agency for Strategic
Planning and Reforms of the Republic of Kazakhstan (2023)

Much of the decline presented in Figure 1 can be
explained by the data from Figure 2. Thus, there was
almost 52% decrease in the number of agricultural en-
terprises between 2010 and 2023. Therewith, the most
substantial reduction in the number of enterprises
occurred against the background of general financial
instability in the country in 2015: 38% of agricultural
entities declared their insolvency. Consequently, in the
face of intense competition and global market integra-
tion, the evolution of the agricultural sector highlights

the growing importance of strategic management for
agricultural organisations. A critical objective of strate-
gic management includes the development of practical
methodologies that can identify, assess, and analyse
the prevailing threats to the financial stability of ag-
ricultural enterprises (Vaintrub et al., 2021). Although
statistics on dairy farming in Kazakhstan are rather lim-
ited, they can still be found in free sources. Thus, the
volume of milk production of all types in the country is
presented in Figure 3.
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Figure 3. Milk production volumes in Kazakhstan in 2003-2023, thousand tonnes
Source: compiled by the authors of this study based on data from Bureau of National Statistics of Agency for Strategic

Planning and Reforms of the Republic of Kazakhstan (2023)

As Figure 3 shows, the volume of production of
these products in the country as a whole is increasing
over the selected period, which indicates the devel-
opment of this sphere in general. This is coupled with
the information discussed above regarding the devel-
opment of the dairy sector in Kazakhstan as a whole.
Nevertheless, this does not cancel the difficulties that
exist in terms of import substitution of certain types of
milk, specifically, milk powder. This indicates the need
for further increase in production in this sector and in-
creased attention to it by public authorities.

Within the framework of this study, the ability to
assess the financial health of agricultural enterprises
played a significant role, for which many approaches,

methods, and techniques, indicative and computation-
al measures were generally created. Nevertheless, the
main focus in the development of the methodology of
financial stability assessment is the creation of a fac-
tor model. They make it easier to identify signs of fi-
nancial distress in agricultural organisations and allow
the identification of the concrete category of financial
strength that an organisation maintains. Such factor
models should be built on certain indicators that de-
scribe the financial stability, economic potential, and
recent performance of the enterprise. The resulting val-
ue of the functions should reflect the degree of finan-
cial stability within the organisation. Some of these are
presented in Table 1.

Table 1. Comparative characteristics of crisis forecasting models

Sources of the crisis forecast model

Z=0.717X,+0.847X,+3.107X,+0.42X +0.995X,

Z=1.03X +3.07X,+0.66X.+0.4X,

X The ratio of net working capital to total assets

The ratio of working capital to total assets

The ratio of retained earnings and reserve capital to total

X, assets The ratio of profit before taxes and interest to total amount
X, The ratio of profit before tax and interest to total assets The ratio of profit before“;i?l;ctoi::e amount of short-term
X, The ratio of equity to the value of total debt The ratio of revenue (net) to total assets
X, The ratio of revenue (net) to total assets -
Z-score value Threat of bankruptcy Z-score value Threat of bankruptcy
less than 1.23 high less than 0.86 high
1.23-29 uncertainty over 0.86 absent
over 2.9 low
Sources of the crisis forecast model
Z=0.063X,+0.092X,+3.057X,+0.001X, Z=0.53X,+0.13X,+0.18X,+0.16X,
X, The ratio of working capital to total assets The ratio of profit from sl?alz?“tt?etshe amount of short-term
X, The ratio of profit from sales to total assets The ratio of working capital to the amount of liabilities
Xy The ratio of retained earnings to total assets The ratio of short-term liabilities to total assets
X, The ratio of equity to debt The ratio of revenue to total assets
Z-score value Threat of bankruptcy Z-score value Threat of bankruptcy
Less than 0.037 High Less than 0.2 High
Over 0.037 Absent Over 0.3 Absent

Source: compiled by the authors of this study based on E.I.Altman et al. (2017), G.L.V. Springate (1978), K.O.Appiah (2011),

RJ. Taffler (1982)
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At the initial stage of building the identification
model, a set of indicators relating to both production
and financial activities is established. To assess the
characteristics of agricultural production in different
sectors, this set should include indicators related to
financial stability and economic efficiency. Moreover,
these indicators need to be normalised for geograph-
ical differences, as agricultural organisations can vary
substantially in size, production intensity, and resource
availability. Therefore, the indicators selected for anal-
ysis should be relative. Hence, there is a need for a di-
agnostic model of financial stability that can consider
not only the impact of numerous factors, but also the
unique aspects of agricultural production. Furthermore,
these models should be regularly updated using the lat-
est statistical data and should be adapted to the evolv-
ing economic situation in the industry, the region, as
well as to changes in financial regulations, accounting
practices, and reporting standards. When building crisis
prediction models, it is crucial to choose appropriate
modelling tools, such as mathematical methods, to cre-
ate an understanding of the subject under study, in this
case the risk of financial crisis. The purpose is to make
this simulation model as close to real data as possible. It
is key that the model is interpretable in terms of its con-
tent and user-friendly in its application (Feil et al.,2020).

Learning from the experience of developing mul-
tivariate crisis forecasting models, as observed by
W. Zhu et al. (2022), along with understanding the fi-
nancial features of agricultural enterprises in Kazakh-
stan, it is possible to calculate an integrated indicator
to assess financial stability based on the previously es-
tablished crisis forecasting model. Meanwhile, the indi-
cators selected for analysis, reflecting the financial con-
dition of organisations, provide insight into financial
stability from various perspectives, including both the
sustainability of financial conditions and development
potential. Consequently, the crisis forecasting model
includes the most significant indicators characterising
the structure of the balance sheet of the enterprise and
its economic activity. The crisis prediction model can be
described as follows (1):

Z=27-5X,+15.96X,- 15X, - 1.16X, -
-63.68X, - 0.39X, +47.44X,, (1)

where Z - value of the crisis forecasting model; X, -
current liquidity ratio; X, - financial leverage ratio; X, -

Akhmetova et al.

turnover ratio of current assets; X, - working capital ra-
tio; X, - ratio of financial liabilities to assets; X, - return
on equity; X, - turnover ratio of total assets.

This model suggests that if the tested function
F(Z) gives a value equal to or less than zero, there
is no probability of financial crisis. Conversely, if the
value of the function F(Z) for the tested enterprise is
equal to or greater than one, the probability of a fi-
nancial crisis increases. The logit regression model is
universal because it relies on annual cluster and dis-
criminant analysis. This approach mitigates fluctua-
tions in the production and financial performance of
enterprises, including timing differences. Such adapt-
ability is particularly important in agriculture, where
natural and climatic conditions substantially affect the
sustainability of agricultural enterprises (Lapple and
Thorne, 2019).

The proposed logit model offers several advantag-
es for agricultural producers in Kazakhstan. It consists
of calculating seven coefficients that can be easily
substituted into functional equations. Thanks to this
approach, it becomes possible to identify agricultur-
al organisations experiencing financial difficulties and
assess the “boundary” values of financial sustainability
ratios, indicating the transition from one level of fi-
nancial sustainability to another. The model ranks ag-
ricultural organisations according to their proximity to
the point of financial distress, providing an accurate
prediction of the risk of financial distress. This empha-
sises its practical relevance in assessing and managing
financial stability.

To assess the financial stability of an enterprise, it
is recommended to attribute it to a certain class of risk
by the nature of its financial and economic activities,
considering both their quantitative and qualitative
attributes. Similarly, four clusters of enterprises were
identified according to the type of their financial sta-
bility, and the overall indicator was presented in the
form of a range of values: thus, the groups with a low
level of crisis risk have a value below-51, with an aver-
age risk - from-50 to-11, with a risk greater than aver-
age - from -10 to 0, with a high level of risk - above 0.
The present study is based on the use of factor model
to diagnose the presence of signs of financial crisis in
agricultural organisations. Table 2 shows the grouping
of enterprises by type of financial stability, as well as
the average values for each group.

Table 2. Logit model value (Z) according to the type of financial sustainability of agricultural organisations

Group of enterprises Number The average value of group indicators
Year according to the level of  of objects
crisis risk in a group z X, X, X, X, X, X,
2022 . 3 -7711  20.52 0.07 1.02 0.95 0.05 16.41 0.49
Ee— Low risk level

2023 3 -95.73  24.98 0.04 0.95 0.96 0.04 10.87 0.48
Absolute change (+,-) 0 -18.63 4.46 -0.03 -0.07 0.01 -0.01 -5.54 -0.01
Average for 2 years X -86.42 22.75 0.05 0.99 0.95 0.04 13.64 0.48
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Table 2. Continued

Group of enterprises Number The average value of group indicators
Year according to the level of of objects
crisis risk in a group VA X, X, X, X, X, X, X;

2022 Moderate risk Level 4 -16.12 5.75 0.41 1.14 0.81 0.28 13.47 0.42
2023 3 -14.68 6.61 0.27 1.07 0.85 0.21 10.51 0.44
Absolute change (+,-) -1 1.44 0.87 -0.14 -0.07 0.04 -0.06 -2.95 0.02
Average for 2 years X -15.4 6.18 0.34 1.1 0.83 0.24 11.99 0.43
2022 Above average risk level 3 -3.41 4.18 0.26 1.39 0.75 0.2 10.94 0.53
2023 2 -3.58 3.5 0.83 1.18 0.81 0.36 8.43 0.36
Absolute change (+,-) +1 -0.17 -0.68 0.57 -0.21 0.06 0.16 -2.51 -0.17
Average for 2 years X -3.5 3.84 0.54 1.29 0.78 0.28 9.69 0.45
2022 High risk Level 1 2.79 1.53 0.82 1.62 0.34 0.45 6.13 0.55
2023 3 6.03 2.54 0.42 1.25 0.57 0.27 591 0.48
Absolute change (+,-) +2 3.24 1.01 -0.4 -0.37 0.23 -0.18 -0.22 -0.07
Average for 2 years X 441 2.04 0.62 1.44 0.45 0.36 6.02 0.52

Source: compiled by the authors of this study

According to the crisis prediction model for 2022-
2023 (as presented in Table 2), 8 farms (representing
72.7%) do not face an immediate threat of financial
crisis in 2022, as indicated by logit regression values
below zero. Of these, six farms maintained a satisfacto-
ry level of financial sustainability, three farms exhibit-
ed a less than adequate level of sustainability, and two
farms were approaching this critical state.

DISCUSSION

Based on the information analysed above, it is possible
to offer certain recommendations related to the long-
term development of the dairy sector. Thus, establish-
ing strong and consistent links between government
agencies and dairy enterprises to build trust and in-
crease development opportunities is still important. It
is also important to provide financial support to dairy
farm projects, including direct injection of funds, tax
reductions, and favourable loan rates. Small and me-
dium-sized enterprises in the industry should also be
given attention, and support programmes should be
considered to help them overcome the obstacles they
face when operating in the market. It is also impor-
tant to disseminate among enterprises in the sector
the new possibilities of building models for assessing
the financial stability of companies, using factor mod-
els such as logit regression. It is important to update
them frequently and adapt them to changing economic
conditions, industry changes, and financial regulations.
It is also important to develop a methodology for iden-
tifying, assessing and analysing threats to the financial
stability of agricultural enterprises. It is also important
to introduce crisis prediction models, using appropri-
ate mathematical techniques to simulate real financial
conditions. The application of these recommendations
can considerably increase the efficiency of the industry
in the long term.

C. Foroni et al. (2022) evaluated some methods
to improve current forecasts of gross domestic prod-
uct (GDP) growth during the COVID-19 crisis and
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recovery period using mixed MIDAS and UMIDAS mod-
els with monthly indicators. These techniques include
combining forecasts from different specifications or
models, extending the model by moving average, us-
ing similarity approaches for estimation, and applying
certain overlap corrections to bring the forecasts back
on track. The researchers suggest that careful thought
about the external indicators used to build the model
is critical to improve the reliability of forecasts during
significant economic shocks, after which additional in-
dicators, econometric models and real-time data can be
explored to improve forecasts. One can indeed agree
with this, given that the choice of external factors influ-
encing the model will considerably change the data it
will produce and what decisions will be made based on
it (Anarbayev et al.,2023). It even determines the choice
of the model as a whole. Thus, it is really worthwhile to
devote more attention to the evaluation of the factors
analysed within the models.

A comparable study was also conducted by L. Bar-
baglia et al. (2023). They discussed the challenges of
economic forecasting during the COVID-19 pandemic,
considering the uncertainty and the need for accurate
data for policy makers. The results of the paper empha-
sised the importance of prompt provision of big data
in predicting the rapidly changing economic landscape.
Scholars have written that it is important to use multi-
ple models and modify them as the reality of the world
economy changes. This also suggests the role of pro-
gressively updating the relevance of data and informa-
tion during research. This was also mentioned earlier in
the present paper: while the application of individual
models in the dairy sector in Kazakhstan can indeed
help to increase the efficiency of the industry, it is im-
portant to continuously monitor the changes taking
place in the context of the role of the influencing fac-
tors on the industry as well as their quantification.

C.L. Beber et al. (2021) investigated certain topical
features of milk market development in the EU coun-
tries. Researchers described that milk production is




expected to shift from unification countries to develop-
ing nations. Conducting their study within Germany, the
researchers described that to maintain or increase their
global market share, German dairy companies would
have to process milk outside the country. However, in-
ternational competitiveness is under pressure due to
growing domestic demand and high production costs,
while the value of commodity exports is relatively low.
Developing countries face serious environmental chal-
lenges and addressing them is critical to their access
to modern supply chains and developed markets (Ol-
eksandrenko & Levis, 2023). This may indicate that in
the future one should expect production capacities to
move to Kazakhstan as well, and thus a comparative
increase in the country’s role in the international dairy
production arena.

H.Nozari et al.(2021) studied the possibilities of ap-
plying green marketing in the dairy industry. Research-
ers have described the role of using selected emerging
technologies in this area, such as the Internet of Things,
as well as evaluated its potential application in mar-
keting activities. Furthermore, the scientists noted that
the use of such technologies, among other things, will
help to achieve considerably better performance in the
field of dairy farming, including the reduction of harm
from its side to the environment. In the present study
methods of support for the dairy sector were also men-
tioned, but they consisted of somewhat different prin-
ciples than those proposed by scientists (and primari-
ly on the application of the latest forecasting models,
strengthening trust between the state and enterprises).
However, the development of technology can also have
a positive impact on the industry, for which the state
should also make efforts, specifically through financial
support (Tulush et al., 2023).

R.S. Mor et al. (2021) were concerned with model-
ling distribution efficiency in the dairy industry. Within
the framework of the study, the researchers selected 22
elements of distribution practices for factor analysis
for statistical analysis and model building. Hypothe-
sis testing showed that all the factors analysed have a
positive effect on distribution efficiency in the dairy in-
dustry. Thus, an effective information system improves
coordination. Effective marketing of products in rural
areas and flexible logistics systems are also considered
essential factors in achieving marketing objectives
(Moldabekova et al., 2022). All these factors mentioned
by the researchers in their study should also be con-
sidered by entrepreneurs in Kazakhstan when forming
long-term development strategies.

G. Gebreyohanes et al. (2021) investigated dairy de-
velopment trends in Ethiopia. Researchers have noted
that this area has significant growth potential, but con-
certed efforts by both government and the private sector
are needed to overcome the challenges. Although con-
tinuous efforts are being made to create value chains in
the dairy sector, they are fragmented and have certain
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challenges. Private sector investment also plays a mas-
sive role in development. The researchers, on the other
hand, recommend building a sustainable resource sys-
tem, strengthening regulatory institutions, establishing
dairy clusters, expanding extension services, investing
in breed improvement research, implementing breed-
ing policies, adopting a value chain approach, stimulat-
ing the private sector, encouraging milk consumption,
and strengthening the market. In general, the present
study has also proposed recommendations related to
the development of the dairy sector. They consisted
mainly in the introduction of improved methodologies
for analysing crisis-forecasting strategies in enterpris-
es. Nevertheless, the recommendations proposed in the
analysed source are also of sufficient quality to be used
to support the industry.

Thus, analyses of the dairy industry in Kazakhstan
show that the sector has significant potential to con-
tribute to the agricultural economy, and although there
are some difficulties, these can be resolved if certain
components of government policy are applied. Further-
more, the companies themselves can also influence this
if they properly build a long-term development strate-
gy. Nevertheless, it is also important how the state and
enterprises will interact and whether they will be able
to reach an understanding. Only if the actions of both
parties prove to be pro-industry should significant im-
provements be expected.

CONCLUSIONS

The findings of this study emphasise the importance
of considering the indicators of financial stability
along with the indicators of economic efficiency in
diagnosing financial crises in agricultural enterprises.
These include such indicators as animal productivi-
ty, calf yield per 100 head, milk yield per 1 cash unit,
fixed assets maintenance costs, feed consumption,
labour costs per 1 centner of milk per head, profita-
bility of milk production. Moreover, the results of the
correlation assessment revealed strong relationships
between most of these indicators, indicating their
interrelated and interdependent nature. Additionally,
models were developed to establish the relationship
between the risk of financial crisis and the key factor
indicators to address this issue. Using a set of concrete
indicators, this analysis not only identifies the factors
leading to a decline in the financial sustainability of
agricultural enterprises, but also provides a tool for
forecasting and creating a science-based information
base that can serve as a guide for managing the activ-
ities of agricultural enterprises.

Using logit regression models offers several advan-
tages over discriminant models. They are more versa-
tile, easy to apply, and can be used to identify agricul-
tural enterprises facing financial crisis. Moreover, the
results of these models can help determine “threshold”
values of financial strength ratios. These models also
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allow ranking agricultural enterprises according to their ~ the formation of more advice to businesses to conduct
proximity to the brink of financial crisis, which proves  such activities in the country.

their practical usefulness. Relevant for follow-up re-

search is the assessment of crisis models for business ACKNOWLEDGEMENTS

sectors other than dairy in Kazakhstan and other coun-  None.

tries. Furthermore, it is important to provide a broader

list of public policy recommendations that could have a CONFLICT OF INTEREST

positive impact on agriculture in the country,as wellas  None.
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AHoTauif. MonoyHe TBapMHHULTBO, SK O4HA 3i CKNaf0BMX CiNbCbKOro rocnogapcrea B KasaxcraHi, Bigirpae ayxe
BaX/MBY posb Ang eeKTUBHOrO PO3BMUTKY ranysi Ta KpaiHu, WO pobuTb akTyanbHWUM ii NOCTiMiHe BUBYEHHS. TakuM
YMHOM, METOI LbOro AOCMIAXKEHHS CTaNO PO3rASHYTW pi3Hi Modeni Afg NPOrHo3yBaHHS LiSAbHOCTI NiANPUEMCTB
MOJIOYHOr0 TBApWMHHMLTBA, iXHbOi GiHaHCOBOi cTabinbHOCTi. MeTogamu, WO 3acTOCOBYBANMCA B paMKax
[OCNipKeHHs, 6ynu aHani3, NporHo3yBaHHs Ta abCTparyBaHHsA. Y pamkax AaHOi poboTn 6yno po3rnsHyTo pi3Hi
mMozeni 3abe3neyeHHs GiHaHCOBOI CTabiNbHOCTI ANa NiANPUEMCTB AaHoi chepu B Pecny6niui KazaxcraH. Kpim Toro,
6yno OLiHEHO CTAH MOJIOYHOI NMPOMMCNOBOCTI B KasaxcTaHi, Migkpecntoum ii 3HaUHWUIA NoTeHLian Ans BHECKY B
cinbCbkorocnoaapcbkui cektop. byno onmcaHo geski TpyAHOLLI, SKi BUHMKAKOTb Y paMKax pO3BUTKY Li€i cdhepu B
KpaiHi, Taki K 3aneXHiCTb Bif, iMNOpTY OKpPeMMX BMAIB NPOAYKLii Ta HEAOCTAaTHICTb BUPOOHMLTBA OKPEMMUX BUAIB
ToBapiB ranysi. Hefoniku icCHyOTb | B pO3pi3i AKOCTi MOJIOKA Ta MOro eKcnopTy, 30kpema — fo Kutato. Y pamkax pobotu
6yN10 TaKoX 3aNpoONOHOBAHO MOAENi NPOrHO3yBaHHS Kpu3. OfHIE 3 HUX Bynn Moaenb, 3aCHOBAHA Ha niaxomi noriT-
perpecii, Wwo Mictuna ciM koedilieHTIB, SKi Aa0Tb 3MOry iAeHTMIKyBaTU OpraHisauii, Wwo BigvyBatoTb iHAHCOBI
TPYAHOLLi, OLIHIOBATU rPaHMYHI 3HAYeHHs GiHAHCOBOI CTIMKOCTI, paHXXyBaTW OpraHisauii Ta TOYHO NPOrHO3yBaTh
pusnk @iHaHcoBoi Kpu3u. byno nokaszaHo, Wo ii BMKOPUCTAHHA MOXe [03BOAUTM 36inbwnTU edeKTUBHICTb
(dYHKLIOHYBaHHS CiNlbCbKOro rocnogapcrea. Pobota NpMHOCKUTL HOBi 3HAHHS A1 BUBYEHHS CiNlbCbKOroCnoaapCbKoi
chepu Pecnybnikn KasaxctaH. BoHa fae 3Mory kpalie 3po3yMmiTh 3apybixkHi 0co61MBOCTI NOBYA0BU MPOrHO3HMX
Mogenew i moninwuTy ixHio nobynosy 3 BOKyY NiIANPUEMCTB i AepXKaBHUX NpPeACTaBHUKIB
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