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Article’s History: Abstract. There are many studies on the improvement of the conditions for
Received: 09/05/2022 cultivating bovine embryos in vitro. However, the issue of co-cultivation of
Revised: 10/18/2022 platelets and cow embryos is understudied, although platelet activation
Accepted: 11/08/2022 leads to the release of a considerable amount of biologically active

substances into the culture medium and their co-cultivation with embryos
Suggested Citation: can positively affect the growth and development of the latter. Therefore,

Kovpak, V., Kovpak, O., Derkach, S., the purpose of this study was to investigate the effect of different platelet
Masalovych, Yu., & Babii, Ye. (2022). concentrations in the in vitro culture system on the development of cow
The influence of platelet concentrate embryos. Fertilized zygotes (total number 180) were divided into 5 groups:
on the development of cattle embryos Group 1 - culture medium without platelet addition (control); Group 2 -
in an in vitro system. Scientific Horizons, medium for cultivation with the addition of 10x10¢ platelets/cm?; Group 3 -
25(9), 9-18. final concentration in the system is 20x10° platelets/cm?; Group 4 - 50x10°¢
platelets/cm?®; Group 5 - 100x10° platelets/cm?®. According to the results,
it was found that co-cultivation of embryos with platelets in the in vitro
system is effective. Thus, a correlation was found between improved embryo
development indicators and an increase in platelet concentration. The
optimal platelet concentration was 50x10%/cm?, which allowed obtaining
a 13.9% higher level of blastulation, 15.7% higher average embryo size,
and 2.5% higher average number of cells in the blastocyst compared to the
control. At the same time, the platelet concentration of 100x10%/cm® led to a
significant decrease in the indicators under study, compared with the group
without platelets. Therefore, co-cultivation of cow embryos with platelets
is advisable since it allows improving the development indicators of cow
embryos. The data analysed and presented in this paper will increase the
efficiency of cultivation of bovine embryos for both scientific and industrial
purposes

Keywords: biotechnology of ruminant reproduction, growth factor, division,

blastocyst
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INTRODUCTION

Despite the widespread study of methods used for the
cultivation of bovine embryos, there are still ways to
improve them. Optimisation of cultivation parameters
in vitro allows increasing the percentage of embryos
suitable for transplantation. Therefore, scientists con-
tinue to work on improving the protocols of assisted
reproductive technologies in cattle breeding.

In veterinary embryology, the use of blood platelets
or biologically active substances released during the
cultivation of bovine embryos is still understudied. This
study is the first to analyse the effect of diverse platelet
concentrations on the percentage of blastulation, cell
number, and size of cow blastocysts in vitro.

Bovine embryo transplantation is a biotechno-
logical method used for programs of accelerated repro-
duction of highly productive animals and herd improve-
ment by actively using the genetic potential of females
(Dochi, 2019). In cattle breeding, there are 2 methods of
obtaining embryos: in vivo and in vitro.Until 2016, in vivo
cattle embryo production was dominant (Viana, 2020).
However, with the development of the branch, obtain-
ing oocytes by ovum pick up (OPU) allowed obtaining a
more considerable number of embryos produced in vitro
per individual animal, compared with indicators after
multiple ovulation embryo transfer (MOET) (Hasler et al.,
2003; Ferré et al., 2020). Notably, the technologies of
genomic selection used by selective breeding companies
additionally increase the demand for embryos obtained
from genetically desirable animals obtained in vitro
since the use of this technique allows reducing the in-
tervals between generations and increasing genomic
growth (Aardema et al., 2022).

In addition, in vitro embryo production technology
has made great strides since the first extracorporeal
fertilisation calf was born at the University of Pennsyl-
vania in 1981 (Brackett et al., 1986). Considering the
above, the ratio of bovine embryos obtained in vitro
(IVP) to embryos obtained in vivo has gradually changed
(1 million to 378,769 embryos in 2019, respectively)
(Viana, 2020). Today, biotechnology of cow reproduction
is a profitable business of international level, which
tends to increase the percentage of obtaining embryos
by in vitro fertilisation (O'Neill, 2005).

However, despite noteworthy progress in the de-
velopment of techniques for obtaining embryos in vitro,
the ratio of embryos suitable for transplantation to used
ova is still quite low. Thus, Ferré et al. (2020) indicate
that only 20-40% of fertilized eggs reach the blastocyst
development stage on Day 7. Lonergan & Fair (2008)
states that only 30-35% of zygotes can develop into
characteristics when their transfer to recipient cows
is successful. Inaba et al. (2016) noted the effect of
sperm on the further development of embryos, and the
percentage of blastocysts obtained in their study was
within 22-44%. By investigating the kinetic patterns of
embryos reaching the blastocyst stage, Oliveira et al. (2019)
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obtained 29.9% blastocysts, and in the studies of Sirard
et al. (1988),the percentage of obtaining embryos suitable
for transplantation was 28%.

Given the low level of cattle embryos reaching a
stage sufficient for transplantation, scientists continue
to work on perfecting cultivation conditions. The pro-
duction of bovine embryos in vitro involves achieving
the closest parameters of the oviduct environment
(Besenfelder et al., 2020). Clearly, the conditions of cul-
tivation are still unable to provide all the advantages of
development in the reproductive organs of the female.
However, several culture systems and environments
have been proposed that allow approaching physio-
logical conditions. Thus, Lopera-Vasquez et al. (2016)
used a conditioned medium obtained from bovine ovi-
duct epithelial cell lines and noted its positive effect
on the quality of embryos obtained in vitro. Goovaerts
et al. (2009) indicate an increase in the percentage of
blastocysts during the co-cultivation of embryos and
cumulus cells. Chen et al. (2017) proposes to culture
zygotes on mammalian oviductal epithelial cells, which
generate oviductal fluid surrogates, to the blastocyst
stage without the addition of embryo culture medium.
Leivas et al. (2011) and Soto-Moreno et al. (2021) rec-
ommend adding foetal bovine serum to the culture
medium, while Rizos et al. (2003) indicate its lack of
effectiveness and negative impact on cryotolerance of
embryos. Canon-Beltran et al. (2021) demonstrate a pos-
itive effect of nobiletin on the pre-implantation devel-
opment of bovine embryos in vitro and improvement of
the quality of produced blastocysts.

As the data given above suggest, there is cur-
rently a large amount of information on the improve-
ment of the conditions for the cultivation of bovine
embryos in vitro, but it is extremely diverse and often
the conclusions of scientists are contradictory. That is
why, the purpose of this study is to investigate the effect
on the development of cattle embryos of co-cultivation
with different concentrations of platelets in the com-
mercial environment Minitube (Germany) and practical
implementation of the obtained results.

MATERIALS AND METHODS

The study was conducted during 2020-2022 based on
the Educational and Scientific Laboratory “Centre for
Animal Reproductology with Sperm and Embryo Bank”
of the National University of Life and Natural Sciences
of Ukraine. Animal experiments were conducted in
compliance with the requirements of the Law of Ukraine
“On the Protection of Animals from Cruel Treatment”
(Article 230 of 2006), “General Ethical Principles of Ex-
periments on Animals”, approved by the National Con-
gress on Bioethics and agreed with the provisions of
the “European Convention for the Protection of Verte-
brates Used for Experiments and Other Scientific Pur-
poses” (Strasbourg, 1986).




Production of zygotes in vitro

1.1. Maturation

Ovaries from clinically healthy cows were selected
in slaughterhouses and delivered to the laboratory in
a thermos at 30-33°C no more than 3 hours after sam-
pling.In the laboratory,the ovaries were washed 4 times
in a sterile phosphate-salt solution of Dulbecco (Sigma,
USA) with the addition of 0.075 mg/cm? kanamycin sul-
phate (Sigma, USA) (solution temperature 37-38°C). The
cumulus cell-oocyte complexes (COCs) from the antral
follicles (2-8 mm in size) of the ovaries of cows were re-
moved in a laminar box by dissecting the follicles with
a safety razor blade in an oocyte collection medium
consisting of 5 cm?® TL HEPES (Minitube, Germany) with
the addition 30 mg of bovine serum albumin (BSA) (Sigma,
USA). Removal of COCs, their selection and setting for
maturation, fertilisation, and subsequent cultivation
were also performed in a sterile box. After evaluation
under a stereomicroscope SZ51 (Olympus, Japan), COCs
of 120-130 ym with solid dense cumulus, intact trans-
parent shell and homogeneous unvacuolized ooplasm
of regular rounded shape were selected, without visible
morphological signs of atresia. The extracted COCs
were washed 6 times in an oocyte collection medium.
The COCs were selected and washed on a heating table
at 37°C. Oocytes were matured in vitro for 22-24 hours
in 4-well plates (Oosafe, USA). 300 mm3 of medium was
added to each well, which included 4.5 cm® of the ini-
tial solution of maturation medium TCM 199 (Minitube,
Germany), 0.5 ¢cm?® of bovine estrous serum, 0.125 [U.
FSH (follicle-stimulating hormone) and 0.125 IU of lu-
teinising hormone (LH) (50 mm? “Pluset” (Laboratories
Calier S.A., Spain)) and 0.125 IU of FSH (“FSH-super”
(Agrobiomed, RF)) and 50 mm?® of an antibiotic-antimy-
cotic (Sigma, USA) were covered with mineral oil (Origio,
Denmark), 25 COCs were added and cultivated in a CO,
incubator at 38.5°Cand 6% CO, and 5% O,.

1.2. Preparing sperm for fertilisation

Bull sperm was prepared for fertilisation using
density gradients “Origio Gradient Series” (Origio, Den-
mark) and sperm capacitation medium (Minitube, Ger-
many). The components of the gradient were heated to
room temperature (20-25°C), all other reagents were
equilibrated in a CO, incubator at 38.5-39.0°C and 5%
CO, for at least 2 hours. The gradient was prepared by
carefully layering 1 cm?® of “Origio Gradient 40”on 1 cm?
of “Origio Gradient 80 after which sperm previously
thawed in a water bath was carefully introduced. The
resulting system was centrifuged at a centrifugal force
of 300 g for 20 minutes. The supernatant was removed,
and the sediment was transferred with a new sterile
nozzle into a test tube with 2 cm? of medium for sperm
preparation and capacitation, which included 5 cm?® of
basic solution for capacitation (Minitube, Germany),
30 mg of BSA (Sigma, USA), 0.55 mg of sodium pyru-
vate (Sigma, USA) and 50 mm?® of antibiotic-antimycotic
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(Sigma, USA) and centrifuged at a centrifugal force of
300 g for 5 minutes, most of the supernatant was re-
moved. The procedure was repeated twice. After wash-
ing, the sediment was transferred to the bottom of a
test tube with 1 cm?® of a new portion of medium for
the preparation and capacitation of spermatozoa. The
mobile sperm fraction was obtained using the swim-up
method described by Parrish et al. (1986). Incubation for
1 hour was sufficient for mobile spermatozoa to rise to
the upper layers of the medium, while dead and patho-
logical ones stayed at the bottom of the test tube. Mo-
tile spermatozoa were capacitated in the medium for
preparation and capacitation for 4 hours of exposure to
heparin (Sigma, USA) at a concentration of 20 pg/cm?
in a CO, incubator at 38.5°C with 6% CO, and 5% O,.
After capacitation, the spermatozoa were centrifuged at
a centrifugal force of 200 g for 5 minutes. The super-
natant was removed and 1 cm? of fertilisation medium
was added, and the concentration of spermatozoa was
counted in the Goryaev chamber.

1.3. Co-cultivation of oocytes with spermatozoa

After maturation, the oocytes were co-cultured
with spermatozoa. Oocytes were fertilised in 4-well
plates (Oosafe, USA) in 300 mm? of medium, which in-
cluded 5 cm?of fertilisation medium (Minitube,Germany),
30 mg of BSA, 0.11 ug of sodium pyruvate, 0.2 mg of
heparin, and 50 mm?® of an antibiotic-antimycotic (Sigma,
USA).The oocytes were covered with mineral oil (Origio,
Denmark) for 18 hours after the addition of capacitated
spermatozoa (at the rate of 1x10° motile spermatozoa/cm?).
The number of oocytes in the well ranged from 5 to 10.

2.0Obtaining bovine platelets

Blood was obtained from the jugular vein from
8 clinically healthy cows that had not received medica-
tion in the preceding two months. Preliminarily, surgical
treatment of several centimetres of skin near the jugular
vein was performed. From each cow, 20 cm® of blood was
collected by a standard method into sterile Vacutainer
Plus vacuum tubes with EDTA (BD, USA). The test tubes
were transported at 4°C to the laboratory no more than
2 hours after selection. All stages of obtaining platelets
from whole blood were carried out in a laminar box under
aseptic conditions. The blood was transferred to sterile
centrifuge tubes and subjected to centrifugation at 100 g
within 30 minutes, which caused the blood to divide into
three layers: red blood cells at the lowest level, white
blood cells at the middle level, and platelet-rich plasma
(PRP) at the top. The top layer was selected, transferred to
new sterile test tubes, and the platelet count in the sus-
pension was calculated using a Goryaev chamber. Plate-
let-rich plasma was re-centered at 300 g for 15 minutes,
after which the sediment was selected. 1 cm?® of embryo
culture medium was carefully added to the platelet sed-
iment and centrifuged at 300 g for 10 minutes. The sedi-
ment was selected, and a medium for embryo culture was
added to the sediment at the rate of 1x10° platelets/mL
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3. Embryo cultivation

After co-culture, bovine oocytes with loose en-
larged cumulus were released from cumulus cells by
gentle pipetting in 0.1% hyaluronidase solution (Sigma,
USA). Then the oocytes were washed from the enzyme
in 5-6 drops of TLHEPES (Minitube, Germany) and trans-
ferred to a culture medium comprising 5 cm? of culture
medium with pyruvate (Minitube, Germany), 0.5 cm® of
bovine estrous serum, 200 mm?® of essential amino ac-
ids (Sigma, USA), 50 mm? of substitute amino acids and
50 mm? of antibiotic-antimycotic (Sigma, USA). Fertil-
ized oocytes were discovered by division from the 2-to
8-cell stage 48 hours after contact with spermatozoa.
48 hours after fertilisation, the zygotes were randomly
divided into 5 groups and platelet concentrate was added
in different amounts. Embryos were cultivated in micro-
drops of 100 mm? (6 embryos per drop) under a layer of
mineral oil (Origio, Denmark) in culture dishes (Oosafe,
USA)ina CO, incubator at 38.5°Cwith 6% CO,and 5% O,

4. Embryo development evaluation

Embryo quality was evaluated on Day 7 under a
Zeiss Axio Observer A inverted microscope (Carl Zeiss,
Germany), photos and size measurements were made
using the Octax NavilLase laser system (OCTAX Micro-
science GmbH, Germany).

The number of nuclei in the embryo was counted
under a DMR microscope (Leica, Germany) at a magni-
fication of x400, x1000, and photographed with a Can-
on DS126291 camera (Canon, Taiwan). To visualize the
nuclei, the embryo was stripped of its transparent shell
using a laser system, after which it was transferred to
superfrost slides (Thermo Scientific, USA) in a drop
with a solvent (0.2% Tween20 (Sigma, USA) in 0.01 m
HCL (Sigma, USA), ph 2.0) for lysis of the blastomere
envelope. The process was monitored under an invert-
ed microscope, adding a new portion of solvent if nec-
essary. After lysis of the blastomere shell, the solvent
was selected as much as possible and the nuclei were
sequentially washed with a phosphate buffer solution
(Sigma, USA), 70% ethyl alcohol (Sigma, USA) and 100%
ethyl alcohol (Sigma, USA). Glass samples were air-dried
and stained with an industrial smear kit “Leucodif 200"

(Erba Lachema, Czech Republic), according to the man-
ufacturer’s instructions.

5. Statistical processing

The reliability of the results was evaluated accord-
ing to the criteria proposed by Brzhevska et al. (2019).
Statistical processing of the obtained results of experi-
mental studies was performed according to N.A. Plokh-
insky (1970) and E.V.Montseviciute-Eringen (1964) using
the Microsoft Excel data analysis package (Lesnikova &
Kharchenko, 2002). Arithmetic mean values and their
errors were found, and the probability of difference be-
tween parallel data sets was figured out. In all cases,
the difference was considered reliable at P<0.05.

RESULTS AND DISCUSSION

The clinical benefit of platelet concentrates has been
reported to be fourfold higher than that of whole
blood (Marx, 2001) (platelet concentrations in bovine
blood range within 160-800x10%/ml (Roland et al.,
2014)), but strong scientific evidence that prepara-
tions with a platelet content below these are less ef-
fective (Cole et al., 2010). Considering the specific cul-
tivation conditions, where the presence of platelets is
atypical, it was decided to create systems for culturing
bovine embryos using a lower platelet concentration
than in whole blood. Thus, 48 hours after fertilisation,
the zygote (total number 180) was randomly divided
into 5 groups (the study in each group was repeated
three times, (n=3):

Group 1 - culture medium without platelet ad-
dition (control).

Group 2 - the cultivation system included 90 mm?
medium for cultivating embryos with the addition of
11x10°¢ platelets/cm® and 10 mm® medium where cattle
embryos were cultivated for 48 hours to activate platelets
with clot formation.

Group 3 - final concentration in the system is
20x10° platelets/cm?;

Group 4 - final concentration in the system is
50x10¢ platelets/cm?;

Group 5 - final concentration in the system is
100x10° platelets/cm?(Table 1).

Table 1. The influence of the concentration of platelets in the culture system
on the development of bovine embryos in vitro (M*m, n=3)

Group Platelet coun:, Number Blastocysts, % Number of cells in the Blastocyst size,
platelets/cm of zygotes, pcs blastocyst, pcs um
1 No platelets (control) 36 38.8¥2.4 173.3+10.3 195.0+3.4
2 10x10¢ 36 41.6%3.6 201.1+3.4™ 203.2+2.2*
3 20x10° 36 50.0£3.6 * 215.62.7*** 213.2%2.3**
4 50x10° 36 52.7+2.4* 224448 225.6%4.8***
5 100x10¢ 36 33.3+0.0" 153.1£4.2** 188.4+£2.2*

Note: * - P<0.05, ** - P<0.01, *** - P<0.001 compared to the control group (medium without platelet addition)

Source: compiled by the authors
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McCarrel & Fortier (2009) indicated that plate-
let degranulation begins within 10 minutes after ex-
posure to clotting factors. Therefore, in this study,
embryos were introduced into the culture medium
30 minutes after the start of aggregation to prevent
the embryo from being involved in the clot formation.

Kovpak et al.

Aggregated platelets were left in the culture system
(Fig. 1) because the data of McCarrel & Fortier (2009)
indicate that the main secretion of growth factors oc-
curs within the first hour, but their constant release
is noted throughout the entire period of viability of
platelets (7 days).

Figure 1. Culture system with the addition of allogeneic platelets (second group, third day after fertilisation)
Note: a) 4-cell embryo, b) 8-cell embryo; c) aggregated platelets. Native preparation, Mag.: *200

The effect of platelets on the development of
bovine embryos was assessed comprehensively, the

percentage of blastulation,and the number of cells (Fig. 2)
and blastocyst sizes (Fig. 3) were found.

Figure 2. Bovine blastocyst
Note: Cycle Day - 7, Stage Code - 7, Quality Code - 1 (according to the classification proposed by Bé & Mapletoft (2013))

i

. Wg -

Id

2 .

-

N
b J

&
® .

Figure 3. Embryo nuclei are visualized after blastomere lysis

Note: Stained with “Leukodif 200" Mag.: *1000

When studying the influence of the concentra-
tion of platelets in the culture system on the develop-
ment of bovine embryos in vitro, differences were found.
Thus, the addition of 20x10° and 50x10° platelets/cm?
contributed to a significant increase in the number of

blastocysts by 11.2% (P<0.05) and 13.9% (P<0.01), re-
spectively, compared to the control (38.8+2.4%). While
the addition of 100x10° platelets/cm?® resulted in a sig-
nificant decrease in blastulation percentage on Day 7
by 5.5% (P<0.05) compared to the control.
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In addition, in the groups, the authors noted a
correlation between the percentage of blastulation on
Day 7, the size and number of cells in the embryo. Thus,
adding 10x10° platelets/cm? to the culture system in-
creased the average number of cells in the blastocyst
by 16.0% (P<0.001), 20x10°¢ platelets/cm?® - by 24.4%
(P<0.001), 50%10¢ platelets/cm® - by 29.5% (P<0.001),
compared to the control (173.3£10.3 cells). A similar
pattern was noted when measuring blastocyst sizes, e.g.,
the addition of 10x10¢ platelets/cm? increased the size
of the embryo by 4.2% (P<0.01), 20x10¢ platelets/cm? -
by 9.3% (P<0.001), 50x10°¢ platelets/cm® - by 15.7%
(P<0.001), compared to the control (195.0£3.4 ym). An
increase in the concentration of platelets in the culture
system to 100x10%/cm?® led to the opposite effect. Thus,
the average number of cells in the blastocyst decreased
by 11.7% (P<0.001), and its average size decreased by
3.4% (P<0.05), comparing with control (173.3%£10.3 cells
and 195.0%£3.4 pym, respectively).

Therefore, adding platelets to the culture medium
for cow embryos is effective. The concentration of
50x10° platelets/cm?® is best and allows maximising the
number and improving the quality of bovine embryos
produced in vitro.

Platelets are small disc-shaped non-nuclear cells
formed by bone marrow megakaryocytes and circulat-
ing in the blood, playing a crucial role in supporting
vascular integrity and regulating haemostasis (Ghoshal
& Bhattacharyya, 2014; Bos-Mikich et al., 2019). They
are the second most common component of blood af-
ter red blood cells, their size ranges from 2 to 5 ym
(Michelson et al., 2019). Platelets hold three distinct
types of granules: a-granules, dense or 3-granules, and
lysosomes (Koupenova et al., 2018; Morrell et al., 2014;
Semple et al., 2011). Platelet a-granules hold proteins,
chemokines, cytokines, and growth factors collected
in platelets by megakaryocytes and are necessary for
normal platelet function. A-granules hold small mol-
ecules such as ADP, serotonin, polyphosphates, gluta-
mate, histamine, and calcium necessary for haemostasis
(Koupenova et al.,2017; Morrell et al., 2014). Platelet ly-
sosomes hold glycohydrolases and enzymes that break
down glycoproteins, glycolipids, and glycosaminogly-
cans (Ciferri et al., 2014; Morrell et al., 2014).

The activation of platelets leads to morphological
changes caused by the reorganisation of the cortical actin
cytoskeleton from a disk-like shape to a significantly
enlarged spherical shape (Bender & Palankar, 2021).
Exocytosis of granules is initiated by the activation of
surface receptors, which leads to an increase in the level
of intracellular Ca?* and activation of phosphokinase
C (PKC) (Manne et al., 2017). After stimulation, platelets
free the contents of their granules releasing growth
factors such as platelet-derived growth factor (PDGF),
transforming growth factor beta (TGF-B), epithelial growth
factor (EGF), vascular endothelial growth factor (VEGF),
insulin-like growth factor 1 (IGF 1), fibroblast growth
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factor (FGF), haepatocyte growth factor (HGF) (Drago et
al., 2013), which can increase the proliferative activity
of cells (Mazurkevych et al., 2021). B, and B, integrins:
e.g., o,B, (GPla/lla) and o, B, (GPlIb/Illa) (Ludwig et al,
2022). Seven antimicrobial peptides: Platelet Factor 4
(PF-4), RANTES, Connective Tissue Activating Peptide 3
(CTAP-3), Platelet Basic Protein, Thymosin -4 (TB-4), fi-
brinopeptide B (FP-B), fibrinopeptide A (FP-A) (Tang et al.,
2002) and other molecules. Therefore, apart from their
crucial role in coagulation and maintenance of haemo-
stasis after mechanical damage to the vascular system,
platelets, due to the many bioactive molecules in their
granules and the expression of various receptors on their
surfaces, can perform a wide range of other essential
functions (Schlesinger, 2018).

There are few clinical reports of platelet use in
veterinary medicine. Usually, platelet-rich plasma is
used to treat lesions of the musculoskeletal system
of horses (Brossi et al., 2015; Malyuk et al., 2021), skin
wounds in dogs Farghali et al., 2019), intestinal wounds
in pigs (Fresno et al., 2010), ovarian hypofunction in
cows (Cremonesi et al., 2020), etc. This study offers a
novel approach to the use of platelet concentrate based
on current knowledge about its regenerative effect
due to its high content of growth factors and cytokines
(Bendinelli et al., 2010).

Embryos of all mammalian species studied to date
produce and secrete platelet activation factor (PAF)
(O'Neill, 2005) at elevated levels of 1 to 100 ng of PAF/
embryo in 24 hours (Ammit & O’neill, 1991; Roudebush
et al., 2002). Co-culture of the embryo with platelets
will activate the latter and release biologically active
substances into the culture medium, which can posi-
tively affect the growth and development of the em-
bryo. However, a sharp decrease in platelet activation
factor can adversely affect embryo development since
the physiologically important target for PAF released
by the embryo is itself (O'Neill, 2005). Therefore, an im-
portant task when introducing platelets into the culture
system is to find their number to ensure a positive effect
on the development of bovine embryos.

In the available literature sources, some publi-
cations have been found on the effect of platelet-rich
plasma (PRP) on embryo development in vitro (Thibo-
deaux et al., 1993; Lange-Consiglio et al., 2015; Ra-
mos-Deus et al.,2020).A specific feature of these studies
is that PRP was used as a substitute for the components
of the standard culture medium. Whereas, in the study
presented above, platelets were introduced as an added
component to the culture system.

Analysing the data obtained during the study,
several features were noted. In Group 5 (100x10¢ plate-
lets/cm?), a decrease in the percentage of blastulation
and embryo quality was observed, which is probably
caused by a high platelet count in the medium. DelLong
et al. (2012) claim that excessive platelet counts can lead
to cellular apoptosis, suppression, and desensitisation




of growth factor receptors,and have an inhibitory effect.
Tang et al. (2002) notes that a significant increase in the
content of growth factors in the environment also in-
hibits the development of the embryo. At that time, the
quality of embryos in Groups 2, 3 and 4 was higher than
in the first (control), which may be related to growth
factors released by platelets (platelet-derived growth
factor (PDGF), transforming growth factor beta (TGF-B),
epithelial growth factor (EGF), vascular endothelial
growth factor (VEGF), insulin-like growth factor 1 (IGF-1),
fibroblast growth factor (FGF), haepatocyte growth fac-
tor (HGF)) (Drago et al., 2013). Lange-Consiglio et al. (2015)
believe that biologically active substances released by
platelets during activation can stimulate the develop-
ment of bovine embryos and the proliferation of tro-
phoblast cells during cultivation in vitro. Larson et al. (1992)
point out that after platelet aggregation, which occurs
when they are added to the culture medium, some gly-
coproteins and fibronectin are released, providing the
extracellular matrix necessary for embryo development
to the blastocyst stage.

CONCLUSIONS

Studies of the effect of platelets on the preimplantation
development of bovine embryos indicate that the latter
can also affect the percentage of blastulation and cell
proliferation. The authors suggest that blood plates in-
troduced into the culture system before embryos enrich
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the environment with factors necessary for its devel-
opment. However, different platelet concentrations in
the culture system cause divergent effects. Thus, with
the addition of 10x10%/cm> platelets to the medium,
an increase in the percentage of blastulation by 2.8%,
cell proliferation by 16.0% (P<0.001), and the size of
blastocysts by 4.2% (P<0.01) was noted, compared with
control. With an increase in the concentration of plate-
lets to 20x10%cm?, improvement in the development
indicators of bovine embryos was observed, compared
with the 10x10%/cm3? group. The best concentration is
50x10°¢ platelets/cm?, which allows maximising the
number and improving the quality of bovine embryos
produced in vitro. Thus, at the specified concentration of
blood plates, the percentage of blastulation increased
by 13.9% (P<0.01), the number of cells in the blasto-
cyst — 29.5% (P<0.001), and the size of blastocysts
increased by 15.7% (P<0.001) compared to the group
without platelet addition. At that time, the addition of
100x10° platelets/cm? leads to a sharp decrease in all
the indicators under study, e.g., the average number of
cells in a blastocyst decreased by 11.7% (P<0.001), and
its average size - by 3.4% (P<0.05), compared to control.

This study offers a new strategy for in vitro em-
bryo culture and opens the possibility of using platelets
in future assisted reproductive technology programs in
veterinary medicine as a way to increase the blastulation
rate and the quality of the embryos obtained.
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Bn/iMB KOHLEHTPaTy TPOM6GOLMUTIB Ha PO3BUTOK eM6pIOHIB
BeJIUKOI poraToi Xxyaobu y cucremi in vitro

Bitaniit BacunboBuu Koenak!, Okcana CepriisHa KoBnak?, Cepriit CrenaHoBuuy [lepkau?,
lOpiit CrenaHoBuy Macanosuu?, Ennsaeeta OnekcangpisHa babiiit
'HauioHanbHWit yHiBEpCUTET BiopecypciB i MPUPOAOKOPUCTYBaHHS YKpaiHu
03041, Byn. lepois O6opoHu, 15, M. Kuis, YkpaiHa

2TOB «BioTexCom»
04107, Byn. Ot70 LWMigTa, 2/6, M. Kunis, YkpaiHa

AHoTaLif. ICHYe BenMKa KinbKiCTb 4OCNILKEHD LWOAO YAOCKOHANEHHS YMOB KY/IbTUBYBAHHS eMOPIOHiB BENMKOT poraToi
Xyno6wu in vitro.[poTe, IUTAHHSA CNiBKYNbTUBYBAHHS TPOMOOLMTIB Ta EMOPiOHIB KOPiB Mano BUBYEHE, XO4a aKTMUBaALLiA
TpoMOOUWTIB MPU3BOAUTb A0 BUBINIbHEHHS Y KYNbTypasibHE CEPeAOBULLE 3HAYHOI KiNbKOCTi Hi0NOriYHO aKTUBHUX
PEeYOBMH i iX CMiBKYNbTUBYBAHHS 3 eMOPiOHAMM MOXE MO3UTUBHO BMMHYTU Ha PiCT i PO3BMTOK OCTaHHiX. ToMy,
MeTo poboTu Byno AOCNIAXKEHHS BMIMBY Pi3HUX KOHLEHTpaLii TPOMOOUMTIB Yy KyNbTypanbHilA cucTeMi in vitro Ha
pO3BUTOK eMOpPIOHIB KOpiB. 3annigHeHi 31rotu (3aranbHa Kinbkicte 180) noginunu Ha 5 rpyn: 1 rpyna - cepenosuile
NS KyNbTMBYBaHHS 6e3 foaaBaHHS TPOMOOLMTIB (KOHTPOAb); 2 — cepefoBULLE ANS KYNbTUBYBAHHS 3 00AABAHHAM
10x10° TpomMb0oLMTIB/CM?; 3 — KiHLEBA KOHLEHTpaLis y cuctemi 20x10°8 TpomboumTie/cm®; 4 — 50x10° TpomMboumMTiB/CM?;
5 rpyna - 100x10° TpomMboumTiB/cM3. 3a pe3ynsTaTaMm BCTAHOBEHO, O CMiBKY/ILTUBYBaHHSI eMOpiOHIB 3 TpOMBOLMTaMM
y cucTeMi in vitro € edekTMBHUM. Tak, BiaMiYanu Kopensuilo MOKpaWeHHs MOKa3HUKIB PO3BMTKY eMOPIOHIB 3i
36iNbLIEHHSIM KOHLEHTpaLii TpoMboumMTiB. ONTMMaNbHOK KOHLEHTpaLieto TpoMbouuTie Busisunacs 50x108/cm3, wo
[03BONIMNO OTpUMaTH Ha 13.9% Buwwii piseHb Bnactynauii, Ha 15.7% - cepepgHiit po3mip eMbpioHiB i Ha 2.5% -
CepenHHo KifbKiCTb KNiTUH B 6/1aCTOLMCTI, NOPiBHIOKOUM 3 KOHTPOEM. Y TOM Yac KOHLEHTpaLis TpoMboumTie 100x10%/cm?
npu3Bena A0 A0CTOBIPHOIO 3HWMXXEHHS JOCIIKYBAHMX MOKA3HUKIB, Y NOPIBHAHHI 3 rpynoto 6e3 TpombouumTtie. OTxe,
CMiBKYNbTMBYBAHHS eMOPIiOHIB KOpiB 3 TPOMOOLMTAMM € AOLINIbHWM, 3XKe [O3BONSE MOKPALUMTU MOKAZHUKU PO3BUTKY
eMbpioHiB KopiB.[lpoaHanizoBaHi Ta NpeacTaB/eHi B CTATTi AaHi 4O3BONATb MiABUWMTU eDEeKTUBHICTb KYNbTUBYBAHHS
eMOpIiOHIB BENMKOT poraTtoi Xyfobum sk B HAYKOBUX, TaK | BUPOOHUUMX LLiNsaxX

KniouoBi cnoBa: 6ioTexHONOriS BiATBOPEHHS XYHHUX, DAKTOP pOCTY, AineHHs, bnactoumucra
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features of the body structure of the firstborn cows of the Ukrainian black-
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tions. Scientific Horizons, 25(9),19-29. description of individual articles of the exterior on a 9-point scale and
evaluation of complexes of exterior features of the animal type on a
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t-test. Using the scheme, it was found that the firstborn cows obtained as
a result of the inline selection are characterized by optimal scores by type.
However, animals from the Valianta 1650414 line received the highest
ratings for linear traits of height at the withers, width of chest and rear,
body depth. The study analysed the evaluation of firstborn cows by type,
obtained in the interline selection, and it was found that the indicators of
linear evaluation by type of cross lines correspond to and prevail over the
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according to the intermediate type. However, in the cross dChifa 1427381
x @Eleveishna 1491007, the evaluation of individual traits (height, chest
width, angle of withers, rear attachment, and depth of udder) statistically
probably exceeded the values of the corresponding evaluations of the
firstborns of the paternal and maternal lines, and the dominance of the
maternal line was observed in the cross-breed cows dChifa 1427381 x
QValianta 1650414 according to the value of the assessment of individual
udder traits. The obtained results will allow performing optimal selection
of parent pairs from animals evaluated by type for selection and breeding
work with cattle herds to consolidate them by type

Keywords: cows, firstborn cows, exterior assessment, breeding selection,
cross lines, inheritance

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

*Corresponding author




20

Exterior of Cows of the Ukrainian Black-Spotted Dairy Breed, Obtained under Various Selection Options

INTRODUCTION
Currently, the main development vector in the field of
dairy cattle breeding is the creation and consolidation
of highly productive breeding herds of intensive type,
suitable for keeping in the conditions of industrial tech-
nology. To solve the set tasks successfully, apart from
breeding for increasing the amount of milk yield and
milk quality, it is important to evaluate the exterior as a
complex of economic and useful features directly related
to the level of milk productivity. Presently, the exterior
in Ukraine is assessed based on methodological guide-
lines for the linear classification of dairy and milk-meat
cows by type, developed by Ukrainian scientists-breeders,
per the ICAR requirements (Khmelnychyi et al., 2016).

When breeding the Western inbred type, bulls of
American and Canadian breeding, as well as Ukrainian
breeding, belonging to different genealogical lines and
having different proportions of Holstein blood were
used. As a result, there is a certain level of phenotypic
variability in both the exterior and productivity of cows
in breeding herds. Analysis of the effectiveness of vari-
ous selection options, considering the linear affiliation
of parent pairs, is a relevant condition for building a
strategy to further improve breeding and productive
qualities of the Western inbred type of the Ukrainian
black-spotted dairy breed.

In cattle breeding, one of the important methods
is the breeding of animals along lines, which aims to
consolidate and reproduce valuable traits of outstanding
breeding bulls in the offspring. For this purpose, various
selection options are used, considering the lineal affili-
ation of the animals, namely: inline selection (parental
pairs belong to the same line) and inter selection or line
crossing (parental pairs belong to different lines). Each
of these methods has its own particular tasks, which are
planned to be achieved by breeders, and is based on the
assumption that the inheritance of the majority of eco-
nomically useful traits in dairy cattle breeding occurs be-
cause of the additive effect of genes. Currently, a consid-
erable number of studies have been conducted to figure
out the productivity and reproductive capacity of cows of
Ukrainian black- and red-spotted dairy breeds obtained
from separate variants of selection of pairs by belonging
to traditional lines of the Holstein breed (Khmelnychyi &
Salogub, 2019; Khmelnychyi & Loboda, 2019; Khmelny-
chyi & Bondarchuk, 2019). The analysis of the obtained
data suggests that the effectiveness of such methods
in individual herds may differ substantially. Therefore,
it is necessary to constantly monitor the effectiveness
of using certain selection options to achieve the tasks
set in each particular case. Having identified successful
combinations, one can use their best options in further
breeding work.

The use of linear evaluation by type is a valu-
able tool of breeders, which allows clearly formulat-
ing and purposefully influencing the formation of the
desired animal type and the consolidation of breeding
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herds, lines, breeds, and inbred types (Boiko et al., 2017,
Khmelnychyi, 2017; Pomitun et al., 2020). The indica-
tors of linear type assessment depend on the assessed
breed, the farm where such assessment was conducted,
the qualifications and experience of the expert con-
ducting such assessment (Khmelnychyi et al., 2019; Lo-
boda & Bardash, 2019; Palii et al., 2020). The effect of
heredity on the results of a linear type assessment is
evidenced by the fact that its results can depend both
on paternal origin and on belonging to a certain gene-
alogical line (Iliashenko, 2017; Hetia et al., 2020). In the
vast majority, the results of the assessment of descrip-
tive traits are marked by probable inheritance coeffi-
cients (Salohub et al., 2018; Hakim et al., 2020; Karpenko,
2020; Ismael et al., 2021). It is established that many
of the evaluated exterior traits are positively correlated
with productivity and longevity indicators (Alimzhanova
et al., 2018; Cherniak & Honcharuk, 2018; Iliashenko,
2018).A positive relationship between udder parameter
assessment indicators and milk yields is found espe-
cially often (Djedovic et al., 2020). To varying degrees,
the evaluated features also correlate with each other
and have high variability (Rovegliaa et al., 2019; Torok
et al., 2021; Khmelnychyi & Kagrepko, 2021).

The purpose of this study: using the method of
linear evaluation by type, to figure out the external
characteristics of the firstborn cows of the Ukrainian
black-spotted dairy breed of the Western inbred type,ob-
tained by inline and interline selection and to establish
the type of inheritance of these indicators in line crosses.

MATERIALS AND METHODS

The study was conducted on cows of the Western in-
bred type of the Ukrainian black-spotted dairy breed in
the Radekhivske Breeding Plant of the Radekhiv District
of the Lviv Oblast. The authors used information from
pedigree records provided in individual cards of breed-
ing cows (Form 2-MOL) and their research. Using cards
of breeding cows, the pedigrees of animals of various
combinations were analysed and, accordingly, the types
(variants) of selection were determined by pertinence
to genealogical lines. Types of selection were figured
out by genealogical analysis of animal pedigrees for
4 rows of ancestors. Selection methods were grouped
according to the following scheme: inline selection -
father and mother of the cow pertained to the same ge-
nealogical line; interline selection - father and mother
of the cow pertained to different lines.

Linear assessment of firstborn cows by type was
performed following the instructions of the method
of linear classification of cows of dairy and dairy meat
breeds by type (Khmelnychyi et al., 2016). According to
the method, cows were evaluated at 2-4 months of the
first lactation, on a 9- and 100-point scale. According
to the 9-point scale, 17 exterior articles were evaluated,
where the animal received 5 points for the average




expression of the trait. For deviations towards minimal
development, the score was reduced to one point, with
the maximum expression of the trait, a score of 9 points
is possible.

According to the 100-point classification sys-
tem, four sets of selection traits were considered, which
characterize: milk type pronouncement, body develop-
ment, the condition of the limbs and the morphological
qualities of the udder. A 100-point score is completely
subjective. According to the requirements specified in
the method, the highest score for firstborn cows can be
89 points. Each group of exterior articles (complex) is
evaluated independently of the others. Weight coeffi-
cients in the overall assessment of complex traits are
as follows: milk type - 15%, trunk — 20%; limbs - 25%,
udder — 40%. Based on the assessed features of the type,
the overall rating is found according to the formula:
OR=(MT-0.15)+(B-0.20)+(L-0.25)+(U-0.40), where OR is the
overall rating of complex (group) type features, MT - score
for milk type, B - score for body, L - score for limbs and
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legs, U - score for udder. Therewith, when evaluating
the dairy type of animals, attention should be paid to
the proportionality of the development of individual
parts of the body. The cow should have a pronounced
milk type (light head, long neck, flat, long ribs). When
evaluating the torso, its strength, height, depth, and
length are considered. When evaluating limbs and
hooves, the condition of the forelimbs and hind limbs,
the strength of the hock joint, and the condition of the
hooves are considered. When evaluating the udder, the
shape of the udder, the pronouncement of the milk
veins, and the size, shape, and diameter of the teats
are considered. The probability of the results obtained
is estimated based on the student’s t-test, where * -
p<0.05, ** - p<0.01, *** - p<0.001.

RESULTS AND DISCUSSION

The results of studies on the indicators of linear assess-
ment of firstborn cows by type obtained upon inline
selection are presented in Table 1.

Table 1. Linear assessment of milk type, torso, limbs, and fatness in firstborn cows with inline selection, points (M*m)

Indicators Lines
Chifa 1427381 ‘ Valianta 1650414 Eleveishna 1491007
Number of animals, heads 32 37 42
Height 5.8+0.09 6.2+0.13 6.0£0.13
Chest width 6.4+0.10 7.0£0.11 6.5%0.11
Body depth 6.3%0.12 6.9%0.10 6.6%0.10
Milk type (angularity) 6.8+0.08 7.1%0.07 6.9+0.08
Rear tilt 5.2+0.11 5.0+0.08 5.3%0.11
Rear width 5.6+0.07 5.8+0.10 5.5+0.07
Pelvic limb angle 5.0+0.09 5.1+0.09 5.2+0.12
Pelvic limb posture 5.6%0.11 5.5+0.09 5.5+0.11
Hoof angle 5.0+0.10 5.2+0.11 5.1¢0.10
Fatness 5.0+0.10 4.9+0.10 5.3%0.09

Source: compiled by the authors

The analysis of the indicators presented in Table 1
suggests that during the inline selection of the firstborn
of the Valiant 1650414 line, the highest evaluations of
growth, chest width, body depth, milk type, and rear
width were noted. According to these indicators, they
outnumbered the firstborn from the Chifa 1427381 line
by 0.4,0.6,0.6,0.3,and 0.2 points, respectively. The first
four differences are statistically significant (p<0.05-
0.001), and the last difference is within the statisti-
cal error range. Compared to cows of the Eleveishna
1491007 line, they had a substantial predominance in
terms of chest width (0.5 points, p<0.01), body depth
and rear width (0.3 points each, p<0.05). According to
the posterior slope assessment, the difference between
the firstborn Valiant 1650414 and Eleveishna 1491007

was 0.3 points in favour of the latter (p<0.05). Scores
of the angle and posture of the pelvic limbs, as well as
the hoof angles, did not significantly differ in firstborn
cows of the Chifa 1427381, Valiant 1650414, and Elev-
eishna 1491007 lines obtained upon inline selection.
The highest fatness rating was given to cows of the
Eleveishna 1491007 line, which outnumbered cows of
the Chifa 1427381 and Valianta 1650414 lines by 0.3 and
0.4 points, respectively (p<0.05 and p<0.01).

The results of the evaluation of firstborn cows by
type in Chifa 1427381, Valianta 1650414,and Eleveyshna
1491007 lines, obtained upon inline selection, suggest
that certain exterior features inherent in each of the
lines were discovered.According to these indicators, the
firstborns of the Valianta 1650414 line have features
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inherent in animals of the intensive milk type - they are
tall, have wide chests and a deep body, which indicates
a good development of internal organs (heart, lungs,
digestive tract) and the ability to consume, assimilate,
and process into milk sufficient amounts of bulk feed.
They are not prone to the deposition of subcutaneous
fat, as evidenced by the assessment of fatness. No sig-
nificant differences were found between the animals
of the Chifa 1427381 and Eleveishna 1491007 lines in
terms of the magnitude of the exterior assessment.

In general, with inline selection in the Chifa
1427381, Valiant 1650414, and Eleveishna 1491007
lines, all firstborn cows in terms of height, chest width,
body depth, milk type pronouncement, rear tilt and

width, angle and posture of pelvic limbs and hoof angle
received positive ratings that correspond to the average
level (5 points) or predominate it.

Udder assessment is one of the key elements of
linear classification of cows by type in the dairy and
dairy-meat areas of productivity. Based on the charac-
teristics of the development of the dairy system, it is
possible to figure out the suitability of a cow for op-
eration in the conditions of an industrial milk produc-
tion system, the ability to produce large volumes of
milk, and the tendency to injury and morbidity of the
udder.The results of evaluation of the udder of firstborn
cows obtained upon inline selection are presented in
Table 2.

Table 2. Linear udder assessment in firstborn cows upon inline selection, points (M*m)

Indicators Lines
Chifa 1427381 ‘ Valianta 1650414 ‘ Eleveishna 1491007
Number of animals, heads 32 37 42
Anterior udder attachment 5.4%0.13 6.7+0.07 6.0+0.07
Posterior udder attachment 5.2+0.06 5.6+0.10 5.2+0.09
Central ligament 5.3%#0.08 6.4+0.12 5.4+0.08
Udder depth 5.2+0.09 6.6*0.06 6.5%0.06
Placement of anterior teats 5.2+0.11 5.0+0.08 5.1+0.04
Placement of posterior teats 5.1#0.10 5.0£0.11 5.0£0.03
Length of teats 5.6=0.10 5.5+0.03 5.4+0.03

Source: compiled by the authors

It was found that firstborn cows of the Valiant
1650414 line were characterized by the highest ud-
der evaluation indicators, namely: according to the
assessment of anterior udder attachment and cen-
tral ligament, they outnumbered cows of the Chifa
1427381 and Eleveishna 1491007 lines by 1.3 and
0.7, and 1.1 and 1 points, respectively, in all cases
p<0.001; according to the assessment of posterior
udder attachment, their advantage was 0.4 points
in both cases, p<0.01; according to the udder depth
score, cows of the Chifa 1427381 line predominate
with hight significance (1.4 points, p<0.001).

Furthermore, the firstborn of the Chifa 1427381
line had lower scores of anterior udder attachment and its

depth than the peers of the Eleveishna 1491007 line. The
differences were 0.6 and 1.3 points, respectively, p<0.001.

The results of estimating the udder depth indi-
cate that in cows of the compared groups, this indicator
was optimal for suitability for machine milking. Thus,
firstborn cows from the Valiant 1650414 line, being the
tallest, had a more elevated udder from the level of the
hock joint. They have better developed chest and rear
width, body depth, and a well-pronounced milk type.

The assessment of complex (group) type traits
upon inline selection (Table 3) showed that according
to all group articles and general assessment, the animals
corresponded to the ‘good” and “good plus” classes per
the international requirements.

Table 3. Linear assessment of complex (group) characteristics of experimental cows
by type upon inline selection, points (M*m)

. Lines
Indicators Chifa 1427381 | Valianta 1650414 | Eleveishna 1491007
Number of animals, heads 32 37 42

Milk type 79.1#0.15 82.2%0.11 82.0%0.08
Body 83.5+0.12 83.2%0.09 82.8%0.15
Limbs and hooves 84.0%0.10 82.0+0.11 82.0¢0.16
Udder (milk system) 81.5%0.13 83.0+0.13 83.6%0.14
Overall rating 82.1+0.12 82.6%0.12 82.7%0.11

Source: compiled by the authors
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The score of complex traits of the dairy type was
highest in cows from the Valiant 1650414 line, which
according to this indicator statistically significantly out-
numbered cows of the Chifa 1427381 line (p<0.001).
Compared to the animals of the Eleveishna 1491007 line,
their advantage was not significant. Group body traits in
cows of the compared lines were rated ‘good plus’, but the
highest score was given to firstborn cows from the Chifa
1427381 line. They statistically significantly prevailed
in this indicator of cows of the Eleveishna 1491007 line
(p<0.01). The condition of the pelvic and thoracic limbs
was assessed with higher scores in cows from the Chifa
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1427381 line. Their superiority over their peers of the
Valiant 1650414 and Eleveishna 1491007 lines was sta-
tistically highly significant (p<0.001). The highest udder
score was given to cows from the Eleveishna 1491007
line, they outnumbered the peers of the Chifa 1427381
and Valiant 1650414 lines by 2.1 and 0.6 points, respec-
tively (p<0.01). The overall score was lowest for cows of
the Chifa 1427381 line, they were inferior to cows of the
Valiant 1650414 and Eleveishna lines 1491007, respec-
tively, by 0.5 and 0.6 points (p<0.01). Indicators of linear
assessment of firstborn cows obtained as a result of
crossing different lines are presented in Table 4.

Table 4. Linear assessment of milk type, body, limbs, and fatness in firstborn cows upon inline selection, points (M£m)

Line combination

Indicators It 1427381 x | schifa 1427381 x | oChifa 1427381 x | OVARNEA 1OP0414 X g1k 352790
1491007 QStarbaka 352790 | ?Valianta 1650414 1491007 QValianta 1650414
Number of animats, 70 82 94 114 68
Height 6.4+0.03 5.840.06 5.9:0.08 6.3£0.09 6.50.04
Chest width 6.8+0.10 6.4%0.12 6.6+0.11 6.8%0.12 6.9+0.07
Body depth 6.6+0.09 6.240.04 6.4%0.13 7.0£0.06 72+0.10
Milk type 6.6+0.11 7.0£0.03 7.0£0.07 7.2+0.05 6.9%0.09
Rear tilt 5.2£0.06 5.1£0.11 490,05 5.2£0.10 5.040.11
Rear width 5.840.09 6.0£0.11 6.2£0.06 6.0£0.11 6.1£0.10
Pelvic Limb angle 5.140.08 5.4£0.10 5.540.11 5.040.08 5.340.02
Pelvic limb posture 5.6%0.06 5.5%+0.08 5.8%+0.02 5.6+0.09 5.7%0.09
Hoof angle 5.4£0.08 5.540.11 5.6£0.05 5.340.13 5.1£0.07
Fatness 4.90.09 4.8+0.10 4.8£0.04 5.040.11 5.040.05

Source: compiled by the authors

It was found that cows obtained upon inline se-
lection also have quite positive indicators of exterior as-
sessment. All evaluated firstborns are tall. The greatest
height in the sacrum is found in descendants from the
combination of the lines dStarbaka 352790 x @Valiant
1650414, 3Chifa 1427381 x QEleveishna 1491007, and
dValianta 1650414 x QEleveishna 1491007. Differences
in this indicator with cows originating from the crosses
of the lines 3Chifa 1427381 x @Starbaka 352790, 8Chifa
1427381 x ?Valianta 1650414 are statistically signifi-
cant, p<0.05. Evaluated cows have a deep body with a
wide chest. The greatest chest width rating was given
to cows from 3Starbaka 352790 x ®Valianta 1650414,
dValianta 1650414 x QEleveishna 1491007, and dChifa
1427381 x RElewayshna 1491007 crosses, and the low-
est - from the dChifa 1427381 x ?Starbuck 352790
crosses. Similar differences are observed in the body
depth. Furthermore, in the evaluated firstborns, obtained
during interline selection, the milk type (angularity) of
body structure forms is well-pronounced. Its rating is
slightly higher than the average value. It is the lowest

in cows of the dChifa 1427381 x Eleveishna 1491007
cross and is 6.6 points, in other groups of animals under
study it was within 6.9-7.2 points. The tilt and width of the
rear are generally evaluated as the best option in all cases.
As for the limbs, they are postured straight with the opti-
mal angle when viewed from the side. In cows of all the
compared groups, the score of limbs, including the hoof
angles, has average values with small deviations towards
increase. The fatness rating is within 4.8-5.0 points.

In terms of the strength of attachment of the
anterior part of the udder (Table 5), the highest rating
was given to cows from the dChifa 1427381 x ®Valianta
1650414 and 3Starbaka 352790 x ?Valianta 1650414
crosses. According to this indicator, they outnumbered
cows from other crosses by 0.3-0.7 points (p<0.01). A
similar pattern is observed in the assessment of attach-
ment of the posterior part of the udder. It was found
that cows of the 8Chifa 1427381 x @Valianta 1650414
cross received 6.1 points for central ligament, which is
0.2-0.9 points more than those of the same age as other
crosses, or 3.4-17.3%, at p<0.01.
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Table 5. Linear udder assessment in firstborn cows upon interline selection, points (M+m)

Line combination

dChifa 1427381
x QEleveishna

Indicator dChifa 1427381 x

QStarbaka 352790

dValianta 1650414

3dChifa 1427381 x x QEleveishna

QValianta 1650414

dStarbaka 352790 x
QValianta 1650414

1491007 1491007
Number of animals,
heads 70 82 94 114 68
Anterior udder 5.940.12 6.2¢0.12 6.6+0.04 6.120.10 6.50.04
attachment . . : . : : : : : .
Posterior udder
srerior uad 5.6£0.11 5.8£0.08 6.0£0.04 5.7£0.11 5.7£0.02
Central ligament 5.2+0.08 5.6+0.06 6.1%0.03 5.8+0.11 5.920.03
Udder depth 6.7%0.05 6.8%0.08 6.60.12 6.5%0.05 6.6£0.04
Placement of
el 5.120.05 5.2+0.09 5.0£0.12 5.3+0.06 5.2+0.04
Placement of 4.9%0.03 5.0£0.04 5.0£0.11 5.1#0.06 5.1#0.09
posterior teats
Length of teats 5.0£0.04 490,05 4.9%0,07 5.0%0.06 5.0£0.02

Source: compiled by the authors

The bottom of the udder is raised quite high above
the hock joint in animals of all crosses, as evidenced by
the results of assessing the depth of the udder. Accord-
ing to this indicator, the daughters of bulls of the Chifa
1427381 line from cows of the Starbaka 352790 and
Eleveishna 1491007 lines received the highest score.Eval-
uation of the placement and length of teats indicates the
optimal values of these indicators in cows of the compared
groups and their good adaptability to machine milking.

Animals of the 8Chifa 1427381 x ®Valianta 1650414
cross were distinguished by the highest comprehensive
score (Table 6) of the “good plus” class, which exceeded
the animals of other groups by 1.4-3.4 points (p<0.001).
Cows of the 38Chifa 1427381 x QEleveishna 1491007
cross had the lowest overall score. They were 0.9-3.4 points
inferior in this indicator to their peers derived from other
interline selection variants, all differences are statistically
significant, p<0.001.

Table 6. Linear evaluation of complex (group) traits of experimental cows by type upon interline selection, points (M*m)

Line combination

dChifa 1427381
x QEleveishna

Indicators JdChifa 1427381 x

QStarbaka 352790

dValianta 1650414

3Chifa 1427381 x x QEleveishna

QValianta 1650414

dStarbaka 352790 x
QValianta 1650414

1491007 1491007
N“mber:e‘{:das”'mals’ 70 82 94 114 68
Milk type 79.5 % 0.11 83.5 % 0.14 83.6+0.11 84.3 % 0.13 84.0+0.16
Body 78.8+0.12 80.0 £ 0.12 85.1 +0.14 80.0 + 0.14 84.4+0.15
Limbs and hooves 79.0 £ 0.10 79.5 % 0.12 80.0 +0.10 81.0+0.11 80.0 + 0.14
Udder (milk system) 79.5 %008 81.2 £ 0.07 824012 784 +0.12 79.0 % 0.13
Overall rating 79.1%0.12 80.8 +0.10 82.5+0.13 80.0 + 0.10 81.1+0.12

Source: compiled by the authors

In general, the results of linear assessment of
complex traits of firstborn cows by type according to
the 100-point system found that in experimental ani-
mals obtained with both interline and inline selection
options, the average score level was 82.6-83.9 points,
which corresponds to the “‘good plus” criterion. There-
with, firstborn cows received an average score of 82.6-
84.3 for milk type, body - 83.2-85.0, limbs and hooves -
82.0-83.0, udder or dairy system - 83.0-84.0 points.

The phenotypic manifestation of exterior char-
acteristics of cows is formed as a consequence of the
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interaction of hereditary and paratypical factors and
is mainly controlled by additive genes. Proceeding from
this, one can expect that upon crossing lines, the in-
dicators of evaluating cows by type will have values
equal to the half-sum of the values of the parent lines.
However, the factual assessment of some traits in cows
originating from cross lines does not always follow this
rule. Figure 1 shows the deviation of the assessment of
the firstborns of the line crosses under study by type
from the average indicator of peers of the correspond-
ing lines, obtained upon inline selection in percentage.
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Figure 1. The correlation of scores for the milk type, body, limbs,
and fatness in firstborn cows upon interline selection and an intermediate indicator of the peers of parental lines, %
Source: compiled by the authors

The analysis of the data presented in Figure 1  factual scores, they statistically significantly predomi-
suggests that the firstborn offspring from the dChifa  nate the cows of the Eleveishna 1491007 line in this
1427381 x QEleveyshna 1491007 cross, in terms of  feature (p<0.01). Scores of all other traits deviate slightly
growth, outweigh the value of the half-sum of the from the intermediate value of the parent lines.
score of peers from inline selection in Chifa 1427381 The results of the udder assessment (Fig. 2)
and Eleveyshna 1491007 lines by 8.5%. Furthermore, suggest that firstborns of the 8Chifa 1427381 x ?Elev-
their superiority in factual values over the firstborns  eishna 1491007 cross received a higher score for pos-
of the parental lines is statistically significant (Chifa terior attachment and udder depth, respectively, by
1427381 - p<0.001; Eleveishna 1491007 - p<0.01). 7.7% and 14.5% than the half-sum of similar scores
By analogy, statistically significant differences are ob-  of peers in the parent lines. According to these indi-
served in the scores of chest width and hoof angle cators, they were statistically significantly superior to
(P< 0.05-0.01). According to the rear width score, the  cows from inline selection in both the Chifa 1427381
advantage is significant only over the peers of the line and the Eleveishna 1491007 line (p<0.05-0.001).
Eleveishna 1491007 line (p<0.05), and the latter sub-  The firstborn cows of dChifa 1427381 x ®Valianta
stantially outweigh them in the fatness score (p<0.01). 1650414 cross, according to the assessment of the
Scores of other animal traits originating from the dChifa  front and rear attachment of the udder, as well as its
1427381 x @Eleveishna 1491007 cross differ from the  depth, exceeded the average values of the parent lines
half-sum values of the parent lines not significantly,i.e., by 9.1%; 11.1%, and 11.9%, respectively. Therewith,
they are inherited according to an intermediate type. this excess over the factual scores of these features

In firstborns from the 8Chifa 1427381 x @Valiant  over the firstborns of the Chifa 1427381 line was sta-
1650414 cross, the assessment of such features as the tistically significant in all three cases (p<0.01-0.001),
rear width, the angle and posture of the pelvic limbs, over the firstborns of the Valianta 1650414 line - only
the hoof angle is more than the half-sum of the ratings  in relation to the assessment of posterior udder at-
of peers of the parental lines by 8.8, 8.9,4.5,and 9.8%, tachment (p<0.01). Cows of dValianta 1650414 x
respectively. According to the factual scores of the rear ~ 2Eleveishna 1491007 cross, based on the evaluation
width, the angle of the pelvic limbs and hooves, they  of the rear attachment of the udder and placement
statistically significantly predominate cows of the Chief  of the front teats, prevailed over the average indica-
1427381 and Valiant 1650414 lines (p<0.01-0.001), tor of the parental forms by 5.6% and 5.0%, respec-
according to the assessment of the posture of the hind  tively. There was a statistically significant difference
limbs - cows of the Valiant 1650414 line (p<0.01). ALl only in the assessment of posterior udder attachment
other differences are not significant. with cows of the Eleveishna 1491007 line (p<0.001).

Firstborns from the dValianta 1650414 x ®Elev-  According to the estimation of udder length, the first-
eishna 1491007 cross have the highest score from the  borns from all evaluated variants of inline selection
half-sum of ratings of peers of parental lines only based  significantly outnumbered cows obtained upon crossing
on the rear width, which is 6.2%. When comparing lines (p<0.01-0.001).

Scientific Horizons, 2022, Vol. 25, No. 9




Exterior of Cows of the Ukrainian Black-Spotted Dairy Breed, Obtained under Various Selection Options

-150 -100 -5.0 0.0 5.0 10.0 15.0
. 3.5
Posterior udder attachment 2309 9.1
7.7
Anterior udder attachment — 11.1
56 m JChifa 1427381x
Central l_igament -2.8 - 473 QEleveishna 1491007
"1 3Chifa 1427381x
Udder depth I—4> ovalianta 1650414
fs SValianta 1650414x
Placement of anterior teats 20 o 5o QEleveishna 1491007
Placement of posterior teats '3'0_1? 20
-7
Length of teats | 4~ 8
83

Figure 2. The correlation of udder scores in firstborn cows of inline selection
and an intermediate indicator of the peers of parental lines, %

Cows of the Valianta 1650414 line obtained upon
inline selection were marked by the highest scores of
udder attachment (anterior and posterior), central lig-
ament, and udder depth compared to the same cows
of the Chifa 1427381 and Eleveishna 1491007 lines. In
cows of 8Chifa 1427381 x ®Valianta 1650414 cross, the
value of these udder indicators shows a deviation from
the intermediate nature of their inheritance and a certain
level of dominance of the maternal line.

Pertinence of cows to a certain line of origin sub-
stantially affects the level of phenotypic variability of
exterior features, which is manifested in the results of
linear assessment of cows by type. The influence of lineal
pertinence on the development of individual articles
of the body of firstborn cows is substantial and pre-
dominantly reliable, it ranges within 3-36% (Bazyshyna,
2017; Khmelnychyi, 2017; Hladii & Polupan, 2018).This
explains the differences between the results of linear
evaluation of firstborns by type, obtained with different
options of selection - inline and line crosses.

Similar results regarding the linear evaluation
by type were obtained in studies conducted on first-
born cows of the Sumy inbred type of the Ukrainian
black-spotted dairy breed. It was found that the high-
est score for both complex and descriptive traits was in
cows of the Valianta 1650414 line, obtained during in-
line selection and Valianta 1650414 x S.T.Rokita 252803
and Valianta 1650414 x Kheneve 1629391 crosses
(Khmelnychyi & Bondarchuk, 2019). The firstborns of
these lines were marked by the highest coefficients of
phenotypic consolidation according to the descriptive
characteristics of body depth, angularity, rear width,
posture of the hind limbs and attachment of the front
lobes of the udder (Khmelnychyi et al., 2019). In this
study, the positive effect of pertinence to the Valianta
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1650414 line on the evaluation results was observed
both upon inline selection and upon crossing lines.

The analysis of the results of evaluation by type
for the cows of the Ukrainian black-spotted dairy breed
of lines Chifa 1427381, Eleveyshna 1491007, Starbaka
352790, and Valianta 1650414, obtained upon inline and
interline selection, revealed that the best scores accord-
ing to group and descriptive traits were obtained when
selecting Starbaka 352790 x Starbaka 352790, Elev-
eishna 1491007 x Starbaka 352790, Valianta 1650414 x
Starbaka 352790. The offspring of the Chifa 1427381
line had the lowest scores both in inline selection and
in all cross variants (Kochuk-lashchenko, 2017). Simi-
larly, the results presented by the authors of this paper
show that the offspring from inline selection in the Chifa
1427381 line and the Chifa 1427381 x Eleveishna
1491007 cross had the lowest results for some complex
and descriptive traits.

The necessary materials for a comparative analysis
of the results regarding the nature of the inheritance of
the scores of descriptive traits of firstborn cows were
not found in available scientific publications. There are
published research results that establish that 65.3% of
Holstein cows had an intermediate type of inheritance
of breeding value based on milk yield. Upon comparing
inline and interline selection, it was found that 56.7%
and 70.6% of cows had an intermediate type of inher-
itance, respectively. Upon the inline selection, parental
heredity dominated in 20.7% of animals, and upon the
interline selection - only 1.9%. The authors conclud-
ed that upon inline selection, the influence of parental
heredity is higher than upon crossing lines (Babenko &
Klopenko, 2017). An analysis of the specific features of
inheritance of breeding value based on the milk yield
of Holstein bulls found that 82.2% of the bulls had




a phenotypic manifestation of the additive form of in-
heritance (Kruhliak & Kruhliak, 2021). In the presented
studies, it was proven that the intermediate type of in-
heritance was present in 65% of the descriptive traits
upon crossing lines 8Chifa 1427381 x ?Eleveyshna
1491007,75.6% — 8Chifa 1427381 x ®Valianta 1650414,
and 94.1% upon crossing lines dValianta 1650414 x
QEleveishna 1491007.

CONCLUSIONS

Upon inline selection, cows of the Valianta 1650414
line had the highest scores of height, chest width, body
depth, milk type pronouncement, front and rear attach-
ment of the udder, central ligament and udder depth,
and were significantly superior in these features to the
cows of the Eleveyshna 1491007 and Chifa 1427381 lines.
The highest values of growth, chest width, and
body depth were observed in cows of the dStarbaka
352790 x ?Valianta 1650414, 3Chifa 1427381 x QElev-
eishna 1491007, and dValianta 1650414 x ?Eleveishna
1491007 crosses, the best score for milk type was given
to cows of 8Chifa 1427381 x ?Starbaka 352790 cross.
The highest score for udder attachment (front
and rear) and central ligament was obtained by firstborn
bulls of the Chifa 1427381 and Starbaka 352790 lines
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with cows of the Valianta 1650414 line, and the highest
score of udder depth was obtained by daughters of bulls
of the Chifa 1427381 line from cows of the Starbaka
352790 and Eleveishna 1491007 lines. The placement
and length of the teats had optimal values in cows of
all the compared groups.

In the firstborn cows obtained with all the com-
pared selection variants, the average level of the linear
evaluation of complex traits by type according to the
100-point system was 82.6-83.9 points, which corre-
sponds to the “good plus” criterion. The vast majority
of evaluated traits (64.7-94.1%) in line crosses had an
intermediate nature of inheritance.

Inheritance of scores of height, chest width, hoof
angle, rear attachment and depth of udder in dChifa
1427381 x QEleveishna 1491007 cross, scores of rear
width, angle of pelvic limbs and hooves and rear attach-
ment of udder in 8Chifa 1427381 x @Valianta 1650414
cross according to the heterosis type were statistically
significantly (p<0.05-0.001) higher than the factual scores
in parental lines. In the 8Chifa 1427381 x ®?Valianta
1650414 cross, the score of udder attachment (anterior
and posterior), central ligament, and udder depth in-
dicates the dominance of the maternal line in terms of
these traits.
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EKcTep’ep KopiB YKpaiHCbKOi YOPHO-psi60i MONTIOYHOI Nopoau,
OTPUMaHMUX 3a Pi3HMX BapiaHTIB nia6opy

Mapig IBaHiBHa KoryT, MupoH AHToHOBMY MeTpuLumH,
Mpuropin Muxaitnosuu Cepino, Hatania MukonaisHa ®epak

IHCTUTYT cinbcbkoro rocnogapcrea Kapnartcbkoro periony HAAH
81115, Byn. M. pywescbkoro, 5, c. 06powmnHe, YkpaiHa

AHotauig. AHani3 eeKTMBHOCTI OLIHKM BHYTPILUHBOAIHIMHMX Ta MDKMIHIMHWX BapiaHTiB MOELHAHb 33 TUMOM Ta BUSIBIEHHS
HaMKpaLMX iX BapiaHTiB y NPaKTUYHIW cenekuiiHO-NAEMIHHIN € aKTyaNbHUM 33aBAAHHSM, WO A03BOIUTL OTPUMYBATH
HawagakiB 6axaHoi skocTi. MeTa poboTv — Ha MiACTaBi pe3y/nbTaTiB OLIHKM 33 TUMOM KOpPiB-NepBiCTOK YKPAiHCbKOI
4YOpHO-ps6Oi MONOYHOT NOPOAM 3aXiAHOTO BHYTPILLHBOMOPOAHOMO TUMY YKPAiHCbKOT YOPHO-Ps60i MONOYHOI NOpoaM
BM3HAUMTK 0Co6MBOCTI ByA0BM iX Tina 3aNeXHO Bif MOXOMXKEHHS, @ TAKOX BCTAHOBMTM TUM YCMAAKYBaHHS LMX
NMOKA3HMKIB NpU Kpocax JiHii. Mpu npoBefeHHi [OCNiAXKEHb BUM3HAYaNM: TUNK NiAOOPY LWASXOM FeHeanoriyHoro
aHanisy poAoBOLiB, NiHIMHY OLHKY KOpIB 32 TUNOM 33 ABOMa CUCTEMAMM OLIHKM — NiHIMHMI ONUC OKPEMUX CTaTen
eKcTepepy 3a 9-6anbHOLO LUKANOH Ta OLiHIOBAHHS KOMMIEKCIB EKCTEPEPHMX 03HAK TMMY TBapyMH 33 100-6abHOM0 WKanoto,
OTPUMAHI pe3ynbraTi ouiHoBanu 3a CTbloAeHTOM. BUKOPUCTOBYIOUM CXeMy, ByNno BCTAHOBEHO, WO KOPOBU-NEPBICTKM,
OTPUMaHi B pe3ynbTaTi BHYTPILUHbOIHIMHOIO BapiaHTy NiAbopy XapakTepu3yTbCs ONTUMANbHUMM OLiHKaMM 3a TU,
npote TBapuHu 3 NiHii BaniaHta 1650414 oTpMMany HaMBwMLLi OLIHKM 33 NiHiMHI 03HaKM BUCOTU B KPUXKAX, LUMPUHY Fpyaen
Ta 3a4y, MnbuHy Tyny6y. byno npoaHanizoBaHO OLiHKY 33 TUMOM Y KOpiB-NepBiCTOK, OTPUMAHUX NPWU MiKAiHIKHOMY
BapiaHTi nigbopy i BCTAaHOBMEHO, WO 33 MNOKA3HUKAMM NiHIMHOI OLiIHKM 33 TMMOM KPOCK NiHilA BiANOBIAAOTL Ta
nepeBaXakTb cepefiHi 3HaueHHs ana nopoau. Koposu kpocy dBaniavta 1650414 x @EneseriwHa 1491007 otpumanu
HanBuwmii 6an 3a MonoyHmit TMn no 100-6anbHil wkani. byno noBeneHo, Wo HiNbWICTb i3 OLiIHIOBAHMX 03HaK Mpu
Kpocax NiHii ycnafkoByBanMca 3a NPOMKHUM TUMOM, ogHak npu kpoci dYida 1427381 x REneseiwHa 1491007
OLLiHKa OKpeMMX O3HaK (piCT, WMpWUHA TPyAeN, KyT paTulb, 3a4HE NPUKPINNEHHS Ta MUbMHA BUMEHI) CTaTUCTUYHO
BipOrifHO NepeBuLLyBana 3HAa4YeHHs BiANOBIAHMX OLLIHOK NepBiCTOK 6aTbKiBCbKOI i MaTEPUHCBKOI NliHii,a y KopiB Kpocy
dYicda 1427381 x ?BaniaHTa 1650414 3a BENIMUMHOIO OLLIHKM OKPEMMX 03HAK BUMEHI CMOCTEpPiranocs AOMiHYBaHHS
MaTepUHCLKOI NiHii. OTpMMaHi pe3ynbTaTi L03BONSTb MPOBOAMUTH ONTUMANbHMIA [06ip Ta Niabip 6aTbKiBCbKMX Nap 3
OLiHEHMX 33 TUMOM TBAPWH, AN NPOBEAEHHS CeNneKLiMHO-NNeMiHHOI poboTw i3 ctagamu BPX 3 meToro koHconigauii
iX 33 TMNOM

KniouoBi cnoBa: KOpoBM-NepBiCTKK, OLLiHKA eKCTepepy, MeMiHHWI Niabip, KpOC NiHil, ycnagKyBaHHS
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INTRODUCTION

Animal husbandry is currently facing such a phenom-
enon as mycotoxin damage to fodder in many regions
of Ukraine. The economic losses suffered by milk pro-
duction farms are quite significant and, according to the
American method of determining the economic effect,
range within $3.19-5.41 per day (Kibar et al., 2018).Im-
proving existing and developing new methods for inten-
sifying the reproductive capacity of cows is an urgent
issue. It is known that mycotoxins, which are produced
by fungi of the Fusarium family, such as deoxynivale-
nol and zearalenone, have a toxic effect on the body of
cows (Gupta et al., 2022). These toxins are described by
destructive changes in the intestine and suppress the
body’s immune reactions (Bulgaru et al., 2021). However,
the effect on the organs of the immune system is insuf-
ficiently described.

The phenomenon is quite widespread in the
world and scientists (Kemboi et al., 2020; Santos Pereira
et al., 2019) are inclined to believe that the damage to
feed by mycotoxins ranges within 42-65%. Neverthe-
less, the author (Bailey et al., 2019) points out damage
to wheat and barley, but damage to feed mixture made
from maize is not covered in this study. In the produc-
tion of livestock products, it is mycotoxins that cause
considerable economic losses, which can include re-
duced productivity of cows, insufficient production of
offspring (Faisal et al., 2018) and premature culling of
cows (Nichea et al., 2015). However, the research of the
above-mentioned authors was conducted on Simmental
and red-spotted cows, and other breeds of cows in other
climatic zones can have quite substantial features of
the course of mycotoxicosis. Researchers (Wang et al.,
2019) developed a method for detecting mycotoxins
in fodder and food products, which is based on the use
of specific extremely sensitive monoclonal antibodies
and solid-phase enzyme immunoassay. In addition, the
studies (Wang et al., 2022; Wang et al., 2021) developed
an express analysis based on two parallel specific im-
munochromatographic tests for the simultaneous de-
tection of aflatoxin B1 (AFB1) and zearalenone (ZEN)
in fodder.

Therewith, researchers (Clin et al., 2016; Baranski
et al., 2021) indicate that under the action of mycotox-
ins, the overall resistance of the body decreases, which
leads to a violation of the reproductive ability of the
body and infertility. Several Fusarium mycotoxins can
alter various intestinal defence mechanisms, such as
epithelial integrity, cell proliferation, mucus layer, im-
munoglobulin uptake, and cytokine production. Recently,
the emergence of new and disquised Fusarium myco-
toxins in farm animals has been of concern, which may
contribute to toxic health effects (Ekwomadu et al.,, 2021),
although the metabolic fate of mycotoxins is still a matter
of scientific debate.

Acute aflatoxicosis leads to the death of the
animal, while chronic aflatoxicosis leads to immune
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suppression and other chronic pathologies of internal
organs and pathological conditions (Zahran et al., 2019).
However, the authors cite data related to deoxynivale-
nol damage in animals, and the effect of assimilated
exposure to mycotoxins still requires further investiga-
tion. It was found that aflatoxins temporarily reduced
the phagocytic activity of leukocytes in cows. Further-
more, the ability to induce T-cell proliferation in myco-
toxicosis decreased (Toutounchi et al.,2021). Therewith,
the observation described by the authors was over
60 days of age and requires clarification of the generation
of these cells directly in the thymus.

Under the action of deoxynivalenol, the regulation
of antigen-presenting ability is disrupted, which may ex-
plain the immunotoxicity of this mycotoxin (Toutounchi
et al.,2021). However, the author focuses on the formation
of antigen-receptor bonds but does not describe exactly
how mycotoxins affect the synthesis of distinct types of
lymphocytes.

Immune responses are variable. Aflatoxin B1-in-
duced immunosuppression has been demonstrated in
various livestock species (e.g., turkeys, chickens, and
pigs) and in laboratory animals (mice, guinea pigs, and
rabbits). The response of bovine lymphocytes to aflatox-
in in vitro is similar to that of other laboratory animals.
Trichothecenes are powerful immunosuppressants that
directly affect immune cells, as well as alter immune
responses because of tissue damage elsewhere. Sheep
and calves treated with fusarium T-2 toxin develop leu-
kopenia and the functioning of peripheral lymphocytes
decreases. Immunosuppressive effects of ochratoxin A,
rubratoxin B, and patulin have been reported. Citrinine
caused lymphopenia, but stimulated responses against
antigens (Sun et al., 2022). Antibodies against mycotox-
ins conjugated with proteins are formed for analytical
purposes. Therewith, it is necessary to clarify the mecha-
nism of action of zearalenone on the immune response.

The studies of Roberts et al. (2021) described
that a considerable increase in the percentage of CD4-
CD8+ T-cells was observed in bulls treated for 2 weeks
and characterized by a decrease in the ratio of CD4:CD8
T-cells (p<0.10). Cattle at the final stage of fattening are
susceptible to immunotoxic and inhibitory transcripts
of the effects of deoxynivalenol and fumonisins. How-
ever, the coverage of similar mechanisms in dairy cows
requires attention.

Considering the above, the purpose of this study was
to figure out the dynamics of changes in immunity indi-
cators in the dynamics under the action of mycotoxins
according to the classical scheme of prevention of my-
cotoxicosis and compare with experimental treatment.

MATERIALS AND METHODS

The study was conducted in the conditions of farms of
LLC “Marivske” and LLC “Vitchyzna” of the Sumy Oblast
on cows of black-spotted breed. The animals were aged
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from 3 to 5 years, weighing 550-580 kg. Therewith, cows
were divided into 4 groups according to the analogue
method. Animals of Group 1 (n=25) - healthy cows that
have not been diagnosed with mycotoxisosis. Animals
of Groups 2-4 were fed fodder containing zearalenone
and deoxynivalenol at concentrations above 0.5 mg/kg.
Cows of Group 2 (n=27) were not tested during the
experimental period. Animals of Group 3 were given a
feed additive based on zeolite and organic acids at a
dose of 2.5 kg per tonne of fodder. Cows of Group 4 were
given a feed additive based on zeolite and organic acids
at a dose of 2.5 kg per tonne of fodder and a prepara-
tion based on an aqueous solution of recombinant o—,
g-interferons at a dose of 3 ml per animal.

The presence of mycotoxins in concentrated
fodder was found. European standards EN 15891:2011
(SIST 1) and EN 15850:2010 (SIST EN 15850:2010...,2010)
were used for this.

Research material: cow blood taken from the tail
vein in an amount of 12 mlon Day 0, 10, 30, 60,and 125
of the research, in sterile polystyrene syringes. After sam-
pling, the blood was divided into 2 parts, one part was
placed in the refrigerator for 1.5 hours at 3°C to form
blood serum, while the other was stabilized according to
the EDTA method.

Bactericidal and lysozyme activity was found in
blood serum by photonephelometric method using the
E. coli test culture. Neutrophil phagocytic activity was
found in stabilized blood using the E. coli test culture.

The number of T-lymphocytes was found accord-
ing to the “rosette formation” method. The total number of
T-lymphocytes was found according to M.Jondal’s method
of spontaneous rosette formation with sheep red blood
cells Jondal et al., 1993). The content of early lymphocytes
was investigated according to M. Wansbrough-Jones’s
modified method of rosette formation (Wansbrough-Jones
et al., 1979). The number of theophylline-sensitive and

theophylline-resistant T-cells was found according to
S.Limatibul’s method (Limatibul et al.,1978). The immu-
noregulatory index was calculated as the ratio of T-helper
cells to T-suppressors. The number of B-lymphocytes was
found according to N.F. Mendes (Mendes et al., 1973).

Immunoglobulins of the main classes (A, M, G) in
blood serum were investigated according to G. Manci-
ni's method of simple radial immunodiffusion in a gel
(Mancini et al., 1965). The total level of circulating im-
mune complexes (CEC) and their fractional composition
by molecular weight were investigated according to
M. Digeon’s method of precipitation in a polyethylene
glycol solution (Digeon et al., 1977).

Statistical data were processed according to the
Student’s t-test of variational statistics for research in
biology. The data are presented as an average value for
groups with a square deviation error (M*m), the critical
significance level was 0.05 (P). When calculating statis-
tical data, the authors of this study used the Statistica
7.0 software.

All experimental studies were conducted per the
corresponding requirements and standards that meet
the requirements of DSTU ISO/IEC 17025:2005, IDT. An-
imal husbandry and all manipulations were performed
according to the provisions of the Procedure for con-
ducting tests and experiments on animals by scientific
institutions (Law of Ukraine No. 249, 2012) of the Euro-
pean Convention for the protection of vertebrates used
for experimental and other scientific purposes (European
Convention..., 1986).

RESULTS AND DISCUSSION

Natural resistance and its correction in cows with myco-
toxicosis. The bactericidal activity of blood serum of
healthy animals during the 125-day experimental period
ranged within 44.9+1.31-47.1%. The results of the study
of cow blood serum are presented in Table 1.

Table 1. Change dynamics in the bactericidal activity of cow blood serum, %

Group of cows Control - hialthy Group

Control - sick with

Experimental Experimental

mycotoxicosis Group 2 Group 3 Group 4
0 46.8%+1.14 33.65+1.03 " 34.36x1.1° 33.3£1.26 "
10 47.1£1.22 33.64%1.29 " 37.941.26" 37.1£1.36 "
Experimental 30 44.9%1.31 29.36%1.62 38.91%1.31* 41.4%1.35
period, day
60 46.2%1.83 29.67%1.33 " 39.64%1.26 * 44.3%1.39
125 46.3£1.76 27.35%1.06 * 41.29+1.98 46.7£1.97

Note: *P<0.05
Source: compiled by the authors

The indicator of bactericidal activity (BA) in
sick cows (with mycotoxicosis) was reduced by 1.4-1.6
times. The value of BA in the blood serum of animals
of Group 2 during the studies was 1.4 times lower
than the control values by Day 10 of the experiment,
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by Day 30 - by 1.5 times, by Day 60 - by 1.6 times, by
Day 125 - by 1.70 times.

The bactericidal activity of blood serum of ani-
mals of Groups 3 and 4 during the experiment changed
upwards, but at contrasting times and in separate groups




this indicator did not change equally. The greatest value
of bactericidal activity was achieved in the blood serum
of animals of these groups by Day 125 of experiments. At
that time, this indicator increased in Group 3 by 1.2 times,
and in Group 4 - by 1.4 times. Therewith, the bactericidal
activity of the blood serum of cows of Group 3 was 1.15
times lower than that of healthy animals,and in Group 4
it practically did not differ from that of healthy animals.

Dynamics of lysozyme activity in cow blood serum.
Lysozyme plays an important function as a biomarker pro-
duced by the cow’s body (Chia et al., 2019). The lysozyme
activity (LA) of the blood serum of cows of the control
Group 1 practically did not alter during the experiment pe-
riod - 21.0-22.5%. LA of the blood serum of sick animals at
the beginning of the experiment was lower than in healthy
animals and amounted to 14.9+1.24%, 15.3+0.95% in cows
of Group 3,14.95+0.98% in cows of Group 4.

Chekan et al.

Analysing the dynamics of this indicator, it is worth
pointing out that unreliable fluctuations were observed
in healthy cows during the entire research period. The
authors of this paper believe that this is explained by
the influence of external factors, such as high ambient
temperature, crowded housing. This is confirmed by the
study (Toutounchi et al., 2021).

Lysozyme activity in cows with mycotoxicosis
was reduced during the entire follow-up period and
not significantly ranged within 13.8£1.67-15.1£1.28%.
The decrease in this indicator is conditioned upon the
effect of mycotoxins on the body of cows, which leads
to a decrease in the activity of white blood cells. Com-
parable results were obtained by researchers (Zahran
etal.,, 2021; Cheng et al., 2016). The results of the study
of lysozyme activity of cow blood serum are presented
in Table 2.

Table 2. Change dynamics in the lysozyme activity of cow blood serum, %

Group of cows Control - healthy

Control - sick with

Experimental Experimental

Group 1 mycotoxicosis Group 2 Group 3 Group 4
0 213125 14.981.24° 15.3£0.95° 14.95+0.98"
10 221#1.27 15.121.28° 17.640.65" 18.82+0.65°
e | 30 21.95%1.62 14.95%139* 20.620.78 20942094
60 21.76+0.95 13.9%1.25° 21.41.32 21.22+0.84
125 22.0120.97 13.81.67° 21.75%1.22 22472093
Note: *P<0.05

Source: compiled by the authors

The dynamics of lysozyme activity in the blood
serum of cows of Group 3 began to increase on Day 10
of research, and on Day 30 - did not differ from a similar
indicator of healthy animals. The best result was ob-
tained in Group 4, where a significant increase in lyso-
zyme activity was recorded on Day 10 of the study.

Dynamics of complementary activity of cow blood
serum. The complementary activity of the blood serum of
cows of the control Group 1, for 125 days of experiments,
practically did not change and was within 22.86%1.28-
23.96%1.35.Data from the study of the dynamics of comple-
mentary activity of cow blood serum are presented in Table 3.

Table 3. Change dynamics in the complementary activity of cow blood serum, units

Group of cows Control - healthy

Control - sick with

Experimental Experimental

Group 1 mycotoxicosis Group 2 Group 3 Group 4
Number of animals 25 27 20 20

0 23.31+1.04 12.92+1.86" 13.4+0.44" 13.39+0.35*
10 23.56%1.09 13.27+0.25* 15.82+0.4* 16.6+0.65*

E;‘fﬁg'dmjg;il 30 23.98+1.35 13.8120.36" 17.27£0.27" 18+1.91°
60 23.96%0.36 13.37+0.51* 19.98+0.46" 19.48+0.95*

125 23.32+0.92 14.14+1.66" 20.25+0.57 21.02+1.2

Note: *P<0.05

Source: compiled by the authors

The complementary level in the blood serum
of cows with mycotoxicosis was 1.17-1.28 times lower
than the physiological norm before the start of exper-
iments. The same indicator in the blood serum of cows

of Group 2 was even lower compared to the background
and control values by 1.2 times by Day 30 of the exper-
iment, by Day 60 - by 1.4 times, and by Day 125 - by
2.3 times.
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Complementary activity in the blood serum of
cows of Groups 3 and 4 increased significantly before
the end of the experiments, and, depending on the
group, changed differently: in Group 3 in relation to
Day 0, on Day 10 - by 1.09 times, on Day 30 - by 1.22
times, on Day 60 - by 1.20 times, on Day 125 - by 1.15
times. However, the animals of the control group were
1.20,1.15,1.14,and 1.15 times inferior in this indicator,
respectively. The same indicator of blood serum of cows

of Group 4 increased by 1.08,1.17,1.15,and 1.20 times,
respectively, compared to the initial value on Days 10,
30, 60, and 125 of the experiment. However, it was re-
spectively 1.12, 1.10, 1.20, and 1.10 times lower than
control in the same experimental periods.

Phagocytosis and its correction in cows with myco-
toxicosis. The initial value of phagocytic activity in the
blood of animals of Groups 2-4 was lower by an average
of 1.4-1.5 times (by 12.5-16.0%) (Table 4).

Table 4. Change dynamics in the phagocytic activity of cow blood serum, %

Group of cows Control - healthy

Control - sick with

Experimental Experimental

Group 1 mycotoxicosis Group 2 Group 3 Group 4
0 4551+1.41 26.32%£1.03" 24.21%£1.18 25.3%0.93%"
10 45.42+1.15 26.46%1.08 28.55%1.11* 28.39%1.44*
Experimental 30 45.46%1.12 25.34+1.66" 30.21#1.12" 31.98+1.81*
period, days
60 46.1+0.59 26.34%0.64* 32.33+0.78* 35.41+2.02*
125 45.31+1.24 25.39%0.72* 34.53+1.38" 43.18+0.87

Note: *P<0.05
Source: compiled by the authors

The phagocytic activity of leukocytes in the blood
of cows of Groups 3-4 was reduced and amounted to
26.32%£1.03% in Group 2; 24.21+1.18% in - Group 3,and
25.0¥0.93% - in Group 4. Subsequently, in animals of
Group 2, the indicator of phagocytic activity of leuko-
cytes did not change significantly, and at the end of the
studies was 26.14+1.06%.

A similar indicator in cows of Group 3 had substan-
tial dynamics on Day 10 and amounted to 28.55%1.11%,
on Day 30 - 30.21%1.12%, on Day 60 - 32.33%0.78%, and
at the end of the experimental period was 34.53+1.38%,
which is 1.4 times more than the initial value. However,
this indicator in Group 3 stayed significantly lower (P<0.01)
compared to the same indicator in healthy animals. The

phagocytic activity of leukocytes of cows in Group 4 in-
creased, starting from Day 10, and at the end of studies
amounted to 43.18+0.87%, which did not significantly
differ from healthy cows.

In case of mycotoxicosis of cows caused by zear-
alenone and deoxynivalenol from Fusarim and Asper-
gillus fumigatus toxin, all elements of the natural resis-
tance system are suppressed, which is manifested in a
decrease in the bactericidal, lysozyme, and complement
activity of blood serum (Knutsen et al., 2017).

Indicators of T- and B-immune systems and their
correction in cows with mycotoxicosis. The results of
studies of the dynamics of the content of T-E-ROC lym-
phocytes in the blood of cows are presented in Table 5.

Table 5. Content dynamics of T-E-ROC lymphocytes in the blood of cows, %

Group of cows Control - healthy

Control - sick with

Experimental Experimental

Group 1 mycotoxicosis Group 2 Group 3 Group 4
0 42.02+1.14 26.15%0.74* 25.95+£0.55* 27.03%1.15"
10 42.35+1.41 26.44%0.42* 27.67+0.8" 30.18+1.03"
E;gféhmgg‘;zl 30 42.37+16 26.56+0.11" 30.97+1.12" 36.17+1.17"
60 41.64%1.01 26.04+1.05" 33.72%0.62% 39.54+1.827
125 42.12+1.07 25.88%0.38" 37.34x0.7* 40.34+1.45

Note: *P<0.05
Source: compiled by the authors

The content of T-lymphocytes in the blood of cows
that received balanced mineral composition had a value
at the level of 41.87%£1.34 - 42.37+1.6%. The level of
T-E-ROClymphocytes in the blood of cows of Groups 2-4
at the beginning of the experiment was 1.55-1.62 times
less than in healthy cows. In cows of Group 2, no increase

Scientific Horizons, 2022, Vol. 25, No. 9

in the values of this indicator was noted throughout
the experiment. The indicator of blood T-cells of cows
of this group on Day 10 of the experiment tended to
increase, but they were 1.53 times lower than the same
indicator in healthy animals. On Day 30, this ratio was
1.37, on Day 60 - 1.23, and on Day 125 - 1.13 times.




The level of T-cells in the blood of Group 4 in
relation to the indicator of healthy animals was 1.55
times lower on Day 0, 1.14 times lower on Day 10, and
1.17 times lower on Day 30. However, starting from Day 60
of the experiment, this indicator did not significantly
differ from that in healthy cows.

Chekan et al.

Content dynamics of T-helpers in the blood of cows.
The blood of cows of Group 1 contained 20.51-21.67% of
T-helpers. This indicator in the blood of cows of Groups
2-4 was 1.5 times lower before the start of experiments
than in Group 1. Data from the study of the dynamics of
T-helpers in the blood of cows are presented in Table 6.

Table 6. Dynamics of T-helpers in the blood of cows, %

Group of cows Control - healthy

Control - sick with

Experimental Experimental

Group 1 mycotoxicosis Group 2 Group 3 Group 4
0 21.67+1.14 14.19%0.1* 14.37£0.88* 14.490.93"
10 20.51#1.39 13.490.53" 15.781.29" 18.320.35*
E;eﬂfghmgg)t:l 30 21.1520.51 13.77+1.21* 17.26£0.19* 19.06£0.65*
60 20.97+1.11 13.86+1.29" 18.650.06" 19.52+0.54
125 21.45:0.06 14.06£0.95* 18.6120.42" 20.5920.6

Note: *P<0.05
Source: compiled by the authors

The level of T-helpers in the blood of Group 2
cows was stable throughout the experiment. The con-
tent of T-helpers in the blood of cows of Group 3 slight-
ly increased compared to the background: up to Day
10, on Days 30, 60, and 125 - by 1.09, 1.20, 1.3, and
1.27 times, respectively, and was inferior to the control
values. The indicator of T-helpers in the blood of cows

of Group 4 increased by 1.29 times by Day 10 of the
experiment, by 1.3 times - by Day 30, by 1.35 times - by
Day 60, by 1.42 times - by Day 125, not significantly
differing from the same indicator in healthy cows.
Content dynamics of T-suppressors in the blood of
cows. The results of the study of the dynamics of T-sup-
pressors in the blood of cows are presented in Table 7.

Table 7. Content dynamics of T-suppressors in the blood of cows, %

Group of cows Control - healthy

Control - sick with

Experimental Experimental

Group 1 mycotoxicosis Group 2 Group 3 Group 4
0 18.06%0.57 23.51+1.39* 23.39+0.6" 23.4+1.84"
10 18.560.2 23.19+£0.87* 22.13%£1.15* 22.39%0.33*
Epj‘eprfg'dmj;‘;il 30 19.05+1.38 22.37+1.05" 21.46+0.47" 18.32+0.55
60 18.75%0.72 22.76%1.52* 20.01+0.33" 18.02%£1.29
125 18.42+0.86 22.57%£1.28" 20.01£0.35* 18.12#1.61

Note: *P<0.05
Source: compiled by the authors

Normalization of suppressor reactions was noted
in cows of Group 4, since the level of T-suppressors almost
corresponded to physiological standards by Day 10 of
the experiments. The number of T-suppressors in the
blood of cows of Group 1 (control) was stable - 17.9-
18.8%. Background indicator of T-suppressors in the
blood of cows of Groups 2-4 had greater values (1.18-
1.18 times), which was higher by 2.4-3.4%. This trend
in cows of Group 2 persisted throughout the experi-
ment. The number of T-suppressors increased by Day 10
compared to the background and control by 1.10 and
1.24 times, by Day 30 - by 1.14 and 1.26 times, by
Day 60 -by 1.15 and 1.3 times, by Day 125 - by 1.16 and
1.33 times. The reaction of T-suppressors in the blood
of cows of Groups 3 and 4 during the experiment sig-
nificantly decreased but did not occur in the same way.

The level of T-suppressors in the blood of an-
imals of Group 3 decreased in comparison with the
background values: by Day 10, on Days 30, 60, and 125,
respectively - by 1.07 times, 1.0 times, 1.06 times, 1.08
times, while exceeding the control figures by 1.10; 1.05;
1.07, and 1.20 times. The maximum decrease in T-sup-
pressors was observed in the blood of cows of Group 4.

The level of T-suppressors was 1.60 times lower
than the background by Day 10 of the experiment, 1.10
times lower - by Day 30, 1.09 times lower - by Day 60,
and 1.10 times lower by Day 125, which practically cor-
responded to the control data. Zearalenone is thought to
affect the immune response considerably, which is the
main defence mechanism against pathogens,toxins,and
other antigens in all mammals, with immunostimulating
or immunosuppressive results (Bulgaru et al., 2021).
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Immunoglobulins and their correction in cows with
mycotoxicosis. Studies of the blood serum of cows of

Group 1 on IgG in real time showed that their level was
within 26.5-28.0 g/l (Table 8).

Table 8. Dynamics of T-helpers in the blood of cows, %

Group of cows Control - healthy

Control - sick with

Experimental Experimental

Group 1 mycotoxicosis Group 2 Group 3 Group 4
0 27.12+0.86 17.3£0.53* 17.36*1.16" 17.29+1.1%
10 27.2+1.07 16.47+0.01* 18.74%0.19* 19.36+0.57*
Experimental 30 27.24%0.64 15.72+0.82" 19.44%0.98" 23.23+0.83"
period, days
60 27.16*0.78 14.07+1.9* 19.62+1.51* 24.94%0.71*
125 27.0+1.13 13.84+0.43" 19.96#1.16" 26.87%0.11*

Note: *P<0.05
Source: compiled by the authors

Immunoglobulins are an indispensable indicator,
as they indicate the level of antibodies, which generally
characterizes the possibility of an immune response to
the action of a pathogenic agent (Nagahata et al., 2020).

At the same time, under the toxic compounds,
namely mycotoxins,a decrease in this indicator was ob-
served, which may indicate a decrease in the synthesiz-
ing function of lymphatic cells (Rahman et al., 2021). The
level of IgG in the blood serum of animals of Group 2
decreased, and during the experiment and up to Day 10
of research, compared to the background indicator, was
1.05 times lower, up to Day 30 - 1.1 times, up to Day 60 -
1.23 times, up to Day 125 - 1.25 times.

The 1gG content in the blood serum of cows of
Groups 3 and 4 during studies on Day 10 was higher
than the initial (background value) by 1.08; and 1.12
times, by Day 30 - by 1.12 and 1.36 times, by Day 60 -
by 1.13 and 1.44 times, by Day 125 - by 1.15 and 1.55
times, respectively. This indicates a more effective in-
crease in immunoglobulins when using recombinant a-,
g-interferons compared to the use of a feed additive

based on zeolite and organic acids through the activa-
tion of immunocompetent organs of the body. Similar
data were obtained by the authors in a study on calves
(Tang et al., 2022)

Dynamics of IgA content in cow blood serum. The
level of IgAin the blood serum of healthy cows (Group 1)
ranged within 2.25-3.11 g/L. This indicator in the blood
serum of cows of Groups 2-4 was reduced by 1.4-1.5 times
before the start of experiments. The level of serum IgA in
cows of Group 2 dynamically decreased, yielding to the
background and control levels on Day 10 of the experi-
ment by 1.04 times, on Day 30 - by 1.08 times, on Day 60 -
by 1.15 times, on Day 125 - by 1.17 times. The same in-
dicator in the blood serum of cows of Group 3 increased
compared to the beginning of the experiment and on Day
10 was 1.6 times higher, on Day 30 - 1.56, on Day 60 -
1.88, and on Day 125 - 1.81 times higher, respectively.
In the blood serum of cows of Group 4, the IgA content
increased by 1.7, 1.59, 1.6, and 2.45 times, respectively,
starting from Day 10. Data on the dynamics of IgA in
blood serum of cows are presented in Table 9.

Table 9. Dynamics of IgA in blood serum of cows, g/l

Group of cows Control - healthy

Control - sick with

Experimental Experimental

Group 1 mycotoxicosis Group 2 Group 3 Group 4
0 2.91+0.28 1.25+0.16* 1.14+0.61 1.29+0.14
10 2.63%0.43 1.20+0.57* 1.87+0.17 2.24*0.19
E;eprfg'dmgg;il 30 3.1120.9 1.15%0.23 1.78+0.06 2.06+0.17
60 2.61+0.61 1.09+0.23* 2.15%0.26 2.09+0.57
125 2.25%0.38 1.07+0.35" 2.06=0.38 3.16x0.91

Note: *P<0.05
Source: compiled by the authors

The authors also report that the innate immune
response is triggered by receptors that recognize the
pathogen and activate several signalling pathways that
control the immune response. Neutrophils, monocytes/
macrophages, and dendritic cells that mediate inter-
action with pathogens are components of the innate
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immune system that can form networks, playing a key
role in the initial immune response to infection and
tissue damage. These are phagocytic cells that, upon
stimulation, can produce reactive oxygen species that
are important for cell signalling and homeostasis. The
indicator of bactericidal activity of blood characterizes




the ability of blood serum complexes to destroy 99.9%
of bacteria (Zaghi et al., 2020). The data obtained con-
firm the statement of most studies that under toxic
substances, in this case mycotoxins, it leads to a de-
crease in non-specific immune factors due to inhibition
of the work of immunocompetent organs. Rivera notes
that a decrease in the bactericidal activity occurs due to
the action on the body of exogenous and endogenous
microflora that produces toxins (Rivera et al., 2020). It
is important that mycotoxins exert a negative effect
complexly and in a lower concentration, while microor-
ganisms in the early process act in the overwhelming
majority in the zone of the inflammatory reaction.

The use of a feed additive (experimental Group 3)
in the diets of cows at a dose of 2.5 kg per tonne of
fodder contributed to an increase in bactericidal activ-
ity due to a decrease in toxic substances in the blood
of experimental cows. The mechanism of action of the
supplement is based on a synergistic combination of
mechanical (adsorption) and detoxification action of or-
ganic acids. Organic acids, namely acetic acids, increase
the acidity to pH 6.3-6.5 when feeding the additive,
which adversely affects the growth and development
of microscopic fungi, while not suppressing the viability
of scar microflora. Comparable results were obtained by
other scientists who investigated the pig livestock, but
in their studies more attention was paid to studying the
effect of sorbents on the gastrointestinal tract of mono-
gastric animals. Therewith, the level of acidity displace-
ment had only a lower limit sufficient for the destruc-
tion of fungi (Dabrowski et al., 2016; Bailey et al., 2019).

Furthermore, the toxic effect on the liver and the
decrease in the synthesis of immunomodulating pro-
teins is also indicated by lori et al. (2022) who noted
transcriptomic changes that showed differences in the
expression of genes involved in the inflammatory re-
sponse, oxidative stress, drug metabolism, apoptosis,
and cancer. Cell death associated with necrosis rather
than apoptosis was noted. As for the mechanism of toxicity,
a molecular pathway linking the inflammatory response
and oxidative stress has been postulated. Activation of
Toll-Like Receptor 2 (TLR2) by AFB1 triggers an intracel-
lular signalling cascade involving a kinase (p383 MAPK),
which enables the nuclear translocation of activator
protein-1 (AP-1) and NF-kB, ultimately leading to the
release of pro-inflammatory cytokines.

P. Ferraboschi (2021) points out the need to use
synthesized lysozyme to protect animal feed from the
effects of microscopic fungi and bacteria. The author
notes that this increases the level of lysozyme in the
blood and positivelyaffects the immunity of animals.This
statement correlates with the authors’ studies that the
action of immunostimulants increases lysozyme activity,
but the authors do not agree that exogenous lysozyme
can support a high immune response for a long time.

The use of an immunomodulator based on recom-
binant a-and g-interferons (experimental Group 4) gave
the best result. The increase in the bactericidal activity
of the blood was caused by the immune system stimulation,
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based on an increase in the formation of cytokines and
blocking of lymphocyte receptors, which is confirmed
by the results of studies by Malvandi et al. (2022).

R. Falkauskas et al. (2022) reported a significant
negative correlation (r=-0.540) between urinary be-
ta-zearalenol and beta-zearalanol concentrations and a
positive correlation (r=0.826) between serum beta-zear-
alenol and alpha-zearalanol concentrations (p<0.05).
During the study, it was found that feeding cows for
two weeks with feed without mycotoxins can reduce
the concentration of alpha-and beta-zearalenol in body
fluids and can reduce the concentration of ZEN in milk
but does not reduce the concentration of zearalenone.
This is consistent with the results of the present study,
although this paper also suggests using sorbent-and
interferon-based agents to reduce mycotoxin levels.

An imbalance between the formation of reactive
oxygen species and their inefficient elimination leads
to a sharp increase in them, which causes cell damage
known as oxidative stress (Solhaug et al., 2016). Wang
et al. (2019) reported that zearalenone (5, 10, 20 ym) in-
creases the formation of reactive oxygen species in bo-
vine neutrophils and reduces the activity of antioxidant
enzymes, followed by the formation of extracellular
neutrophil traps, a network of extracellular DNA fibres
that help neutrophil cells kill extracellular pathogens.

However, F.A. Uzal (2016) states that locally gener-
ated and systemically circulating Ig can have an effect
when vascular permeability and inflammation occur due
to its ability to fix complement, promote antibody-de-
pendent cell-mediated cytotoxicity, and opsonize. In
most species, IgE-producing plasma cells are present
in the lamina propria in small numbers. Its significance
may lie in the IgE-dependent cytotoxicity of eosinophils,
mast cells and basophils, as well as in mediating im-
mediate type (Type ) hypersensitivity reactions in the
intestinal mucosa, which confirms changes in the pro-
duction of immunoglobulins in toxic conditions, but the
author draws attention to IgE, and the dynamics of IgA
and IgG stays out of the researcher’s attention.

CONCLUSIONS

It was found that the presence of associated forms of
mycotoxins in the diet of cows, produced by fungi of the
genus Fusarium, has an immunosuppressive effect and
causes a decrease in the bactericidal activity of blood se-
rum from 23.47% to 29.9%, the lysozyme activity of blood
serum of cows from 28.17% to 32 .58%, complement ac-
tivity of serum from 44.12% to 56.52%, phagocytic activ-
ity of serum from 45.12% to 47.48%, blood T-E-ROC lym-
phocytes from 35.09% to 38.72%, T-helpers from 32.23%
to 34.52%, immunoglobulins from 42.23% to 44.52%
and an increase in T-suppressors from 16.63% to 23.18%.

The use of a zeolite-based feed additive and
organic acids had an effect on the restoration of indi-
cators, namely: bactericidal activity of blood serum - by
16.78%, lysozyme activity of blood serum of cows - by
29.66%, complementary activity of serum - by 37.62%,
phagocytic serum activity - by 29.89%, T-E-ROC blood
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lymphocytes - by 30.50%, T-helpers — by 22.78%, immu-
noglobulins - by 51.48%, and T-suppressors — by 14.79%.

The use of a zeolite-based feed additive and or-
ganic acids and a product based on an aqueous solution
of recombinant a-, g-interferons affected the recovery
of indicators, namely: bactericidal activity of blood

serum - by 28.69%, lysozyme activity of blood serum
of cows - by 20.12%, complementary activity of serum -
by 41.52%, phagocytic activity of serum - by 41.41%,
T-E-ROC blood lymphocytes - by 32.99%, T-helpers - by
29.63%, immunoglobulins - by 51.48%, and T-suppres-
sors - by 24.17%.
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MoKa3HMKM iIMyHITEeTY Npun acoulinoBaHOMY MIKOTOKCUKO3i KopiB

Onekcanap MukonaitoBuu Yekan?, OkcaHa IBaniBHa Lkpomapal, TetaHa IBaHiBHa DoTiHal,
Hatanisa NetpisHa MpebeHuk?, Anina BonogumupisHa MixtipboBa?

1CyMCbKMIt HaLiOHaNbHWIA arpapHuKii yHiBepcuTeT
40021, Byn. . Kongpatbesa, 160, M. Cymu, YkpaiHa

2CyMCbKMiA fepXKaBHMI yHiBEpCUTET
40000, Byn. Pumcbkoro-KopcakoBa, 2, M. Cymu, YkpaiHa

AHorTauis. [MTaHHS BiATBOPEHHS BENMKOi poraTtoi Xyaobu 6yno i 3anMWaeTbcs OAHWMM i3 HAMrONOBHIWMX 3aBAAHb Y
ranysi ckotapcrsa. 36UTKM roCnoaapcTs Bif HEMMIAHOCTI KOPiB AOCMTb 3HAYHI Ta cTaHoBAATbL Big 3,19 oo 5,41 $ 3a
1 peHb HennigHOCTI. MiKOTOKCUHM, WO BMPOBASOTLCS rpubamu poguHn Fusarium, a came peocuHisaneHon (DON) i
3eapaneHoH (ZEN) HeraTMBHO BMIMBAOTH HE TiIbKM HA pODOTY BCiX OpraHiB i CUCTEM OpraHi3mMy KOpPOBM,a ¥ CNPaBAsKOTb
iMyHoCenaTuBHUI edekT. MeTow pocnimxeHb 6yno BctaHoBuTM BnamB koMmnnekcy DON i ZEN Ha OCHOBHI MOKa3HMKM
iMyHHOI BignoBiai KopiB Ta ii KOpekLii B NOPiBHANIbHOMY acneKTi 3 BUKOPUCTaHHAM KOPMOBOi [00aBKM Ha OCHOBI
LLeOoNiTy i OpraHiuYHMX KMCNOT Ta peKoMBiHaHTHUX a- g-iHTepdepoHiB. MaTepianoM gocnigxeHb 6yna KpoB KopiB
(cMpoBaTKa Ta cTabinizoBaHa), XBOPMX Ha MiKOTOKCMKO3, CMPUYMHEHMIA acoLLiaLli€l0 Ae0CUHIBANEHONY Ta 3eapaNeHoHy.
BukopucraHi metoau: doToHehenoMeTpuUHUIM 3 BUKOPUCTAHHAM TECT-KYNbTYpU E. coli, CHOHTaHHOro PO3eTKOYTBOPEHHS
3 epuTpoumTamMu bapaHa 3a M. Jondal, MogudikoBaHui MeToL po3eTKOyTBOpeHHS 3a M. Wansbrough-Jones, meTog
P. Limatibul, npoctoi pagianbHoi iMyHoamdys3ii B reni 3a G. Mancini, npeumnitalii B po34mHi nonieTMneHmikono 3a
M. Digeon. EkcnepuMeHTanbHi LOCNIoKEHHS BYM BUKOHAHI Ha KOpOBaxX YOpHO-psiboi nopoaum B rocnogapcrBax CyMcbKoi
obnacri. byno pocnigxeHo AMHAMIKy MOKAa3HMKIB iMYHITETY KOPIB MpW pPO3BUTKY MiKOTOKCMKO3Y Ta MPU 3aCTOCYBaHHI
NiKYBaHH$ i3 3aCTOCYBaHHAM 3acobiB Ha OCHOBI LieNeoniTy, OpraHiyHMX KUCI0T Ta BOAHOIO PO34MHY PEKOMOIHAHTHUX
a- g-iHTepdepoHiB. BctaHOBNEHO, WO MOKa3HMK BaKTepULMAHOI, Ni30LMMHOI, KOMMNIeMeHTapHOoi Ta darouMTapHoi
AKTMBHOCTI CMPOBATKM KPOBI KOpIB Mif, Ai€H0 NPOBEAEHOr0 NiKyBaHHS NiABMLLYBAaBCS A0 MOKa3HWKA Y 300POBMX TBAPUH,
Byno pocnigxeHo AMHaMiKy iMyHOrnobyniHiB B Mpowueci NikyBaHHS Mpu 3aCTOCYBaHHI LLEONiTy Ta OpPraHiYHUX KUCNOT i
PeKOMBIHAHTHUX o~ g-iHTepdEpOHiB, BCTAHOBNEHO MiABULLEHHS [0 PiBHS iHTAaKTHWUX KOPiB. byno fLoBeaeHo, Wo NoKasHUKK
iMyHHOI BiAMOBIAi KOPiB NpW 3acTOCyBaHHi KOPMOBOi A06AaBKM Ha OCHOBI LLEONITY Ta OpraHiuYHUX KMCIOT Y [03i 2,5 Kr
Ha TOHY KOpMY Ta NpenapaTy Ha OCHOBI BOLHOIO po34MHY PEKOMBIHAHTHUX a- g-iHTEPPEPOHIB Y 403i 3 M HA TBAPUHY
6yn1 [OCTOBIPHO BULLMMM

KniouoBi cnoBa: KOpoBW, MiKOTOKCMKO3M, 3eapaneHoH, Le0CUHIBaNeHO, iIMyHITeT KOpiB, KOPMOBi 406aBKK
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25(9),41-52. yield (6.8-7.2 t/ha), a high protein content (214.2%) and a composition of
essential amino acids, which confirms its nutritional and consumer value. It
is recommended to use flour from this variety to produce functional bakery
products. For the first time, it was found that Myronosets triticale variety is
superior (4919 mg/100 g DM) to Ariivka wheat variety (3977 mg/100 g DM)
and Borotba rye variety (3241 mg/100 g DM) in total amino acid content. It
was found that triticale grain is inferior to wheat grain in terms of tryptophan
and isoleucine content. Rye is inferior to wheat grain in all essential amino
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and isoleucine (510 mg/100 g), in rye - leucine (1343 mg/100 qg), valine
(481 mg/100 g) and phenylalanine (396 mg/100 g). Further broad targeted
introduction of the new variety in agroecosystems will increase the volume
of grain of valuable both animal feed and to produce functional bakery products
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INTRODUCTION

Currently, the use of intergenerational synthetic hybrids
is relevant, since the latter combine important comple-
mentary features of both parent species. Triticale is one
of such selection developments, which is endowed with
high yield and quality of wheat and stress resistance of
rye. It is known that triticale (x Triticosecale Wittmack
ex A. Camus) is the first successful synthetic amphip-
loid cereal crop, which originated in 1874 as a result of
hybridisation of hexaploid wheat (Triticum aestivum L.)
and rye (Secale cereale L.) (Ayalew et al., 2018; Liubych
et al., 2020). The production area under this grain crop
has grown significantly in the world, as triticale com-
promises the beneficial agronomic properties of the
parent forms (Moskalets et al., 2016; Liubych et al.,
2020). In this regard, triticale grain production dou-
bled - from six million tonnes in the 1990s to almost
13 million tonnes in 2020 on a planetary scale. Triticale
is the leader in Poland in terms of cultivation world-
wide. Thus, in Ukraine, the area under triticale is five
times smaller than in Germany and three times smaller
than in Belarus or China (FAOSTAT, 2019). Presently, trit-
icale plants are used in many ways, mainly as a grain
intended for feed production (Goral et al., 2021). Fur-
thermore, in spring, the land cultivated for triticale is
used for pastures, as fresh livestock feed, or for hay
and silage. Triticale is also cultivated for bioethanol
(Randhawa et al., 2015; Liubych et al., 2020), as well
as to produce food products such as functional bakery
products (Liu et al., 2017).

The first barren ftriticale was bred in 1875 in
Scotland. Later, in 1888, Rimpau (Germany) crossed
hexaploid wheat and rye to produce the first viable hy-
brid by spontaneous chromosome doubling (Wirschum
et al., 2014; Liubych et al., 2020). European countries
were newcomers both to the creation of this essential
species and to the cultivation of a new crop adapted
to different environmental conditions. The first variety
was created in Hungary in 1968 (Blum, 2014). Selective
breeding of triticale in North America officially began
in 1954 at the University of Manitoba in Canada, from
where the industrial variety (Rosner) was bred in 1969
(Ayalew et al., 2018).

Triticale fields occupy over 4 million hectares of
land, with an average annual yield of nearly 18.4 million
tonnes of grain in 2019 (FAOSTAT, 2019). According to the
same data, Poland, Germany, Belarus, and France were
and still are the leading triticale producing countries,
accounting for 73% of global production. Germany and
France showed the highest performance, followed by Po-
land and Belarus (Randhawa et al.,2015; FAOSTAT, 2019).

Since triticale contains wheat (diploid, tetraploid,
and hexaploid), rye, and various forms (primary, second-
ary, and substituted) of triticale as its genetic resource
base, genetic variations can be continuously created (by
crossbreeding) to enrich the genetic pool (Wirschum
et al., 2014). However, the optimal use of triticale depends
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on the exact combination and use of germ plasma by
applying various breeding and genetic tools to accumu-
late the desired genes in culture. Crop selection benefits
from using both conventional and molecular selective
breeding methods.

Global climate change requires a reassessment
of the structure of acreage and species and varietal
diversity of winter crops (Intergovernmental Panel...,
2014). This is because winter crops, including triticale,
that are the leading link in ensuring sustainable pro-
duction of food grains, since they are endowed with
the highest yield potential with genetic resistance to
limiting environmental factors of a particular region,
pests, and pathogens, which is the main thing in adap-
tive agriculture (Sabagh et al., 2021; Kim et al., 2017).
Targeted introduction of particular varieties is another
way to regulate the grain productivity of triticale (Li et
al.,2013). Therefore, considering the specific features of
soil and climatic conditions of a particular region upon
introducing a particular variety allow fully coverage its
bio-potential in terms of grain yield and quality.

The purpose of this study was to create a new
genotype of winter triticale and to investigate it in
terms of productivity, yield and quality of grain, resis-
tance to lodging, shedding, brittleness of the ear, ger-
mination of grain in the ear, comprehensive resistance
to pathogens and damage by the Hessian fly, frost,
winter, and drought resistance.

MATERIALS AND METHODS

During 2008-2020, research was performed to create a
new variety of winter triticale (Mironosets), which was
investigated by genotypic and phenotypic character-
istics in the conditions of Polissia (Nosivska Selection
and Experimental Station of the National Academy
of Agrarian Sciences of Ukraine) and Forest-Steppe
(V.M. Remeslo Myronivskyi Institute of Wheat of the Na-
tional Academy of Agrarian Sciences of Ukraine (MIW
NAAS)). Triticale grain and flour was evaluated by bio-
chemical and technical indicators at the V.Ya. Yuriev
Institute of Crop Production of the National Academy
of Agrarian Sciences of Ukraine in the grain quality
laboratory. Morphological parameters of plants (leaves,
bush, ear, grain) and stages of ontogeny were studied.
Biometric plant parameters included: plant height, main
ear length, number of spikelets in the main ear, number
of grains in the main ear, grain weight from the main ear,
thousand-kernel weight, and yield from an area of 10 m2.

The dry weight of one grain and the water con-
tent of the grain were found by drying 100 g of grain
at 80°C for 48 hours and re-weighing the sample at
zero water content. Grain samples (30 g) were ground
on LMT-2 equipped with a 1 mm mesh. Wholemeal
flour samples (1 g) were dried in an oven at 80°C for
48 hours, then 5 mg of dry flour was weighed in tin
capsules and the total N concentration was figured out




according to Dumas burning using a DA 7440 infrared
express analyser. The gluten content was found using
the Inframatic 8600 device, and dietary fibre (cellulose)
was found on the FIWE-3 analyser.

Amino acid composition was found by hydrolysis
of flour samples using 6 n. HCL containing 0.1% phenol
in an oven at 110°C for 24 h. Amino acids were found
using mercaptopropionic acid, O-phthalaldehyde. Chro-
matographic separation was performed using an ODS2
Waters Spherisorb column. The analysis was performed
using 20 mmol/L phosphate (potash) buffer (pH 6.48)
as a solvent. A standard mixture of amino acids was
prepared by mixing 8 different essential amino acids
in 0.1 N HCL and included threonine (Thr), methionine
(Met), phenylalanine (Phe), valine (Val), leucine (Leu),
isoleucine (Ile), lysine (Lys), and tryptophan (Trp).

Data on grain yield, protein concentration, and
gluten were presented as the average * standard de-
viation of five biological repeats. Differences between
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treatments and varieties were separated by two-way
analysis of variance performed in SPSS version 13.0.
To compare the obtained data, the student’s t-test was
calculated using Delta 2D software at a significance
level of p<0.05.

RESULTS

Based on the results of selective breeding work per-
formed during 2004-2017, several new genotypes were
created. Special attention should be paid to some of
the best varieties in terms of economic characteris-
tics - soft winter wheat Ariivka and winter triticale
Myronosets. Ariivka wheat variety was created using
the method of intervarietal hybridisation by repeated
individual selection from hybrid populations obtained
from the crossing of ?Donska semi-dwarf x & Line
K-6477/91. And the Myronosets variety is a method of
intervarietal hybridization from crossing ? (2Augusto x
dJaguar) x 8K9844/93 (Fig. 1).

Triticale variety
Myronosets

Figure 1. Winter triticale of Myronosets variety
Note: a, b, c - crops, d, e — removal of stamens from triticale spikelets, f, g - ear, h — grain

Source: photographed by the authors

It is known that the growing season duration (GSD)
and the phenological phases of plant development are
genetically determined parameters (Alipour et al., 2021),
which vary in insolation, precipitation, and temperature
conditions, which inherently determines plant produc-
tivity (Heimler et al., 2010; Dennett et al., 2013; Kim et
al., 2017). Therefore, the resistance of triticale Myrono-
sets plants was evaluated in the main phases of plant
development, depending on the place of cultivation. A
sharp reduction in the duration of the passage of plant

development phases affected the structure of the crop,
which affected the overall productivity of crops. In this re-
gard, a study of the adaptability of plant varieties for their
further cultivation in particular places was conducted.

It was found that for plants of the above-men-
tioned triticale variety, there is a slow development of
the ground part in autumn and spring, compared with
plants of the rye varieties under study. This was noted
in the tillering phase during 2017 and 2018. Therewith,
the average weight of the plant’s roots was 0.24 g, and
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the ground part was 1.9 g (in the Forest-Steppe). But
in the stem elongation phase, the difference between
both triticale and rye and wheat plants levelled off and

further significant differences (R<0.05) is not observed
between the dry matter accumulation indicators of the
ground part and roots (Table 1).

Table 1. Features of dry matter accumulation by grain plants (2017-2018), n=27

Variety, culture
Orga:&ggeenesis, pﬁ?\i'?sr,‘;’ 1D(I)VI Myronosets (triticale) Ariivka (wheat) Borotba (rye)

Forest-Steppe Polissia Forest-Steppe Polissia Forest-Steppe ‘ Polissia

| Roots 2.3%0.18* 2.5%0.11* 1.7%0.14 2.0£0.09 3.0£0.30 3.2+0.10
Ground part 1.8+£0.10" 2.1+0.15* 1.8£0.19 1.9+£0.24 3.3%0.21 3.4%0.14

" Roots 3.2+0.28" 3.4+0.27 2.8+0.22 3.3%0.29 4.7+0.45 5.2+0.23
Ground part 2.5%0.26* 3.4%0.30 3.1+0.45 3.0£0.10 4.8+1.04 5.4+0.33

VAVl Roots 15.7%2.06 19.3%£2.00 13.5%£2.05 15.0+1.21 18.8+3.20 22.4%2.15
Ground part 19.5+1.80 20.1+2.16 15.0+2.58 16.5+1.80 20.2+3.76 19.4%+2.06

Note: * — P<0.05 relative to the control (standard); SDx —the standard mean deviation. The differences between the study

variants differ statistically at <0.05
Source: compiled by the authors

The result of successful ecological testing of plants
lies in the specific features of their reproductive biology.
Both in the conditions of Polissia and in the conditions of
Forest-Steppe, plants of the Myronosets variety form the

largest number of flowers in the inflorescence (96-121 pcs.),
seeds in an ear (73-77 pcs.), compared to wheat (62-70 and
56-59 pcs.) and rye (76-83 and 58-65 pcs.) (Table 2), which
indicates a high biological yield potential in triticale.

Table 2. Elements of grain plant productivity, Forest-Steppe (2017-2020), n=27

Variety, culture

Total number Myronosets (triticale) Ariivka (wheat) Borotba (rye)
Forest-Steppe ‘ Polissia Forest-Steppe ‘ Polissia Forest-Steppe Polissia
 Flowers in one 96+4.0 12123.0 70£3.0 6242.0 83£3.0 76£2.0
Inﬂorescence, pcs.
Spikelets in the main 32420 31220 22418 23420 28420 29420
ear, pcs.
seeds in Lhci main ear, 77£2.0 73420 562.0 59+2.0 65£2.0 58+2.0
Grain weight from 3.6+2.0 2820 16%2.0 11£20 27%2.0 24220
the main ear, g
Seed productivity 12,8420 9.1£2.0 11.2£20 7.6£2.0 6.2£2.0 7.7%2.0

of one plant

Note: * - P<0.05 relative to the control (standard); SDx - the standard mean deviation. The differences between the study

variants differ statistically at <0.05
Source: compiled by the authors

According to the duration of androgametogene-
sis and pollen viability in Myronosets plants (unlike rye
and wheat), seeds are formed and ripen from the centre
to the periphery of the ear. This feature in triticale is
important in the formation of highly viable seeds in this
part of the ear, and therefore, drought-resistant plant
populations can produce conditioned seeds even under
limiting factors. Notably, in triticale Myronosets, regard-
less of the year of research and weather conditions, the
grain yield was no less than 8.0 points.

Tests of the new variety have shown that in terms
of the number of spikelets in the ear,the number of grains
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from the main ear, the Myronosets variety is at the level
of the best varieties (Ladne, AD 256, Dorena, Slavetne,
etc.). And reliable differences obtained in terms of ear
density (28.5 spikelets per 10 cm of rachilla) indicate
that it forms a denser ear, which is characterised by a
better harvesting index. On average, for 2008-2019,
the LCH/97 line provided a yield of 6.17 t/ha, which
is 0.15 t/ha less than for the AD 256 variety. It was
found out that the high grain productivity of the variety
is formed due to an increased number of productive
stems per 1 m? (523 pcs.), a well-seeded dense ear, etc.
The amount of protein in triticale grain, its fractional




composition, the presence of essential amino acids, the
amount and quality of gluten is an important techno-
logical criterion for the nutritional value of protein and
grain quality (Rombouts et al., 2009; Xu et al., 2020).
According to 4-year studies, some triticale gen-
otypes, such as rarity (national standard), Myronosets,
can produce high stable yields of high-quality grain
in Polissia and Forest-Steppe conditions. The data in

Moskalets et al.

Table 1 shows that the above-mentioned genotypes
have high baking indicators, e.g., the grain character
is 690-720 g/l and 35-44% vitreous (flour quality in-
dicators) (Table 3).Analysis of technological indicators
of grain showed that the new variety forms grain, with
14.5% protein, 26.8% gluten. The flour from the new
winter triticale variety under study is first-class due to
its gluten content >14%.

Table 3. Indicators of grain properties of winter triticale varieties, average for 2017-2020 (n=4)

Grain indicators

45

Cultivar TKW, g Grain unit,g/l | Protein content, % Ezmgrl:’t;? Fat content, % | Starch content, %
Rarytet (control)  47.4%0.9 717.5%2.1 13.5%0.5 23.4%0.3 2.0x0.1 62.0%0.2
Myronosets 46.2*+1.5 690+1.5* 14.5%0.2* 26.8+0.2" 2.0+0.0 63.10.3"
Woltario 45.0+1.0" 720£2.4 12.9%0.3 22.5%0.3* 2.1+0.0 61.8+0.4
Pawo 44.3+0.8" 704+1.8" 13.6+0.7 26.5%0.2* 1.9£0.0 63.4%0.7*
Ariivka (wheat) ~ 50.3%1.2* 786%2.1* 14.6+0.4" 29.7%0.5* 2.2+0.0 59.5+0.8*
Borotba (rye) 42.0+1.1* 680+0.9 10.8+0.9* 11.3+0.7* 2.0+0.0 70.3%£0.6"

Note: * - grain unit; ** - P<0.05 relative to control (standard); SDx - standard mean deviation. The differences between

the study variants differ statistically at p<0.05
Source: compiled by the authors

Analysis of the fractional composition of triticale
grain proteins of the Myronosets variety showed the su-
periority of spare proteins gliadins and glutenins (49.3%)
over water-soluble proteins - albumins and globulins
(36.4%) (Table 4),which is reflected in the higher quality of
gluten, dough, bread, and overall bakery score (8.7 points).
Rye has lower average and low baking properties (bread

volume - 305 ml, total baking score 3.8 pts) caused by a
low content of water-insoluble proteins (37.3%). The role
of the ratio of gliadins to gluten (Gli/Glu) was established
in determining the quality of gluten triticale of the variety
under study with high baking properties of the Rarytet
variety, which has a Gli/Glu ratio of 0.9, and which together
with wheat have higher quality indicators.

Table 4. Ratio of protein fractions and baking properties of triticale, wheat and rye,
Forest-Steppe, average for 2019-2020 (n=4)

Grain indicators

. Content, %
Cultivar Gli + Gl Gli/GL Bread volume. ml Overall baking score,
albumin + - . glutenin u u ead volume, pts
. gliadin (Gli)
globulin (Glu)
Rarytet 36.4%0.3 24.5£0.3 26.7£0.5 51.2 0.9 512475 9.0
(control)
Myronosets 34.9+0.2* 22.8+0.4 26.5%0.3 49.3 0.9 520+5.1* 8.7
Woltario 43.5%0.6 20.7%0.3 18.3+0.2 39.0 1.1 440+3.0* 6.5
Pawo 41.7+0.5 21.0+0.4 19.1+x0.4 40.1 1.2 407+5.4* 6.2
Ariivka (wheat)  34.6*0.5* 26.2+0.7 29.4%0.1 55.6 0.9 608+12.8* 8.4
Borotba (rye) 50.5+0.2* 20.8+0.3 16.5+0.6 37.3 1.3 305+8.2* 3.8

Note: * - P<0.05 relative to the control (standard); SDx - the standard mean deviation. The differences between the study
variants differ statistically at <0.05
Source: compiled by the authors

It is known that the combination of increased plant
productivity with low growth and high baking properties
in one variety while maintaining complex resistance to ad-
verse environmental factors is important for strengthening

its competitiveness (Martiniello, 2011; Liu et al., 2017).
In the Myronosets variety, this was achieved. According
to the results of hybridological analysis, in crosses of
Myronosets plants with tall-growing varieties in the first
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generation, heterosis is observed towards reducing the
stem of hybrids compared to the parent forms based on
“stem height”. However, there is a different type of inher-
itance among hybrid combinations involving the newly
created variety (depression, partial negative inheritance,
intermediate inheritance, and partial positive dominance).
Phenotypic changes in traits in F1 hybrids indicate that
genetically, indicators for the “stem height” trait are dom-
inated not only by the additive type of gene interaction,
but also by negative dominance and super-dominance.
The quality of triticale grain depends not only on
the gluten content and quality, but also on the carbo-
hydrate-amylase complex of the grain (AlijoSius et al.,
2016). The study of the features of starch content in
grain and the carbohydrate-amylase complex allowed
figuring out that the starch content in grain of these
varieties and crops is quite high and amounts to 64.0-
68.8% (Table 1). Starch is the main component of grain,
so its content, condition, and properties always affect the
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rheological properties of the dough, and therefore the
quality of the final products. Notably, triticale grain con-
tains a considerable total amount of sugars and has a
lower starch gelatinisationtemperature,aswellas highly
active a-amylase (Guzmanetal.,2011; Goraletal.,2021).

Protein-amino acid composition is one of the
most complex properties of grain composition. Amino
acid composition determines the biological value of
food and food products (according to the total amount
of non-essential amino acids) as their biochemical cri-
terion (Jaskiewicz & Szczepanek, 2018). The analysed
soft wheat genotypes differ significantly (P<0.05) in
terms of ash, moisture, protein, and starch content. Sig-
nificant differences between the analysed genotypes
were found in the lipid content (P<0.05). All wheat
genotypes were characterised by high protein content
and optimal starch and lipid levels. Figure 2 shows a
qualitative analysis of essential amino acids in some
grain genotypes.

m Triticale (Myronosets variety)
Wheat (Ariivka variety)

Rye (Borotba variety)

0 4 ' —,
. Y3
S
S

Non-exchangeable amino acids

Figure 1. Content of essential amino acids in triticale, wheat, and rye grains

Source: compiled by the authors
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Figure 2. Content of essential amino acids in triticale, wheat, rye grains, BCAA, TCNAA index
Note: (BCAA - aminoacids with branched side chains; TCNAA - total content of non-replaceable amino acids)

Source: compiled by the authors
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Figures 2 and 3 show that different genotypes of
cereals showed different content of essential amino ac-
ids. It was found that the content of such amino acids as
leucine (1442 mg/100 g),valine (733 mg/100 g), phenyl-
alanine (720 mg/100 g) and isoleucine (510 mg/100 g)
is most pronounced in triticale grain. While in rye grain,
the content of which was lower than in triticale and
amounted to 1343 mg/100 g for leucine, 481 mg/100 g
for valine, and 396 mg/100 g for isoleucine. The triticale
of Myronosets variety is superior (4919 mg/100 g DM) to
Ariivka wheat variety (3977 mg/100 g DM) and Borotba
rye variety (3241 mg/100 g DM) in total amino acid con-
tent. However, it is somewhat inferior to wheat grain in
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terms of tryptophan and isoleucine content. In general,
the triticale grain of the Myronosets variety is charac-
terised by a high content of protein and amino acids,
which indicates its high nutritional value.

Regarding the pathogens of leaf diseases, the most
widespread on grain crops, the following were found:
Blumeria graminis (DS)fsp. tritici Speer, Puccinia recondite Rob
ex Desm f.sp. Septoria tritici Rob. et Desm.|n the conditions of
Polissia and Forest-Steppe, the ecological test of the triticale
of Myronosets variety allowed estimating the resistance of
plants during 2017-2020 and compared with other variet-
ies (Table 5) in terms of the degree of damage by powdery
mildew, septoria, brown rust, root rot, and ear fusarium.

Table 5. Resistance of triticale plants of different varieties to diseases, pts (2017-2020), n=4

Disease Year Rarytet (control) Myronosets Woltario
Forest-Steppe Polissia Forest-Steppe ‘ Polissia Forest-Steppe ‘ Polissia
2017 9 9 9 9 9 9
2018 9 8 9 8 9 9
Powdery 2019 9 9 9 8 9 9
mildew
2020 9 9 9 8 9 9
mean 9.0 8.8 9.0 8.3 9.0 9.0
2017 8 7 9 8 9 9
2018 8.8 9 7.5 9 9
Brown rust 2019 8.5 8.5 9 8 8 9
2020 7.5 8.0 9 9 8 9
mean 8.0 8.0 9.0 8.5 8.5 9
2017 7.0 8 9 8 9 9
2018 8.0 8.8 9 9 9 8
Septoria 2019 8.0 8.5 9 8 9 75
2020 8.5 7.5 9 9 9 8
mean 8.0 8.0 9.0 8.5 9.0 8.0
2017 8 8 9 8 9 8
2018 8 8 9 8.0 9 7.5
Root rot 2019 8 8 9 8.5 9 7.0
2020 8 8 9 7.5 9 8
mean 8.0 8.0 9 8.0 9.0 8.0
2017 8 8 9 8 9 8
i 2018 8 8 9 7.5 9 7.5
F“sat’)'l‘.‘m head 2019 8 8 9 8 9 7
ight
2020 8 8 9 9 9 7
mean 8.0 8.0 9.0 8.5 9.0 7.5

Source: compiled by the authors

As data from Table 5 shows, the Myronosets variety
showed the greatest resistance during the study period
to powdery mildew (8.9 points), septoria (8.2 points),
its values did not significantly exceed the control-rar-
ity variety. Thus, it is advisable to use the new triticale
variety in the selection breeding process for immunity,
namely as a source of complex resistance to pathogens.

DISCUSSION

Triticale is the first artificially created grain crop that can
to a certain extent predominate in terms of economically

valuable characteristics of wheat and rye (Blum, 2014;
Jaskiewicz et al., 2019). Presently, triticale culture has ex-
tensive breeding, industrial, and consumer opportunities
(Gao et al., 2013; Liubych et al., 2020; Goral et al., 2021).
The triticale of Myronosets variety can take its rightful
place among grain crops since it has high grain quality
indicators, productive potential, and stable yields on an
annual basis.

Triticale has a very narrow genetic basis (Blum,
2014; Kim et al.,2017), since most of its germplasm was
obtained from only a few materials that were crossed
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with each other (Ayalew et al., 2018). Crossbreeding of
improved wheat and rye varieties allows getting the best
genetic combination to take advantage of the genetic
benefits from the selection breeding capabilities of both
parentspecies (Moskaletsetal.,2016;Blountetal.,2017).

Back in 1937,Blakeslee & Avery noted that cross-
ing wheat as the parent plant and rye as a pollen donor
most often resulted in sterile hybrids. However, when
colchicine usage induced polyploidy, they concluded
that the chemical doubled the number of chromosomes
and produced fertile offspring (Blum, 2014). Based on
this knowledge, in 1937, the scientist Pierre Civodron in
France improved the technique of obtaining reproduc-
tive offspring by crossing wheat and rye. Applying new
selection methods, he created many industrial species
with good production qualities (Blum, 2014; Moskalets
etal.,2016; Parent et al.,2017; Ogbonnaya et al., 2017,
Laze et al., 2019; Pradhan et al., 2020).

Triticale refers to carbohydrate, energy-concen-
trated nutrients (Wang et al., 2020). Recently, apart from
corn, it is one of the most important nutrients and energy
sources in the nutrition of domestic and farm animals in
Ukraine (Sikora et al.,2019).Grains,as well as by-products
obtained from triticale processing, are extremely suitable
well-digested nutrients for domestic and farm animals,
as they contain a large amount of starch and are relatively
poor in raw fibre (Makowska et al.,2020). The importance
of triticale in direct human nutrition or indirectly as food
is great (Zhu, 2018). However, global production of triticale
and other cereals is not proportional to the increase in the
global population (Glamoclia et al., 2017).

This artificial species is of interest due to its nu-
tritional value, which in many ways exceeds the value
of wheat and rye (Tricker et al., 2016; Sheteiwy et al.,
2018). The nutritional value of triticale grain is condi-
tioned upon its high content of protein, essential amino
acids, minerals, vitamins B, PP, E, and carotenoids. As
noted, (Shishlova, 2016; Gao et al., 2016; Jaskiewicz &
Szczepanek, 2018), triticale culture is not very discrim-
inatory in terms of growing conditions and is the most
capable among other crops in the zone of weak realisa-
tion of biological potentials (AlijoSius et al., 2016). Cur-
rently, there are several varieties of winter and spring
triticale with high productivity, grain quality and stable
expression of economic characteristics (Blum, 2014;
Wirschum et al., 2014). Not all varieties have valuable
economic characteristics that meet the requirements of
baking and alcohol use (Blount et al., 2017; Glamoclia
et al., 2018). Therewith, the expansion of the triticale
gene pool with such properties is important for national
food safety (Moskalets et al., 2016).

Essential and non-essential amino acids play a
significant role in the human diet (Wan et al., 2017; Ya-
sir et al., 2019). Due to their branched-chain structure,
the essential amino acids - valine, leucine, and isole-
ucine - are collectively referred to as branched-chain
amino acids (BCAAs). These amino acids play a crucial
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role in skeletal muscle, not only as a major component
of proteins, but also as an energy source, especially
during exercise. BCAAs are also involved in the regu-
lation of protein metabolism in skeletal muscle cells
(Tsunekawa et al., 2021).

Branched chain amino acids (BCAAs), such as leu-
cine,isoleucine,and valine,are essential for healthy func-
tioning of cells and organs (Almeida et al., 2020). Many
authors (Kihlberg & Ericson, 1964; Morey et al.,1983; Den-
nett et al.,2013; Tsunekawa et al.,2021) proved that high
dietary intake of BCAAs prevent the prevalence of over-
weight and obesity in adults. The BCAA index of triticale
grain is 1.4 times higher than that of Ariivka wheat grain
and 1.5 times higher than that of rye, which confirms its
nutritional and consumer value, from the flour of which
it is advisable to produce functional bakery products.

Most of the amino acids present in the analysed
genotypes of triticale, rye, and wheat are leucine (636-
1442 mg/100 g), phenylalanine (396-720 mg/100 g),
valine (291-733 mg/100 g), lysine (264-425 mg/100 qg),
isoleucine (222-715 mg/100 g), and threonine (481-
598 mg/100 g).Gluten protein consists of the monomers
gliadin and polymer glutenin, which are recognised as
the main reserve proteins of wheat, rich in asparagine,
glutamine, arginine, and proline (Rombouts et al., 2009;
Brzozowski & Stasiewicz, 2017),but very low in such nu-
tritionally important amino acids as lysine, tryptophan,
and methionine (Byrne et al.,2012; Glamoclia et al.,2018).
Humans and animals can synthesise nine essential amino
acids from 20 amino acids. The remaining amino acids,
which are considered essential amino acids, must come
from food. These include cysteine (as well as tyrosine),
a semi-essential amino acid, since it can only be syn-
thesised from methionine and phenylalanine (Kihlberg
& Ericson, 1964; Aho & Koivistoinen, 2009). The amino
acid composition is important for determining the nu-
tritional value of cereals for human and animal nutri-
tion (Mosaddek et al., 2013; Penuelas et al., 2020).

Elevated levels of lysine depend on biosynthe-
sis, in which the enzymes aspartokinase (AK) and di-
hydrodipicolinate synthase (DHPS) play an important
role (Postles et al., 2016). An increase in lysine synthe-
sis can be achieved by expressing enzymes (AK, DHPS)
that are insensitive to lysine feedback inhibition. This is
achieved in grain seeds with a high lysine content (Kon-
dratenko et al., 2015; Xu et al., 2020). Tryptophan acts
a precursor of the neurotransmitter serotonin and the
pineal hormone melatonin. The tryptophan content ob-
tained in the analysed wheat genotypes was lower than
the content reported by Gafurova et al. (2002) (1.8-2%),
which is higher than that reported by other researchers
(Kihlberg & Ericson, 1964; Aho & Koivistoinen, 2009)
(0.92-1.0%), but similar to the content reported by Kon-
dratenko et al. (2015) (on average 1.07%). According to
some authors (Aho & Koivistoinen, 2009; Ackah et al.,
2021), cereals contain the amino acid methionine in
minimal amounts. Phenylalanine is essential for the growth




and development of young children, and therefore it is
enough to consume it in lesser amounts (Singh et al.,
2012; AlijoSius et al., 2016).

CONCLUSIONS

A study of the possibilities for agricultural reform has
resulted in the following conclusions. As an analysis
of global agricultural experience showed, the effec-
tive functioning of the agricultural sector could not be
achieved without appropriate regulation of tax mecha-
nisms. In each country, the taxation system has its own
specific features, which reflect the current state and
trendsinagricultural development.Primarily,the income
tax system is applied, while land taxation has the func-
tion of levelling the conditions of agricultural activity.

Each country adapts its agricultural taxation sys-
tem according to the current economic situation and
specific historical background of the state. There are two
main approaches to setting up a taxation system for ag-
ricultural producers: unified and specialised. In Azerbaijan,
the tax legislation classifies the simplified tax as a state
tax, although in terms of content and essence it can be
considered a special tax regime. The government pro-
vides a large number of benefits for enterprises that are

Moskalets et al.

involved in the agricultural sector. Yet, the incentive mech-
anisms must be used rationally, as poor management will
not only fail to achieve the long-term goals but will also
deteriorate the overall situation in a particular area.

Based on a system-structural approach, a system
of definite steps that would optimise the agricultural
taxation system in Azerbaijan has been developed. These
can be divided into two key areas: the design of a co-
herent and transparent system of taxation of agribusi-
nesses and the establishment of a system to monitor
the effectiveness of enterprises in utilising the various tax
incentives.

The modernisation and efficiency of the tax system
and the use of new approaches to taxation have always
been and will be of great interest to entrepreneurs and
ordinary citizens alike. Efforts towards the improvement of
the tax system must be sustained at all times. This issue
should always be on the national government's agenda. In
summary, the findings of this investigation and the con-
clusions drawn from it can be used as an effective scientific
basis for further studies on the prospects for amending
the Tax Code in the agricultural sector. This study may
prompt other researchers to approach the issue from a
new perspective.
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BioekonoriuHi oco6nuBocTi,
6ioxiMiuHi Ta $pi3nKo-XiMiYHi NTOKa3HUKU 3epHa HOBUX FreHOTUNIB

TeraHa 3axapiBHa Mockaneupb?, BanenTtuH BitaniitoBuu Mockaneup?,
lOpiit Muxaiinosuu bapar?, puropiii IBaHoBuu Mognparos?, Baagum Mukonaiioeuu Menexartuii*

YHcTuTyT capiBHMUTBA HauioHanbHoi arpapHoi akaaeMii Hayk YkpaiHu
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AHotauiq. MpeacraBneHHi LOCNioKEHHS [,O3BOMMAN Binblue PO3KPUTM 0COBAMBOCTI HOBMX COPTIB MLUEHUL MAKOI 03UMOI
Ta TPUTUKANE 03MMOr0, LEMOHCTPYIOUM HiOEKONOTiYHMI NOoTeHLian ix NociBiB Ta BioXiMiyHi Ta Pi3nMKO-XiMiUHi MOKA3HUKK
3epHa, WO MaE aKkTyanbHWI xapakTep. Y cTaTTi HaJaHi pe3ynbTaT 3 cenekLiiHoi poboTu TpUTUKane 03MMOro, BUCBITIIEHO
napameTpu NPOAYKTUBHOCTI, BIOXIMIYHUIA CKNAL 3epHa HOBOrO COpTy MupoHoceLb. MeTol focniaxeHb Byno CTBOpUTH
HOBI FEHOTUNM TPUTUKANE O3MMOrO i MNLWEHMLI MAKOI 03MMOI Ta BMBYMTM iX 32 BIOEKONOriYHMM NOTeHLianoM Ta
6ioxiMi4YHMMM Ta Di3MKO-XiMIYHMMM MOKA3HWKaMM 3epHa. B poboTi BUKOpUCTaHi 6ioMeTpruHi, hi3nKo-XiMiuHi, 6ioXiMiuHi
Ta MaTeMaTUuHi MeToau pocnigkeHb. CopT MUpOHOCeLb MA€E BUCOKY YPOXaMHICTb 3epHa (6,8-7,2 T/ra), BUCOKMA
BMICT Binky (214.2%) i cknag He3aMiHHMX aMiHOKMCOT, WO MiATBEPAXKYE MOro XapyoBYy Ta CMOXMBYY LiHHICTb, 3
HopoLLHa SKOro AOLINbHO BUpO6NSTH QYHKLIiOHaNbHI xNib6obynoyHi Bupobu. Bneplue Bu3HayeHo, WwWo copT TpUTHKane
MupoHoceLb 33 BICTOM 3arasibHWX aMiHOKMCIOT nepeBaxae (4919 mg/100 g DM) nweHuueto copty ApiiBka
(3977 mg/100 g DM) i »xuT0 copT bopoTtbby (3241 mg/100 g DM). BctaHoBNEHO, L0 3€PHO TPUTUKANE NOCTYNAETHCS
3epHy NLEeHUL 3a BMiCTOM TpunTodaHy i i3onerumHy. XXMTo NOCTYNaETbCA 3epHY NIWEHUL 33 YCiMa HEe3aMiHUMUMU
aMiHOKMCNOTaMK OKPiM NedumHy, a nepep TpUTUKane yciMa amiHOKMCIOTaMW, OKpiM TpuntodaHy. Haibinblwe
npencTaBNeHUMM aMiHOKMCIOTaMu B 3epHi TpuTukane 6ynu: JlediumH (1442 mr/100 r), Banin (733 mr/100 1),
@eninanaHin (720 mr/100 1) i 13oneiumnH (510 mr/100 r), y sxxuta - NleiumnH (1343 mr/100 r), Banin (481 mr/1001) i
@eHinanaHin (396 mr/100 r). Moganblwa WMpoka aapecHa iHTPOLYKLiS HOBOTrO COPTY B arpOeKOCUCTEMAXx [03BOMUTb
36inblWKMTK 06CArM 3epHa LiHHOMO SIK KOPMY AN TBAPUH, TaK i AN BUrOTOBNEHHS QYHKLIOHAaNbHUX XNi600YN0UHMX
BMpOGiB
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INTRODUCTION

The productivity of field crops, including winter wheat,
is dictated by a complex of agrobiological conditions,
namely the optimal state of crops. A prerequisite for the
formation of high-quality seedlings is the high biological
value of seeds, their rapid and uniform germination.The
sowing qualities of seeds determine the resistance of
seedlings to adverse factors, the intensity of plant de-
velopment and crop formation. Therefore, pre-sowing
laboratory testing of seed material is an essential con-
cept of agricultural technologies for strategically im-
portant agricultural crops. Only certified seed material
is used for the cultivation of wheat. Batches of this ma-
terial are diagnosed for germination energy, laboratory
germination, purity, and sowing suitability. Industrial
processing to produce high-quality commercial seeds
involves the removal of chemical germination inhibi-
tors, which is necessary to increase germination, obtain
uniform seedlings,and achieve a prominentyield poten-
tial. Seeds of the main agricultural crops undergo sev-
eral stages of pre-sowing treatment (Ignatz et al., 2019).
Conventional methods of increasing the germination
rate of wheat seeds mainly involve chemical treatment,
which can be environmentally dangerous. Therefore,
new methods of physical influence on seed germination
are being investigated. For instance, the study (Wang
et al., 2022) notes that water activated by plasma in
experiments with wheat improved germination.

Presently, the most common means of modifying
pre-sowing seed treatment are growth stimulators with
microfertilisers. Their segment is becoming increasingly
important in the ecological context of less use of pesti-
cides and aggressive agrochemicals in agriculture.Modern
aspects of implementing phytostimulants are focused
on achieving commercial product quality standards and
improving plant viability. Their practical significance lies
in the formation of sustainable agricultural systems that
are resistant to biotic and abiotic stresses, especially in
the context of climate change (Kisvarga et al., 2022).

It is important to replenish the content of nu-
trients to support the stability of the grain crop, and
therefore fulvic acids and microfertilisers include tech-
nologies for their cultivation (Pashchak et al., 2021).
Fulvic acids are essential for converting mineral com-
pounds into organic ones that will be absorbed by
plants (Kumar & Aloke, 2020). Kumar et al. (2020) found
that the content of available nitrogen, potassium, and
phosphorus increases after the application of fulvic
fertilisers. Fulvic acids reduce the pesticide load and
are effective when growing in contaminated industrial
areas (Braziene et al., 2021; Ali et al., 2018). These acids
also reduce plant uptake of toxic chlorine and cadmium
compounds (Yildirim et al., 2021).

To date, the problem of resistance of seeds at the
germination stage to pesticide stress has been under-
studied (Kalytka et al., 2016). For ecological management
of agriculture, the advantages of using phytohormones to
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intensify plant growth are determined. The role of auxins
in inducing root system cell division has been established.
Treatment of wheat seeds with indole-3-acetic acid stimu-
lated the growth of the flag leaf, namely its dry weight and
area (Aldesuquy, 2011). But a high dose of indolyl-3-acetic
acid (50 mg/kg) weakened plant growth. Patented mix-
tures for pre-sowing seed treatment traditionally include
auxins, namely 1-Naphthaleneacetic acid (NAA).

In the state of physiological maturity, seeds are
described by low metabolic activity, so to fulfil the pro-
ductivity potential, it is recommended to treat the seed
material with anti-stress growth regulators. In this as-
pect, succinic acid is considered as an environmentally
safe growth regulator. According to Kots et al. (2012), in
the initial stages of development, seedlings from seeds
treated with succinic acid have increased resistance to
osmotic shock, high temperature, and pathogens (Kots
et al., 2012). In general, the stimulating effect of suc-
cinic acid on the intensity of respiration of germinating
seeds is noted, as well as the mobilization of organic
substances and an increase in winter hardiness of plants.

There is no doubt that the use of growth regu-
lators of various mechanisms of action with trace ele-
ments for pre-sowing seed treatment is a principal factor
in increasing the adaptive capabilities of plants at the
initial stages of growth and the formation of their high
productivity in general. Activation of growth processes
and optimization of seedling nutrition is the main man-
agement strategy for efficient cultivation of agricultural
crops in various soil and climatic conditions. The purpose
of this study was to select effective combinations of
preparations for pre-sowing treatment of winter wheat
seeds and significantly increase the intensity of seedling
formation.

MATERIALS AND METHODS

The experiment used winter wheat of the Lazurna variety,
seeds of the first reproduction, the originator - the In-
stitute of Plant Physiology and Genetics of the National
Academy of Sciences of Ukraine. The influence of growth
regulators on seed germination energy and morpho-bio-
metric parameters at the shoot level was investigated in
the laboratory of the Department of Plant Protection and
Quarantine of the Uman National University of horticul-
ture in 2020-2021. The effectiveness of pre-sowing treat-
ment of winter wheat seeds was evaluated after soaking
in such test substances as succinic acid (0.025% solution),
1-Naphthaleneacetic acid (NAA, 25 mg/l) and Fulvohumin
(1% solution) and their combinations: Fulvohumin+NAA,
Fulvohumin+succinic acid; succinic acid+NAA, Fulvo-
humin+succinic acid+NAA at the rate of 10 litres of spray
material per 1000 kg of seed material.Acomparison option
is pre-sowing treatment with water without preparations.

Such indicators as germination energy, total length
of shoots, length of roots and aboveground seedlings, raw
and dry mass of seedlings were evaluated. Germination




energy was found as a percentage of the total number
of seeds taken for germination, as an average of six rep-
etitions of each variant. Sprouted seeds include seeds
that have a normally developed sprout and a primary
root that is not shorter than the length of the seed. In an
undergerminated seed, the root is underdeveloped, or it
is not present, as well as the shoot. To find this indicator,
100 seeds were selected from the treated seed fraction
and sprouted in Petri dishes between filter paper. Petri
dishes were placed in thermostats, where the tempera-
ture was supported at 20°C, humidity - 90%. Seed ger-
mination was observed daily for seven days. After three
days of germination, the germination energy was found,
and after seven days - biometric parameters of sprouts
(the length of roots, the length of the aboveground
shoot, and the total length of seedlings were measured
with a measuring ruler). Using OHAUS Pioneer analytical
balances, 100 pieces of the seedling parts under study
were weighed with an accuracy of 0.0000 g to find their
raw mass. In the root and aboveground (shoots) parts of
seedlings, the dry matter content was found according
to the thermograviometric method (Hrytsaenko et al.,
2003). The attachments of plant samples were weighed
(per 100 pcs of roots or shoots) before and after drying
(at 100-105°C). Percentage of dry matter content (DMC)
was calculated according to Equation 1:

DMC(%)=Mrawx100/Mdry (1)
where M is the sample weight, g.

The authors of this study used the State Stan-
dard of Ukraine 4138-2002 “Seeds of agricultural crops.
Methods of determining quality” and the recommenda-
tions of the International Seed Testing Association (ISTA)
to follow the methodology for determining the sowing
qualities of winter wheat and biometric parameters of
seedlings (Seeds of agricultural crops, 2003; Interna-
tional Seed Testing Association, 2011; Kalenska, 2011).

Statistical processing was performed according
to the variance method (Ushkarenko, 2013). Correlation
analysis and graphical representation of results - using
Microsoft Office Excel 7.0 and Statistica 10.0 software.
Theresults were calculated atasignificance level of 0.05.

Research objects. Fulvohumin is a solution con-
taining fulvic acids and their salts with trace elements.
It is used for pre-sowing seed treatment, stimulating
plant growth and development, correcting micronutrient

Control

FH+NAA
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deficiencies, strengthening plant immunity and increas-
ing yield. Content of active substances: N - 0.1-3.0%,
P,0, - 0.1-2.5%,K,0 - 0.1-4.0%,C__ - 16.0-18.0%, car-
bon of humic acids (C, ) - 0.1-4.0%, carbon of fulvic ac-
ids (C,) - 12.0-15.0%, organic matter - 40.0-90.0% (List
of pesticides and agrochemicals..., 2020).

Succinic acid (C,H,0,) (SA) - (butanedioic acid,
ethane-1,2-dicarboxylic acid, HOOCCH,CH,COOH - an
organic dibasic saturated carboxylic acid. Pure acid is
colourless crystals. Solid substance. Highly soluble in
water and ethanol (Succinic acid, 2020).

(Alpha-) 1-Naphthaleneacetic acid (NAA) is an
auxin,an odourless solid substance, white or colourless,
the release form is a water-soluble concentrate. A sub-
stituted naphthalene derivative with an attached acetic
acid residue, one of two possible isomers of naphtha-
leneacetic acid. Like many other substituted aromatic
compounds of acetic acid, it has an auxin-like effect and
is used in crop production as a herbicide and growth
stimulator (1-Naphthaleneacetic acid, 2020).

RESULTS AND DISCUSSION

Seeds that have a high germination energy produce
friendly shoots that are more resistant to adverse condi-
tions. Soaking wheat seeds in bioregulators activates its
membrane and enzymatic activity. A close relationship
was established between germination rates and wheat
seed germination energy. In the experiments of Tariq
et al. (2017), the length of the roots of seedlings from
seeds treated with a 2% nutrient solution was 8-10 cm,
and the length of the roots soaked only in water was
4-6 cm. Humus derivatives increased the germination
energy and seed germination (Ahmed & Awad, 2020).

In this experiment, the highest germination en-
ergy of winter wheat seeds was obtained after its treat-
ment only with Fulvohumin and in a mixture with NAA -
96% (Fig. 1). The germination energy of seeds treated
with a mixture of Fulvohumin, succinic acid and NAA
was 95%. Pre-sowing treatment of winter wheat seeds
with 0.025% succinic acid solution turned out to be more
effective against soaking in NAA. In addition, in the NAA
variant of pre-sowing treatment, the germination ener-
gy was 6% lower than the control. Pre-sowing treatment
of seeds with two preparations was less effective with
succinic acid and NAA with a germination energy of 88%.

FH+SA  SA+NAA FH+SA+NAA

Figure 1. Germination energy of winter wheat seeds depending on pre-sowing treatment, %
Note: (FH - Fulvohumin, SA - succinic acid, NAA - 1-Naphthaleneacetic acid) (LSDO5 - 6%, V (coefficient of variation) -

7%, experimental average - 91%)
Source: compiled by the authors
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Furthermore, in the Fulvohumin+succinic acid
variant,the seed germination energy increased by 2-4%,
compared to the use of only one of these preparations.
In the experiments of Karashchuk et al. (2020) the ger-
mination energy of winter wheat seeds treated with
Quadrastim with succinic acid increased by 3-8% from
the control, field germination was higher by 4-7%. For
pre-sowing treatment of tomato seeds, soaking in fulvic
acid with a concentration of 80 mg/l is recommended,

where germination increased by 13%, and root length -
by 32% compared to the control (Zhang et al., 2021).

According to the biometric parameters of wheat
seedlings on the 7th day of accounting, among the vari-
ants of one-component seed treatment, the advantage
of the use of Fulvohumin was noted, where the length
of the roots was 6.32 cm, the total length of the seed-
lings was 12.02 cm, against 5.98 cm and 11.17 cm in
the control, respectively (Table 1).

Table 1. Biometric indicators of wheat germination depending on pre-sowing treatment, cm

Variant Root length

Length of aboveground shoots Total length of seedlings

Control (water) 5.98 5.19 11.17
Fulvohumin 6.32 5.70 12.02
NAA 411 5.61 9.72
Succinic acid 5.38 491 10.29
Fulvohumin + NAA 4.62 4.85 9.47
Fulvohumin + succinic acid 6.12 6.25 12.37
Succinic acid + NAA 4.90 5.53 10.43
Fulvohumin + succinic acid +
+ NAA 5.84 6.36 12.2
Experimental average 5.41 5.55 10.96
LSD,, 0.27 0.43 0.61
V. % 14 10 11

Source: compiled by the authors

The length of the roots of wheat seedlings from
seeds treated with NAA was the smallest - 4.11 cm, also
significantly less than the control after the joint use of NAA
with Fulvohumin (by 1.36 ¢cm) or succinic acid (by 1.08 cm).

In experiments with beans, succinic acid did not
promote the growth of the root system of seedlings, the
length of the main root of shoots was 5% less than the
control, despite the higher seed germination (Shevchuk
et al., 2019). In this study by the authors, the total length
of 7-day-old wheat seedlings after seed treatment with
succinic acid was inferior to the control by 0.88 cm.
However, the use of two-component treatment Fulvo-
humin + succinic acid ensured the formation of seedlings
of the maximum length - 12.37 cm.

In the variant Fulvohumin + succinic acid+NAA,
the seedlings had the largest length of aerial shoots -
23% more than the control, and the total length of the
seedlings exceeded the control by 9%. The length of
the roots after complex pre-sowing treatment with Ful-
vohumin+succinic acid+NAA is not significantly greater

than the control (by 0.14 cm) but exceeds other applica-
tions of NAA. Notably, after NAA treatment, the percentage
of length of aboveground shoots is the highest — 58%.

The positive effect of NAA on the formation of
the aboveground mass of seedlings is confirmed by the
indicators of the raw mass of shoots - 4.612 g/100 pcs.
(Table 2). However, the raw mass of the roots was the
smallest in the experiment - 3.867 g/100 pcs. According
to the indicators of raw root mass, the highest efficiency
of two-component pre-sowing treatment of wheat seeds
with the preparations under study was noted. Due to the
pre-sowing treatment with Fulvohumin + NAA, the raw
weight of the roots is 1.4-1.7 times greater, compared to
the use of these preparations separately, and 48% greater
than the control. The total weight of seedlings in the ap-
plication of Fulvohumin + NAAwas 10.910 g/100 pcs, ex-
ceeding control by 25%, and single-component process-
ing options - by 1.2-1.3 times. In addition, when treated
with Fulvohumin + NAA, the proportion of raw root mass
is the highest in the experiment - 59% of the total.

Table 2. Raw weight of wheat seedlings, depending on pre-sowing treatment, g/100 pcs

. Raw mass of Total raw mass of * to control the total
Variant Raw root mass .
aboveground shoots seedlings raw mass
Control (water) 4.208 4.531 8.739
Fulvohumin 4.546 4435 8.981 0.242
NAA 3.867 4.612 8.479 -0.260
Succinic acid 4.295 3.920 8.215 -0.524
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Table 2, Continued

Variant Raw root mass Raw mass of Total raw mass of % to control the total
aboveground shoots seedlings raw mass

Fulvohumin + NAA 6.387 4.523 10.910 2.171
Fulvohumin + succinic acid 5.418 6.044 11.462 2723
Succinic acid + NAA 5.479 5.178 10.657 1.918

. sch‘éilx?Ch:cTéTN A 4673 4994 9.667 0.928
Experimental average 4.859 4.780 9.639 1.028

LSD,, 0.334 0.323 0.660
V% 17 13 13 }

Source: compiled by the authors

Despite the smallest mass of aboveground wheat
shoots from seeds treated only with succinic acid -
3.920 g/100 pcs, after its combined use with Fulvohumin,
the maximum value of this indicator in the experiment
was noted - 6.044 g/100 pcs. Due to the combined treat-
ment with Fulvohumin+succinic acid, the raw root mass
increased by 1.210 g/100 pcs from the control, i.e., by 29%.
As a result, the total raw mass of seedlings of the Fulvo-
humin+succinic acid variant was the maximum in the ex-
periment - 11.462 g/100 pcs, exceeding the control by 31%.

In contrast to the elevated indicators of germina-
tion energy and seedling length, pre-sowing treatment
of wheat with a mixture of Fulvohumin+NAA+succinic
acid did not have a unambiguously positive effect on

the raw mass of seedlings, yielding to the options of
two-component treatments. However, the total mass
of seedlings substantially exceeded the control. Upon
pre-sowing seed treatment with NAA or succinic acid,
the total raw mass of seedlings is insignificantly lower
than the control - by 0.260-0.524 g/100 pcs. On aver-
age, according to the experiment, the length and raw
aboveground mass of shoots on the 7t day of account-
ing was 50-51% of the total, and a correlation of me-
dium strength was established between these indica-
tors - r=0.73%0.01 (Fig. 2).

Weak correlation between germination energy
and total seedling length (r=0.36%0.15) and their total
raw mass (r=0.30£0.19) (Figs. 3-4)

r=0.73%0.01
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Figure 2. Correlation of indicators of length and raw mass of aboveground wheat shoots

Source: developed by the authors using Excel 2016
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Figure 3. Correlation of seed germination energy indicators and total wheat germination length

Source: developed by the authors using Excel 2016
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Figure 4. Correlation of indicators of the total raw mass of wheat seedlings and seed germination energy
Source: developed by the authors using Excel 2016

The variation in the dry weight of wheat seed-  control - 0.5904 g/100 pcs, NAA - 0.608 and Fulvo-
lings after single- and two-component treatments with  humin + NAA - 0.6109 g/100 pcs. Fulvohumin contrib-
the preparations under study was significant (Table 3). uted to the formation of aboveground shoots with the

Thus, the dry mass of 7-day-old shoots of the highest dry mass - 0.7445 g/100 pcs, which is 17% of
succinic acid application options is lower than the their raw mass (Fig. 5).

Table 3. Dry weight of wheat seedlings, depending on pre-sowing seed treatment, g/100 pcs

Variant Dry mass of roots Dry mass of Total dry'mass £ to control,
aboveground shoots of seedlings total dry mass

Control (water) 0.5285 0.6359 1.1644 -
Fulvohumin 0.8226 0.7445 1.5671 0.4027
NAA 0.4747 0.6080 1.0827 -0.082
Succinic acid 0.6217 0.5904 1.2121 0.0477
Fulvohumin + NAA 0.7498 0.6109 1.3607 0.1963
Fulvohumin * 0.6896 0.7804 1.4700 0.3056

+ succinic acid
Succinic acid + NAA 0.6996 0.7290 1.4286 0.2642

Fulvohumin +

+ succinic acid + NAA 0.9240 0.7766 1.7006 0.5362
Experimental average 0.6890 0.6845 1.3733
LSD,, 0.0550 0.0498 0.0828 -
V. % 21 12 15

Source: compiled by the authors
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Figure 5. The share of dry mass of aerial shoots, roots, and seedlings from their raw mass, %
Note: (FH - Fulvohumin, SA - succinic acid, NAA - 1-Naphthaleneacetic acid)
Source: compiled by the authors
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According to this indicator, the most effective were
the combinations of preparations Fulvohumin + Succinic
acid -0.7804 g/100 pcs and Fulvohumin + succinic acid +
+NAA-0.7766 g/100 pcs.The share of dry mass of above-
ground shoots of these variants was 13% and 16% of the
raw mass, respectively. Complex pre-sowing treatment of
wheat seeds with Fulvohumin+succinic acid+NAA pro-
vided the maximum dry matter content in the root part
of seedlings - 0.9240 g/100 pcs, which is 20% of the raw
mass and 1.8 times more than the control. The dry mass
of the roots of 7-day-old seedlings after pre-sowing seed
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treatment with two-component mixtures was 12-13% of
the raw mass of the roots and significantly exceeded the
control (LSD, - 0.0550 g/100 pcs).

In the control variant, the share of dry mass of
aboveground shoots and roots was 13-14% of their
raw mass. Dependence between the total dry weight
of seedlings (r, g/100 pcs), their length (x, cm) and raw
mass (y, g/100 pcs) is calculated using the following
regression equation (Eq. 2, Fig. 6):

r=0.4899+0.115xx+0.0623xy (2)

Figure 6. Data dependence diagram of total length (x), raw (y) and dry mass of seedlings (2)

Source: developed by the authors using Statistica 10.0.

There was no positive effect of NAA on the accu-
mulation of dry matter in the root part of wheat seed-
lings - 0.4747 g/100 pcs, i.e., 10% below the control.
The dry mass of roots in wheat seedlings from seeds
treated with NAA was 12%, treated with succinic acid -
14%, while upon treatment with Fulvohumin it in-
creased to 18%. The results of other studies show that
seed induction with 1-Naphthaleneacetic acid did not
contribute to substantial growth of sweet maize, Vigna,
and cucumber seedlings (Somtrakoon & Kruatrachue,
2014). At a concentration of 10 mg/l, NAA showed a
negative effect on the dry weight of cucumber roots.

It was found that the total dry weight of wheat
seedlings strongly depends on the seed germination
energy - r=0.69+0.06. The percentage content of dry
matter (z, %) in wheat seedlings can be calculated
based on the data of total dry mass (x, g/100 pcs) and
seed germination energy (y, %) using the following re-
gression equation (Eq. 3):

7=3.6525+0.020xx+6.3721xy (3)

Thus, pre-sowing treatment of winter wheat
seeds with Fulvohumin definitely contributes to the ac-
cumulation of more dry matter in the aboveground and
root parts of seedlings. The total dry weight of seedlings

in the variant of pre-sowing treatment with Fulvohumin
was 1.5671 g/100 pcs., which is significantly higher
than the control. The indicators of the total dry mass
of seedlings after treatment with two preparations are
higher than the control (1.3607-1.470 g/100 pcs). As a
result, wheat seedlings were formed with the highest
dry mass after processing with Fulvohumin + succinic
acid + NAA - 1.7006 g/100 pcs, which is 46% higher than
the control. The total dry mass of seedlings from seeds
treated only with Fulvohumin and in the mixture of Ful-
vohumin + Succinic acid + NAA was 17-18% of the total
raw mass, while in the control this indicator was 13%.

Fulvic acids are organic compounds that are
common in the soil, but their added application increases
crop yields. Therefore, fulvic acids are part of new bio-
fertilisers. The highest efficiency is observed with the
complex use of edaphic preparations for seed treat-
ment, soil and foliar fertilization (Marenych et al., 2020).
It was experimentally confirmed that humic fertilisers
improved root growth, contributed to the formation of
high-quality seedlings, and increased the yield of field
crops (Savy et al., 2020). According to the experiments
of Braziene et al. (2021) pre-sowing soaking of wheat,
barley, and sugar beet seeds in fulvic acid significantly

Scientific Horizons, 2022, Vol. 25, No. 9

59



60

Effectiveness of Different Groups of Preparations for Pre-Sowing Treatment of Winter Wheat Seeds

increased their germination rate. The height of wheat
shoots was greater by 3%, the air-dry mass of roots - by
23%, compared to the control. As a result of the use
of fulvic acid, the wheat grain yield increased by 15%.
Humic substances investigated by Litvin et al. (2020) in-
tensified the growth processes of wheat and simultane-
ously had a detoxifying effect. The germination rate of
wheat seeds after processing was higher than the con-
trol by 8-11%, the total length of the roots - by 42-50%.
According to Marenych et al. (2019), for foliar feed-
ing of grain crops, fractional application of the humic
preparation was more effective than one-time applica-
tion and gave a yield increase of 16%, compared to the
control. Foliar application of fulvic acid eliminates nega-
tive conditions after biotic stress of plants. At the rate of
application of fulvic acid of 6 mg/l,the highest indicators
of wheat plant height (80.89 cm), weight of 1000 grains
(33.60 g) and grain yield (4.16 t/ha) were obtained
(Al-Haidary & Al-Zubaidy, 2020). The research of Ahmad
et al. (2018) covered the development of an effective or-
gano-mineral fertiliser. The soil fertiliser contained hu-
mic acid, while the leaf fertiliser included fulvic acids and
gibberellic acids. Their use increased the yield of wheat.
The most active component that begins to be syn-
thesized by plants under stressful conditions and effec-
tively optimizes their metabolism is succinicacid (Paramo
etal.,2020).As an adaptogen and growth stimulator, suc-
cinic acid still has a modest sales market, but with pros-
pects due to its biological safety. It was found that in the
spring period, succinic acid intensifies the growth of the
root system of winter wheat. The average root length of
winter wheat plants treated with succinic acid exceeded
the control by 21%, and wheat seedlings also had a 4%
higher dry matter content (Pryplavko & Gaviy, 2019).
The combined use of succinic acid with microfer-
tiliser turned out to be more effective. For instance, the
seed germination of vegetable plants increased by 3%,
the energy of germination increased by 10% (Kuts et al.,
2021). Treatment of bean seeds with vegetable aque-
ous solution of succinic acid increased laboratory ger-
mination by 7.7%, the number of shoots - by 5.4%, but
practically did not affect the length of the hypocotyl
(Shevchuk et al., 2019). In experiments with asparagus
seeds, succinic acid increased its germination rate by
14%. In addition, according to Shevchenko et al. (2021),
asparagus seedlings from succinic acid-treated seeds
did not substantially increase root mass, while the
height of aboveground shoots was 8-14 cm higher than
the control. Pre-sowing treatment of seeds with Quad-
rostim, which includes succinic acid, increased the ger-
mination rate of winter wheat. The length of the shoots
was 3.2-3.8 cm, the weight was 6.1-6.9 g/100 pcs, while
in the control it was 3.6-3.2 cm and 4.4-6.0 g/100 pcs,
respectively (Karashchuk et al., 2020).
Pre-sowing treatment of wheat seeds with exog-
enous phytohormones affects the growth and develop-
ment of plants along with the differentiated dynamics
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of their distribution in shoots and roots. The highest
content of indolyl-3-acetic acid was noted in the roots
of seedlings (Kosakivska et al., 2022). From the group
of auxins, 1-Naphthaleneacetic acid is actively used to
enhance growth and increase the yield of grain crops
(Basuchaudhuri, 2016; Alam et al., 2002). According to
Jahan et al. (2019), the use of 1-Naphthaleneacetic acid
(25 mg/\) in wheat crops positively affects root growth,
overall dry biomass, and yield. In the study by Hanaa &
Safaa (2019), the maximum indicators of the height of
wheat plants (92 cm), thousand-kernel weight (36.5 g),
and grain yield (6.61 t/ha) were obtained after spraying
the leaves with indolyl-3-acetic acid.

During the study of the effect of growth stim-
ulants on the germination of Pongamia pinnata seeds,
it was found that the greatest germination was in the
seeds soaked in a solution of indole-3-butyric acid, the
seedlings had a longer root length. Gibberellic acid, com-
pared to 1-Naphthaleneacetic acid, more significantly in-
creased the length of shoots, leaf area, and total dry mass
(Venkatesh et al., 2000). Treatment of maize seeds with
heterocyclic compounds and auxins (indolyl-3-acetic and
1-Naphthaleneacetic acids) resulted in an intensification
of seed germination and an increase in the growth pa-
rameters of maize shoots compared to untreated seeds,
but 1-Naphthaleneacetic acid has a lower stimulating
effect (Tsygankova et al., 2016). In other experiments, fo-
liar spraying of wheat with 1-Naphthaleneacetic acid (10
mg/l) increased the thousand-kernel weight and yield by
5.2-8.8% (Sun et al., 2018). In general, pre-sowing treat-
ment of wheat seeds should be complex, with phytohor-
mones and nutrient compounds.

CONCLUSIONS

The problem of reducing germination energy due to
the use of chemical protectants is especially relevant in
the zones of insufficient and unstable moisture, with a
lack of soil moisture during the period of sowing win-
ter cereals. Interest in nanofertilisers and bioregulators
that improve the quality of crops is constantly growing,
and in the future these preparations will become an
essential element of the technology of growing major
agricultural plants.

Treatment of winter wheat seeds with Fulvohumin
or succinic acid increases the energy of its germination
to 94-96%.Among the combinations of the preparations
under study, the germination energy after treatment with
Fulvogmin + NAA (96%) and Fulvogumin + succinic
acid + NAA (95%) is significantly greater. According to
statistical analysis of biometric data, only Fulvohumin
contributes to a significant increase in the length of the
root part of seedlings (by 0.34 cm). Pre-sowing applica-
tion of Fulvohumin with succinic acid provides the for-
mation of higher wheat shoots (12.37 cm) of a larger
raw mass (11.462 g/100 pcs). The total raw mass of wheat
seedlings from seeds treated with Fulvohumin exceeded
the control by 3%, and the raw mass of roots - by 8%.




Pre-sowing treatment of wheat with NAA at a concen-
tration of 0.025% did not have a significant positive
effect on seed germination and seedling formation.
The biological value of plants is estimated by
indicators of their dry weight. The maximum values of
the dry mass of roots and seedlings in general were
observed after seed treatment with Fulvohumin and in
a mixture of Fulvohumin+succinic acid+NAA - 17-20%.

Slobodianyk et al.

Total seedling dry mass is highly correlated with seed
germination energy (=0.69%0.06), while raw mass is
weakly correlated (r=0.30%+0.19). Evaluating the seed
germination energy, the length of seedlings, their raw
and dry mass, pre-sowing treatment of wheat with Ful-
vohumin and a combination of this preparation with
succinic acid and 1-Naphthaleneacetic acid is recom-
mended as the most effective.
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EdeKTUBHICTb pi3HMUX rpyn npenaparTiB
ANSa nepeanociBHOi 06po6KU HaCiHHA NWweHULi 03UMoi

FanuHa fAkiBHa Cno6oaaHuk, IBaH Amutposud XXunsk, IeaH IBaHoBuY MocToB’sIK,
Cepriit Bacunbosuu LlletnHa, Onekcanap IBaHoBuY 3a6010THUIA

YMaHCbKMIM HaLiOHaNbHUI YHIBEPCUTET Caf4iBHMLTBA
20305, Byn. IHCcTMTYTCbKA, 1, M. YMaHb, YKpaiHa

AHoTauis. [loyaTkoBMM eTanom MoAepHi3aLii BUpOLLYBaHHS OCHOBHUX 3€PHOBUX KYNbTYP € €K30reHHEe BUKOPUCTaHHS
NPUPOLHUX PErynaTopiB pocTy Ta HAHOLOOPMB ANs NepennociBHOI 06p0O6KM HACIHHA. SKOCTI NociBHOro Matepiany
MNWEeHUL 03UMOI NPUAINSETLCS 0COOMBA YyBara, 3BaXarUM HA BUCOKY MMOBIPHICTb MPOPOCTAHHS HACIHHS Y CTPECOBUX
KNiMaTUYHUX yMOBaX Ta HeODXiAHICTb OPMYBaHHS 3MMOCTINKMX NOCiBIB. [Topsa, 3 LM, CydacHi BUMOTU 40 arpOHOMIYHOI
6iodopTudikaLii pocMHHOI NpoayKLii nepenbayatoTb BNPOBAAXKEHHS €KONOriYHO-6e3MneyYHmX, AiEBUX Ta EKOHOMIYHO
BUTIAHMX 3aXO0AiB Mif Yac BUPOLLYBAHHS CiNbCbKOrOCNOAAPCbKUX KYNbTYP, WO 3YMOBMUNO aKTYalbHICTb AOCNIAXEHHS.
3acTocyBaHHS NpenapaTiB Ha OCHOBI (PY/IbBOKMC/IOT Ta PErynsTopiB pocTy — ehekTUBHUI CNocib perynauii MopdoreHesy
i MPOAYKTMBHOCTI NlweHuLi 03uMoi. MeTolo focnigkeHb 6yno BUBYEHHS BNAMBY NepennociBHOi 06pobKM HACiHHS
nweHuLi 03MMOi TakuMK npenapaTtamu, sk QynbBorymiH (xenatHe fobpueo), 1-Ha@Tun-oLTOBa KUCIOTA (QYKCHH) i
OypLITUHOBA KMCNOTA (BiOreHHUI CTUMYNITOP POCTY, 3AaNTOreH) Ha MPOPOCTAHHSA | BiIOMETPUYHI NapaMeTpu CXOAIB.
Y npoueci AocniaxeHb BUKOPUCTOBYBANM NabopaTOPHI i CTaTUCTUYHI MeToaM. BcTaHOBNEHO, WO 33 NepennociBHOro
HaMouyBaHHA y 1% po3unHi DynbBOryMiHy nifgBWLLYBaNAcs eHepris NpOPOCTaHHS HACiHHS, CXOAM MicTUAK Binbluy
4aCTKy Cyx0i pe4oBMHM, MOPiBHAHO 06pobkoto HaciHHA 0,025% po3unHom BypluTMHOBOI KMcnoTu abo 1-HadTun-
OLTOBOI KMCNOTOK. 33 NOKA3HMKAMK eHeprii NPOPOCTaHHS i CMPOi MacK KOPEHiB 7-AEHHUX CXOAIB ePeKTUBHOIO
6yna kombiHauis npenapatiB ®ynbBOryMiH i 1-HadTnn-ouToBa KMCoTa. Hanbinbli 3aranbHa JOBXMHA | cMpa Maca
7-ReHHMX cxoaiB 6ynu nicns cymicHoi 06pobkM HaciHHS ®DynbBOryMiHOM i GYpPLUTMHOBOK KMCIOTO. 3@ CYKYMHICTHO
[aHMX (OPMYyBaHHS CXOLiB, PEKOMEHAYETbCS KOMIMIEKCHA nepeanociBHa 06po6Ka HaCiHHSA MWeHuLi 03uMOoi
@ynbBOryMiHOM CYMiCHO 3 BYpPLUTMHOBO KMCOTOK i 1-HadTnn-ouTOBOK KMCNOoTOK. HeedekTuBHOW Byna obpobka
nmwe 1-HadTun-ouToBOK KMCIoTOW. [aHi AOCHImKEHHS NepcnekTUBHI AN MporpamyBaHHs MOMbOBOI CXOXOCTI
HaCiHHS | MaTEMaTUYHOrO MOLENOBAHHSA POCTY O3UMMX KYNIBTYP Ha NOYATKOBMX a3ax OHTOreHe3sy y noboBUX YMOBAX

Kniouogi cnoBa: OynbBoryMmiH, bypluTmHOBa KUCN0Ta, 1-HapTU-0LTOBA KMCI0TA, MPOPOCTAHHS HACiHHA, CXOAM NLIeHUL,
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condition of the surveyed forests. Special mycological and microbiological
methods were also involved to investigate the aetiology and pathogenesis
of infectious diseases pathogens. Currently, the comprehensive sanitary
condition of the forests of Zhytomyr Oblast can be described as satisfactory.
However, every year there is a slow but steady increase in the dieback of
forest areas, specifically the main forest-forming species - pine, oak, ash,
and birch. During the examinations, the authors noted typical symptoms
of bacteriosis (bacterial dropsy), necrosis (dieback), vascular (graphiosis,
tracheomycosis) and other diseases of contradictory aetiology (transverse
cancer, dieback), as well as fruit bodies of aphilophoroid macromycetes,
which are the causes of stem (pine polypore, birch polypore, false oak polypore,
etc.) and root (heterobasidion perennial, honey mushroom) rot were noted.
Monitoring of the phytosanitary condition with the allocation of predictors
of degradation of forest stands will further allow forming a “global map of
plant resilience and sensitivity” for analysis of phytosanitary risk and rapid
and rational decision-making on forest protection measures
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INTRODUCTION

The general digression of weakened woodlands is an
irreversible natural process that has recently been re-
inforced by the impact of human civilization on forests
and dramatic global climate change. The main priority
task for forestry workers is to form biologically stable
tree stands while preserving healthy trees and simulta-
neously strengthening their natural immunity.

Various pests and pathogens of infectious pa-
thologies are constantly recorded in the forests of many
states. There is no doubt that the forest is a powerful
“food resource” for pathogens (Andreieva et al., 2018).
Thus, it is known that forests around the world are crit-
ical habitats in terms of the biological diversity they
contain and in terms of the ecological functions they
perform. Environmental services of forests are also nu-
merous. Forests regulate the local and global climate,
mitigate weather events, requlate the hydrological cycle,
protect watersheds and their vegetation, water flows
and soils. The need to understand the values found in
forests stems from the estimated rate of loss of forest
area and, consequently, biological diversity. Currently, it
is assumed that the rate of loss is thousands of species
per year (Pearce & Pearce, 2001).

Presently, almost the entire Northern Hemisphere
is affected by global warming, which results in the drain-
age of water bodies and subsequently the death of arbo-
real plants. On the territory of Ukraine (as of 01.01.2020),
the total area of forest dieback exceeds 420 thousand
hectares. Of them, stands of Pinus sylvestris L.— 222 thou-
sand ha, Quercus robur L. - over 100 thousand ha, Picea
abies (L.) Karst.— about 27 thousand hectares, other types
of arboreal plants - 64 thousand hectares. There are
alarming reports of new foci of forest dieback involving
P sylvestris on the territory of Ukraine by secondary pests,
namely Ips acuminatus and Ips sexdentatus (Meshkova et al.,
2018).

Over the past decades, there have been waves of
mass drying of most species of arboreal plants -common
pine, common oak, European silver fir, European spruce,
common ash, silver birch, etc. Certain assumptions have
been made about the causes of this phenomenon, this
specifically refers to climate change (Zhang et al., 2018)
and hydrothermal stress (Christopoulou et al., 2022; Ro-
driguez-Vallejo et al., 2021), invasive infectious agents
and pests (Goychuk et al., 2020), natural biotope changes
(Kobal et al., 2015), forestry activities (Meshkova et al.,
2018) and polyfactorial causes (Elling et al., 2009).

Researchers name the following infectious agents
as the main causes of oak dieback: Phytophthora ramorum
(Griinwald et al., 2008), Ceratocystis fagacearum (Bretz.)
Hunt. (Juzwik et al., 2008), Ophiostoma roboris Georgescu
et Teodoru (Selochnik et al., 2000), Lelliottia nimipressura-
lis (Carter 1945) Brady et al. 2013 (Kulbanska et al.,2021).

The dieback of common pine trees in the world
is mainly associated with diseases of infectious aeti-
ology (Wyka et al., 2018), usually caused by Heteroba-
sidion annosum ((Fries) Bref.) (Zhezhkun & Porohnyach,
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2020), Fusarium circinatum (Elvira-Recuenco et al., 2020)
and Dothistroma needle (Bulman et al., 2008), as well as
xylotrophic insects - Ips acuminatus Gyll. (Porohnyach,
2018) and phytopathogenic nematodes - Bursaphelenchus
xylophilus (Vicente et al., 2012; Yusuf et al., 2021; Zhen
et al., 2010; Roques et al., 2015).

Degradation of European silver fir is associated
with harmful activity of phytopathogenic fungi - Het-
erobasidion annosum (Fr.) Bref. s.l. and plants of the ge-
nus Viscum L. (Oliva & Colinas, 2010), Phytophthora cit-
ricola Sawada (Orlikowski et al., 2004); phytopathogenic
bacteria - Lelliottia nimipressuralis (Carter 1945) Brady
et al. 2013) (Kulbanska et al., 2022); insects - Polygraphus
proximus Blandford (Kharuk, 2017) and high sensitivity
to SO, emissions (Elling et al., 2009).

The weakening and death of silver birch is caused
by the mass spread within the range of a dangerous
disease of bacterial origin - bacterial dropsy (causing
agent - Lelliottia nimipressuralis (Carter 1945) Brenner
et al., 1988) (Goychuk et al., 2020). There is also infor-
mation about mushroom (Pasonen et al., 2004; Nguyen
et al.,2017) and viral (Rumbou et al., 2018) diseases that
considerably affect the phytosanitary condition of birch.

Pathology of common ash is closely related to
various causes of parasitic and non-parasitic origin. The
main infectious agents that lead to ash dieback are
fungi (Chandelier et al., 2016; Lygis et al., 2005; Langer,
2017) (Hymenoscyphus fraxineus, which is present in
Ukraine) (Davydenko et al., 2013), bacteria (Pseudomonas
syringae pv. savastanoi, which causes ash tuberculosis
and is registered in the forests of Ukraine) (Goychuk et
al., 2020), nematodes (Ryss & Polyanina, 2018), myco-
plasmosis (Bricker & Stutz, 2004), representatives of
harmful entomofauna (Davydenko & Meshkova, 2017;
Korda et al., 2019), as well as the influence of climatic
and soil-hydrological factors (Goberville et al., 2016).

Currently, there is a great need for a global map
of arboreal plant resistance for phytosanitary risk analysis
(Magarey et al., 2008). The creation of a dieback forecast
based on the FORKOME simulation computer model al-
lowed estimating the bioclimatic effects on the growth,
stability, survival, and death of spruce and other arboreal
plant species (Kozak & Parpan, 2019).

Thus, given the catastrophic extent of degrada-
tion that occurs with almost all types of arboreal plants,
the disappearance of forests is a complex socio-eco-
nomic, cultural, and political event. It is a mistake to
attribute forest decline to a simple causal relationship,
or to assume that the relationship will stay unchanged
over time (Contreras-Hermosilla, 2000).

The purpose of this study is to investigate the
aetiology and features of symptoms of infectious dis-
eases of the main forest-forming species in the forest
coenoses of Zhytomyr Polessia of Ukraine, which will
allow for high-quality early diagnosis of pathologies
and prompt and rational implementation of forest pro-
tection measures.
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MATERIALS AND METHODS
The spread and harmfulness of infectious diseases of
the main forest-forming species of arboreal plants was
investigated in the forests of Zhytomyr Regional De-
partment of Forestry and Hunting (Zhytomyr RDFH).
Statistical materials of the State Specialized Forest Pro-
tection Enterprise “Vinnytsialisozahyst” (SSFPE “Vinnyt-
sialisozakhyst”) and the Department of Forestry, Forest
Security and Protection of Zhytomyr RDFH were used to
figure out the volume of dieback in tree stands. Recon-
naissance and detailed surveys were performed in forest
stands with signs of weakening and drying of arboreal
plants. In the surveyed forest areas, forest pathological
routes were laid, covering tree stands involving common
pine, common oak, silver birch, and common ash of dif-
ferent age classes. Detailed studies were performed on
permanent and temporary trial areas in SE “Yemilchyn-
ske Forestry”, SE “Korostenske Forest Hunting Range”,
SE “Horodnytske Forestry”, SE “Zhytomyrske Forestry”,
SE “Korostyshyvske Forestry”, SE “Malynske Forestry”,
SE “Ovrutske Forestry” and SE “Slovechanske Forestry”
according to generally accepted methods and require-
ments of SOU 02.02-37-476:2006 “Experimental plots
of forest management. Method of laying” SOU 02.02-37-
476, 2006 (Forest inventory, 2007). 9 model trees were
cut down for research. More than 123 samples (individ-
ual tissues and organs) of arboreal plants with visual
signs of infectious diseases (trees of the Il and Il catego-
ries of sanitary condition) were selected for mycological
and microbiological studies, which were performed per
standard protocols and according to Patyka et al. (2017).
The category of sanitary condition of trees was figured
out according to the current requirements (Sanitary rules
in the forests of Ukraine, 2020). Based on the results of
accounting, the average category (index) of the sanitary
condition of the tree stand was calculated. The sanitary
condition of coenoses was estimated using the weighted
average index of the sanitary condition of the tree stand
(I.s.), calculated according to the following the formula:

k..
1, =2, (1

where:/_is the phytosanitary index; k, -k, is the category
of phytosanitary condition of woody plants; n; is the to-
tal number of arboreal plants in the context of a certain
category of tree stand; N is the total number of all trees.
Special macroscopic, microscopic,and mycological research

methods were used to figure out the species composition
of infectious disease pathogens. The collected phyto-
pathological material was identified directly using light
microscopy methods in the laboratory. To identify phy-
topathogenic macromycetes, measures were taken to
promote abundant sporulation. For this purpose, the af-
fected parts of arboreal plants were placed in wet cham-
bers of Petri dishes and cultivated for 7-10 days at 25°C.

Specimens of tree destroyers were identified and
examined in laboratories using an MBS-9 binocular
magnifier and an MBI-3 microscope. Macroscopic struc-
tures were studied at microscope magnifications from
x8 to x100, while microstructure studies were per-
formed on temporary micro-preparations (microscope
eyepiece x15, lenses x8, x20, x40).

Latin names of higher plant species are given
according to generally accepted methods (The Plant
List, 2022; Index Fungorum, 2022; List of Prokaryotic
names..., 2022). Calculation and statistical calculations
of the obtained results were performed using Microsoft
Excel software.

RESULTS AND DISCUSSION

According to the results obtained upon monitoring
the sanitary condition of the region under study, it was
found that the tree stands of Zhytomyr RDFH involv-
ing the main forest-forming species are weakened in
phytosanitary condition and medium-damaged in the
degree of degradation.

The total area of spread of infectious patholo-
gies in the stands of Zhytomyr RDFH in 2021 covered
4961.7 ha and practically stayed unchanged compared
to 2020 (4760.3 ha). The main reason for the mass
weakening of the surveyed tree stands are patho-
gens of stem rot, namely pine polypore (affected area
658.7 hain 2021 and 312.4 ha in 2020) and birch poly-
pore (affected area 445.6 ha in 2021 and 226.0 ha in
2020), as well as pathogens of root rot, mainly Het-
erobasidion annosum (affected area 2233.5 ha in 2021
and 2146.6 ha in 2020) and honey fungus (affected area
672.6 hain 2021 and 811.5 ha in 2020).

For this reason, the largest area of damage (for
the last 5 years of observations) of the surveyed forests
was recorded in 2019 and amounts to 5548.3 ha, which
significantly exceeds the indicators of 2018 and 2017,
whenthe fociofthe spread of infectious diseases covered
an area of 3913.9 ha and 2301.0 ha, respectively (Fig. 1).

4961.7
4760.3 5548.3
39139
2301
2021 2020 2019 2018 2017

Figure 1. Area of distribution of infectious pathologies in the stands of Zhytomyr RDFH, ha
Source: Statistical data of SSFPE “Vinnytsialisozakhyst” (2017-2021)
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Presently, the leading infectious agent that
weakens and leads to the death of the surveyed forests
is Heterobasidion annosum, the affected area of which
stays almost unchanged from year to year (despite con-
stant measures to limit its spread). Thus, the focus of
H.annosum in 2019 was 2312.9 ha,in 2018 - 2094.1 ha,
and in 2017 -1338.5 ha. Other infectious agents (bacte-
rial dropsy and dieback) that have now spread to smaller
areas of the surveyed forests should also be identified,
but by their nature, namely virulence and aggressive-
ness, as well as the ability to form mass epiphytotics,
may soon become the main cause of forest degradation.

The species composition of infectious pathologies
in the stands of Zhytomyr RDFH and types of woody
plants with symptoms of damage are presented in

Goychuk et al.

Table 1. In the composition of the mycobiota of the
forest coenoses under study, a significant quantitative
and qualitative composition is the fraction of aphilo-
phoroid macromycetes (wood destroyers), namely ba-
sidiomycetes-xylotrophs. Therewith, the role of the lat-
ter in forest ecosystems is ambiguous. On the one hand,
as pathogens of rot (root and stem), aphilophoroid mac-
romycetes can have a harmful effect on the sanitary
condition. On the other hand, saprotrophic species of
basidiomycetes-xylotrophs are destructors of tree mor-
tality; fruit bodies and mycelium of aphilophoroid rep-
resentatives are an essential component in the trophic
chains of many insect species, and certain types of such
fungi can be used as indicators of forests unchanged by
anthropogenic activity (Methodology, 2018).

Table 1. Species composition of infectious pathologies in tree stands of Zhytomyr RDFH

Latin name
(According to Index Fungorum and List of Prokaryotic names
with Standing in Nomenclature)

Type of arboreal plant on which the pathogen is detected
(According to The Plant List)

Pathogens of stem rot

Phellinus pini (Brot.) Pilat 1941

Pinus sylvestris L.

Fomitopsis betulina (Bull.) B.K. Cui, M.L. Han & Y.C. Dai 2016

Betula pendula Roth.

Phellinus robustus (P.Karst.) Bourdot & Galzin 1928

Quercus robur L.

Phellinus igniarius (L.) Quél. 1886

B. pendula

Laetiporus sulphureus (Bull.) Murrill 1920

Q. robur, Fraxinus excelsior L.

Fomes fomentarius (L.) Fr. 1849

Q. robur, B. pendula, F. excelsior

Fomitopsis pinicola (Sw.) P.Karst. 1881

P sylvestris, Q. robur, B. pendula, F. excelsior

Trichaptum fuscoviolaceum (Ehrenb.) Ryvarden 1972 P sylvestris
Botryobasidium subcoronatum (Hohn. & Litsch.) Donk 1931 P sylvestris

Stereum hirsutum (Willd.) Pers. 1800 Q. robur
Chondrostereum purpureum (Pers.) Pouzar 1959 B. pendula
Exidia nigricans (With.) P. Roberts 2009 B. pendula

Pathogens of root rot

Heterobasidion annosum (Fr.) Bref. 1888

P sylvestris, F. excelsior

Armillaria mellea (Vahl) P. Kumm. 1871

Q. robur, P. sylvestris

Ganoderma applanatum (Pers.) Pat. 1887

F. excelsior

Bacterioses

Lelliottia nimipressuralis (Carter 1945) Brady et al. 2013

B. pendula, Q. robur

Necroses

Hymenoscyphus pseudoalbidus Queloz, Griinig, Berndt,
T. Kowalski, T.N. Sieber & Holdenr. 2011

F. excelsior

Vascular diseases

Ophiostoma roboris Georgescu & Teodoru 1948

Q. robur

Ophiostoma ulmi (Buisman) Nannf. 1934

Ulmus glabra Huds.

Diseases of unknown aetiology

No pathogen detected

P sylvestris

No pathogen detected

Q. robur

Source: Statistical data of SSFPE “Vinnytsialisozakhyst” (2017-2021)
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2018 - 3913.9 ha, in 2017 - 2301.0 ha (the lowest
for the surveyed period). Detailed information on the
spread of particular types of pathogens is presented
in Table 2.

The total area of damage to forest stands of
Zhytomyr RDFH by pathogens of stem and root rot in
2021 was 4961.7 ha, in 2020 - 4760.3 ha, in 2019 -
5548.3 ha (the highest for the surveyed period), in

Table 2. Areas of distribution of infectious pathologies in the tree stands of Zhytomyr RDFH

Year and distribution area, ha

Phytopathogen

2021 2020 2019 2018 2017
Of which, pathogens of stem rot: 1881.4 942.6 1499.3 924.5 3554
P.pini 658.7 3124 488.3 185.3 118.5
F. betulina 445.6 226.0 309.6 162.6 44.8
P. robustus 200.1 315.5 196.1 309.3 0.0
P.tremulae 125 0.0 60.9 5.7 10.0
L. sulphureus 165.8 0.0 150.3 74.2 1239
F. fomentarius 398.7 88.7 294.1 1874 58.2
Of which, pathogens of root rot: 2906.1 2981.2 37252 2427.0 16472
H.annosum 22335 2146.6 2312.9 2094.1 1338.5
A. mellea 672.6 811.5 14123 3329 299.0
G. applanatum 0.0 23.1 0.0 0.0 9.7
Bacterial dropsy 148.0 394.3 106.5 261.8 0.0
Transverse cancer 10.0 125.2 89.5 1744 190.2
H. pseudoalbidus 16.2 0.0 0.0 0.0 0.0
Vascular mycosis (tracheomycosis) 0.0 262.7 62.9 0.6 108.2
Dutch elm disease 0.0 0.0 2.0 0.0 0.0
Dieback of unknown aetiology 0.0 54.3 62.9 125.6 0.0
Total 4961.7 4760.3 5548.3 3913.9 2301.0

Source: Statistical data of SSFPE “Vinnytsialisozakhyst” (2017-2021)

The structure of the species composition of pa-
thologies in the areas under study in 2021 is presented in
Figure 2.During the conducted studies, it was found that a
larger number of species of aphilophoroid macromycetes,
in relation to tree species, have an unequal degree of tro-
phic specialization. Most of the identified aphilophoroid

macromycetes belong to xylosaprotrophs that develop
on dry and fallen wood. The largest number of species
is registered on common pine, common oak, silver birch,
and common ash. Thus, aphilophoroid macromycetes are
characterized by specialization in substrate-forming tree
species (so-called ecosystem engineers).

2ogh L 033%
13.56% 13.28% P pini
F. betulina
P robustus
8.98% P tremulae

8.04%

L.sulphureus
= F. fomentarius
= H.annosum
A. mellea
Bacterial dropsy
= Transverse cancer
= H. pseudoalbidus

4.03%
0.25%

3.34%

Figure 2. Area of distribution of infectious pathologies in the stands of Zhytomyr RDFH, ha
Source: Statistical data of SSFPE “Vinnytsialisozakhyst” (2017-2021)
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6 species of aphilophoroid macromycetes were
detected and identified on common pine. Thus, on the
roots, on the lower parts of trunks, on the stumps and
trunks of living trees, Heterobasidion annosum devel-
ops, which causes variegated central rot of wood and
roots and is one of the most dangerous pathogens of
mycotic diseases and mass dieback of coniferous for-
ests (Fig. 3). H. annosum massively affects pine stands
and leads to the loss of a considerable amount of

Goychuk et al.

wood, significantly weakens the protective properties
of forests. It is established that this pathogen causes
the gradual death of arboreal plants, where over time
dense stands turn into woodlands. In weakened plants,
resin pressure becomes less because it is a mechanical
and physiological barrier against the harmful effects
of stem pests. This phenomenon is usually typical for
weakened trees that grow in a state of physiological
stress.

Source: photographed by the authors

On the growing trunks of common pine trees, the
spread of Phellinus pini was recorded. On weakened, dead
and fallen trunks, fruit bodies of Fomitopsis pinicola,
Trichaptum fuscoviolaceum and Botryobasidium subcoro-
natum are common.

5 species of aphilophoroid macromycetes were

: S
Figure 3. Destruction of the root system and common pine fallout from the tree stand due
to the influence of wood-destroying fungi

detected and identified on common oak: on the trunks
and branches of living trees — Phellinus robustus, Laeti-
porus sulphureus and Fomes fomentarius (Fig. 4). A group
of fruiting bodies of Stereum hirsutum and single fruiting
bodies of Fomitopsis pinicola were also noted on dying
and dead trunks.

Figure 4. Basidiomas of Fomes fomentarius and Phellinus robustus
Source: photographed by the authors

The most common was P.robustus (affected area in
2021 was 200.1 ha,in 2020 - 315.5 ha,in 2019 - 196.1 ha,
in 2018 - 309.3 ha, in 2017 - not registered), which causes
the destruction of the core part of the wood, subsequently
penetrates into sapwood, cambium, and bast. As a result,
dents form on the trunk, and later - cancer wounds.

The overall health of common oak is also sub-
stantially affected by the spread of transverse oak can-
cer (a disease of unknown aetiology). Pathology can
affect trunks with thick branches, where it leads to the
formation of cancerous growths. At the beginning of the

disease, small tumourlike thickenings are formed, which
later grow. An important sign is the presence of a trans-
verse crack, which often exposes the wood. The trunk
becomes noticeably deformed and the growth of the
tree is delayed. It is customary to distinguish between 3
forms of transverse cancer: open, transient, and closed.
This disease is moderate in severity, since it does not
kill trees (i.e., it does not cause environmental damage),
but only reduces the yield of commercial varieties (eco-
nomic damage to the farm).In 2021, a significant reduc-
tion in the area affected by transverse cancer was found
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(10.0 hectares were affected). Meanwhile, in 2020 this
area reached 125.2 hectares, in 2019 - 89.5 hectares, in
2018 - 174.4 hectares, in 2017 - 190.2 hectares. It was
found that the intensity of oak damage by transverse
cancer mainly depends on several environmental and
forestry factors. Thus, as a rule, in pure oak stands, the in-
tensity of damage is higher than in mixed ones, which is
confirmed during reconnaissance and detailed surveys.
Various mechanical damages and excessive overgrowth

of young stands contribute to the progression of pa-
thology. During the examinations, typical symptoms of
bacterial dropsy of oak were noted (Fig. 5). The primary
symptoms of the lesion are formed on oak trunks and
have the appearance of small (1-2 mm) purple, deep
brown spots located under the secondary integumenta-
ry tissues. Under favourable conditions for the develop-
ment of bacteria, the disease progresses, the tree bark
becomes deep brown, and a depression is formed.

B

Figure 5. Typical symptoms of the pathogenesis of transverse cancer (left)
and bacterial dropsy (right) recorded on common oak

Source: photographed by the authors

On young oak plants (up to 10 years old), black
convex spots first appear. Often in early spring or late
autumn, a brown exudate that turns black in the air ap-
pears. Under the experimental conditions, the release
of bacterial fluid is most often observed in June and
lasts for a short time. Diseased oaks have dry tops, fall
behind in growth, bush profusely, many buds appear
on them, and subsequently water shoots. If the disease
develops for an extended period, then the resulting
necrosis looks like a step cancer of deciduous plants.
With the development of bacterial dropsy of oak, the
growth of the focus of infection is not as intense as
in cancer pathologies. Internal signs of bacteriosis are
described by the presence of deep brown wet wood on
the trunk and the presence of a sharp sour smell. On the
cross-section, the wet wood area has a regular round-
ed shape, impregnated with a liquid of a viscous con-
sistency that has an alkaline reaction. Within the sur-
veyed forest stands, bacterial dropsy most intensively
affects oaks of ripening and ripe age in various mixing
schemes, as well as oaks in clean plantings. The highest
percentage of damage is noted on low landforms.

According to the conducted observations in all
age categories of stands (involving oak), the greatest
danger is vascular mycosis, the spread of which was
periodically noted within the surveyed forest stands
(affected area: 2021 - 0 ha, 2020 - 262.7 ha, 2019 -
62.9 ha, 2018 - 0.6 ha, 2017 - 108.2 ha). Thus, in the
conditions of forestry enterprises of Zhytomyr RDFH,
the chronic form of the disease prevails. External signs

Scientific Horizons, 2022, Vol. 25, No. 9

of oak vascular mycosis damage on mature trees ap-
peared in mid or late summer, while yellowing and
leaf fall on individual branches of diseased trees were
observed (as a result of the active development of the
disease in the spring and summer period). The bark
on such branches lost turgor, and the wood was de-
hydrated. In spring, partial or complete death of in-
dividual branches was noticed on the affected trees,
buds on them bloomed late or did not develop at all.
The leaves that formed on weakly affected branches
were smaller. Subsequent stages of the disease were
characterized by openness of crown, dryness, forma-
tion of water shoots on the trunk and gradual dieback
of the tree. An internal sign of oak disease with vascu-
lar mycosis is browning of wood elements under the
influence of a pathogen (branches, trunk, root system,
growth). On the longitudinal section of the branches
and the trunk, the water supply elements (large ves-
sels) affected by the pathogen acquire a brown colour
with different shades and have the appearance of
intermittent lines-strands. Dark solid or fragmentary
rings or semi-rings were recorded on a cross-section
of the infected tree. This is the result of damage by
fungal toxins that cause the death of living parenchy-
mal cells, the formation of humic-like substances that
clog the lumen of blood vessels. Often affected trees (to
a weak and medium degree with drying branches from
10 to 50%) in subsequent years gradually restore the
crown due to water shoots and can remain viable for
many years.




Vascular mycosis was detected in all examined
middle-aged, maturing, mature, and over-mature tree
stands of Zhytomyr RDFH. It was found that with in-
creasing age, the area of oak stands with signs of vascular
mycosis and the intensity of its development gradually
increases. In mature forests, it makes up an average of
18.0% of the surveyed area. Most of the examined tree
stands involving oak are affected by vascular mycosis in

Figure 6. Fruit bodies of C. purpureum (left) and E. nigricans (right)

Source: photographed by the authors

However, the main cause of phytosanitary de-
terioration and death of trees in the tree stands of
Zhytomyr RDFH is the spread of bacterial dropsy (Fig. 7).
At an early stage of the disease, its indirect signs
are broken canopy, the presence of dry branches and
watery shoots, and visual - small oval spots on the
bark of a light rusty colour, followed by the leakage

Figure 6. Symptoms of birch bacterial dropsy

Source: photographed by the authors

Characteristic signs of ash weakening in the sur-
veyed tree stands are the presence of dry branches and
wet shoots (11.0%).In some stands, crown weakening, me-
chanical damage (3.0%) and frost damage (1.0%) are ob-
served. Among the factors of infectious origin of ash tree
damage, pathogens of Hymenoscyphus pseudoalbidus
(5.7%) and stem and root rot (20.6%) are most often found.

Characteristic symptoms of ash damage by Hy-
menoscyphus pseudoalbidus are the dieback of individ-
ual branches in the crown and the formation of bushy

Goychuk et al.

mild to moderate degrees. One of the reasons for the high
incidence of oak vascular mycosis is stem pests, which are
the main carriers of fungal infection.

Aphilophoroid macromycetes of silver burch con-
sortia are represented by three species diagnosed on live
trunks: Fomitopsis betulina,Fomes fomentarius and Phellinus
igniarius. On stumps and fallen trunks, the spread of Chon-
drostereum purpureum and Exidia nigricanswas noted (Fig.6).

3

of liquid that has an unpleasant smell. The final stage
of the disease is characterized by the appearance of
large rusty-brown, almost black spots, which subse-
quently turn into one large wound up to several meters
long. The bast part of the wood is destroyed, and the
wood is infected with various types of bacteria and
wood-destroying fungi.

S

“water” shoots. The infection spreads through the cen-
tral vein to the leaf petiole and penetrates the shoots
of the current year, which subsequently die off and turn
brown. In place of the diseased shoot, two shoots are
formed next year, which in turn can also become in-
fected. This phenomenon then leads to the formation
of bundles of shoots of different drying ages (such as
those inherent in growth from stumps). Chronic late
blight causes the death of individual large branches and
reduces the overall resistance of arboreal plants. This
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disease is characterized by a chronic pathogenesis, i.e.,
it does not “kill” the tree, but makes it more vulnerable
(e.g., to secondary pathogens - several types of stump
disease). Weather anomalies increase the stress of trees
and reduce their resistance to root pathogens. The wood
of the root systems is rapidly destroyed, which leads to
intense windbreaks. Fruit bodies of wood-destroying
fungi Trichoptera flatworm and Heterobasidium anno-
sum were diagnosed on weakened and dying ash trees.

In summary, the key factor in the forest dieback
in Zhytomyr Oblast is the complex effect of ecological
and climatic processes with the harmful effect of infec-
tious pathogens. The research results are limited and
have not been described by scientists for a thorough
scientific comparison.

CONCLUSIONS

Due to the influence of persistent ecological and climatic
factors, especially sharp changes in the hydrological re-
gime with a significant lack of moisture in the forests of
Zhytomyr Oblast, we observe a significant decrease in
the biological stability of the main forest-forming species.
On all the surveyed test areas, there is an accumulation
of dead wood inhabited by stem pests.

The results of the study of the current phytosan-
itary condition of forest stands subordinate to Zhytomyr
RDFH suggest that the process of deterioration of the
phytosanitary condition of arboreal plants of common
oak,common ash,common pine, and silver birch closely
correlates with the influence of infectious pathogens.
The most dangerous diseases are L. nimipressuralis and
H. pseudoalbidus which have an acute nature of the
pathological process, the ability to cause large areas of
tree mortality, and lead to dieback of affected trees in
several years. The total area of damage to forest stands

of Zhytomyr RDFH by pathogens of bacteriosis in 2021
was 164.2 hectares. More common, but not so aggres-
sive are pathogens of fungal diseases. Analysing the
species composition of the phytopathogenic mycobiota
of the forest coenoses under study, the quantitative and
qualitative representation is dominated by the fraction
of aphilophoroid macromycetes, namely xylotrophic
basidiomycetes, which cause root and stem rot. The
most dangerous and widespread wood-destroying fun-
gus that causes root rot on common pine and common
ash trees is Heterobasidion annosum. The largest num-
ber of species is registered on common pine (Phellinus
pini, Fomitopsis pinicola, Trichaptum fuscoviolaceum, Bo-
tryobasidium subcoronatum, Heterobasidion annosum,
Armillaria mellea) and common oak (Phellinus robustus,
Laetiporus sulphureus, Fomes fomentarius, Fomitopsis
pinicola, Stereum hirsutum, Armillaria mellea). Apart from
the group of wood-destroying fungi, typical symptoms
of tree damage by vascular mycosis (tracheomycosis)
(Ophiostoma roboris) and graphiosis (Ophiostoma ulmi)
are also registered, which considerably affect the sanitary
condition of common oak and Scots elm. In addition,
the general sanitary condition of common oak trees is
significantly affected by the spread of a disease of un-
known aetiology - transverse oak cancer, which does
not cause drying of woody plants, but substantially re-
duces the marketability of wood.

The total area of distribution of foci of infectious
diseases in the forests of Zhytomyr RDFH in 2021 was
4961.7 hectares. Therewith, the indicator of the weighted
average phytosanitary index of the surveyed massifs,
obtained from the results of dividing arboreal plants
into six categories, is satisfactory.In general, the detected
and identified diseases are mainly chronic and develop
on trees over many years, gradually weakening them.
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MowwmnpeHHS Ta LUKOAOUYMNHHICTb iHpEeKUiMHUX XBOPO6 OCHOBHUX NiCcOTBipHUX BUAIB
y XXutoMmmnpcbkoMmy Mornicci YKpaiHu

AHatonii ®epoposuu lMNoituyk?, IBaHHa MukonaiBHa Kynb6aHcbkal,
AHaroniii BacunboBuu BuwHeBcbkuit2, MapuHa BacunieHa LLiBeub?, OneHa KpiiBHa AHapeeBa?

'HauioHanbHWit yHiBEpCUTET BiopecypciB i MPUPOAOKOPUCTYBaHHS YKpaiHM
03041, Byn. lepois O6opoHu, 15, M. Kunis, YkpaiHa

Z[MonicbKWit HaLioHaNbHMIA YHiBEpCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AxorTauig. 3Baxatoun Ha 6aratodyHKLIOHaNbHY ponb NiCiB, € HaranbHa HeObXiAHICTb ¥ npoueci dopMyBaHHA BionoriyHo
CTIMKMX | NPOAYKTUBHUX LEPEBOCTaHIB AN OTPUMAHHS MAKCMMANbHOrO €KO0ro-eKOHOMIYHOro edekTy ANs HaLoi
KpaiHW B Cy4aCHMX yMOBaX. TOMy AOCNIAXKEHHS BUAOBOrO CKAaay, MOWMPEHHS, NAaTOreHHOT Aii Ta WKOAOYMHHOIO
BMNAMBY 30yOHUKIB iHDEKLiMHMX XBOPOD OCHOBHMX NiCOTBIPHUX BMAIB Yy XXutommupcbkoMmy lNonicci Ykpainu po3sonstoTb
CMPOEKTYBATH peasbHy GiToCaHiTapHy CUTyaLito, Lo Byae B flicax y HaMBAMKYi poKM i BYaCHO po3pobUTU 3aX0aM LLOJ0
0OMEXEHHS NMOLUMPEHHS MATONOMYHUX ABMLL, L0 HAPa3i i € aKTyalbHUM HANPSIMKOM A0CNiIKeHHS. MeTa pob60oTu nonsrae
B OLHLI Cy4acHoro (iTocaHiTapHOro CTaHy JfliciB 06CTEXYBAHOrO perioHy Ta BUOKPEMEHHI abioTUUHMX i BIOTUUHKUX
YMHHMKIB, LLLO HaBaroMille BNIMBAOTb HA OCNabneHHs Ta AerpafaLito NiCOBUX lepeBHMX BUAiB. B poboTi BUKOpUCTAHO
KNACMYHi NiciBHMYO-TaKCcaUiMHi Ta @IiTONATONOrYHI METOAM ONS BCTAHOBEHHS 3aranbHOro GiToCaHiTapHOro CTaHy
06CTEXYBAHMX NICiB. A TAKOX 3aCTOCOBAHO CreLjianbHi MiKOMOTiYHi Ta MiKpo6ionoriyHi METOAM B YaCTUHI AOCNIAKEHHS
eTionorii Ta ocobnnBocTel natoreHesy 30yAHMKIB iHdEKLiiHMX XBOpob. Ha AaHMit 4ac KOMNNEKCHUIA CaHITapHWUIA CTaH
NicoBUX MacuBiB XUTOMUPLLMHU MOXHA OXapakKTepusyBaTW K 3a40BiNbHMNA. [1poTe WopivuHO GhiKCyeTbCCA MOBiNbHE,
ane CTinke 30iNbLUEHHS NIOLL BCUXAHHS ICOBUMX MACUBIB, 30KpEMa OCHOBHMX NiCOTBIPHMX BULIB — COCHM, fiyDa, iceHa i
6epesn.Y xoni 06CTeXEHDb BiAMiYEHO TUMOBY CMMNTOMATUKY BakTepio3iB (6akTepianbHy BOASHKY), HEKPO3iB (XanapoBuit
HeKpo3), CyanHHMX (rpadios, TPaxeoMmiko3) Ta iHWMX XBOPODH cynepeunnBoi eTionorii (nonepeyHnii pak, BCUXaHHS), a
TakoX niofoBi Tina adinodopoigHMx MakpoMiLEeTIB, SKi € NpUyYMHaMm CToBOYpOBMX (COCHOBA rybka, bepe3oBa rybka,
HecnpaBXHi AyboBuiA TPYTOBMK Ta iH.) Ta KOopeHeBuX (repepobasnaioH 6araTopiyHMM, ONEHbOK OCIHHII) THUNEN.
MOHITOpUHT dITOCAHITaPHOrO CTaHy 3 BUOKPEMIEHHAM NPEeAMKTOPIB AerpagaLii NicoBMX AepPEBOCTAHIB Y MOAANbLLUOMY
[103BO/IUTb CPOPMYBATU «INOBaANbHY KapTy CTIAKOCTI Ta YyT/IMBOCTI POCMHY A5 aHaNi3iB QiTOCaHITapHOro pu3uKy Ta
LUBMAKOIO i paLioHaNIbHO NMPUMHATTA pilleHb WOA0 NPOBEAEHHS NiCO3aXMCHUX 3aX0AiB

KntouoBi cnoBa: eTionoris, natoreHes, LepeBOPYHMHiBHI rpnbu, 6akTepiosun, COCHA 3BUYAIMHA, IyD 3BUUANHUIA, DiTOCAHITapHMA
CTaH
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of this study was to analyse the effectiveness of using plant extracts as
natural antioxidants for the meat processing industry. To fulfil the purpose
of this study, an analytical method was used. The main factors that reduce
the quality and safety of food products during storage were analysed.
The paper analyses the effectiveness of using natural, biologically safe
antioxidants for the meat processing industry. It was found that the use
of bioantioxidants allows minimising oxidative changes and microbial
contamination, which can adversely affect the quality of meat and meat-
based products. Based on the literature data, it was found that extracts
of spicy plants (rosemary, green tea, sage, cloves, mustard, nutmeg,
licorice root, ginger, garlic), berries (black currant, cranberry, strawberry,
pomegranate, Maki and goji berries, grapes, barberry, plum) and their
compositions are effective natural antioxidants that ensure long-term
food storage. The intensive development of organic animal husbandry on the
territory of Ukraine requires market operators to ban the use of synthetic
preservatives in the food industry and strictly control their use at the
production facilities of market operators
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INTRODUCTION

Creating high-quality products and storage stability is
one of the key tasks of the meat processing industry.
The main factors that reduce food quality and safety in-
dicators are lipid peroxidation and microbial contami-
nation, which lead to changes in sensory properties (co-
lour, texture, smell, and taste), reduced nutritional value
and reduced warranty period (Bal-Prylypko et al., 2016).
That is why the search for effective biopreservants for
the food industry and their testing in production con-
ditions is the first urgent task of scientists around the
world, which will contribute to the development of or-
ganic production and ensure the effective preservation
of quality and safety indicators of the finished product
during storage with prolonged action.

Lipid peroxidation products can also cause sig-
nificant harm to the consumer’s health. They can directly
affect cellular and genomic stability by disrupting gene
expression and cellular signalling pathways. The oxida-
tion products of n-3 and n-6 polyunsaturated fatty acids
exhibitatherogenic,mutagenic,and carcinogeniceffects.
Carbonyl and peroxide compounds, formed because of
the reaction of oxidised lipids with proteins, can cause
atypical cell proliferation and contribute to the devel-
opment of inflammation and fibrosis (Soletska, 2017).

In their scientific papers, scientists (Qian-Qian
et al.,, 2019) note that essential oils of spices are ef-
fective natural food preservatives. Most essential oils
have a considerable antimicrobial effect against food
pathogens that cause food spoilage. It is their use in
food production technology that allows the food indus-
try to extend the shelf life of food products, primarily
meat and meat-based products, provided that quality
and safety indicators are maintained. Thus, delaying lipid
peroxidation and preventing cross-bacterial contamina-
tion are critical tasks for the food industry.

The purpose of this study was to analyse the ef-
fectiveness of using plant extracts as natural antioxi-
dants for the meat processing industry.

LITERATURE REVIEW

One of the ways to improve the quality and safety of
perishable products is to use natural, biologically safe
preservatives and antioxidants (Ukrainets et al., 2016;
Velazquez et al., 2021).

With the development of organic production
technology and extreme demand in the food industry,
namely meat processing, natural plant antioxidants
have been acquired (Zheludenko et al., 2014; Liebiedieva
etal.,2016).

The most popular plant antioxidants and pre-
servatives are spicy plants. Presently, there are more
than one and a half thousand spices in the world with
a unique taste and aroma profile. The most valuable
of them grow in tropical countries, where the warm
climate contributes to the production of high-quality
products due to the rapid accumulation of essential oils.
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Manual harvesting technology allows preserving the
integrity of plant tissues, and therefore the maximum
content of active ingredients (Stasyuk, 2018; Atanasova
etal.,2022).

The world’s leading exporters of spices are India,
Vietnam, China, Indonesia, Egypt, Brazil, and other
countries of southern latitudes. Transportation of natural
spices, which ensures the preservation of their quality
and safety throughout the transport chain, is a chal-
lenging task for logistics companies. Violation of the
cold chain, sanitary requirements, hygiene of working
personnel, fluctuations in moisture and air speed, in-
tegrity of transport containers - all this reduces the
quality of spices and leads to secondary contamination
by microorganisms. During transportation, they gradually
lose their flavour due to evaporation or oxidation of
essential oils and other valuable organic compounds
that determine their properties (Kovinko, 2016; Khalajji,
2017; Stasyuk, 2018).

Preserving the quality of natural spices and en-
suring their stability during storage has become one of
the key tasks of modern technologists and engineers.
Among the currently developed technologies for pro-
cessing plant raw materials, the extraction method
deserves special attention. Modern production tech-
nologies allow obtaining two versions of extracts: dry
(powder, complex, granular, encapsulated) and liquid
(water-soluble, emulsion, and functional mixtures). Such
technologies open wide opportunities for their applica-
tion (Feng et al., 2022).

The use of natural antioxidants of plant origin
in the meat processing industry allows regulating the
protein, lipid, amino acid, fatty acid, carbohydrate, trace
element, and vitamin composition of the final product -
meat and meat-based products. An essential factor is
that natural antioxidants, unlike synthetic ones, not
only do not have a toxic effect on the human body, but
also due to the content of several biologically active
substances, they can positively affect the health of the
consumer (Bilous et al., 2019).

RESULTS AND DISCUSSION

Extracts of plant origin (spices, berries, fruits, vegeta-
bles) have antimicrobial, antiviral, and anti-inflamma-
tory activity. The antiviral effect is associated with the
content of biologically active compounds in the com-
position of plant components: polyphenols, tocopher-
ols, flavonoids, ubiquinones, vitamins, etc. The antimi-
crobial activity of plant extracts is determined by the
content of phenolic compounds (phytoncides): tannins,
flavonoids, simple phenols and their glycosides, phe-
nolic acids, phenol alcohols, anthocyanins (Pasichnyi &
Zheludenko, 2014; Valiukh et al., 2016).

Polyphenols of plant extracts inhibit the growth of
microorganisms (including pathogenic ones) and mould
fungi. The mechanism of their action is understudied,




but there is evidence that polyphenols can cause mor-
phological changes in the bacterial cell of microorgan-
isms by damaging its walls and affect the formation
of biofilms. They also affect protein biosynthesis, alter
metabolic processes in bacterial cells, and inhibit the
synthesis of ATP and DNA (by inhibiting DNA gyrase).
Thanks to this antibacterial activity of phenolic com-
pounds, plant extracts are an alternative to the use of
chemical preservatives in the meat industry, especially
sodium nitrite (Efenberger-Szmechtyk et al., 2021).

Phenolic compounds have extremely high ac-
tivity to capture and repair free radicals. Due to this
property, natural antioxidants rich in polyphenols can
affect lipid oxidation in meat, providing its inhibition.
In the meat processing industry, to slow down the oxi-
dation of lipids, plant extracts (berries, fruits, spicy and
medicinal plants) with a high content of phenolic com-
pounds are added to meat raw materials: grape seed
extract, black currant extract, plum juice concentrate,
etc. (Zheludenko et al., 2014; Liebiedieva et al., 2016).

Recent studies show that due to the high con-
tent of polyphenols, certain spices, berries, and their ex-
tracts exhibit antimicrobial and antioxidant properties,
and therefore they provide a viable alternative to con-
ventional synthetic antioxidants (Bozhko et al., 2017).
The use of natural additives of plant origin can not only
positively affect the shelf life of meat products, but also
increase their biological and nutritional value. Sumy’s
scientists have proved that the antioxidant properties
of black currant extract are conditioned upon the high
content of anthocyanides in the berry (Bozhko et al.,2017;
Bozhko et al., 2021).

Their research proves (Patent for the invention
No. 119078 UA, 2019) that the use of black currant ex-
tract (0.01%,0.02%,0.03% per 100 kg of minced meat) in
the technology of meat-containing boiled sausage based
on poultry meat (duck and turkey) can slow down the
course of oxidative spoilage of lipids of boiled sausages.
Experimentally, the effectiveness of using black currant
extract at a concentration of 0.01% was proved: the per-
oxide number on day 5 was 0.02% )2, while in the control
this indicator was 0.13% J2, which is 6.5 times higher.

Furthermore, it was found (Bozhko et al., 2021)
that the addition of black currant extract doses of
0.1...0.2% to minced meat-containing semifinished
products prevents hydrolytic oxidation of fat during
long-term storage for 100 days at negative temperatures
and, as a result, reduces fat hydrolysis and reduces the
peroxidation of free fatty acids.

The use of strawberry extract in the meat pro-
cessing industry is also effective. Strawberries are a
source of antioxidants and hold vitamins, anthocyanins,
flavonoids, and phenolic acids (Lorenzo et al., 2018). Sci-
entists have proven that adding chopped strawberry ex-
tract to minced chicken cutlets in concentrations of 5%
and 10% helps to slow down lipid oxidation and ensures
their stability during storage at subzero temperatures

Rodionova

for 24 days. Furthermore, strawberry extract is thermally
stable: during heat treatment, flavonoids are reduced
by only 2% and provitamin A, which gives colour to ber-
ries (Manessis et al., 2020).

Armenteros et al. (2013) and Ganhao et al. (2013)
found that due to the polyphenol content in strawber-
ries (4.3 mg per 1 g of fruit), lipid oxidation in meat and
meat-based products slows down. They agreed that the
addition of strawberry extract as a natural antioxidant
to meat-based products inhibits protein oxidation, as
evidenced by the formation of carbon atoms during heat
treatment. This ensures the preservation of the quality
indicators of Frankfurter sausages for 20 days, provided
that they are stored at a temperature of 4°C (Armen-
teros et al., 2013) and pork cutlets for hamburgers (fro-
zen and heat-treated) for 12 days, provided that they are
stored in vacuum packaging at 2°C (Ganhao et al., 2013).

The use of cranberry extract is also considered
promising in the meat processing industry. Cranberry
berries hold natural preservatives — organic acids (ma-
lic, lemon, chlorogenic, quinic, benzoic) and flavanoids
(oxycoric acids, flavones, and anthocyanins). They are
characterised by a high content of dietary fibre, sugars
(sucrose, glucose, and fructose), essential amino acids
(tryptophan, threonine, isoleucine, leucine, lysine, methi-
onine, phenylalanine, valine) and polyunsaturated fatty
acids (linoleic and linolenic) (Bozhko et al.,2017).Exper-
iments on the use of cranberry extract (concentration of
0.1...0.2% by weight of raw materials) in the recipe of
cooked-smoked meat-rich sausage confirmed the prop-
erty of the extract to slow down the oxidation of lipids
and extend the shelf life to 35 days (Bozhko et al., 2020).

The method of production of meat-containing
boiled sausage “Kachyna”with the addition of cranberry
extract to the minced meat for 0.01...0.03% of the mass
of the main raw material has been developed. It was
found that this amount is best for providing significant
inhibition of oxidative processes of the lipid fraction of
minced meat, stabilisation of microbiological parame-
ters and high organoleptic parameters of the product
(Patent for utility model No. 119891 UA, 2017; Patent for
the invention No. 119079 UA, 2019).

Plum fruits also hold phenolic compounds, namely
coumarins, flavonoids, and phenolic acid derivatives,
as well as substantial amounts of chlorogenic, cryp-
tochlorogenic, and non-chlorogenic acids, which have
antioxidant properties (Ahmad et al., 2015). Thanks to
these compounds, the ingredients obtained from plums
exhibit antioxidant and antimicrobial properties. It is
proved that when 5% fresh plum juice concentrate,
2.5% or 5% prune juice concentrate are injected into
roast beef, protein, and lipid oxidation is inhibited
during chilled storage. At the same time, the added in-
gredients minimally affect the tasting characteristics of
meat (Nucez de Gonzalez et al., 2008).

Upon studying the antioxidant properties of 10%
water infusion of pomegranate (10 ml of infusion was
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added to 1 kg of minced meat), Zazharska et al. noted
the impracticality of its use in the technology of making
blood sausage. It was noted that the standard sample
of blood sausage according to DSTU 4334:2004 and
prototypes with the addition of water infusion of pome-
granate (from the membranes and crust) have the same
sensory and microbiological indicators during the shelf
life requlated by the standard (Zazharska et al., 2018).

One of the exotic berries that recently has attracted
the attention of scientists as a natural nutraceutical in the
food industry has become maqui berry. This is a new
Chilean superfruit, the fruit of an evergreen shrub, with
high nutraceutical value. Maqui berry (Aristotelia chilen-
sis) is also called Chilean blackberries, which are grown
in central/southern Chile and southwestern Argentina.
It has antioxidant activity due to its high content of
biologically active compounds, such as phenolic acids,
anthocyanins, and flavonoids (Genskowsky et al., 2015;
Quispe-Fuentes et al, 2018; Bastias-Montes et al., 2020).
Furthermore, Maqui berry is a natural antitumour and
anti-inflammatory agent that can absorb oxygen radi-
cals, inhibit xanthine oxidase, oxidise lipids, and reduce
intracellular oxidative stress (Chen et al., 2020).

It is proved that among the proven drying meth-
ods (freesing, convective, solar, infrared, and vacuum
drying) of Maqui berries, the most effective is the
vacuum drying method. It is vacuum-dried fruits that
retain the highest content of free flavanols and antiox-
idant capacity compared to other processing methods
(Bastias-Montes, et al., 2020). Goji berries hold many
nutrients and bioactive compounds, which allowed
classifying them as superfruits. They are a source of
many biologically active compounds characterised by
high antioxidant potential (Kulczynski & Gramza-Mi-
chatowska, 2016). Unlike other fruits and fruit extracts,
Maqui berries have been tested for use in the meat pro-
cessing industry as an additive in packaging films (Baek
etal,2019).

Scientists from many countries have devel-
oped a technology for creating and investigating the
effectiveness of using active edible films holding bio-
polymers (polysaccharides and/or proteins) and active
compounds (plant extracts, essential oils, nanofilters,
etc.) to reduce losses and extend the shelf life of food
products, namely meat-based products. They noted that
the inclusion of organic acids, enzymes, antimicrobial
proteins, phenolic compounds, or other functional in-
gredients, such as plant-based nutraceuticals, not only
improves the quality of food products, but also extends
their shelf life (Benbettaieb et al., 2019).

Two basic statements should be outlined in fa-
vour of using active biopolymer films compared to di-
rect administration of antioxidant and/or antimicrobial
components in meat products: (1) it is possible to con-
trol the diffusion of active compounds to the surface of
the finished product and (2) the amount of preserva-
tives added (Jamroz & Kopel, 2020; Smaoui et al., 2022).
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The authors found that the edible packaging
film made of oat starch with the addition of 20% Maqui
berry extract for packaging salmon exhibits antioxidant
properties by suppressing lipid oxidation under the
condition of storage of experimental samples at 4°C (Baek
et al.,2019).

Analysing the antibacterial ability of edible chi-
tosan films, which include 0.5% or 1% Magqui berry ex-
tract, it was found that they exhibit a bacteriostatic ef-
fect against S. marcescens, S. putrefaciens, P. fluorescens,
A.denitrificans, A. hydrophila, A. faecalis and C. freundii,
L. innocua. Furthermore, they exhibit high antioxidant
activity (Jamréz & Kopel, 2020; Smaoui et al., 2022).

Ginger (Singiber officinale Roscoe) has won the
favour of food technologists due to its powerful anti-
bacterial effect and its ability to hydrolyse native colla-
gen (Mao et al., 2019; Beristain-Bauza et al., 2019). The
group of scientists (Hamad et al., 2016) proved that gin-
ger essential oil at a concentration of 1250 pg/ml can be
used as a natural preservative of fresh chicken meat for
12 days and can extend the shelf life to 6 days at 3-7°C.

Sage extracts (Salvia officinalis and Salvia fruticosa)
hold a wide range of antioxidant compounds (carnosol,
carnosic acid, rosmanol, apigenin, luteolin methylcar-
nosate, rozmadial, Rosmanol-9-ethyl ether, epirosma-
nol, isorosmanol, and galdozol) that provide its antiox-
idant, antibacterial, and antifungal effects (Agric, 2013).
The literature provides data on the use of sage extract
in the technological formulation of meat products (liver
pates, meatballs, and sausages) that provides protection
against lipid and protein oxidation.

The content of phenols also provides antioxidant
properties in barberry leaves, which creates potential
for their use in the meat industry. Scientists found that
the use of gelatin film with freeze-dried barberry leaves
(1 g/kg) for packing meat cutlets considerably inhibits
lipid oxidation during 20 days of their storage (Mohd
Azman et al., 2016).

As a natural antioxidant, green tea extract is
used - a source of polyphenols. The use of active pack-
aging made of antioxidant polyamide impregnated
with green tea extract for packaging fresh minced meat
allows extending its storage period on an industrial scale
up to 23 days (Borzi et al., 2019).

A source of phytocomponents (gallic acid, catechin,
and epicatechin) and phenolic compounds with a high
antioxidant effect is grape seed extract (Zheludenko et al.,
2014). The antioxidant effect of phenolic substances
contained in grape seeds is mainly due to two-, three-,
oligo-, or polymer proanthocyanidins. Application of a
natural preparation made from red grape seeds (in a
concentration of 0.5...1.5% by weight of minced meat)
in the manufacture of boiled and smoked meat-con-
taining sausages with freshwater aquaculture meat in
a natural shell effectively inhibits fat oxidation, which
allows preserving the quality of the finished product
during storage for 35 days (Bozhko & Tyshchenko, 2020).




[.O. Litvinova (2016) developed a method for
obtaining extract from grape seeds and a technology
for obtaining an antioxidant additive “Maltovin” on its
basis, which contains a phenolic complex and malto-
dextrin. The use of Maltovin additives in the technolog-
ical formulation of meat products (meat pate, fried sau-
sage, quick-frozen minced meat semifinished products)
(by replacing 2% of the main raw materials) improves
rheological parameters, the structure of minced meat,
slows down oxidative processes, shows bacteriostatic
and fungicidal action, which helps extend their shelf
life (Litvinova, 2016).

Among the flavonoid-rich additives, plant-based
antioxidants,a special place belongs to rosemary,whose
leaves and stems contain more than 12 types of anti-
oxidants, namely rosemarinic, caffeic, carnosic acids, as
well as those that can inhibit the oxidation of ascorbic
acid and carotenoid fats (Cherednichenko et al., 2021).

The most active components of rosemary ex-
tracts are carnosic acid and carnosol. They are powerful
inhibitors of lipid peroxidation in the microsomal and
liposomal systems and absorbers of peroxyl radicals
and superoxide anion, thus providing 90% of the an-
tioxidant properties of rosemary. Rosemary extract has
a cascading ability to renew vitamin E and is also in-
volved in the carnosic acid cascade. As soon as the an-
tioxidant molecule of carnosic acid “captures” the free
radical, it changes its structure turning into carnosine.
In the future, carnosol also ‘captures” the free radical
and changes again, transforming into rosmanol. Ros-
manol again “captures” radicals and turns into galdozol.
Thus, a continuous cascade process is implemented.

Riabovol & Bal-Prylypko (2021) proved that add-
ing 0.15% rosemary extract to minced meat reduces
the level of fat peroxide during storage of the finished
product for 10 days and slows down the growth rate of
fatty acids present in minced meat.

Bozhko et al. (2017) developed recipes for meat-
rich sausages (Patent for utility model No. 130387 UA,
2018) and meat-rich boiled and smoked sausage (Patent
for the invention No. 121263 UA, 2020) made from wa-
terfowl meat, which include the antioxidant of natural
origin rosemary extract is injected in a concentration
(0.03...0.05% by weight of the raw material). The results
obtained by scientists indicate that rosemary extract ata
concentration of 0.05% most effectively inhibits the hy-
drolytic breakdown of acylglycerides (Bozhko et al.,2017).

Valiukh et al. (2016) found that the use of a 0.02%
solution of rosemary extract in minced meat from wa-
terfowl (Peking duck) ensures its microbiological sta-
bility for 90 days of storage at -18°C. The amount of
mesophilic aerobic and facultative anaerobic microor-
ganisms in prototypes of minced meat at the end of the
shelf life is 5.5 times less compared to the control.

Some scientists believe that the use of compo-
sitions from plant extracts is more effective. It is the
joint mixtures that polygranically increase the biological
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value of products by introducing essential oils contained
in extracts, bioflavonoids (catechins and phenolic acids),
and also provide a preventive and restorative effect on
the health of the consumer. Furthermore, each of the com-
ponents of the mixture enhances the effect of the other.

Studies of N.V. Bozhko and L.U. Voytsehivska and
others are dedicated to justifying the feasibility of using
rosemary and green tea plant extracts and analysing
their influence on the physico-chemical parameters of
hydrolytic and oxidising processes in minced meat mix-
tures for meat semifinished products (Bozhko et al.,2017)

Scientists of the Institute of Food Resources of the
National Academy of Agrarian Sciences (Voitsekhivska
et al., 2020) found the optimal amounts of addition of
biologically active substances to poultry meat of me-
chanical deboning, which provide the most effective
manifestation of their antioxidant properties: dihy-
droquercetin - 0.025%; fat-soluble and water-soluble
green tea extract - 0.05%; water-soluble rosemary ex-
tract - 0.07%; fat-soluble rosemary extract - 0.1%. The
authors proved the effectiveness of the mentioned ex-
tracts in inhibiting oxidation processes during storage
for 10...15 days, 3.7...5.2 times compared to the con-
trol sample. In addition, Voytsechivska L.U. et al. found
(Voitsekhivska et al., 2020) the effectiveness of the use
of these natural antioxidants in stabilising the colour
of the meat of mechanically deboned poultry during
grinding due to the delay in the oxidation of unsaturated
fatty acids, which are catalysed by divalent iron ions
present in the pigments of muscle tissue.

The use of natural bioactive substances, such as ex-
tracts of rosemary, green tea, and dihydroquercetin, apart
from effectively protecting meat lipids from oxidative
spoilage, performs the stabilising function of organoleptic
parameters - colour and smell (Voitsekhivska et al., 2020).

The use of a composition of rosemary and grape
seed extracts also reduces the rate of lipid oxidation. The
study (Bozhko & Pasichnyi, 2018) investigated the effec-
tiveness of introducing such a composition into minced
meat from Peking duck. It was found that the addition
of rosemary extract (0.01-0.03%) and grape seeds (0.05-
0.15%) helps slow down the hydrolytic lipid oxidation of
minced meat by 35.63-57.09%. The results of research
prove the prospects of using the composition in the tech-
nology of minced meat products with a high fat content.

Zahorui et al. (2020) investigated the antioxidant
properties of a mixture of spice extracts - cloves, mus-
tard, nutmeg, and garlic (0.5%), when storing melted pork
fat under conditions of accelerated kinetic oxidation
(102°C). It was found that the use of the mixture extends
the duration of fat storage up to 56 days. This mixture of
extracts is a promising highly effective bioantioxidant.

CONCLUSIONS

Thus, with the development of organic production in
Ukraine, meat industry researchers are focusing on
creating new recipes for meat products using natural

Scientific Horizons, 2022, Vol. 25, No. 9

79



80

Efficiency of Using Plant Antioxidants in the Meat Processing Industry

and safe ingredients. In this sense, plant extracts are
an excellent alternative to synthetic preservatives. Ex-
traction allows protecting the resulting phyto-raw ma-
terials from microbiological and mechanical impurities,
reducing the volume of industrial storage facilities and,
most importantly, extending their shelf life.
Furthermore, this method of processing allows
transporting plant extracts over long distances while
keeping their quality and safety. With the development of
agricultural technologies over the past century, progress
has also been made in acclimating spices in temperate
countries and matching them with local native plants,
which also eases transport logistics. Plant products hold
compounds such as flavonoids, vitamins, organic, and

phenolic acids, are effective against oxidative processes
and have a bacteriostatic effect against bacteria. Extracts
of spicy plants (rosemary, green tea, sage, cloves, mustard,
nutmeg, licorice root, ginger, garlic), berries (black cur-
rant, cranberry, strawberry, pomegranate, Maqui and goji
berries, grapes, barberry, plum) and their compositions
are promising bioantioxidants with high efficiency. They
not only extend the shelf life of meat and meat products,
but also positively affect the health of consumers.

The prospects of further studies lie in the devel-
opment of an effective biopreservative for the meat
processing industry based on plant extract of Maqui
and goji berries, which will ensure long-term storage of
boiled sausages and chilled beef and pork meat.
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Rodionova

EdeKTUBHICTb BUKOPUCTAHHSA POCTMHHUX aHTUOKCUAAHTIB
y M'aconepepo6Hin NpOMMUCNOBOCTI

KartepuHa OnekcaHppisHa PopioHoBa

Opecbkuii fep>xaBHU arpapHuii yHiBepcuTeT
65012, Byn. lNaHTenerMoHiBCbKa, 13, M. Opeca, YkpaiHa

AHoTauif. 3HUKEHHHS Xap40BOi LLIHHOCTI Ta CKOPOYEHHS TEPMiHY NPUAATHOCTI MIca Ta MACONPOAYKTIB BiAOYBaETbCA,
nepL 3a BCe, BHACNILOK NEPEKUCHOr0 OKUCIEHHS NiniAiB Ta MiKpOBGHOI KOHTaMiHaLii NpoAyKTy Nif Yac XonoL0BOro
NaHutora. IHTEHCMBHWMIA PO3BUTOK OPraHiYHOro TBApPUMHHMLTBA BUMAraE Bif, 0MepaTopiB pUHKY 32060pOHY BUKOPUCTAHHS
CUHTETUYHUX KOHCEPBAHTIB Y Xap4oBii NPOMMCIOBOCTi Ta CYBOPUIM KOHTPOJIb 33 iX BUKOPUCTAHHSAM Ha BUPOOHUUMX
noTyxHocTax. Of4HaK, HeE3BAXaKUM Ha Te, L0 POCMHHI EKCPAKTU BUISAAOTL 6aratoobiusaioumMm K anbTepHaTMBa
aHTMBiI0TMKaM ab0 XiMiYHMM KOHCEpBAHTaM, LOCTYNHOI iHhopMaL,ii Npo eeKTUBHY A,03Y, 1KY MOXKHA BUKOPUCTOBYBATU
6e3 pu3nKy TOKCUUYHMX edeKTiB y CMOXMBAYIB AyXKe Mano, L0 3yMOBUIIO aKTYbHICTb JAHOMO AOCNIAKEHHS. MeToto
po60Tu 6yno NpoaHanizyBaT eeKTUBHICTb BUKOPUCTAHHS POCIMHHUX €KCTPAKTIB, IK HaTypasibHUX aHTUOKCUAAHTIB
ana maconepepobHoi NpoMMCNoBOCTI. NS AOCATHEHHS MEeTU AO0CNIIKEHHS BMKOPUCTAHO aHaniTUY4HUMM METOA,.
MpoaHani3oBaHO OCHOBHI (aKTOpK, AKi 3HMXKYKOTb MOKA3HMKM AKOCTI Ta 6€3MeYHOCTi Xap4yoBMX NPOAYKTIB Mif vac
306epiraHHsa. HapaHo aHanis epekTMBHOCTI BMKOPUCTAHHSA HaTypasbHUX 6ionoriyHo 6e3neyHnx aHTUOKCUIAHTIB
ona msconepepobHOi NMPOMMUCIOBOCTI. BCTaHOBNEHO, WO BUKOPUCTaHHS Oi0AHTMOKCMAOAHTIB LAE MOXIMBICTb
MiHiMi3yBaTW OKMCMKOBA/bHI 3MiHM Ta MiKpOOHY KOHTaMiHaLito, IKi MOXYTb HEraTUBHO BM/MBATU HA AKiCTb MACa
Ta MACOMPOAYKTiB. Ha OCHOBI NiTEPaTypHUX AAaHUX BU3HAYEHO, O eKCTPAKTU NPSHUX POC/IMH (PO3MApPUH, 3eN1eHUI
Yaii, WaBNif, rBO3AMKa, ripuuus, MYCKaTHUI ropiX, KOpPiHb CONMOAKM, IMOMp, YaCHWK), Arig (YOpHa CMOPOAMHA,
XKYPaBAMHa, MOMYHULS, FPaHAT, arofa Maki Ta rogu, BUHorpap, 6apbapumc, cnmea) Ta ix KOMMNo3uLii € eeKTUBHUMM
HaTypasbHUMKU aHTUOKCUIAHTAMU, SKi 3a6e3nedytoTb AOBroTpMBane 36epiraHHN XapyoBuX NPOAYKTIB. IHTEHCUBHUN
PO3BUTOK OPraHi4YHOro TBApMHHULITBA Ha TepuTopii YKpaiHM BUMArae Big onepaTopiB pUHKY 3a00pOHY BUKOPUCTAHHS
CUHTETUYHMX KOHCEPBAHTIB Yy Xap4oBili NPOMMUCIOBOCTI Ta CYBOPUI KOHTPOJIb Ha BUPOBHMUMX NOTYXKHOCTSIX ONepaTopis
PVHKY 3@ iX BUKOPUCTaHHSM

KniouoBi cnoBa: poC/IMHHI €KCTPaKTU, HaTypasibHi aHTMOKCUAAHTU, MSICONPOAYKTU, IKICTb Ta 6e3neYHicTb, 36epiraHHs
m'aca

Scientific Horizons, 2022, Vol. 25, No. 9

83



SCIENTIFIC HORIZONS

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua

Scientific Horizons, 25(9), 84-95

UDC631.584:631.51:631.433.3
DOI: 10.48077/scihor.25(9).2022.84-95

Evaluating the Effectiveness of Catch Crops
and Tillage Systems for Carbon Farming

Valerii Dubrovin, Victor Scherbakov, Liudmyla Popova, Olena Ozhovan’

Odessa State Agrarian University

65039, 99 Kanatna Str., Odesa, Ukraine

Article’s History:

Received: 10/19/2022
Revised: 11/02/2022
Accepted: 11/26/2022

Suggested Citation:

Dubrovin, V., Scherbakov, V.,
Popova, L., & Ozhovan, O. (2022).
Evaluating the effectiveness of
catch crops and tillage systems for
carbon farming. Scientific Horizons,
25(9), 84-95.

Abstract. In modern agriculture, it is necessary to identify strategic steps
that will reduce greenhouse gas emissions: on the one hand, reducing
emissions by cutting down fuel consumption, reducing soil interference,
limiting nitrogen losses when using fertilisers, and on the other hand -
increasing the efficiency of carbon extraction from the atmosphere through
plant photosynthesis and sequestration as organic matter of the soil. The
purpose of this study is to figure out the influence on the carbon balance
of such elements of the agricultural system as the system of tillage and the
use of intermediate cover crops in a model 4-field crop rotation in the Steppe
zone of Ukraine. This work was performed using the method of empirical
calculations based on the online calculator of greenhouse gas emissions
Cool Farm Tool. The influence of intermediate crops in two fields of crop
rotation (after the early grain predecessors — wheat and winter barley) and
tillage systems (traditional, reduced, and no-till) on the balance of carbon
emissions and sequestration in the model 4-field crop rotation was analysed.
According to the results, it was found that during the model 4-field crop
rotation under the conditions of the classical system of tillage for sunflower
and maize without intermediate crops and reduced processing for wheat
and barley, the total greenhouse gas emissions amount to 4015 kg/ha of
CO,-eq. in 4 years. Switching to a reduced tillage system has been shown
to reduce emissions by 30.1%. The addition of two intermediate crops in
two crop rotation fields before spring crops allows obtaining a negative
balance of greenhouse gas emissions of -377 kg/ha of CO,-eq. during this
period, and when switching to no-till for all crops -1221 kg/ha of CO,-eq.
for a 4-year rotation period. This study will help identify strategic steps
and their potential contribution to the development and implementation
of agricultural systems with minimal greenhouse gas emissions

Keywords: carbon farming, soil health, greenhouse gas emissions, intermediate
crops, comprehensive quality assessment of intermediate crops, carbon balance
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INTRODUCTION
This paper is the first to consider the principal elements
of the agricultural system in terms of reducing green-
house gas emissions, and to estimate the potential
impact of tillage systems and the use of intermediate
crops on greenhouse gas emissions in the Southern
Steppe of Ukraine.

Natural and anthropogenic factors in global terms
are a constant source of emissions of greenhouse gases
into the atmosphere, the main of which are CO, (carbon
dioxide), CH, (methane) and N,O (nitrogen oxide). His-
torically, for a prolonged period of time, these substances
were in a safe ratio and humanity almost did not pay
attention to the possibility of a violation of the balance
and the emergence of threatening situations. But with
the growing anthropogenic impact on the environment,
already in the mid-20™ century, there was a substan-
tial increase in greenhouse gas emissions associated
with the burning of fossil fuels, which over time led to
the creation of a greenhouse effect and the threat of
global warming (Sixth Assessment Report, 2021; Balyuk
& Kucher, 2019; Bedernicek, 2017). Over the past
50 years, the concentration of CO2 increased from
0.03% to 0.042% (Carbon dioxide peaks...,2021). The re-
sult was a noticeable increase in global air temperature
by 1.5°C (Sixth Assessment Report, 2021). The average
annual air temperature in Ukraine has increased by
1.4°C over 100 years (the average annual air..., 2020).
This phenomenon has a global spread on all continents
of the planet.

It is important to understand that agriculture also
contributes substantially to greenhouse gas emissions.
For instance, in 2019, the total emissions of greenhouse
gases in Ukraine amounted to 332.1 million tonnes
of CO,-eq., of which the share of agriculture was 13%
(Ukraine’s greenhouse..., 2021). The main sources in the
industries are animal husbandry and crop production.
In the field of crop production, the main reasons for
a substantial amount of greenhouse gas emissions are
related to such reasons as considerable ploughing of
land and conventional approaches in agriculture, which
involve the desire to get rid of plant residues as soon as
possible and substantial intervention in the soil upon
its mechanical processing. Special attention should be
paid to the increase in the use of nitrogen fertilisers and
the associated increase in N,O emissions, which has a
298-fold higher greenhouse effect (Boychenko, 2002).

Instead, implementing the principles of carbon
farming can move it from emissions to carbon seques-
tration and will not become a source of emissions, but a
powerful tool for extracting carbon from the atmosphere.

Research by scientists (Fiorini, 2020; Sauvadet,
2018, Tkachuk & Trofimenko, 2020) in different coun-
tries of the world has found that cover crops are an ef-
fective tool for carbon sequestration. All these data are
summarised and used in various tools for calculating
carbon balance, including the Cool Farm Tool (2022).

Dubrovin et al.

According to the studies by Poeplauab & Don (2015),
the time since the introduction of cover crops into crop
rotation was linearly correlated with the change in or-
ganic carbon reserves in the soil (R2=0.19) with an annual
rate of change at 0.32#0.08 t/ha per year at an average
soil depth of 22 cm, the observation period is 54 years.

A study by Tribouillois et al. (2018) showed that
cover crops can improve the average direct GHG bal-
ance by 315 kg/ha CO,-eq. per year in the long term
compared to no cover crops, which could cause a reduc-
tion of 4.5-9% of annual greenhouse gas emissions in
French agriculture and forestry.

In research by Brazilian scientists, Velosoa et al.
(2018), the combination that provided the greatest in-
crease in soil organic carbon was a no-till combination
with two legume cover crops without nitrogen fertilisers
(1.15 t/ha per year) compared to a conventional tillage
system. Cover crops of the legume family were twice as
efficient at storing organic carbon as nitrogen fertilisers,
with 1 kg of applied residues converted to 0.15 kg of soil
organic carbon. Changes in soil organic carbon reserves
were mainly attributed to plant carbon intake (R2=80%).

The results of studies by Fiorini et al. (2020)
showed that N,O emissions under a no-till system were
40-55% lower than under a conventional tillage system.
No-till technology also increased the organic carbon
content of the soil (by 28%; 0-5 cm) and the number
of earthworms (by 5 times) compared to the conven-
tional tillage system. In no-till systems, N,O emissions
were 20-36% lower with rye cover crop than with vetch
cover crop (P<0.05), which was a consequence of lower
availability of mineral nitrogen in the soil under rye
than under vetch due to high C/N ratio of rye residues.
The combination of no-till and cover rye resulted in
the lowest N,O emissions and the highest yields and
should be recommended in the Po Valley region of Italy.

The authors Ruis & Blanco-Canqui (2017) figured
out the effect of cover crops and the removal of plant
residues from the field of major crops when used for
certain purposes. Thus, the removal of more than half of
plant residues reduces soil organic carbon reserves by
0.87 t/ha per year, and less than half - by 0.31 t/ha per
year. Cover crops increase the organic carbon content of
the soil by 0.49 t/ha per year, which indicates that cover
crops can compensate for at least some of the organic
matter lost with the removal of residues.

The results of the research of Sauvadet et al. (2018)
showed that the enzymatic efficiency of microorganisms
in the soil under a reduced tillage system increased by
49% and 61% in the presence of residues of ripe and
flowering wheat, respectively. These results showed
that the soil with reduced cultivation benefited from
both an increase in the number of residues included in
microbial biomass and a decrease in soil carbon loss
due to the priming effect, regardless of the degree of
decomposition of residues.
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In Ukraine, most studies on the effect of inter-
mediate crops on improving soil health have been in-
vestigated on green manure. The results of Razanov’s
(2021) research show that the vegetative mass of green
manure of winter wheat, spring barley, winter rapeseed,
and peas, incorporated in the soil in post-harvest crops,
contributes to an increase in humus content by 0.11-
0.14%, alkaline hydrolysed nitrogen - by 1.7-7.1%, ex-
change potassium - by 27.4-32.2%. The larger the veg-
etative mass of green manure, the more the content of
humus and essential nutrients in the soil.

Egorov (2021) notes that in sod-podzolic soils of
Polissia, along with the introduction of manure, the use
of straw, green manure, and the use of legumes in crop
rotations (namely lupine for green mass and green ma-
nure) contributes to the preservation and reproduction
of humus content in the soil, improves the balance of
nutrients and increases the productivity of arable land in
crop rotations, and in its effectiveness approaches the in-
troduction of 10 t/ha of manure in the crop rotation area.

According to Tkachuk & Trofimenko (2020), over
a 36-year research period, humus losses on the back-
ground of fertiliser-free ploughing annually amounted
to 0.13 t/ha, while on non-soil cultivation - 0.11 t/ha. At
an average CO, emission intensity of 6.3 kg/ha/h from
the soil, during the day the volume of emissions is about
167 kg per 1 ha,and for the entire growing season about
20.1 t/ha of carbon dioxide. During the growing season

of crops, on sod-podzolic sandy loam soil, non-productive
losses of CO, range within 2.1-4.2 kg/ha/h.

The purpose of this study is to figure out the influ-
ence of soil cultivation and the use of catch cover crops
on the carbon balance.

MATERIALS AND METHODS

The paper uses the methodology of empirical calculations
for crops of a typical 4-field arable crop rotation in dry land
conditions of the Steppe of Ukraine based on the Cool Farm
Tool (CFT) greenhouse gas emissions calculator (2022),
which is based on IPCC methods (Hansen et al., 2013)
and is FAO-approved (Review of GHG calculators..., 2012).

The experimental plot is located near the village
of Myrne in the Odesa District of the Odesa Oblast of
Ukraine. The plot is located within the Dniester-Buh low-
land region of the Black Sea region of the Middle-Steppe
subzone of the Steppe zone (geographical coordinates:
N 46.47444046488163, E30.40456107404692). Accord-
ing to agropedological zoning, the territory characterises
the subzone of the southern Steppe, for which southern
chernozems on forest rocks are typical. A strictly arid agro-
climatic zone, where the hydrothermal coefficient (HTC) is
about 0.7.The study was conducted based on data from 2021

The crop rotation model and initial data for cal-
culations based on information from standard techno-
logical maps of the farm and data on programmed yield
for crop moisture availability are presented in Table 1.

Table 1. Initial data for calculating greenhouse gas emissions

C tati PL d Diesel fuel consumption
rop rotation anne il * i e excluding crop export), l/ha
culture yield, t/ha Fertiliser system Plant protection system ( o ‘9 R: F" N)T***
NP K P - 0.04 I/ha (23.5%),

Winter barley 4.3 CAM%22181 kg/ha, E_‘g'% ll//:]‘;‘ (%f)/) - 411 266
Superagro 12: 24:12 - 150 kg/ha -0 »18 Ve o4 70%)

P K P - 0.05 /ha (50%),
Maize 5.4 Carbamide - 132 kg/ha, o e g'gg)/) 610 506 337
Supeagro 12:24:12 - 142 kg/ha 1203 Uhe (15%) 6),
. NP K P - 0.04 /ha (23.5%),
Winter 42 cAM%2180 kg/ha, H - 0.07ha (17.5%), . 411 266
wheat DAP - 138 kg/ha F -0.75 l/ha (30%),
9 | -0.18 |/ha (24.7%)
P - 0.04 I/ha (50%),
N.PK., H1 - 2 Uha (48%),
Sunflower 2.4 Carbamide - 128 kg/ha, H2 - 0.05 kg/ha (75%), 62.3 51.9 34.5

DAP - 96 kg/ha

F - 0.75 /ha (25%),
| -0.18 /ha (24.7%)

Note: *the rate of nitrogen is calculated for removal by the main part of the crop considering the nitrogen use efficiency
approach (NUE) (Oenema, 2015), the rates of phosphorus and potassium fertilisers are calculated based on the law of
returning - only for the removed part of the crop. **(P - protectant, H - herbicide, F - fungicide, | - insecticide), rate, l/ha,
% a.s.).*™CT - classic tillage is prescribed for maize and sunflower, the main tillage is ploughing and added operations,
RT - reduced tillage for wheat and barley - disk ploughing, cultivation, for sunflower and maize - deep tiller (chiselling),

NT - no-till
Source: compiled by the authors
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Factors under study:

Factor A.Tillage systems: Variant 1. CT - classic till-
age: for maize and sunflower, stubble scouring, plough-
ing, and cultivation. Variant 2. RT - reduced tillage: for

Dubrovin et al.

maize and sunflower - deep tillage (chiselling), cultiva-

tion; for winter wheat and barley - disk ploughing, culti-

vation. Variant 3. NT - direct no-till sowing for all crops.
Factor B. Use of catch crops (Table 2):

Table 2. Scheme of field employment with main and catch crops
in the model 4-field arable crop rotation of the farm

Option 1 - no catch cover crops:

Months of the year
Crop rotation field
1 2 3 4 5 6 7 8 9 10 11 12
1 Winter barley
2 Grain maize Winter wheat
3 Winter wheat
4 Sunflower Winter barley
Option 2 - with catch cover crops:
Months of the year
Crop rotation field
1 2 3 4 5 6 7 8 9 10 11 12
1 Winter barley Catch culture
2 Catch culture Grain maize Winter wheat
3 Winter barley Catch culture
Catch culture Sunflower Winter barley

- no crops

- main culture

- catch culture

Source: compiled by the authors

In this study, only the absence or presence of a
catch crop in crop rotation is important, regardless of
its type, duration of the growing season and biological
features, as per the CFT methods. The catch crop is pro-
vided here only to “fill in the pauses” between the main
crops of crop rotation, continue to sequester carbon
from the atmosphere and maintain soil health in the
periods between the main crops. In Steppe conditions,
one of the most common intermediate crops for this
can be mustard, phacelia, spring vetch, millet, etc. These
crops, sown in July after grain harvesting, overwinter
and their remains stay until the next crop is sown, or
are ploughed as green manure in case of a classic till-
age system - in both cases, Cool Farm Tool standards
make provision for a positive impact from their use.

RESULTS

One of the most principal issues is the correct definition
of terms. According to DSTU 4691:2006 (2006), repeated
(intermediate) crops are those grown in a crop rota-
tion field when it is free from the main crop. In world
standards, the concept of repeated crops intended

specifically for preserving soil health is defined by the
term “cover crops”, green manure - “manure crops”. Ac-
cording to the “Conservation practice standard 340"
(2020) - this corresponds to the domestic term “in-
termediate crops”, but with an important clarification
that these crops are left in the field without harvesting
any biomass of these crops and without burning this
biomass. According to the EU definition, “cover crops”
are crops sown on arable land specifically to reduce
the loss of soil, nutrients, and plant protection prod-
ucts during winter or during other periods when the
land would otherwise be exposed and prone to loss.
They are usually ploughed in the spring before sowing
the next main crop, not harvested, or used for grazing
(Cover crop, 2018). In other words, the European policy
is not categorical about banning the harvesting of catch
crops.

According to DSTU 4691:2006 (2006), underplant,
or inter row crop, is a crop sown in a crop rotation field
under the cover of the main crop. Such approaches are
well known when growing alfalfa or sainfoin under the
cover of barley, millet, etc.

Scientific Horizons, 2022, Vol. 25, No. 9
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Green fertilisers (green manure) are plants that
are temporarily grown on vacant plots of land to im-
prove soil fertility (DSTU 4691:2006). The internation-
al definition of the term “green manure” is crops that
are ploughed into the soil (using conventional or disc
plough) while they are green (Adrian, 1927). Thus, these
concepts are identical in Ukraine and the world.

Therefore, using the term “cover crop” in modern
searchenginesandinternationalscientific literature,one
can find catch crops in the understanding of Ukrainian
science as an essential element of carbon farming and
restoring soil health. And it is this understanding of
the term ‘catch crops” that is discussed in this paper.

Along with the concept of “soil fertility”, a new
one has emerged - “soil health” It is known that soil
fertility is its ability to provide plants with a complex
of conditions for harvest formation (DSTU 4362:2004,
2004). In contrast to fertility, the term “soil health” re-
fers to its compliance with the spectral functions of an
ecosystem according to its environment (Soil Health,
2022). This is the harmonious action of living and
non-living components of the soil: microbiota, plants,
and animals. Unfortunately, Ukrainian agrarian science
does not identify or consider this important concept at
all, which in its complex meaning defines that the soil
is part of nature. Organic matter of the soil is the main
factor of its health and fertility, and the primary source
of organic matter in the soil is plants.

According to many studies (Fiorini et al., 2020;
Sauvadet et al., 2018, Tkachuk & Trofimenko, 2020), per-
haps the greatest contribution to greenhouse gas emis-
sions in crop production is made by tillage through the
activation of the processes of mineralisation of plant
residues and organic matter. Previously, this was almost
the key purpose of cultivation. But currently the views
have changed. Therewith, the scientific community has
determined that minimising tillage and switching to a
no-till farming system substantially reduces emissions
and switching to reduced tillage technologies, as de-
fined in the international carbon farming standards
(IPCC Assessment Report 6).

In the experiments of Reicosky (1997), in 19 days,
as a result of mineralisation,emissions of carbon (C) were
as follows: 249 g/m? after ploughing, 106.6 g/m? after
disk ploughing, 99.8 g/m? after chiselling and 49.9 g/m?
after no-till. Therewith, 185 g/m? of carbon was accumu-
lated with the remains of the crop - spring wheat, which
was harvested before processing. That is, after ploughing
for 19 days, the amount of carbon lost was substantially
higher than the amount accumulated by the harvested
crop, which means the loss of organic carbon of the soil
accumulated by previous crops in previous years. The
highest amount of greenhouse gas emissions in agricul-
ture occurs precisely because the fields are without plants
in the off-season and conventional approaches to tillage.

The increase in the concentration of CO, from
the standpoint of agronomic science also has positive
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consequences. The growth of plant biomass on the planet
is noted due to the increase in the efficiency of photo-
synthesis caused by the increase in CO, concentration.
By 2100, the yield of the main products is expected to
increase by 10%, and the biomass of plants - by 12%
(Terrer et al., 2019). This very phenomenon became the
basis for the emergence of a new field in agriculture -
carbon agriculture, which involves the effective ex-
traction of CO, from the atmosphere due to plant pho-
tosynthesis and its preservation in the soil in the form
of organic matter (sequestration). The potential for re-
moving CO, from the air and sequestering it in the soil
with the implementation of carbon farming approaches
on the entire arable land of the world is estimated at
10% of current annual emissions, or 8-10 Gt/year (Hansen
et al.,2013).

Therewith, carbon technology also makes pro-
vision for preserving the health of the soil. To some
extent, it destroys conventional ideas about “scientif-
ically sound” measures, which ultimately lead to the
destruction of both fertility and soil health indicators.
Presently, in the EU (Carbon farming, n.d.) identified the
following components of carbon farming:

- plants (both the main and catch crops of crop
rotation), as one of the main factors of soil formation,
which should occupy the field for as long as possible
during the year. This means that “rest” in the form of the
absence of plants is harmful to soil health;

- tillage minimisation by introducing reduced tillage
technologies: minimal, strip, vertical (mini-till, strip-till,
verti-till, respectively) and no-till, which are energy-saving
at the same time;

- accumulation and preservation of plant residues
on the soil surface, which prevents their rapid mineral-
isation and risks of soil erosion;

- complete elimination of clean vapours as an ele-
ment of technology that considerably accelerates the
mineralisation of organic matter in the soil and increases
greenhouse gas emissions;

- measures aimed at reducing N,O emissions when
applying nitrogen fertilisers: methods of applying ni-
trogen fertilisers with soil wrapping use of nitrification
inhibitors to prevent nitrogen loss;

- harmonious management of fertiliser and plant
protection systems.

Each of these links in carbon farming is a complex
and multi-vector task that needs to be solved compre-
hensively. This paper analyses and highlights the role
of such elements of the agricultural system as soil cul-
tivation systems and the effectiveness of intermediate
crops to reduce the time spent in the field without
plants, as the main factor of soil formation.

If one analyses modern crop rotations by the
periods of time when the field is occupied by the main
crop, and when there are potential periods - intervals
for catch crops, then often these intervals are longer
than the time occupied by the main crops (Table 3).
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Table 2. Scheme of field employment with main and catch crops
in the model 4-field arable crop rotation of the farm

Date

Duration of field Duration of time suitable for

Crop Sowing Harvesting occupancy, days growing repeated crops, days

Winter wheat 25.09 05.07 283 82
Winter rapeseed 05.09 10.07 317 72
Winter barley 10.10 25.06 260 92

Maize 20.04 15.09 148 60 (autumn) 35 (spring)

Sunflower 15.04 05.09 143 70 (autumn) 25 (spring)
Peas 20.03 25.06 96 131
Buckwheat 20.04 20.08 107 103
Silage maize 20.04 20.08 120 85
Alfalfa (2 mowings) - 20.06 176 136
Pea-oatmeal mixture 20.03 15.06 55 124

Source: compiled by the authors

Therefore, only winter crops occupy the field for
70-85% of the time. Other crops occupy the field 20-
37% of the entire year. And if there is black steam in
the crop rotation, this figure is only 13%. This disrupts
healthy soil processes, so it is recommended to aban-
don the specified precursor.

Any crop can be either basic or catch. For instance,
if buckwheat is sown in the spring, and it is included in
the crop alternation scheme, then this is the main crop,

Winter crops

63

and if the same buckwheat is sown in the summer after
winter barley, which was in the alternation scheme, then
this buckwheat should be considered a repeated crop.

If one calculates the duration of all periods when
the field is occupied by the main crop, the winter period
when the conditions do not meet the requirements of
crops, as well as the period when the field is free, but
it is not used for growing repeated crops, then these
three periods are 32-35% (Fig. 1).

Spring crops

Winter crops

@® Spring crops

32 Winter period

Figure 1. Ratio of field occupancy periods with winter and spring crops, %

Source: compiled by the authors

The above figure convinces of the extreme harm-
fulness of keeping a field without growing cultivated
plants.And here attention is drawn not to the economic
component (shortage of products), but to the negative

environmental consequences discussed above. Depend-
ing on the place allocated for growing in crop rota-
tion, intermediate crops are divided into the following
groups (Fig. 2).
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Figure 2. Classification of catch crops

Source: compiled by the authors

From an ecological standpoint, growing catch
crops is always a positive measure. But for producers
of agricultural products, it is also important to consider
the economic feasibility and the possibility of including
a catch crop without its adverse impact and the tech-
nology of the main crops of crop rotation (sowing dates,
contamination, soil water regime, etc.).

Therefore, for an objective comprehensive as-
sessment, it is necessary to evaluate each intermediate
crop by as many indicators as possible, and then figure
out the best ones by the sum of places that a particu-
lar crop will occupy. It is more appropriate to give an
assessment not for the entire set of catch crops, but
within their classification groups. For a comprehensive
assessment, it is advisable to choose the widest possible
range of indicators, but the following are crucial:

1. Duration of vegetation of the catch crop (days).

2. Crude biomass yield, t/ha, as the main indicator
from the standpoint of economic activity.

3. Influence of the catch crop on the best parameters
of the main crop. In most cases, when growing catch
crops, the sowing time of the main crop may shift for a
certain time (number of days).

4. Competitiveness of the catch crop in relation to
weeds. The contamination is assessed on a 10-point scale.
The higher the contamination - the higher the score.

5. Total greenhouse gas emissions during the grow-
ing season of the catch crop. The higher this indicator,
the worse the quality of the catch crop (measured in
t/ha of CO,-eq.).
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6. Direct production costs for growing catch crops,
UAH/ha. The lower the cost, the better.

It is also important to consider the potential neg-
ative allelopathic effect of the catch crop as a precursor
to the next main crop. Such influence should be exclud-
ed. The most widespread in the conditions of Ukrainian
Steppe are catch crops of the post-harvest group. From
the time of harvesting winter cereals (wheat, barley) to the
transition of the average daily temperature through +5°C
(November 5-16), there are about 90-97 days with the
sum of temperatures of 2100°C. This resource ensures the
cultivation of most field crops, but the limiting factor in
this case is moisture, which is especially scarce in the sec-
ond half of summer. Therefore, the possibilities of growing
catch crops are significantly limited, and these calculations
clearly prove this. Evidently, according to the compre-
hensive indicators, mustard has a substantial advantage,
which has a reserve of vegetation and can be sown when
the appropriate conditions for moisture supply appear. To
increase grain production, millet and buckwheat are quite
satisfactory, which as catch crops are not inferior to the
main crops in terms of productivity, and often exceed them.

In the presence of intermediate crops with an
ultra-short growing season, it is possible to obtain not
only two, but three or more crops per year. This possibility
is available in fodder and vegetable crop rotations. For
instance, in a 4-field fodder crop rotation with alternat-
ing crops: 1. pea-oat mixture; 2. winter wheat; 3. fodder
beet; 4. fodder pumpkin, it is allowed to grow several
intermediate crops between the main ones (Table 4).
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Table 4. Scheme of field occupancy by main and catch crops in a 4-field fodder crop rotation

Months

1 2 3 4 5

7 8 9 10 11 12

Peas and oats

Silage maize Winter wheat

Winter wheat

Grain millet Mustard

Fodder beet

Winter rapeseed

Winter rapeseed

Fodder pumpkin

Peas and oats

= No Crops

- main culture

- catch culture first

- catch culture second

Source: compiled by the authors

If one accurately calculates the duration of veg-
etation of the main and catch crops, as well as the time

when the field was left without crops, then in total for

the crop rotation, the results are as follows (Table 5).

Table 5. The specific weight of the occupation of the fields by main and catch crops
for the 4-field forage crop rotation (1460 days)

No catch crops

With catch crops

Field occupancy

Days % Days %
With main crop 565 38.7 565 38.7
With catch crops - - 635 435
Duration of the no-sowing period 895 61.3 260 17.8

Source: compiled by the authors

Without catch crops, the field is not covered with
plants for 61.3% (almost 2/3 of the time). If one intensifies
production, this figure is reduced to 17.8%, with all the
resulting environmental consequences discussed above.

Vegetable crop rotations have even greater op-
portunities for multi-yielding fields, where certain crops
have an ultra-short growing season and are grown un-
der irrigation conditions. These crops include radishes,
leafy vegetables, early cucumbers, early cabbage, early
potatoes, vegetable peas, and many others. There is a
lot of room for imagination based on yielding 3-5 crops
a year. For instance:

1.radish - 35 days (15.03-25.04),

2. early ripe tomatoes - 75 days (05.05-20.07),
3. cucumbers - 50 days (25.07-15.09),

4. dill + parsley - 40 days (20.09-30.10)

In just 200 days, one can harvest 5 crops, which
not only has a positive economic effect, but also rad-
ically optimises the carbon balance. Since the CFT
tool has extensive capabilities for analysis, there is
enough data to figure out the structure of greenhouse
gas emissions and sequestration, as well as the influ-
ence of the factors under study in the authors’ model
(Figs. 3; 4).
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Source: compiled by the authors

As the graphs show, in the structure of greenhouse
gas emissions during the cultivation of winter wheat and
barley, the largest share is occupied by emissions associ-
ated with the use of mineral fertilisers — about 29% and
the management of plant residues -22% - in both cases,
the tool assumes that in the options under study they
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stay on the surface. Emissions associated with fertiliser
production are transmitted from the producer (plant) to
the farmer as indirect (Scope 3). Fuel use accounts for
a small share of emissions — 11.2% with reduced till-
age and decreases to 7.5% with no-till, while transport
emissions account for about 3.5%. Emissions from plant




protection products are only 0.3%. The greatest impact
of tillage systems is on the level of sequestered carbon,
which is clearly visible in the negative part of the graph
related to tillage practices. It is clearly visible that upon
reduced tillage, the sequestration reaches -292 kg/ha,
with no-till it is almost twice as much - -730 kg/ha
CO,-eq., which compensates for greenhouse gas emis-
sions from the entire technology. Thus, the transition
from reduced tillage (mini-till) to no-till on winter grain
crops can reduce greenhouse gas emissions by 69-71%,
including by reducing fuel consumption - 5.6-5.8%.

Thus, catch crops, due to efficient carbon seques-
tration, allow obtaining a negative balance of greenhouse

Dubrovin et al.

gas emissions with any tillage technology. For a 4-field
crop rotation under the classical tillage system for sun-
flower and maize and without catch crops and reduced
tillage for wheat and barley, the total emissions of
greenhouse gases are 4015 kg/ha of CO,-eq., under re-
duced tillage and without catch crops the total green-
house gas emissions amount to 2805 kg/ha of CO,-eq.,
when adding 2 catch crops between the winter grain
predecessor before sowing late spring crops, it allows
obtaining a negative balance of greenhouse gas emis-
sions during this period - -377 kg/ha of CO,-eq., and
when switching to no-till for all crops —-1221 kg/ha of
CO,-eq. over 4 years (Table 6).

Table 6. Comparative characteristics of greenhouse gas emissions depending
on the use of catch crops under different tillage systems, kg/ha per year

. Greenhouse gas emissions, kg/ha of CO_-eq.
Crop rotation culture Catch culture

RT NT

Winter barley - 669 192

. No catch crops 1249 644 461

Maize

With catch crops -601 -784

Winter wheat - 692 215
No catch crops 1405 800 616

Sunflower

With catch crops 163 -445 -629

. No catch crops 4015* 2805 1484

Total per rotation

With catch crops 839" -377 -1221

Note: *to calculate the amount of emissions per rotation according to CT (classical tillage) for barley and winter wheat,
data from RT (reduced tillage) were taken as the recommended and most common

Source: compiled by the authors

The use of catch crops allows reducing green-
house gas emissions by 1245 kg/ha per year in the field
where they are grown, and when using them twice in
a 4-field crop rotation, by 794 kg/ha CO,-eq. (79%) per

year using classical tillage technology, by 795 kg/ha
of CO,-eq. (113%) per year with reduced tillage and by
676 kg/ha (181%) CO,-eq. per year on the no-till farming
system (Table 7).

Table 7. Greenhouse gas balance depending on the tillage system
and the use of catch crops in the crop rotation under study, kg/ha CO -eq. for the year

Tillage system

Catch crops

cT RT NT
No catch crops 1004 701 371
With catch crops 210 -94 -305

Source: compiled by the authors

Reducing the intervention in the soil through
tillage when growing maize and sunflower allows re-
ducing greenhouse gas emissions when growing these
crops upon switching from traditional ploughing with
rotation to chiselling by 650 kg/ha of CO,-eq. per year
(43-48%), and when switching to no-till - by 788 kg/ha
of CO,-eq. (56-63%) compared to traditional ploughing,
including as a result of reducing emissions from fuel -
by 2-6%. This reduction in emissions is mainly explained
by curbing the rate of mineralisation of organic matter

and its more efficient sequestration in the soil. Culti-
vation of catch crops effectively improves the seques-
tration process - up to 1245 kg/ha of CO,-eq. annually.

In calculations based on the Cool Farm Tool,
the level of carbon sequestration from the use of
catch crops is 1245 kg/ha of CO,-eq. turned out to be
substantially higher than in the studies of Poeplauab
& Don (2015) - 0.32+0.08 t/ha and Tribouillois et al.
(2018) - 315 kg/ha CO,-eq. in a year. However, the in-
dicator of this study is close to the results obtained by
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Velosoa et al. (2018), where the combination of no-till
with two cover legume crops showed a sequestration
level of 1.15 t/ha of CO,-eq. for a year.

Thus, such elements of the agricultural system
as the system of tillage and the use of intermediate
crops can substantially improve the carbon balance
towards sequestration, which reduces greenhouse gas
emissions into the atmosphere and increases the content
of organic carbon in the soil.

CONCLUSIONS

Improving the carbon balance in agriculture is achieved
by implementing a set of measures in two areas: re-
ducing direct CO, emissions and improving its removal
from the atmosphere through plant photosynthesis and
sequestration in the form of organic matter in the soil.
Reducing emissions involves measures to save fuel,
reduce nitrogen losses from fertilisers, reduce soil in-
terference through cultivation, and slow down the min-
eralisation of plant residues. The improvement of CO,
extraction from the atmosphere is achieved by maxi-
mising the time the field is occupied by plants through
the optimisation of crop rotation.

To improve the carbon balance in agrocenoses, it
isimportant to reduce the field time in the state without
plants by growing catch crops without harvesting them

to avoid “pauses” in extracting carbon from the atmo-
sphere and sequestering it in the soil as organic matter.

The use of catch crops allows reducing green-
house gas emissions by 1245 kg/ha per year in the
fields between winter grain predecessors before the
summer crops in the year of cultivation, and when using
them twice per a 4-field crop rotation - by an average
of 794 kg/ha of CO,-eq. (79%) per year using classical
tillage technology, by 795 kg/ha of CO,-eq. (113%) per
year with reduced tillage and by 676 kg/ha (181%)
CO,-eq. per year on the no-till system.

Based on the results of calculations, it was found
that the most substantial measures to improve the car-
bon balance are the transition to reduced tillage and no-
till systems and the use of catch crops. Involvement of
catch crops in a 4-field arable crop rotation in 2 seasons
out of 4 allows reducing greenhouse gas emissions from
1004 kg/ha to 210 kg/ha CO,-eq. a year. Switching from
ploughing to a reduced tillage system for maize and sun-
flower allows reducing emissions by 303 kg/ha of CO,-eq.
a year. Switching to a no-till farming system for all crop
rotations will reduce greenhouse gas emissions by an av-
erage of 633 kg/ha of CO,-eq. a year. Switching to a no-till
system for all crops and including catch crops in two crop
rotation fields allows for a positive carbon balance - se-
questration of an average of 305 kg/ha of CO,-eqg. a year.
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OuiHKa edpeKTUBHOCTI NPOMIXXHUX KYJIbTYP i CUCTEM OBPOGITKY IFPYHTY
ONA ByrneueBoro semnepo6c¢crea

Banepiii Bikropoeuu [ly6poBiH, Biktop koBuu Lep6akos,
JlmaMuna MukonaisHa lNMonoBa, OneHa OnekcaHppiBHa OXxxoBaH

Opecbkunin oepxaBHUI arpapHuii yHiBepcuTeT
65039, Byn. KaHatHa, 99, M. Opeca, YkpaiHa

AHoTauif.B cyyacHoMy 3eMnepo6CTBi HEODOXiAHO BU3HAYMTK CTPATEriYHi KPOKM, WO A03BONSTb CKOPOTUTU BUKMAM
NapHUKOBMX rasiB: 3 OAHOro0 HOKY, CKOPOYEHHS BUKMAIB Yepe3 3MEHLLEHHS BUTPAT NaNMBa, 3MEHLUEHHS BTPYYaHHS
B I'PYHT, 0OMEeXeHHs BTPaT a30Ty NpU BUKOPUCTaHHI JOOPMB, @ 3 iHWOro — NiABULLEHHS ePEKTUBHOCTI BUIYUYEHHS
Byrneut 3 atMochepu yepes GOTOCMHTE3 POCAMH | CEKBECTPALLit0 MOro y BUrNa4i OpraHiyHOi peyoBUHU IPYHTY.
MeTol [OCNIOKEHHS € BM3HAYEHHS PiBHS BMIMBY Ha BanaHC ByrneLl TakMx efeMeHTiB CUCTeMM 3emMnepobcTBa
K cucTeMa 06pobiTKy IPYHTY i BUKOPUCTAHHS MPOMIXHUX MOKPUBHUX KYNbTYP Y MOAENbHIMA 4-MNifbHiM NoNboBiK
CiBO3MiHi B cTENOBIN 30Hi YKpaiHW. [laHa poboTa 6yna BUKOHAHA 33 METOLMKOK EMMIPUYHMX PO3PAXYHKIB HA OCHOBI
OHNTAMH Kanbkynatopa BMKMAiIB napHuKosmx rasis Cool Farm Tool. Byno npoaHanizoBaHo BMAMB MPOMIKHUX KYNbTYp
y ABOX MOASX CiBO3MiHM (NiCNg paHHIX 3epHOBMX MOMNEPEHMKIB — MWEHUL | S4MEHI0 03UMMX) i cucTeM 06poBITKY
FPYHTY (TPamMUifiHWUIA, cKOpoYeHui i no-till) Ha 6anaHc BMKMAIB i cekBecTpauii Byrneul B MOAenbHiN 4-NinbHik
No/bOBIl CiBO3MiHi. 33 pe3ynbTaTaMu LOCNiAKeHb Oy0 BCTAHOB/EHO, LU0 33 POTALLit0 MOAENbHOI 4-MNiNbHOI CiBO3MIHK
3a YMOB KJ1aCUYHOI cucTeMmn 0BpoBITKY FPYHTY AN COHSLIHMKY i KYKYpyA3u 6e3 NpOMKHUX KyNbTyp i CKOPOYeHOi
06po6KM Ang NuWeHUUi i A4YMeHI0, CyMapHi BUKWAM NapHUKOBKX rasis ctaHoBnaTb 4015 kr/ra CO,-ekB. 3a 4 poku.
byno poBeneHo, WO nepexig Ha CMCTEMY CKOPOYEHOT 06poOKM I'pyHTY 3MeHLWYe BUKMAM Ha 30.1%. JonaBaHHS LBOX
NPOMDKHMX KYNbTYP Y [BOX MOMSIX CiIBO3MiHM Nepep, ApUMM KynbTypaMu A03BOMSE OTPUMATH 3a Liel nepiof, BiAEMHUA
6anaHc BUKMAIB NAapHUKOBWX rasiB -377 Kr/ra COZ-EKB.,a npu nepexopi Ha no-till onga Bcix kyneTyp -1221 Kr/ra COZ-EKB.
3a 4 piyHivi nepiog potauii. Lis poboTa LONOMOXe BU3HAUMTK CTpATEriuHi KPOKM Ta iXHild MOTEHLIAHWIA BHECOK NpU
po3pobui i BNpOBafXKEHHI CUCTEM 3eMIepOoBCTBa 3 MiHIMANbHUMU BUKMAAMU NAPHUKOBMX rasiB

KniouoBi cnoBa: Byrneueee 3emnepo6CTBO, 340pOBA IPYHTY, BUKMOM MAPHMKOBMX Tas3iB, MPOMIXKHI KynbTypH,
KOMMIEKCHA OLiHKA SKOCTi MPOMIXHUX KYNbTyp, Byrneuesmii 6anaHc
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Abstract. The relevance of the subject of this scientific research is determined
by the importance of the problem of using zeolites as catalysts of process of
the heavy hydrocarbons’ cracking and studying the prospects for modifying
heteropolyacids for the synthesis of long-chain a-olefins. The purpose of
this scientific research is to study the prospects for the implementation of
process of the heavy hydrocarbon cracking on Shankanai zeolite modified
with heteropolyacids for the synthesis of long-chain olefins. The basis of
the methodological approach in this research work is a combination of
methods for system analysis of heavy hydrocarbon cracking processes using
natural zeolites as catalysts for this process, with an analytical study of the
prospects for implementing this process when modifying natural zeolites
with heteropolyacids in order to synthesize a-olefins. In order to analyze
the products of a-olefins, the method of gas-liquid chromatography and
nuclear magnetic resonance spectrometry was used. The study is carried
out under the condition of using the heavy hydrocarbon cracking process of
natural zeolites of the Shankanai deposit as catalyst. The obtained results
testify to the high efficiency of the practical application of the Shankanai
deposit zeolites, upgraded with heteropolyacids when used as catalysts for
the cracking of heavy hydrocarbons. The results obtained in the course of
this scientific study, as well as conclusions formulated on their basis, are of
significant practical importance for developers of chemical processes for oil
cracking using natural zeolites modified with heteropolyacids as effective
catalysts of this process, as well as for employees of oil refineries, whose
professional duties include the quality control of the implementation of
this process
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INTRODUCTION

Heteropolyacids (HPA) are strong acids, much stronger
than sulfuric acid, as well as all known other inorganic
polyacids (Maity et al., 2021). Heteropolyacids, together
with some of their salts, are highly soluble in water and
other acid-containing organic solvents, such as ethers,
alcohols, ketones. They are relatively stable in neutral
and acidic aqueous solutions, while rapidly decompos-
ing in an alkaline environment. They are widely used as
catalysts in the alkylation and dealkation of phenol and
benzenes with alkenes; they have the ability to catalyze
the acetone condensation into mesityl oxide, as well as
the formation of ethers: simple and complex (Sels &
Kustoy, 2016).

To date, the industrial processing of various types
of hydrocarbon raw materials, as well as wet gases of
oil refining, provides a number of important substances
for the economy of any state (Kandiyoti et al., 2016). The
subsequent involvement of heavy hydrocarbons in oil
refining processes requires a qualitative modernization
of already existing schemes for processing oil products
and the development of new and more efficient tech-
nological solutions that allow processing oil products
on an industrial scale with obtaining a large amount of
light oil fractions of high quality (Maity et al., 2021). At
the same time, today there are practically no effective
methods for processing heavy oil, with the production
of a sufficient amount of light fractions. There are only
individual technological solutions that allow efficient
processing of oil residues that are formed during the
primary processing of light and medium grade oils. In-
dustrial processing of heavy oil with the use of currently
existing technologies implies the need for significantly
higher costs per one ton of processed raw materials
(McKeon et al., 2016). It should also be taken into account
that in order to improve the quality parameters of fuel
fractions, it is necessary to introduce expensive second-
ary catalytic processes, in particular, such as hydrotreating
and hydroforming (Sels & Kustov, 2016).

Issues related to various aspects of heavy oil re-
fining are not new, but they remain relevant. The main
negative impact of oil production and processing enter-
prises is on atmospheric air and water bodies. S. Yusup
and N.A. Rashidi (2021) believe that the main sources
of pollutants are the processes of sulfur extraction, re-
generation of cracking catalysts, heaters, rectification
columns, boilers, vessels for storing raw materials and
finished products, water and oil separators, flares for
burning a mixture of accompanying gases and air. Ac-
cording to J. Speight (2019), the industry annually emits
up to 1,650,000 tons of harmful substances (the main
share of emissions is liquid and gaseous substances).
G.P. Da Ponte Jr (2021) is convinced that the negative
impact on the environment is manifested in the follow-
ing aspects: extraction of land resources for the con-
struction of wells; land pollution; emissions of gaseous
substances into the atmosphere; extraction of highly
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mineralized associated waters with oil; emergency oil
spills with subsequent evaporation.

According to R. Kandiyoti et al. (2016), for now,
the bulk of the oil refining companies of the Republic of
Kazakhstan have not implemented high-quality technol-
ogies for the industrial processing of heavy oil, which
leads to their preliminary mixing with light and medium
oils during the implementation of this process. At the
same time, the processing of oil with a high degree of
viscosity causes significant difficulties, since the lack of
a clear technology for implementing this process stipu-
lates low profitability and difficulties in its implementa-
tion. This explains the need to find effective methods for
implementing oil cracking processes using the catalytic
elements, one of which is natural zeolites modified with
heteropolyacids (HPA) for the synthesis of long-chain
a-olefins. The technologies developed to date in differ-
ent countries of the world for processing heavy high-vis-
cosity oils into “synthetic” oil are mainly based on a com-
bination of classical methods for processing oil residues.
At the same time, T. McKeon et al. (2016) agree that the
specific characteristics and complex composition of
heavy hydrocarbon raw materials indicate that the clas-
sical recycling methods of light oils do not show proper
efficiency. The problem can be effectively and timely
solved by introducing the heavy hydrocarbon cracking
technique using the modified zeolites as a catalyst.

To date,a large number of scientific studies (Yusup
& Rashidi, 2021; Speight, 2019; Da Ponte Jr, 2021) have
been devoted to the search for non-standard methods
for solving the problem of ensuring the high quality of
oil distillation processes using catalysts, which only em-
phasizes the seriousness and relevance of the problem
under consideration. The main disadvantage of the con-
ducted scientific research devoted to the comprehensive
study of issues related to various aspects of the heavy
hydrocarbons’ cracking on natural zeolites is the insuffi-
cient knowledge of the problem of the implementation
of the zeolites preliminary modification with hetero-
polyacids in the context of synthesis of the long-chain
a-olefins. The task of this scientific research is to study
the prospects for implementation of heavy hydrocarbon
cracking processes on the Shankanai zeolite of modified
HPA for the synthesis of long-chain olefins, as well as to
obtain practical results that are important from the point
of view of optimizing heavy oil cracking processes using
natural zeolites as catalysts for this chemical process.

The aim of the article is to study the prospects
for implementation of heavy hydrocarbon cracking pro-
cesses on the Shankanai zeolite of modified HPA for the
synthesis of long-chain olefins.

MATERIALS AND METHODS

The study was carried out under the condition of using
the heavy hydrocarbon cracking process of natural zeo-
lites of the Shankanai deposit as catalyst. In this scientific
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study, nuclear magnetic resonance (NMR) and gas chro-
matography (GC) analyzes of al-olefins were imple-
mented in practice, as well as certification of modified
zeolite catalysts for cracking processes was carried out.
TEM analysis of zeolites modified with heteropolyacids
was made. The theoretical basis of this research work
consisits of a number of studies of authors dedicated to
the issues of cracking of heavy hydrocarbons on natural
zeolites used as catalysts for this process, as well as
the problems of modifying natural zeolites with het-
eropolyacids and the synthesis of long-chain a-olefins.

This scientific study was carried out in three main
stages. At the first stage of this research work, a theoretical
study of available publications dedicated to various prob-
lematic aspects of the cracking of heavy hydrocarbons
on zeolite modified with heteropolyacids for the synthe-
sis of long-chain a-olefins was made. On the basis of the
formed theoretical background of scientific research, at
this stage of scientific work, a systematic analysis of the
processes of cracking of heavy hydrocarbons was per-
formed using natural zeolites as catalysts for this process.

At the next stage, an analytical study of the
prospects for the implementation of this process was
carried out when modifying natural zeolites with het-
eropolyacids in order to synthesize a-olefins. The study
proceeded under the condition that natural zeolites of
the Shankanai deposit are used as a catalyst for the
cracking of heavy hydrocarbons. Factual information
was used regarding the characteristics of this kind of
zeolites and the current state of their development
processes, directly in the conditions of the Shankanai
deposit of the Republic of Kazakhstan. To study the hy-
drocarbon composition of the cracking reaction prod-
ucts, as well as the target fractions, 6890N chromato-
graph with a plasma ionization type detector was used.
Separation was carried out on HP-5 capillary column
with the following characteristics: length = 30 m, inner
diameter - 0.25 mm, film thickness in a nitrogen flow -
0.25 pm.The increase in temperature of the thermostat
was increased sequentially from 50 to 300°C, at a heating
intensity of 3° per minute.

To determine the composition of cracking gases,
the gas-liquid chromatography method was used using
Chromium-4 and Chromium-5 chromatographs (Czech
Republic). On the Chromium-4 chromatograph, chrom-
aton was used as a solid carrier, and squalane was used
as an immobile liquid reagent, in a volume of 15% of the
total mass of the solid carrier. The column of chromato-
graphs separates saturated hydrocarbons, which are the
components of source gas. For NMR analysis of a-olefin
products, it was used NMR spectrometer Bruker AVANCE
[1ITM 400 MHz (Germany) with a superconductivity magnet,
optimized for experiments on solid objects.

Also, at this stage of the research work, an ana-
lytical comparison of the main results obtained during
its conduction with those obtained by other scientists
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during parallel studies of the stated problem was
made. All this in combination provides an objective
and high-quality picture of the performed scientific re-
search. At the final stage of this research work, based
on the results obtained during it, the final conclusions
were formulated, acting as a logical presentation of
these results and summing up the entire range of scien-
tific studies that were carried out within the framework
of the stated theme. In general, the results obtained
in this research work and the conclusions formulated
on their basis can subsequently serve as a qualitative
methodological basis for further research in studying the
processes of catalytic cracking of heavy hydrocarbons
on natural zeolite that has passed the stage of modification
using HPA.

RESULTS

Natural zeolites of the Shankanai deposit are pure alumi-
nosilicate raw materials of multipurpose use.According to
the mineralogical classification, zeolites can be referred
to the highest class of zeolites of natural origin (Speight,
2019). Modification of natural zeolites with heteropolyac-
ids improves their adsorption properties,which is essential
for their subsequent use in hydrocarbon cracking processes
as catalysts. The main chemical formula of zeolites (1):

M,/N, xAL0,xxSi0,xyH,0 (1)

where: Al O, - alkali or alkaline earth metal; yH,O - the
degree of its oxidation.

Table 1 presents data regarding the content of
oxides and auxiliary natural elements in the zeolites of
the Shankanai deposit. Natural zeolites of the Shanka-
nai deposit, modified with heteropolyacids, are used as
an active component of the oil cracking process. The
catalytic effect of such zeolites is determined by many
components,among which it should be single out their
acidic properties that can be regulated, with a change in
the nature and concentration of exchange cations, the
molar ratio, Si0,/Al,0,, and also the main conditions of
heat treatment. Heteropolyacids are extremely strong
protonic acids, which are much stronger than all known
inorganic acids. The specific acid characteristics of het-
eropolyacids are of significant interest for acid catalysis
and the theory of acids and bases, since HPAs have a fairly
high oxidizing potential. These and a number of other
properties make it possible to use HPA in practice as se-
lective catalysts for oxidation and reduction processes.
Heteropolyacids have a wide variability in chemical
composition and physico-chemical characteristics, by
having a stable molecular structure (Da Ponte Jr, 2021).

In the course of experiment, the efficiency of the
action of zeolite catalysts modified with heteropolyacids
was estimated by the amount of light fractions formed
in the process of oil cracking at t=350°C. Figure 1 shows
gas chromatographic analysis of al-olefin products.
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Table 1. The content of oxides and auxiliary natural elements in the zeolites of the Shankanai

Element Concentration. % Content. atom. % Oxides. % Chemical formula
0 52.38 66.34 - -
Si 39.57 28.85 85.28 Sio,
Al 4.45 6.65 9.58 ALO,
Ca 1.18 0.56 1.62 Ca0
Fe 0.96 0.44 1.16 FeO
K 0.66 0.38 0.90 K,0
Na 0.45 0.33 0.54 Na,O
Mg 0.35 0.28 0.62 MgO
Total 100 - - -
0040 - Ok B
0.035 -
0.030 -
0.025 - 2853
0.020 -
0.015 -
0.010 - 1464 909
0005 - A 992
0 -

3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800

Wawenumber

Figure 1. GC analysis data for a-olefin products

Table 2 presents the results of GC analysis of the  hydrocarbons on the natural zeolites of the Shankanai
composition of gaseous products of cracking of heavy  deposit that have not undergone the HPA modification.

Table 2. Results of GC analysis of the composition of gaseous products

of cracking of heavy hydrocarbons using unmodified zeolite

Element 1 2 3
Butadiene 0.09 0.02 0.04
Hydrogen 0.28 0.24 0.27
n-Butane 3.95 4.68 3.98
Methane 0.75 0.88 1.05
Propan 1.17 142 1.85
Propylene 5.86 6.65 7.62
Isobutane 0.87 1.01 1.16
Olefins C, 6.56 6.82 6.97
Ethan 0.55 0.58 0.66
Ethylene 0.79 0.95 1.12

As follows from the data presented in Table 2, the processes of alkylation and petrochemical synthesis
in the process of catalytic cracking, it is possible the of a-olefins. Table 3 presents the results of GC analysis
formation of a significant amount of C1-C17 hydrocar-  of the composition of gaseous products of cracking of
bons, in particular C17 olefins and propylene,as well as  heavy hydrocarbons on natural zeolites of the Shankanai
hydrogen. These elements are of significant interest for  deposit modified with HPA.
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Table 3. Results of GC analysis of the composition of gaseous products
of cracking of heavy hydrocarbons using a zeolite modified with HPA

Element 1 2 3
Butadiene 0.03 0.02 0.02
Hydrogen 0.12 0.11 0.1
n-Butane 3.81 4.55 3.62
Methane 0.73 0.82 1.06
Propan 1.06 1.22 145
Propylene 5.25 6.33 7.54
Isobutane 0.93 1.02 1.18
Olefins C4 6.57 6.99 6.94
Ethan 0.56 0.59 0.69
Ethylene 0.72 0.84 1.09

Figure 2 shows the main results of the validation of
modified zeolite catalysts of cracking, expressed as the

dependence of the conversion of heavy hydrocarbons into
light gasoline fractions on the type of cracking catalyst used.

80.00%
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3 4

Figure 2. Dependence of the conversion value obtained in the process of heavy hydrocarbons’ cracking
of the type of catalyst used

Experimental data confirm the higher efficiency
of using HPA-modified zeolites as catalysts for the
cracking of heavy hydrocarbons, which is reflected in a
greater amount obtained as a result of C , long-chain
alpha-olefins. Thus, the cracking of heavy hydrocarbons
on the zeolite of the Shankanai deposit, modified with
HPA, ensures obtaining the target product - long-chain
C,, alpha-olefins. In the course of this scientific study,
it has been proven the high efficiency of using natural
zeolite when modified with heteropolyacids to convert
alkanes into long-chain olefins.

This means a proof of the practical feasibility of
modifying the natural zeolites of the Shankanai deposit
with heteropolyacids in order to enhance their catalytic
properties, as well as to reduce the total volume of
gaseous cracking products. The results of comparative
tests of modified and unmodified natural zeolites as
catalysts for cracking processes have shown that the
adsorption properties of zeolites modified with hetero-
polyacids increase significantly, which leads to a signif-
icant increase in the efficiency of their use as catalysts
for the cracking of heavy hydrocarbons (Mantas, 2019).
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Modification of natural zeolites with heteropolyacids
plays an important role in their practical application as
catalysts for oil cracking processes at modern oil refin-
eries. The practical use of heteropolyacids as modifying
elements increases the adsorption properties of natural
zeolites, and it has a positive effect on the efficiency of
their use as cracking catalysts.

This explains the possibility of obtaining long-
chain C, alpha-olefins, which are the target product of
the process at the output. In addition, the use of het-
eropolyacids as modifying elements for the conversion
of alkanes into long-chain olefins has a positive effect
on the nature of the process under consideration, since
it minimizes the likelihood of sharp jumps and prob-
lems with the subsequent use of secondary products
of oil refining. Thus, the cracking of heavy hydrocar-
bons on the Shankanai zeolite modified with HPA for
the synthesis of long-chain a-olefins contributes to
the production of a significant amount of long-chain
C,, alpha-olefins, which generally indicates the high
efficiency of this process. It should be noted that in
this context, the purity of the catalytic substance and




the high level of preparation of petroleum products
for the process of their processing are of great impor-
tance, since the contamination of the modified natu-
ral catalyst used significantly complicates the process
and negatively affects its final results. To date, there
is a significant potential of the Shankanai deposit as
a proven source of natural zeolites, which can be suc-
cessfully used as effective catalysts for the cracking
of heavy hydrocarbons, subject to the implementation
of their high-quality modification with HPA. This is of
great importance from the point of view of increasing
the efficiency of the development of the Kazakhstan oil
refining industry as a whole.

DISCUSSION

According to G. Mantas (2019), one of the critical prob-
lems of the oil refining industry is the irreversible loss
of hydrocarbons during oil processing. These emissions
enter the atmospheric air, water basin, or soil, polluting
them. That is why the problem of emissions is not only
a technical and economic one but also a global eco-
logical one. Research by J. Jarvis et al. (2018) showed
that among the causes of hydrocarbons entering res-
ervoirs, the discharge of oil-containing effluents and
the entry of oil products into groundwater are the most
significant. R. Wang et al. (2020) believe that heavy oil
products destroy microorganisms that participate in
the process of self-purification of water. As a result of
the decay of sediments contaminated with oil products,
harmful substances have released that poison the water.

J.Jarvis et al. (2018) assert that today, in the con-
text of a large-scale decrease in reserves, as well as in
the volume of oil production, including the so-called
“light” oil, the need to use new, non-standard methods
for refining hydrocarbon sources is becoming more
acute, primarily for bitumen and heavy oils. First of all,
it concerns the bitumen and heavy oils. The subsequent
increase in the production of heavy oils necessitates an
increase in the efficiency of options for their industrial
processing to obtain the maximum possible volume of
light oil products with qualitatively better character-
istics. According to R. Wang et al. (2020), the steadily
growing consumption of motor fuels in the econom-
ically developed countries of the world, encourages
leading oil companies to start developing new meth-
ods of oil production, as well as developing new oil and
bitumen deposits amid the general decline in the share
of light oil in the overall balance of oil production. In
recent years, the issues of improving the processing of
oil and bitumen have become increasingly important,
since the natural reserves of raw materials of this kind
are several times higher than the natural reserves of
medium and light oils. According to numerous expert
estimates, it is expected a steady increase in their share
in the total volume of hydrocarbon production, taking
into account the current balance of production and pro-
cessing of hydrocarbons.
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The task of deepening the oil refining is one of
the most urgent tasks of chemical technology for build-
ing oil refining processes using catalysts. The processes
of catalytic cracking of oil, along with thermal, hydro-
cracking and visbreaking, are the main methods for
processing heavy oil residues. The high energy cost of
these processes and their material and capital intensity
do not allow timely and full implementation of these pro-
cesses at most enterprises of the modern oil refining in-
dustry. In particular, according to A. Hameed et al. (2021),
technologies for the industrial processing of vacuum
gas oil through catalytic cracking include two addition-
al stages (in addition to the main one) such as hydraulic
purification from sulfur compounds of the initial vacuum
gas oil,as well as the final products of its cracking. While
the hydrocracking process implies the need of practical
application of complex technology, it is combined with
a high hydrogen pressure. Catalytic cracking ensures
the production of high-quality products, and this tech-
nique is distinguished by the possibility of processing
oil and oil fractions in order to obtain high-quality final
products. At the same time, there is a real possibility of
combining this process with technological operations
of alkylation, adsorption purification. The main disad-
vantage of this technique is its relative high cost, which
predetermines the need to stop the spread of catalytic
cracking in many modern enterprises of the oil refining
industry. For medium power plants, this process may not
always justify itself and fully pay off.

An analysis of the currently existing technologies
for cracking of heavy oil residues indicates that catalytic
cracking requires significant financial costs and, in fact,
is a very expensive operation. S. Chattaraj et al. (2016)
think that the possibility of obtaining light oil prod-
ucts in sufficient quantities should be considered an
undoubted advantage of such technologies. The possi-
bility of practical use in the process of natural zeolites’
cracking as catalysts for this process contributes to a
significant reduction in its cost and increase in over-
all efficiency per unit time. Actual high rates of activity
of catalysts’ cracking when starting these processes in
industrial plants can be obtained through the purpose-
fully reducing its specific surface area and thorough de-
terioration of the active part. According to K.M. Zohdy
et al. (2021), catalytic cracking should be considered the
leader among all processes for improving the efficiency
of oil distillation processes in the modern oil refining
industry, since one fourth of the world's gasoline is pro-
duced through the use of this technology. In addition to
gasoline, cracking should also be considered a key pro-
ducer of diesel fuel and propane-propylene, butane-bu-
tylene fraction — the main feedstock for petrochemical
processes. The role of catalytic cracking in the devel-
opment of the economy, especially for countries that
are large exporters and producers of oil, is very signifi-
cant, since it has a significant impact on the depth and
thoroughness of oil refining. It also determines the final
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volume of oil and oil products consumption, including
per capita and for specific types of fuel, by exerting a
key influence on the growth rate of the actual gross
domestic product of the state (2021).

Zeolites of type X, Y and ZSM-5 (Zeolite Socony
Mobil-5) are widely used in the production of crack-
ing catalysts in the fluidized bed. Aluminum oxide and
amorphous aluminosilicates are most often used as the
catalyst matrix.A. Atmayudha et al. (2021) consider that
the active matrix makes the main contribution to the
overall performance of the catalyst, because the zeolite
pores can have a small size for the cracking of especial-
ly large molecules of heavy hydrocarbons with a boil-
ing point of more than 480°C. In addition, with an in-
crease in the level of activity of the catalytic substance,
various components are added to it that can activate
the combustion process (CO) and reduce the concentra-
tion of SOx and NOx. Various distillate fractions can be
used as feedstock components of the catalytic cracking
process, and during their conversion, it is observed a
catalyst coking and contamination with heavy metals (V
and Ni) and sulfur. For now, there is a continuing trend
towards an increase in the total weight of the fractional
composition of the feedstock that is involved in the cat-
alytic cracking process, which inevitably becomes one
of the reasons for the increase in the concentration in
the feedstock of polynuclear aromatics, as well as sulfur,
nitrogen and heavy metals. All this, in turn, leads to an
increase in the coking capacity of raw materials. Today,
the most urgent tasks should be considered the tasks of
gradually increasing the depth of the catalytic cracking
process and increasing its selectivity, as well as main-
taining the activity level of the selected catalyst for a
long time of operation (2018).

Nowadays, many countries of the world have
almost completely exhausted the possibilities for im-
proving oil refining processes in order to meet the real
needs for fuels of various types, which can only be real-
ized by increasing the volume of industrial oil production.
Various options for solving this problem are proposed,
one of which is a gradual transition to the use of cata-
lysts for cracking processes of natural origin. Zeolites
are one of these variants (2021). The practical use of
natural zeolites as cracking catalysts makes it possible
to achieve a high intensity and efficiency of this pro-
cess, with a significant reduction in energy and mate-
rial costs. The implementation of secondary catalytic
processes requires preliminary upgrading of the initial
feedstock. Dementalization and denasalizing should be
attributed to the category of refining processes, while
the thermal adsorption variety of these processes can
also be attributed to the indicated type. According to
A. Al-Qasim et al. (2020), in all these processes, partial
thermodestructive transformations can act as meth-
ods for refining the hydrocarbon residues, at the same
time there is a parallel and simultaneous adsorption
of the resins formed, asphaltenes and carboids, as well
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as organometallic, organosulfur and organonitrogen
compounds on the surface of the resulting adsorbing
substances.

The processing of heavy hydrocarbon residues is
carried out in various ways and methods, which should
be grouped for subsequent selection when developing
the proposed schemes for oil refineries. In this context,
the use of heavy hydrocarbon residues as the main
components of fuels significantly reduces the depth of
processing of hydrocarbon raw materials at oil refin-
eries. This necessitates a high-quality organization of
the processes of industrial processing of hydrocarbon
residues at oil refineries in order to increase the effi-
ciency of these enterprises and obtain high-quality oil
refining products. A. Al-Qasim et al. (2020) believe that
such processes are characterized by significant techno-
logical complexity and require a qualitatively new ap-
proach to their organization in order to obtain optimal
results, which can be expressed in the high quality of
the oil distillation products obtained as a result of oil
refining processes. Adding a certain amount of zeolite
to the processed oil helps to increase the volume of
output of light fractions, as well as coke and gas. When
conducting studies of the composition of gaseous prod-
ucts released during the implementation of oil cracking
processes, it is found that catalytic cracking products
contain a significantly larger number of lower olefins,
including propylene, butenes and pentenes, as well as a
smaller number of alkanes compared to the gas phase
that occurs in thermal cracking.

In addition, J.A. Curiale & J.B. Curtis (2016) are
convinced that a significantly higher content of isostruc-
tural alkanes (15.2%) and a significant amount of hydro-
gen (1.7%) can be detected in the gas formation products
that are released during oil cracking in the presence of
catalyst, which is clear evidence of the development of
dehydrogenation reactions and further redistribution of
hydrogen. At the same time, the oil straight-run gasoline
fraction immediately before the start of the catalytic
cracking process and the products’ gasoline fractions of
its thermal and catalytic cracking differ significantly in
the group concentration of hydrocarbons. The gasoline
fractions obtained contain a significantly larger amount
of n-alkanes and a significantly lower concentration of
nevtenes and alkenes. At the same time, the octane num-
bers of gasolines produced through the implementation
of catalytic and thermal cracking processes are signifi-
cantly higher than similar indicators of the straight-run
gasoline component of the original oil. The composi-
tion of the resulting gasolines also determines signifi-
cant differences in the technology of thermal and cat-
alytic cracking of oil. In this context, it should be noted
that gasoline obtained through the implementation
of thermal cracking processes contains more alkanes
of normal structure and less naphthenes and alkenes
than gasoline obtained as a result of catalytic crack-
ing. When catalytic cracking is implemented on natural




zeolites as catalysts for the process, the cracking itself
with dehydrogenation, isomerization and aromatization
is the key reactions for the conversion of hydrocarbons.
However, in the thermal cracking, disconnection of C-C
connection in combination with polycondensation is
observed.

CONCLUSIONS

To date, science offers various options for improving
the processes of industrial oil refining, one of which is
the use of zeolites upgraded with heteropolyacids as
catalysts for the cracking of heavy hydrocarbons. In
almost every case of launching an oil refining process
through catalytic cracking, the best option for upgrad-
ing zeolites in order to obtain a larger amount of light
oil fractions amid the synthesis of long-chain a-olefins
can be selected. It should also be noted that the gaso-
line fractions of catalytic cracking processes using the
Shankanai zeolites (Kazakhstan) modified with hetero-
polyacid include a large number of components with
a high-octane number, which significantly exceeds the
octane number of their analogues that were obtained
by thermal cracking.

Krebaeva et al.

The preparedness of the feedstock should be con-
sidered the most important aspect that directly affects
the results of the catalytic cracking process on modified
natural zeolites in order to avoid contamination of the
natural catalyst used for this process. Before starting the
cracking process, it is necessary to prepare the feedstock
in order to prevent poisoning of the natural zeolite acting
as a catalyst, which will adversely affect the results of the
synthesis of long-chain a-olefins. In addition, the cracking
of heavy hydrocarbons on the Shankanai zeolite, which
has undergone the HPA modernization, implies the need
for a careful selection of zeolites, taking into account their
actual characteristics, which can be significant in terms of
the actual results of this process, expressed in obtaining
a significant amount of light gasoline fractions. In general,
the results obtained in the course of this research work
showed the high practical efficiency of modifying the
natural zeolites of the Shankanai deposit with hetero-
polyacids when they are used as catalysts for the cracking
of heavy hydrocarbons. This indicates the significant pros-
pects for the subsequent mass use of zeolites modified
with HPA in processes of catalytic cracking of heavy
hydrocarbons for the synthesis of long-chain a-olefins.
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KpekKiHr Ba)XKUX ByrnieBogHIiB Ha LWLAHKaAHaMCbKOMYy LeoniTi MmoaudikosaHoro NMA
AN CUHTe3Yy OO0BroNaHUIoroBux a-onediHis

Nasar Kpebaesa?, Canaprani Konycnaes?, Icatait Hypni6aes?

1Ka3axcbKkuii HauioHanbHMI yHiBEpCUTET iMeHi anb-MPapabi
050040, npocn. anb-Mapabi, 71, M. AnmaTu, Pecnybnika KasaxcraH

2AKTHOGIHCbKMI perioHanbHUI AepkaBHUIA YHiBepcuTeTy iMeHi K. XXybaHoBa
030000, npocn. A. Mongarynosa, 34, M. Aktobe, Pecnybnika KasaxcraH

AHoTauif. AKTyanbHiCTb TEMW HAYKOBOTO AOCIAKEHHS BU3HAYaAETbCS BAX/IMBICTIO MPO61EMU BUKOPUCTAHHS LLEONITIB
SIKKaTani3aTtopiB NpoLecy KPeKiHry BaXXKUX BYrNeBOAHIBTa BUBYEHHAM NepcrneKkTMB MoAndiKyBaHHS reTepononikmcioTt
LN CUHTE3Y A0BroNaHLIroBux a-onediHie. MeTo HaykoBOi pobOTH € BUBYEHHS MepCnekT1B peanisalii npouecy
KPEKiHry BaXXKMX BYrNEBOAHIB Ha LUAHKAHANCbKOMY LLeoNiTi, MOAMbiKOBaHOMY reTepononikucaoTamu, AN CUHTE3Y
[oBronaHuroeux onediHie. OCHOBOK METOLOMONYHOro NiAXo4y B L HAayKOBO-AOCNIAHIM pOBOTi € MOEAHAHHS
METOAIB CMCTEMHOIO aHanisy NpoueciB KPeKiHry BaXKKMX BYINIEBOAHIB 3 BUKOPUCTAHHAM NPUPOAHMX LLEONITIB SK
KaTanizaTopiB LbOronpoLecy,3aHaniTMYHUMA0CNIAXKEHHSIM MePCNEKTUB peani3aLiiLboronpouecynpuMoandikyBaHHi
NPUPOLHUX LEEONITIB reTeponoNiKMCI0TaMM 3 METOK CUHTe3Y a-onediHiB. [N aHanisy NpoaykTiB CMHTE3Y a-onediHiB
BMKOPUCTAHO METOJ, ra3opifnHHOT XpomaTorpadii Ta 94epHO-MarHiTHO-pe30HaHCHOI cnekTpoMeTpii. [locnigxeHHs
NpoOBeLEHO 33 YMOBU BMKOPUCTAHHS B AKOCTI KaTanizaTopa MpoLuecy KpekiHry BaXXKMX BYrNEBOAHIB MPUPOAHUX
ueonitie LaHkaHancbkoro pogosuua. OTpMMaHi pesynsbtati CBigyYaTb NPO BMCOKY e(EeKTUBHICTb MPaKTUUYHOIO
3aCTOCYBaHHA LeoniTiB LLIaHKaHaWCbKOro poaoBMLLA, MOAEPHI30BAHUX FeTEPONONiKUCIOTaMM, NPU BUKOPUCTAHHI B
SKOCTI KaTanizaTopiB KpeKiHry BaXKKMX ByrneBoAHiB. OTpuUMaHi B Xo4i HAayKOBOIo AOCNIAXKEHHS pe3y/bTaTh, @ TaKoX
CcHOpMybOBaHi Ha iX OCHOBI BUCHOBKM MatOTb NPaKTUYHE 3HAYEHHS A/ PO3POOHMKIB XiMiYHMX NPOLECIB KPEKiHTY
HadTU 3 BUKOPUCTAHHAM MPUPOLHUX LLEONiTiB, MOAMGDIKOBaHMX reTepononikMcioTaMu, K ebekTUBHUX KaTani3aTopis
LibOro MpoLecy, a TaKoX AN NpaLiBHMKIB HadTonepepobHMX 3aBOAIB, 10 NpodeciiHMX 000B'A3KIB IKMX BXOAWTb KOHTPO/b
SKOCTI 3AiMCHEHHS AaHOro npoLiecy

KniouoBi cnoBa: retepononiknMcnoTu, katanisatop, 6eH3mMHoBa dpakLis, CMpOBMHA, BaXkKa HadTa
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Abstract. The Republic of Kazakhstan has good potential for developing
environmentally friendly agricultural production: extensive agricultural land,
a large number of farms, and interest in producing environmentally-friendly
products. These factors determined the relevance of the study, the main
purpose of which was to investigate the main areas of the development
of organic agriculture in Kazakhstan. The statistical data and reports of
Research Institute of Organic Agriculture, International Federation of Organic
Agriculture Movement, and Food and Agriculture Organization of the
United Nations were analyzed; logical and empirical methods were used;
a survey of consumers and producers of environmentally-friendly products
in Kazakhstan was conducted. This paper shows the main trends in the
development of the organic sector in Kazakhstan and in the world in general.
Studies have shown a growing tendency of organic production in the world,
however, many countries are still in their infancy regarding this trend. At the
moment, the world’s land under organic agriculture is 74.9 million hectares,
but in Kazakhstan, since 2016, there has been a reduction in such areas.
In 2020, they amounted to 114 thousand hectares or 0.1% of all farmland
in the country, which is associated with the coronavirus pandemic and
the global economic crisis. According to the international organisations
Research Institute of Organic Agriculture and International Federation of
Organic Agriculture Movement, in 2020, out of 190 countries of the world,
Kazakhstan entered the lists of 50 producing countries and 20 exporting
countries of organic agricultural products, and the export of these products
amounted to about EUR 9 million. It is concluded that the necessary
conditions for the introduction of ecological agriculture are gradually being
created in the Republic of Kazakhstan, which would improve the economic
situation of the country. The practical significance of the study was to conduct
a sociological survey of consumers and producers of ecological agricultural
products in four regions of Kazakhstan to identify the state and main areas
of development of the domestic market of organic agriculture
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INTRODUCTION

Every year, there is a positive growth trend in the organic
agriculture market worldwide and an increasing demand
for organic products. According to S. Das, A. Chatterjee,
TK. Pal (2020), the expansion of this sector of the
economy is conditioned by the receipt of higher profits
from the sale of organic products and the transition of
small farms to organic farming. American researchers
(Reganold & Wachter, 2016) predict that population
growth will reach 9-10 billion people by 2050, while
enormous attention will be paid to environmental pro-
tection. They claim that the large-scale introduction
of organic and resource-saving agriculture will ensure
the future of humanity with safe food and improve the
ecosystem. Similar information has been published in a
paper by Indian researchers (Prusty et al.,2021; Thakur et al.,
2022) and in the Food and Agriculture Organization of
the United Nations (FAO) (2022) report, where it is noted
that among the most effective strategies for improving
the quality of food, strengthening the sustainability of
ecological and agrifood systems, organic agriculture, soil
protection and resource-saving agriculture are singled
out. Thus, according to FAO, Belgium, Croatia, Estonia,
Finland, Germany, Hungary, Ireland, Spain, the Nether-
lands, Norway, Poland, Slovakia, Slovenia, Sweden, and
the United Kingdom have achieved positive results in
maintaining biodiversity in the production of agricultural
products with the help of organic agriculture.

According to the Research Institute of Organic
Agriculture (FiBL) (2022) and the International Federa-
tion of Organic Agriculture Movement (IFOAM) (2022),
Oceania countries are considered the largest among
organic producers, in which 35.9 million hectares of
land are occupied by ecological agriculture, of which
27.2 million hectares are located in Australia (Paull and
Hennig, 2018),followed by countries in Europe (17.1 mil-
lion hectares), Latin America (9.9 million hectares),
Asia (6.1 million hectares), North America (3.7 million
hectares), and Africa (2.1 million hectares) (Willer et al.,
2021). FiBL (2022) and IFOAM (2022) reports over the
past 20 years indicate a constant increase in land areas
for organic production (Grigoruk and Klimoy, 2016). Both
the number of countries and the number of organic pro-
ducers within these states are growing (Proshchalykina
et al., 2019). According to H. EL Bilali (2020), in 2018,
2.8 million farmers were engaged in organic agricul-
ture worldwide on an area of 71.5 million hectares.

AKh. Berdiev and H.K. Rasulov (2020) state that
the USA (United States of America), EU (European Union),
and China are the largest markets for organic products,
the volume of which is 24.3,22,and 2.4 billion euro, re-
spectively, and the majority of consumed environmen-
tally-friendly products account for Germany, France, and
the USA (Anderberg, 2020).According to the calculations
of 0.0. Karamatov (2021), in the republics of Central
Asia, by 2025, the land area under organic agriculture
would increase to 762 thousand hectares. However, the
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growth of organic production in developing countries
still depends heavily on foreign markets. According to
many researchers in the Republic of Kazakhstan, the de-
velopment of organic agriculture is in an active phase.
Thus, more than 300 thousand hectares of farmland
were allocated for the production of environmentally
friendly products in 2016, while about 30 farms cer-
tified in accordance with international standards were
registered (Uskenov et al, 2016). According to some re-
searchers (Bulkhairova et al., 2020; Canwat & Onakuse,
2022), the largest producer of organic products in the
republic is the Akmola company Edelweiss Invest LLP
(limited liability partnership), which grows certified
organic products on 27 thousand hectares. The annual
export of eco-products from Kazakhstan to the EU reaches
about USD 10 million. The main exporters are Akmola,
Kostanay, Pavlodar, East Kazakhstan, Karaganda, and
Almaty regions. Seeds, oilseeds, and legumes are in
great demand, and there are about 20 types of products
in total (Wisniewski et al., 2021).

The growing interest of the world community in
organic agriculture and the opportunity to improve the
economic situation in Kazakhstan through the produc-
tion of eco-friendly products determined the relevance
of this study. The purpose of the study was to investigate
trends in the development of organic agriculture in the
Republic of Kazakhstan.

MATERIALS AND METHODS

The conceptual and theoretical basis and the method-
ology of “organic agriculture” were developed at the
beginning of the 20" century. The countries of Europe
and the USA took an active part in this process. How-
ever, this term has analogues. For example, in Germany
and France it is “biological” (or “bio”), and in Poland, the
Czech Republic, and the Netherlands - “ecological” (or
‘eco”). All these concepts imply that the production of
organic products includes the minimisation or complete
exclusion of synthetic chemical means of protection
and plant growth stimulants, and the rejection of the
use of genetic engineering and genetically modified or-
ganisms (GMOs), that is, the products safe for humans
and the environment. The study of the main trends in
the development of organic agriculture in the Republic
of Kazakhstan was conducted based on the analysis of
the dynamics of domestic and foreign markets, consid-
eration of the problems of standardisation and certifi-
cation of eco-products, and the social aspect.

The main objects of the study were: regulatory
and legal documentation on organic agriculture in Ka-
zakhstan, producers of ecological agricultural products,
and consumers of the external and internal markets
of organic goods. The paper uses data from reliable, open
sources: reports of the FiBL (2022) and the IFOAM (2022),
the FAO (2022). These data allowed identifying the main
areas of the development of organic agriculture in the




world and Kazakhstan, and understanding the existing
problems of this sector of the economy. To investigate
the production and sale of organic products using
questionnaires (Table 1), a survey of its consumers
and producers was conducted. The survey was con-
ducted in the North Kazakhstan, Akmola, Karaganda,
and Kostanay regions of the Republic of Kazakhstan.

Karabassov et al.

The questionnaire was distributed to consumers of
organic agricultural products and farm managers in
the regions under study, as well as using an online
service for creating feedback forms, online tests, and
surveys — Google Forms. 322 respondents took part in
the survey: 198 - consumers in the areas under study
and 124 - through Google Forms.

Table 1. Survey of consumers and producers of organic products

No. Questions

Answers

1 Are you familiar with organic agricultural products and the a) yes
’ benefits of their consumption for your health? b) no
. . . a) Internet
7 What are thg sources of information from which you learned b) specialised department in the store
about organic products?
c) another source
. , . . a) Kazakh producers
?
3. Which manufacturers’ organic products did you purchase? b) imported manufacturers
a) bakery and pasta products
What types of products that have the status of organic have b) meat products
4. ;
you bought most often? c) dairy products
d) vegetables and fruits
a) 50-100 thousand tenge
5 Your income is- b) 100-150 thousand tenge
’ ’ ) 150-200 thousand tenge
d) more than 200 thousand tenge
a) up to 10%
6 How much of your income are you willing to spend to buy b) 10-15%
’ organic agricultural products? c) 15-20%
d) more than 20%
a) quality
Arrange the options from 1 to 5 depending on the degree b) appearance
7. of importance for you when choosing organic agricultural C) price

products.

d) manufacturer
e) environmental characteristics

Choose the reasons why you like organic agricultural
products?

a) high quality

b) health benefits

c) preservation of ecology
d) fashion trend

Source: compiled by the authors

In general, the study was conducted using ab-
stract and logical, analytical, graphical, computational,
and constructive research methods, and methods for
comparing values and groupings, generalising statistical
indicators.

RESULTS
An analysis of the state of organic agriculture in the world
has shown positive growth dynamics on a global scale (Fig. 1),
however, in a number of countries, including Kazakhstan,
in recent years there has been a decline in both produc-
tion and export of biological products (Willer et al., 2021).
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Figure 1. Growth of areas under organic agriculture in the world (2000-2020)
Source: compiled and adapted based on H. Willer et al. (2020; 2021)

In recent years, 1.6% of the world's agricultural  Notably, the spread of organic farming across continents
lands have been certified organic according to interna-  and countries was uneven. According to the FiBL (2022)
tional standards. For the period 2000-2020,there wasa  and the IFOAM (2022) in 2020, Kazakhstan entered 50
five-fold increase in the area under organic agriculture, out of 190 countries producing environmentally safe
their size by 2020 amounted to 74.9 million hectares. products (Table 2).

Table 2. Ranking of 50 countries of the world, including Kazakhstan, by areas under organic agriculture
and the dynamics of their growth over the past 10 years

Rating, Country Area in 2020 Gro(\;rgl;)rlzlgzyg;ars
number

thousand hectares ‘ % thousand hectares ‘ %
1 Australia 35687 9.9 24488 218.7
2 Argentina 4453 3.0 657 17.3
3 Uruguay 2742 19.6 1811 194.6
4 India 2657 1.5 1573 145.1
5 France 2548 8.8 1573 161.4
6 Spain 2437 10.0 815 50.3
7 China 2435 0.5 535 28.2
8 United States of America 2326 0.6 148 6.8
9 Italy 2095 16.0 998 91.0
10 Germany 1702 10.2 686 67.6
11 Canada 1417 2.4 576 68.5
12 Brazil 1319 0.6 632 92.0
13 Austria 679 26.5 117 20.9
14 russian federation 615 0.3 488 385.0
15 Sweden 613 20.4 133 27.9
16 Czech Republic 539 15.3 79 17.2
17 Greece 534 10.1 321 150.7
18 Poland 507 3.5 -101 -16.7
19 United Kingdom 473 2.7 -165 -25.8
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Table 2, Continued

20 Romania 468 3.5 238 103.9
21 Ukraine 462 11 191 71.0
22 Turkey 382 1.0 -59 -13.5
23 Peru 342 1.5 156 84.3
24 Portugal 319 8.1 119 59.6
25 Finland 315 139 126 67.4
26 Hungary 301 6.0 177 142.3
27 Denmark 299 114 137 85.0
28 Tunisia 297 3.0 118 66.4
29 Latvia 291 14.8 107 58.2
30 Lithuania 235 8.0 83 54.6
31 Ethiopia 234 0.6 94 67.0
32 Slovakia 222 11.7 56 33.7
33 Estonia 220 224 87 65.0
34 Sierra Leone 219 5.6 83 54.6
35 Mexico 215 0.2 -151 -41.2
36 Tanzania 198 0.5 83 723
37 Philippines 191 1.5 95 99.1
38 Bolivia 179 0.5 33 23.0
39 Switzerland 177 17.0 61 52.6
40 Thailand 160 0.7 125 361.7
41 Chile 156 1.0 127 439.5
42 Togo 127 3.3 126 9,464.5
43 Kenya 123 0.4 118 2,390.3
44 Democratic Republic of Congo 118 0.4 77 188.2
45 Dominican Republic 117 4.8 -69 -37.2
46 Uganda 116 0.8 -111 -49.0
47 Bulgaria 116 2.3 91 364.6
48 Egypt 116 3.0 33 41.2
49 Kazakhstan 114 0.1 -81 -41.4
50 Croatia 108 7.2 76 239.0

Source: compiled and adapted based on H. Willer et al. (2021)

The leading position in the field of organic agri-
culture,since 2000, has been occupied by Australia,which
accounts for more than half of the world's certified land
area (54%).In 2020, its area under organic farming was
35687 thousand hectares, or 9.9% of all farmland (Willer
et al.,2021), which is 1.1% higher than in 2018 (Paull &
Hennig, 2018). In second place, by a wide margin, was
Argentina, which observed stable organic farming on
an area of 4453 thousand hectares. In other countries,
smaller areas have been allocated for ecological agri-
culture. In modern conditions of development of organic
agriculture, Kazakhstan lags far behind and occupies
only a small part of the total area of the world's land re-
sources used in the production of environmentally safe
products. Thus, as of 2020, 114 thousand hectares were
occupied under organic farming, which accounted for
0.1% of all farmland in the country (Willer et al., 2021).

According to FiBL (2022) and IFOAM (2022),since
2013, cereals (rice, wheat, and corn) have been con-
sidered the most important organic field crops; their
area in 2020 was almost 1.3 million hectares. In second
place are oilseeds (mainly soybeans), occupying almost
578 thousand hectares,and textile crops (mainly cotton)
grown on an area of more than 355 thousand hectares.
The largest areas of grain and oilseed organic crops in
2020 were in China (almost 1.9 million hectares), cot-
ton and soybeans - in India (more than 415 thousand
hectares), rice - in Thailand (more than 143 thousand
hectares), grain, textile, and oilseed crops - in Kazakh-
stan (more than 107 thousand hectares). In terms of the
number of areas occupied by organic wheat, Kazakhstan
ranked second (more than 24 thousand hectares) after
China (240 thousand hectares), China was also the leader
in organic corn (230 thousand hectares).
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In 2020, compared to 2019, there was an increase
in the volume of imports of tropical fruits, nuts, spices,
vegetables, coffee, mate tea, soybeans, olive oil, and
rice. The remaining categories of goods in the top 10
decreased compared to last year: cake - by 22%, sugar - by
10%, oilseeds, except soybeans - by 12%, and especially
cereals, except wheat and rice - by 41%. The volume
of organic wheat, which in 2019 was among the top
10 imported organic products in the EU, also sharply
decreased by 34% in 2020 (Willer et al., 2021). The de-
crease in the import of cake in 2020 was caused by a
sharp reduction in imports from China (-47%), which is the
main supplier. In addition, the import of corn and wheat
decreased significantly due to a considerable reduction
in the volume of products coming from Ukraine (-44%)
and Kazakhstan (-96%).

Regarding the dynamics of the development
of organic agriculture in the world over the past decade,
among the countries with the largest growth in produc-
tion areas, African countries stand out: Togo and Kenya.
The positive dynamics of the increase in land for organic

3%

8%

production are characterised by 44 of the 50 countries
under study that are engaged in this area. A reduction
of more than 40% of the area under ecological produc-
tion was observed in Uganda, Kazakhstan, and Mexico,
which is probably conditioned by the internal problems
of these countries (Willer et al., 2021). In Kazakhstan, or-
ganic agriculture developed slowly due to the fact that
the population was not sufficiently informed about the
potential opportunities of this area (obtaining higher
profits than from traditional production, maintaining
the ecological balance in agrocenoses, improving living
standards, etc.), and there were also no organic farming
technologies developed and adapted to local extreme
agro-climatic conditions in the country. The study of
world market relations showed that the largest markets
for organic agricultural products were located in the
USA and the EU (Germany, Great Britain, the Netherlands,
France, Italy, Poland, etc.) (Fig. 2), they accounted for 45
and 42% of world trade turnover, respectively. China and
Canada were next in the ranking, by a large margin - 8%
and 3%, respectively (Willer et al., 2020).

H USA
Europian Union
China
Canada

B Other countries

Figure 2. World market of organic products consumption, 2018

Source: H. Willer et al. (2020)

In 2020, the Republic of Kazakhstan was one of
the 20 exporting countries of organic products (Table 3),
however, due to the coronavirus pandemic and the
deterioration of the country's economy, exports fell by

30.8% compared to 2019.A similar situation, albeit on a
smaller scale, occurred with China, Ukraine, Turkey, and
other countries (Willer et al., 2021).

Table 3. The volume of imports of organic agricultural products by EU exporting countries,
including Kazakhstan, in 2019 and 2020

Rating,

Imports in 2019,

Imports in 2020,

number Exporter million tonnes million tonnes Dynamics, %

1 Ecuador 299971 324071 8.0

2 Dominican Republic 229218 252293 10.1
3 China 359057 227669 -36.6
4 Ukraine 282427 217210 -23.1
5 Peru 207938 200860 -3.4
6 India 152678 174311 14.2
7 Turkey 173026 155741 -10.0
8 Colombia 79167 106766 349
9 Brazil 75676 67225 -11.2
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Table 3, Continued

number Exporter "ilion tonnes "milion tonnes Dynamics, %
10 Mexico 67427 66127 -1.9
11 Tunisia 42519 58516 37.6
12 Argentina 59456 56361 -5.2
13 Togo 44684 54017 20.9
14 Egypt 53233 51292 -3.6
15 Pakistan 33432 44942 344
16 Honduras 35961 41800 16.2
17 Kazakhstan 58785 40692 -30.8
18 Sri Lanka 29198 37166 27.3
19 Ivory Coast 23487 35475 51.0
20 Canada 28457 33350 17.2

Source: H. Willer et al. (2021)

According to the International Federation of Or-
ganic Agriculture Movements (2022) in 2020, the num-
ber of producers of environmentally-friendly products
in the Republic of Kazakhstan was 279, and about EUR
9 million worth of products was exported. The main
goods exported by Kazakhstan to EU countries were
wheat, soybeans, seeds, and oilseed cake (Bulkhairova
et al., 2020). The legislative framework of the producing
country is of great importance in promoting organic ag-
riculture. According to S. Le Douarin (2020), for 2019,
the relevant documents were developed and adopted
in 103 countries, while in other states they were at the
stage of preparation for ratification. A law on organic
farming was adopted in Kazakhstan a few years ago, but
its implementation has not yet been completed.

Despite a number of problems: the insufficiently
developed infrastructure that ensures the efficient op-
eration of the organic market, the high cost of certifica-
tion of eco-products and dependence on international
experts and certification bodies, the Kazakh government
has made significant efforts to introduce the production
of environmentally friendly agricultural products into
the country's economy. Thus, adopted the Strategy “Ka-
zakhstan-2050" (2012), the Concept for the transition of
the Republic of Kazakhstan to a ‘green economy” (Decree
of the..., 2013) and the Law of the Republic of Kazakh-
stan No. 423-V ZRK “On the production of organic prod-
ucts” (2015) laid the legal basis for the country’s organic
agriculture (Grigoruk & Klimoyv, 2016; Karamatoyv, 2021).
Thus, the Republic of Kazakhstan is on the way to the
effective management of organic agriculture, and the
adopted regulatory documents and active cooperation
with international organisations to promote environ-
mentally-friendly products in the future would allow at-
tracting additional funds into the country's economy.The
most important factor in the expansion of the global and
domestic markets for organic products is the growth of
consumer demand for eco-products. The annual reports
and reports of the FAO (2022), FiBL (2022), and IFOAM
(2022) on the state of the organic products market testify
to the international growth in demand for these prod-
ucts, and in Kazakhstan - the appearance of specialised

stores and the sale of environmentally friendly goods via
the Internet. As a result of the research, it was confirmed
that Kazakh internal market of organic products was un-
derdeveloped. According to V.V. Grigoruk and E.V. Klimov
(2016) and 0.0. Karamatov (2021) the main reason for this
is the lack of demand for Kazakhstan's environmentally
safe products in the domestic market.

As a result of the study, it was found that in
the specialised departments of the republic's stores,
eco-products were represented by goods of imported
origin, the most common were: buckwheat, mash, lentils,
red quinoa, dried cranberries, walnuts, flour (whole wheat,
oatmeal, chickpeas, corn,rice,and buckwheat),semolina,
coconut milk powder, organic coconut sugar, etc. Their
cost exceeded similar traditional goods by 2-7 times,
and local products that have not passed certification
for compliance with organic standards - by 2-3 times.
Most goods, except exotic ones, can be produced by
Kazakh farmers, but this requires appropriate conditions.
Organic products have a number of characteristics that
are divided into individual and social (environmental).
The group of individual characteristics of organic food
includes taste, health value, freshness, usefulness, and
social attributes include aspects of environmental pro-
tection (Grzybowska-Brzezinska et al., 2017).

To investigate the state and growth prospects of
the domestic organic production market, a survey was
conducted using questionnaires in the North Kazakh-
stan, Akmola, Karaganda, and Kostanay regions of the
Republic of Kazakhstan. Data on the retail market in
these areas were obtained. The survey showed that the
consumers of Kazakhstan made a choice in favour of
organic products, focusing on such characteristics as
the impact of an eco-product on health and the envi-
ronment, and its taste qualities. Among the consumers
of eco-products, families with high incomes or with
children under 5-7 years old prevailed, as well as young
people engaged in sports. The analysis of the survey
showed that the main consumers of organic products
were two categories of people aged 31 to 40 years and
26 to 30 years, which accounted for 37.6% and 32.3% of
the total number of respondents, respectively (Table 4).
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Table 4. Structure of Kazakh respondents — consumers of organic products

Consumer group by age category

Gender of the consumer of eco-products, %

Years Peoples Male Female
18-25 47 14.6 38.3 61.7
26-30 104 32.3 279 72.1
31-40 121 37.6 438 56.2
41-50 21 333 66.7
51-59 18 44.4 55.6
over 60 11 18.2 81.8
Total 322 100 - -
Average - 34.3 65.7

Source: compiled by the authors

According to the gender ratio, women pre-
dominated among the respondents, that is, 65.7% of
women and 34.3% of men out of 322 respondents.
The analysis of responses showed that the majority of
consumers (68.3%) were familiar with organic prod-
ucts and used them frequently, the rest (41.7%) have
heard something or did not know anything about it.
Nevertheless, such awareness of the population and
the consumption of eco-products are quite low. Most
of the respondents learned about eco-products from
advertising on the Internet (31.2%), the second-ranked

source of information was familiarisation with prod-
ucts in organic departments of stores (38.6%), 19.7%
of survey participants learned about organic products
from other sources. It was found that the majority of
consumers (59.4%) preferred the products of Kazakh
manufacturers. They believe that if local products have
a “BIO” or “ECO” mark, then they are organic. According
to the analysis of the survey, the most frequent buyers
purchased dairy products (41%), while meat products,
pasta and bakery products ranked second in popularity
and gained 28% each (Fig. 3).

3%

28%

—

B Dairy products

Meat products

Pasta and bakery
products

Fruits and vegetables

Figure 3. Diagram of consumption of organic products in the Republic of Kazakhstan

Source: compiled by the authors

The survey also showed that 34% of consumers
of eco-products had an income of KZT 100-150 thou-
sand, 29.5% - KZT 150-200 thousand, 19% - over KZT
200 thousand, and 17.5% - KZT 50-100 thousand. This
indicated that the majority of respondents who spent
enough money on organic products had an average in-
come and could buy these products, but not on a per-
manent basis. At the same time, 42.5% of respondents
were willing to spend 10-15% of their personal income
on eco-products, 15-20% of their income - 38.2%, more
than 20% of their income - 6.9%, and less than 10%
of their income - 12.4% of respondents. When buying
organic goods, most of the respondents focused on the
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quality of products (62.5%), environmental characteris-
tics (52%),and price (50.5%).Among the reasons for buy-
ing organic agricultural products were health benefits
(62.2%) and high quality of eco-products (45.8%). Thus,
the survey showed an increase in interest in organic
products and the establishment of a steady demand
for the purchase of environmentally friendly products.

DISCUSSION

It is believed that organic agriculture is less productive
in terms of yield than traditional agriculture, neverthe-
less, it is able to bring 3-5 times more profit due to the
higher price of the final product, as well as eco-products




are safe for human health, animals, and the environ-
ment. Unfortunately, organic production is not able to
feed the ever-growing population of the planet, there-
fore, to achieve food and environmental security of all
countries in the future, joint management of traditional
and organic agriculture will be promising. The transi-
tion to organic farming does not mean simplification
and does not exclude an integrated approach to solving
problems using modern methods and tools, but only in-
troduces some restrictions, for example, on the use of
mineral fertilisers, pesticides, GMOs (Bulkhairova et al.,
2020). In addition, according to A. Proshchalykina et al.
(2019),the market of ecological agricultural products is
niche,that is, it is focused on some buyers who are will-
ing to overpay for a better product. Despite the above,
organic agriculture is gaining more and more momen-
tum on a global scale. H. EL Bilali (2020) suggests that it
can contribute to climate change mitigation, biodiver-
sity conservation, and environmental impact reduction.
However, the comparative indicators of organic farming
depend on the specific region of production, just as the
difference in the yield of organic and traditional agri-
cultural plants depends on the crops and methods of
their cultivation.

T.C. Durham and T. Mizik (2021) have proved that
organic farming is less capital-intensive in contrast to
traditional. This may be of particular interest to small
farmers, who usually do not have the financial means
to purchase resources. Thus, organic farmers may be
less exposed to financial risks associated with fluctua-
tions in market prices for synthetic fertilisers and plant
protection products. Studies by A. Proshchalykina et al.
(2019) have shown that the market of organic agricul-
tural products can reach a very high level only with
balanced consumption and quality control of manufac-
tured products. Examples are such Nordic countries as
Denmark, Sweden, France, Switzerland, and Germany.
The high level of consumer income also contributes to
the development of this market. This can be seen in
the example of the USA, Canada, China, and Australia.
The prospects for the development of the organic prod-
ucts market in the country are closely related to the
development of the following groups of factors: organ-
isational and legal, financial and economic, technolog-
ical, and socio-psychological. Such a systematisation
of factors allows improving and developing effective
measures for the introduction of an organic agricultural
production system, considering the influence of these
factors (Turner et al., 2015).

V\V. Grigoruk and E.V. Klimov (2016) report that
since 2000, the agricultural sector of the Republic of
Kazakhstan has shown a positive development trend,
except for certain dry periods that reduce agricultural pro-
duction. Over 15 years, grain production has increased
by 1.6 times, potatoes - by 2.1 times, and vegetables by
2.2 times. In addition, the area for oilseed crops has ex-
panded by 4.5 times. At the same time, the gross grain
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harvest fully meets the needs of the domestic market of
the country and provides the potential to export up to
8 million tonnes of wheat grain. The Republic of Kazakh-
stan is one of the leading exporting countries of organ-
ic wheat, soybeans, cake, and sunflower seeds. These
products are mainly imported by the countries of the
European Union. According to J. Rustamov et al. (2020)
and Baydildina et al. (2000) Kazakhstan is among the
top 10 leading exporters of organic products in the EU.
In 2019, the export of all environmentally-friendly prod-
ucts increased by 70.5% compared to the previous year,
while the volume of exports of sunflower cakes during
this period fell by 4.6 thousand tonnes. Organic wheat
exports had good indicators, its volume increased by
31.8 thousand tonnes over the same period. In 2019,
the republic also increased the supply of organic oil-
seeds to the EU market by 60.7%. A similar pattern was
observed in the export of ecological soybeans, the vol-
ume of exports of which to the EU market increased by
3.4 thousand tonnes.

A brief analysis of the main areas of develop-
ment of organic agriculture in Kazakhstan showed that
the Concept for the transition of the Republic of Ka-
zakhstan to a ‘green economy” (Decree of the..., 2013)
and the Law of the Republic of Kazakhstan No. 423-V
ZRK“On the Production of Organic Products”(2015) laid
the legal basis for ecological agriculture. According to a
number of researchers, to improve the state of organic
farming in the republic at all stages of the production
of environmentally-friendly products, it is necessary to
introduce a system of total control, clear labelling of
eco-products, carry out inspections and certifications of
production (Uskenov et al., 2016; Rustamov et al., 2020).
Currently, in Kazakhstan, only the regulations of im-
porting countries are applied for the export of organic
goods, which have some differences from the require-
ments of national legislation. This hinders the develop-
ment of the organic industry. According to a number of
researchers (Raihan & Tuspekova, 2022), only technical
support from IFOAM (2022) can ensure the promotion
of Kazakhstan's environmentally friendly products on
the global organic market, and the implementation of
the legislation of the republic into the IFOAM Family of
Standards can give additional advantages, for example,
the recognition of the Law of the Republic of Kazakh-
stan No. 423-V ZRK “On the Production of Organic Prod-
ucts” (2015) by the export markets of Saudi Arabia and
Australia, and the private programmes, for example, the
Global Organic Textile Standard.

0.0. Karamatov (2021) and Lazzat et al. (2014)
argues that, despite the results achieved on the intro-
duction of organic agriculture, there are a number of
problems in the Republic of Kazakhstan: there are no
organisational and economic mechanisms for the imple-
mentation of adopted legislative documents designed to
stimulate organic production in the country; farmers incur
significant costs when obtaining international certificates
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of eco-products from international experts and auditors;
there is no single database where all information on
the structure and volumes of production and export of
organic products would be collected; there is an acute
shortage of specialists in this field; there is an insuffi-
ciently developed infrastructure for the distribution and
marketing of environmentally safe products. To improve
the situation, the authors of this study suggests the
following solutions: to develop a regional programme
for the development of environmentally-friendly pro-
duction, which should include tools for optimising and
specialising producers of organic goods, considering the
specific conditions of the republic; to provide financial
and technical assistance for the effective implementa-
tion of organic projects and programmes; it is necessary
to create a common information database of demand
and supply for eco-products in markets of all levels (from
local to global); to create a national certification service;
to improve the infrastructure for the transportation and
storage of organic agricultural products.

CONCLUSIONS

The investigation of the main global trends has shown
a positive trend in the development of organic agricul-
ture on a global scale. However, at the regional level in
a number of countries, this process is still in its infancy.
Over the past 20 years, the global area under organic
agriculture has increased fivefold and in 2020 amounted
to 74.9 million hectares. Togo and Kenya had the largest
increase in organic production areas, while Uganda, Ka-
zakhstan, and Mexico had a significant decrease (more
than 40%).The growth of farmland under organic produc-
tion was observed in 44 of the 50 countries under study.
In the Republic of Kazakhstan, after the active growth
of organic agricultural areas since 2012, which reached
more than 300 thousand hectares in 2016, their gradual
reduction began and by 2020, the land under organic
farming amounted to 114 thousand hectares or 0.1% of
all farmland in the country. This negative phenomenon
is associated with the deterioration of the economy as
a result of the coronavirus pandemic and the global

economic crisis. Internal problems also contributed to
this: low awareness of the population about the pros-
pects for the development of organic agriculture, under-
developed infrastructure, lack of a domestic market, high
prices for international eco-product certificates, and de-
pendence on international experts.

The results of the reports of the FiBL and the
IFOAM showed that in 2020 Kazakhstan entered the
50 countries-producers of eco-products in terms of occu-
pied organic areas and took 49" place among 190 certi-
fied producers. It was also among the 20 exporting
countries of environmentally friendly products, however,
exports decreased by 30.8% compared to 2019. The de-
cline in export volumes also occurred in China, Ukraine,
Turkey and other countries. In 2020, 279 organic producers
were registered in the republic. The main exports to the
EU countries were wheat, soybeans, seeds and oilcake,
which brought about EUR 9 million to the country's economy.
Analysis of the regulatory framework of Kazakhstan has
shown that the country is actively working to promote
organic agriculture. This is evidenced by the adopted the
Law of the Republic of Kazakhstan No. 423-V ZRK “On
the Production of Organic Products”, the Strategy “Ka-
zakhstan-20507 etc. The survey conducted by the popu-
lation of four regions of Kazakhstan showed an increase
in interest in eco-products, and the establishment of a
steady demand for this type of goods: 42.5% of respon-
dents agreed to spend 10-15% of their income on or-
ganic goods. For a more detailed study of this issue, it is
necessary to conduct regular surveys in all regions of the
republic, and it is also necessary to create a common
database on social, environmental and economic indica-
tors of organic agriculture in Kazakhstan.
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OCHOBHi HaNpPsIMM PO3BUTKY OpPraHiYHOrro CiJibCbKOIro rocnogapcTsBa
B Pecny6niui KasaxcTaH

Pacyn Acun6ekoBuu Kapabacos, Kaitpar KyaHuwo6aiiosuy HypmaraH6eTos,
3eitH MweHb6arioBuy AiiguHoB, lN'ynbHap AxmepiBHa OpuH6ekoBa, AnboHa BikTopiBHa XanoBa

Kasaxcbkuit ArpotexHivyHuii YHiBepcuTeT iM. CakeHa CendynniHa
010011, npocn. XeHica, 62, M. ActaHa, Pecnybnika KasaxcraH

AHoTauis.Pecnybnika KazaxcrtaH Mae XopoLUMi NOTeHLiaN 415 pO3BUTKY EKOJTOTYHO YMCTOrO CilbCbKOroCnoAapCbKoro
BMPOOHULITBA: BEMMKI CiNIbCbKOrOCNOAAPChKI yrifas, Benmka KinbkicTb GepMepcbKMX rocnofapcTs, 3aLikaBieHicTb y
BMPOOHULITBI €KONOTIYHO YMCTOT NpoayKLii. LLi dakTopyu 3yMOBMAM aKTyaNbHICTb AOC/IAKEHHS, 0CHOBHOK METOH SKOT0
6yno [oCNiAUTM OCHOBHI HAaNPSIMKM PO3BUTKY OPraHiYHOro CibCbKOro rocnoaapctea B KasaxcraHi. [fpoaHanizoBaHo
CTaTUCTUYHI AaHi Ta 3BiTM HaykoBO-4OCAIAHOrO iHCTUTYTY OpPraHiYHOro CinbCbKOro rocnogapcraa, MixHapoaHoi
depnepauii pyxy opraHi4HOro CinbCbKOro rocnofapcTaa, [1poaoBonbyoi Ta CiNbCbKOrocnoaapcbkoi opraHisauii OOH;
BMKOPWMCTAHO JIOTiYHI Ta eMNipUYHi MeTOAM; MPOBELEHO OMUTYBAHHSA CMOXMBAYIB i BUPOOHMKIB €KOMOTIYHO YMCTOI
npoaykuii B KasaxcraHi. Y faHii poboTi nokasaHi OCHOBHI TEHAEHLLi pO3BMTKY OpraHiyHoro cektopa B KasaxcraHi
i B CBITi B LinoMy. [locnigkeHHs Nokasanu TeHAEHLH0 3pOCTaHHS OpraHiyHoro BMpobHMLTBA B CBITi, poTe 6arato
KpaiH BCe Lie 3HaXoAATbCs B 3apOAKOBOMY CTaHi WOAO Li€i TeHAEHUI. Ha AaHWIF MOMEHT CBiTOBa n/owa 3emMenb
Nif, OpraHiYHUM CiNbCbKMM rOCMOAAPCTBOM CTaHOBUTL 74,9 MnH. ra, ane B KaszaxcraHi, nounHatoum 3 2016 poky,
CMNoCTEpPIraeTbCst CKOpoUeHHs Takmux nnow, Y 2020 poui BoHM cknanu 114 tuc. ra abo 0,1% Bcix cinbrocnyrifb KpaiHu,
LLL0 NOB'A33aHO 3 NAaHAEMIEI KOPOHABIPYCY Ta CBITOBOK EKOHOMIYHOK KPM30H0. 33 AaHUMM MiXKHAPOLHMX OpraHisauin
Research Institute of Organic Agriculture Ta International Federation of Organic Agriculture Movement, 8 2020 poui
3 190 kpaiH cBiTy KasaxctaH ysiiwoB Ao cnuckie 50 KkpaiH-BMpoOHUMKIB i 20 KpaiH-ekcnopTepiB opraHivyHOi
CiNbCbKOrocnoaapcbKoi NpoayKLii, a eKCnopT Liei NpoayKLii cknae 6aM3bko 9 MAH. €BpO. 3p06IeHO BUCHOBOK, LU0
B Pecny6niui KazaxctaH nocTynoBo CTBOPHOKOTLCS HEOOXiAHI YMOBM A9 BNPOBALKEHHS E€KOMIOTIYHOr0 CislbCbKOrO
rocnofapcTsa, Wo CnpusTMMe NOAIMNWeHHI0 eKOHOMIYHOrO CTaHOBMLLA KpaiHK. [TpakTUYHA 3HAUUMICTb AOCNIAXKEHHS
nongrana B NPOBeAeHHI COLi0NOMYHOro ONMUTYBAHHA CNOXMBAYiB | BUPOOHMKIB €KONOFIYHOT CislbCbKOrOCNOAapChbKOi
NpOAYKLii B 4OTUPbOX perioHax KasaxcTtaHy 3 METO BUSIBJIEHHS CTaHY Ta OCHOBHUX HaNpsMiB pO3BUTKY BITYU3HAHOIO
PWHKY OPraHi4HOro CiNbCbKOro rocnoaapcraa

KntouoBi cnoBa: ekonoriyHo Yncta npoaykLis, eKCnopT, cTaHaapTM3auis, ceptudikalis, 3eneHa eKoHoMiKa
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Abstract. The world export of agricultural and of food products has been a
relevant topic at all times, because it regulated the issue of economic and
social development of many countries. However, this issue became even more
urgent after the start of the COVID-19 pandemic, when the situation in this
sector got very complicated. The aim of the study is to look at the features
of grain export restrictions during the COVID-19 pandemic and how they
can be addressed. The socio-economic method was applied to compare the
economy with the market and take into account the multiplicity of economic
behaviour. Using the functional method, the theoretical foundations
of functional economics were established, focusing on the evolution of
terminology to denote certain combinations of restrictions on the export of
grain products and services during the COVID-19 pandemic. The method of
institutional analysis was used to assess the quality of the institutional basis
of the economy and political structures. It was determined that changes in
the trade sphere stimulated the development of production in deficit areas.
It was defined that the removal of tariff barriers to trade could be useful in
overcoming the crisis caused by the pandemic and also an efficient link to
reducing the costs of international trade.Another conclusion is that it is worth
preserving access to food, rather than restricting exports in countries where
people may suffer from hunger. The practical relevance lies in identifying the
features of appropriate restrictions on grain exports during a pandemic and
highlighting the main ways in which this problem can be addressed
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INTRODUCTION

The end of 2019 was marked by the outbreak of the
coronavirus pandemic (COVID-19). This disease began
to spread rapidly around the world and had a signifi-
cant impact on various spheres of life (Glauber et al.,
2020). At the beginning of 2020, a large number of
measures were introduced to limit the spread of the
coronavirus disease. Those measures were relieved in
the summer of the same year, but by the end of 2020, all
countries of the world still maintained certain restric-
tions (Sulser et al., 2020). These restrictions have had
a negative impact on the economy of many countries,
as well as on international trade. Many countries have
encouraged imports to promote food security, while
some other countries have restricted imports to protect
their citizens from the spread of COVID-19 (Glauber et
al., 2020). These various containment measures affected
the production, processing, trade and distribution of ce-
real foodstuffs in the region, with the greatest impact
occurring early in the pandemic. It should be noted that
world exports of agricultural and food commodities re-
mained relatively stable and unaffected by mines com-
pared to previous years, while world trade in other com-
modities fell by 9.2% (Rude et al., 2019; Liefert et al., 2021;
Headey, 2019). Most of the disruption to agriculture and
food trade occurred early in the pandemic, when several
countries-imposed blockages and other containment
measures.

According to A. Mullen (2020), while various
countries reacted by imposing export restrictions, lead-
ing to increases in prices of staple foods on the world
market, this led to the limitation of the sale of grain by
many exporters. In this way, it was possible to protect
consumers from rising prices. In return, the countries
that bought the grain were forced to lower the customs
tax on food to stimulate internal trade. Consequent-
ly, rather than curbing price rises, these policies only
increased prices on the world market. These restric-
tions, even temporary ones, seem entirely unnecessary.
W. Martin & K. Anderson (2020) think that export bans
by key exporters have restricted world supplies and
have certainly pushed up world prices of staple foods. In
April and May 2020, the total value of agricultural and
food exports fell by 5-11% compared with the overall
averages for the same months of 2018 and 2019 (Inter-
national Trade Centre, 2020). Exports of grain and food
products began to recover to previous indicators in the
summer of 2020, however, since then, prices for the men-
tioned goods started to rise, if compared with the prices
of previous years (International Trade Centre, 2020).

TW. Hertel & M.E. Tsigas (2019) believe that the
value of imports of agricultural products and foodstuffs
followed a somewhat similar trend, but with greater
volatility. According to S. Mitra & T.Josling (2019), the
aggregate value of imports started to decline in Feb-
ruary 2020 and by May had fallen by 15%, compared to
2018 and 2019. In the summer of 2020, sharp changes
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in the dynamics of world trade in agricultural products
were observed. Researchers explain this phenomenon
by the change in the number of products, as a result
of the harvest, as well as by the increasing of taxes in
many countries (Schewe et al.,, 2017). It should also be
noted that throughout 2020, prices for grain and ag-
ricultural products fluctuated. Thus, in the winter and
spring of 2020, export flows worldwide decreased by a
quarter, compared to previous years. However, already
in autumn, export flows increased; therefore, it was
possible to normalize the situation (Puma et al., 2020;
Sustainable Development Goals, 2022; Torero Cullen,
2020). The export of agricultural products should be
divided into two types: primary (grain) and secondary
(cotton, tobacco, fish). Thus, the export of primary goods
was stable during 2020; therefore, it was possible to
avoid a humanitarian catastrophe related to famine.

The purpose of the study is analysing the charac-
teristics of grain export restrictions during the COVID-19
pandemic and how they can be addressed.

MATERIALS AND METHODS

The methodological basis of the study was formed by
the following methods to the study of this topic: social
and economic, functional and institutional. The social
and economic method, complemented by the conceptu-
alisation of a solidarity and pluralistic economy, likens
the economy to the market and takes into consideration
the plurality of economic behaviour, which is part of
the substantive approach to the economy. It refers to
the exchange between an individual and their natural
and social environment. This exchange provides one
with the means to satisfy their material needs. Indeed,
the realisation of the latter requires the elimination of
irregularities, such as the involuntary disconnection and
separation of the global dimension of grain produc-
tivity during the pandemic; the ineffectiveness of the
communication coordination and consultation system.
To meet this need, the social and economic approach
enriches management practices that base increased
export performance during a pandemic on a single com-
bination of factors, in particular, products, markets, and
technologies, that view human capacity as the founda-
tion and aspect that gives clear competitive advantage,
hence as an important lever for improved economic
performance.

The functional approach provides a brief overview
of the origins and theoretical foundations of functional
economics, focusing on the evolution of terminology
to refer to particular combinations of constraints on
the export of cereal products and services during the
COVID-19 pandemic. Drawing inspiration from the va-
riety of categories of solution proposals, a typology can
be identified that is intended to characterise the main
categories of restriction models that companies may
use given the current problem, based on a description




of their mechanisms and a selection of thematic aspects
that offer advantages from an economic point of view
with respect to grain exports. A functional methodol-
ogy that optimises the use of constraints and services
focuses on the management of existing wealth in the
form of cereal products. From this perspective, products
in a pandemic appear to be mere inputs, intermediaries
in a process aimed at fulfilling a function rather than a
central object. Their economic value no longer lies in
their exchange value, but in their use value, where one
doesn’t have to focus only on the cost of production,
but on the total value of services that include the stages
of operation, maintenance or end-of-life processing.
Institutional analysis is built around three basic
principles. Firstly, it develops a programme that integrates
various social science approaches, but goes beyond the
traditional aporias of these methods, which often tend to
focus on the stability of institutions. Second, it analytically
develops a theory of endogenous change in institutions
and an analysis of temporal dependence, in this case the
timing of the extension of restrictive measures in rela-
tion to the pandemic, where individual interactions are
studied in the context of grain export. Third, it reflects the
proper functioning of markets, emphasising that institu-
tional foundations of these markets are strong enough
and that the functioning of political structures plays a
major role here. Indeed, good institutions also stimulate
grain export production by generating savings, invest-
ment in human and physical capital, and the develop-
ment and deployment of useful knowledge, particularly
during the COVID-19 period. The quality of the institu-
tional framework of the economy and political structures
determines decisively the well-being of a society.

RESULTS AND DISCUSSION

Public health crisis associated with the COVID-19 pan-
demic threatens global food security in one way or
another by slowing down grain logistics and transpor-
tation chains. This is enough to make grain-importing
countries fear rising prices while their financial resources
deteriorate. Although global food security has gradually
recovered over the past five years, with more than
820 million people globally undernourished in 2018,
the long-term trend has nevertheless shown a clear
decline in global hunger over 25 years (Sustainable
Development Goals However, 2022), the COVID-19 epi-
demic has now forced nearly half of humanity to stay in
their homes, jeopardising the ability of populations that
are already vulnerable or in the process of becoming so.
The reversal of this crisis is a powerful indicator of the
fragility of food supply chains. After the outbreak of the
epidemic, agriculture and food seem to be the decisive
sectors in the fight against the pandemic, although they
have already been in particular demand since the be-
ginning of the crisis.

All Eurasian zone countries have adopted common
measures (introduction of export duty, limit volumes of
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grain export) to limit exports of raw and processed grain
products (Headey, 2019). To limit inflation on processed
grain products such as bread, Ukraine has restricted
wheat exports to 20.2 million tonnes for the 2019/2020
campaign. Announcements of export restrictions by Black
Sea countries have triggered a panic effect on the mar-
ket and, consequently, significant purchases of wheat for
storage, jeopardising food security in sub-Saharan Africa.
More generally, the unbalanced structure of agrifood
trade on the African continent, i.e., value-added exports
compared to basic food imports, makes it unnecessary to
divert export flows of products that are not staples for
the basic food ration, unlike wheat or rice. All the more so
as the value of export earnings from these commodities
is likely to fall sharply in the coming years. This loss of in-
come at the macroeconomic level for these countries can
also be approached in terms of the micro-economy of
households, where the isolation of population in these
countries blocks the ability to work and earn wages. As
can be seen, the global health crisis raises the urgent
issue of food security. To alleviate supply constraints, the
challenge is to re-establish national or even regional
agricultural policies, where possible, and to strengthen
a production system capable of meeting food needs of
local populations.

Isolating grain exports during pandemic can se-
verely limit the workforce that must work in the fields
or food processing plants, directly affecting food pro-
duction system. But the problem of self-isolation is
much more global, since for the majority of population
in developing countries, income from activities is daily
and allows them buying food. However, by depriving or
restricting labour market with containment measures,
the most precarious workers risk, at best, facing a sharp
drop-in activity and, hence, a loss of income, which
would jeopardise their ability to feed themselves. The
state of public finances in most of these cases does not
allow for a social safety system to compensate for this
labour market failure, especially as much of the activity
is concentrated in the informal economy. Populations
in urban areas with high population densities thus risk
being particularly weakened by these disincentives,
which will disrupt formal and informal labour markets.
Loss of income caused by this reduction in activity will
even worse if it is combined with an increase in the
price of imported staple foods (Pugachov et al., 2021;
Kaletnik & Lutkovskaya, 2020).

Faced with the spread of the pandemic, countries
naturally took measures to restrict exports to make the
national food security of their fellow citizens a prior-
ity. According to the International Trade Centre (ITC)
(International Trade Centre, 2020), 80 countries have
adopted export-restrictive measures since the start of
the crisis, while 57 countries, on the contrary, have Llib-
eralised their imports to boost supply. Of the 130 an-
nounced export restriction or liberalisation measures
worldwide, about 10 concerns the agrifood sector and
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are concentrated in countries of strategic importance
in the global food balance (International Trade Centre,
2020). Food autonomy seems largely secured, but the
global agrifood balance is severely disrupted by this
health crisis and leads some transition and developing
countries to depend on external food source in a new
period of food insecurity. Since late March 2019, due to
fears related to the COVID-19 pandemic, several coun-
tries have adopted policy measures to ensure sufficient

supply on domestic markets and to avoid rising food
prices, including cereals. In Ukraine, a decision to sell
160,000 tons of wheat was made, and at the beginning
of spring 2020, the maximum export volume of this
grain crop was set at 20.2 million tons (International
Trade Centre, 2020). This discovery is all the more par-
adoxical when one considers global agricultural bal-
ances, which show an increasing surplus year on year
(Table 1).

Table 1. Global estimate of global grain production during the COVID-19 pandemic

2021/2022 (based

2018/2019 201972020 202072021 on Hi calculations)

Grain production 2139 2172 2175 2223
(million tonnes)

Consumption 2163 2193 2192 2226
(million tonnes)

Reserves 625 604 608 605
(million tonnes)

Ann.u:?\l difference 12 17 3

(million tonnes)

Major exports 164 156 159 168

(million tonnes)

Source: (International Trade Centre, 2020)

Restrictions that were introduced due to the
spread of COVID-19 strongly affected a number of trade
factors in underdeveloped countries. It is important to
note that due to the introduction of these restrictions,a
number of problems arose.As a result, the production of
grain products decreased. In particular, these problems
include the reduction of personnel and the difficulties
associated with the transportation of grain. The most
important factor that could help in overcoming this
problem was international cooperation. In the context
of a possible humanitarian disaster, governments had
to put geopolitical interests aside in order to establish
communication and find ways to resolve this situation.
Grain has a great influence on the development of the
entire trade in agricultural products, because grain it-
self is the basis for the manufacture of other products.
It should also be understood that this branch of the
economy is seasonal and depends on many objective
factors, such as rainfall, which affect the harvest and
the subsequent situation in this area. Also, government
restrictions in other areas have a great impact on the
development of this particular area; thus, the ban on
crossing the border has a significant impact on coopera-
tion in the field of agriculture.

Many instruments of export restrictions depend
on trade as an engine of economic growth, production
and sales in foreign markets. However, the COVID-19
pandemic has a strong impact on demand in key markets
such as Europe and the US, and also on trade logistics
with these markets. Many regions play a significant role
in grain production for the northern hemisphere markets
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during the off-season, which can be a valuable source of
export earnings. At the agricultural level, the COVID-19
crisis highlights the growing complexity of the food
export equation. Between the desire to move some
production processes to reduce dependence on global
value chains and, on the other hand, to strengthen the
resilience of these same chains so as not to weaken
the supply of structurally dependent countries, the food
prism reveals the difficulty of reconciling the two is-
sues. The most appropriate option would undoubtedly
be to promote a solution aimed at achieving a balance,
i.e., ensuring both a minimum of food autonomy when
agronomic and political conditions that allow it and the
management of exchange flows necessary for the food
security of the most vulnerable areas. This is the kind
of agricultural policy mix strategy that could determine
the future course of global food systems. Special atten-
tion should be paid to the border crossing restrictions
for citizens of another country.Although these measures
prevent the spread of the disease, they have a negative
impact on poor countries, as they destroy already weak
economies. In addition, developing countries are highly
dependent on the export of grain, because in such
countries the agricultural sector forms the basis of the
entire economy (Palamarchuk et al., 2021; Patyka et al.,
2021).

In this situation, it is important for the problem
of export of agricultural and grain products in particular
not to be under control of one single institution. In-
stead, all branches of management and politics should
interact to resolve it. Thus, it is important to establish




cooperation between the governments of different
countries in order to control and improve the situation
in the field of grain trade. Not only government institu-
tions, but also private ones, such as non-governmental
organizations etc. should participate in this process. A
close connection should also be established between
these institutions. Their activities should be aimed at
ensuring the transportation of goods, and sharing their
own experience in this field in general. It is especially
important that countries with strong economies sup-
port weaker partners in order to maintain the balance
of world trade. Attention should also be paid to the in-
formation aspect, since the situation is developing at
a rapid pace, the government needs to receive reliable
data on the field of grain trade in a timely manner (Gior-
dani et al., 2019). The purpose of the mentioned activity
should be to ensure access of farmers to world trade,and
to provide benefits therefor, with the aim of improving
trade. All this can be done through the use and devel-
opment of information technologies. Due to the remote
format of meetings, politicians and heads of organiza-
tions can quickly make decisions without risking health.
The pandemic raises concerns about food security.
Traffic restrictions, markets that can no longer be con-
tained, cargo and trucks blocked at borders,complicated
customs clearance. The health crisis and associated re-
strictions are weakening the distribution and production
chains for agricultural products. With price volatility
caused by shocks to food supply and demand, restrictions
affect, in particular, the poorest people. After all, essen-
tial goods can, in theory, move freely despite restrictions
on movement, but the health crisis has reduced the pace
of exports and many countries are far from self-suffi-
cient. Subjects of international trade in grain products,
in order to maintain a favourable situation, should agree
not to make restrictions hindering trade in agricultural
goods. The focus should be on measures that will help
prevent a global recession and thereby minimise further
increases in food insecurity (Janssens et al., 2020). In
order to fulfil this goal, the governments of countries
must provide assistance of various levels and types, in
particular, it can be additional investments, provision of
social insurance for workers affected by the disease, and
in general control of the epidemic situation at work. To
prevent further weakening, questions of increased in-
ternational aid and debt relief for the poorest countries
should be raised in international bodies, but without
allowing the mistakes of the past to be repeated.
COVID-19 has had a significant impact on the
global food chain. Queues in grocery shops, shortages
of staple foods and difficulties in shopping while re-
specting physical distancing measures have affected
large parts of the world's population. Due to the lack of
distancing options or adequate protection against the
virus in grain-processing plants, many workers have quit
their jobs and this has led to the closure of many plants.
In addition, there has been an increase in food waste
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due to the shutdown of the commercial supply chain.
Uncertainty over food availability can trigger a wave
of export restrictions, causing global market shortages.
International or regional trade makes a crucial contri-
bution to global food security (Barrett, 2020). National
governments need to support local communities and
citizens in increasing local food production, including
grains, through appropriate incentives - financial and
in-kind - to increase food sustainability, minimise food
waste and avoid over procurement to ensure equitable
access to food for all. This unprecedented crisis is an
opportunity to finally give global governance a real di-
mension, which is bound to lead to a deep questioning
of international institutions.

As in many other export supply chains, food sys-
tems are complex and global,and are currently disrupted
by a number of factors: disruption to harvesting, as ag-
riculture is heavily dependent on cheap but skilled and
flexible labour; production disruption, as production
has been completely halted in various locations around
the world due to outbreaks of virus among staff and dif-
ficulties in maintaining physical distancing measures;
transport and trade disruption, as some ports do not
operate normally, delivery may be delayed or cancelled,
trains and trucks cannot cross certain borders, and
some countries have suspended all flights. Although
transportation is permitted, export restrictions can af-
fect delivery and, consequently, reduced grain exports
are affecting livestock farmers. Indeed, some of them
have already experienced difficulties in finding enough
food for their herds. Thus, the human dimension of this
pandemic extends beyond people directly affected by
the virus and seriously threatens the second Sustain-
able Development Goal, which is the elimination of
hunger (Sustainable Development Goals, 2022).1n some
agricultural regions, droughts and locust invasions fur-
ther exacerbate the situation. The pandemic confirms
the need to stress-test the export supply chain, have
an effective business continuity plan and build strong
relationships with suppliers rather than relying on third
parties (Falkendal et al., 2021).

According to D.G. Brewin (2020), as for the current
high grain prices, they rose due to global supply-demand
relationships and regulatory measures imposed by major
exporters, such as additional duties and export restric-
tions, which are the result of the effects of COVID-19.
Nor should one look for a surge in capital interest in
investing in agricultural markets, because such activity
has been ongoing for years and is likely to continue in
the future. R.S. Gray (2020) considers that export restric-
tions operate against a backdrop of panic buying, which
has left supermarkets with empty shelves not because
of a lack of goods but because of logistical obstacles
created by pandemic containment measures. Export re-
strictions on wheat and wheat flour increased the prices
of essential commaodities, including bread. R.F. Ceylan
et al. (2020) convinced that with the onset of the crisis
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triggered by COVID-19, the strain on public policy to
strike the necessary balance between commitments and
needs intensified and required going beyond traditional
measures to guarantee the survival of the health system
and the well-being of the supply chain, particularly ce-
reals. These statements coincide with the results of the
research, because authors found that the pandemic led
to the imposition of mandatory quarantine measures
and border closures by virtually all governments world-
wide. These measures affected both production and
trade flows. Trade distortions led to shortages and un-
expected increases in the prices of major cereal exports.

The opinion by C.M. Galanakis (2020) that a slow-
down in the movement of agricultural and food workers
is blocking many farms is completely relevant. With the
closure of borders due to the pandemic, they have all si-
multaneously become dependent on labour from else-
where. Regarding the flexibility of customs processes,
the multilateral system approaches non-tariff barriers
to trade from different angles, where there is no over-
arching regulation on the issue. In general, J.E. Hobbs
(2020) thinks that none of the instruments prohibit or
discourage measures aimed at removing non-tariff bar-
riers. On the contrary, they include provisions governing
the application of such measures in a non-discrimina-
tory and not overly trade-restrictive manner. According
to W.A. Kerr (2020), the ban on exports and re-exports,
however, was not absolute; as such transactions were
allowed at the request of the party concerned, with
prior authorisation, provided that two conditions were
specified: that the supply of a particular product for the
domestic market was sufficient; the availability of sur-
plus resources had to be confirmed. In this sense, the
evaluation carried out in each case must include a gen-
eral and periodic analysis of the behaviour of the grain
on the export market and also a specific study of the
supply or production capacity of the inputs (Sohrabi et al.,
2020; Xiao et al., 2020; Laborde et al., 2020).

Many regions are struggling to keep borders
open and restore trade flows, several trade-related
challenges have arisen (Ali et al., 2019). Increased air
freight costs due to reduced commercial flights are
hampering supply chain operations and the timely de-
livery of grain (Dey & Shekhawat, 2021). Measures lim-
iting human mobility affect various production, trade
and marketing processes. Also, delays in the transpor-
tation of grain at the borders, due to increased secu-
rity measures, lead to additional financial costs. This
process also takes time; in particular, S. Akter (2020),
claims that such circumstances affect the supply of
seeds and fertilizers to countries manufacturers, which
creates a number of problems in the future. The global
cereal harvest is expected to reach 2.175 billion tonnes
by the end of the 2022 campaign and projections for
the 2022/2023 season are for 2.223 billion tons - the
richest season in the world, as far as figures allow
(Wolfson & Leung, 2020; Boyaci-Gundiz et al., 2021).
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The ratio of available stocks to global consumption has
stabilised between 27% and 30% over the last 5 years,
but with increasingly large differences between cereal
types (Hobbs, 2021). According to S. Kumar (2022), if the
stock-to-consumption ratio of maize drops to 23%, due
to a very strong increase in animal consumption, the ra-
tio of wheat and rice, whose consumption is mainly for
humans, will reach a record 37% by the next campaign.
This is equivalent to an annual coverage of more than
4 months of global consumption of these two grains re-
quired for various diets around the world. At the height
of the 2008/2009 crisis, this figure was not as high,
with an annual coverage of barely 2 months, even as
the price of grains and oilseeds skyrocketed, plunging
populations in some countries into a dynamic of hunger
riots (Kumar et al., 2022).

CONCLUSIONS

The pandemic has caused significant distortions in
international trade and, in particular, in global grain
value chains. Border closures have increased transport
costs and, hence, the costs of international trade. In the
same sense, mandatory quarantine measures, accom-
panied by the closure of production centres and a re-
duction in available labour, have led to shortages and
higher grain prices. Similarly, the costs associated with
customs processes, with fewer customs personnel and
new bio-security procedures, have risen significantly.
Possible ways to improve supply chains could be com-
munication between different regions to share best
practices; development of a trade promotion strategy
by regional organizations; maintaining regular contacts
of authorized bodies with industry, directly or through
certification bodies; digital technology for exchanging
information between countries.

When it comes to protecting health and well-be-
ing of citizens, it is important to ensure that all trade re-
strictive measures on grain exports do not disrupt food
supply chain. It is precisely in times like these that inter-
national cooperation is a necessity, so that the response
to the COVID-19 pandemic does not lead to unintended
shortages of essential goods and exacerbates hunger
and malnutrition. Also important is the development of
digital technologies, by increasing the number and size
of investments and creating opportunities for the devel-
opment of talented young people working in this field.
Beyond the human tragedy, this ongoing pandemic has
deeply weakened economies, plunging many regions
into severe recession, but above all it has disrupted the
established global economic order.And, so far, the global
economy has not fully recovered from this health crisis.
The recovery from COVID-19 has created an imbalance
between supply and demand, leading to severe pressure
on grain prices, in particular due to bottlenecks in pro-
duction chains, to which dizzying increases in transport
and freight costs, rising energy prices, airport disruptions
and shortages of some products have been added.
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O6MeXXeHHS Ha eKcrnopT 3epHa nig yac COVID-19:
0CO6/IMBOCTI Ta LWNASIXU BUPILLEHHS

Onbra BacunisHa Xopakiscbkal, TetaHa BacunieHa KonecHuk?, OkcaHa KOpiiBHa Cambopcbka’®,
FaHHa BikTopiBHa LLleBuyk?, Hatania BonoaumupisHa MepmaHiok?

'HauioHanbHM1 HAYKOBUI LEHTP «IHCTUTYT arpapHOi EKOHOMiKU»
03127, Byn. lepois O6opoHu, 10, M. Kuis, YkpaiHa
2BiHHMUbKMI HaLLIOHANbHWUIA arpapHUiA YHiBEpCUTET
21008, Byn. CoHa4Ha, 3, M. BiHHnuS, YkpaiHa

*BiHHULbKMI fep)XaBHWUIA NefaroriyHunii yHiBepcuTeT iMeHi Muxaina KoutbuHcbkoro
21000, Byn. Octpo3bkoro, 32, M. BiHHMLS, YKpaiHa

AHoTauig. CBiTOBMIA €KCNOPT CiNlbCbKOroCnoAapCbKoi Ta Xap4yoBOi NPOAYKLii 6yB aKTyanbHOK TEMOK B YCi Yacw,
OCKi/IbKM peryntoBaB NMUTaHHS EKOHOMIYHOIO Ta COLLiaNIbHOrO PO3BUTKY BaraTbox KpaiH. OoHaK Lie Hinbluoi akTyanbHOCTI
Le MuTaHHs Habyno nicns nouyatky nanzemii COVID-19, konu cuTyauis B LbOMY CEKTOpi AyXe YCKIaAHWNacs.
MeTol LOCNioKEeHHS € po3rnan ocobnnsocTeit obMexeHb eKCnopTy 3epHa nig Yac naHgemii COVID-19 1a wnsaxis
ix nogonaHHs. CouianbHO-€KOHOMIYHUI MEeTOA, 3aCTOCOBAHO A5 MOPIBHAHHS €KOHOMIKM 3 PUHKOM Ta BPaXyBaHHS
MHOXWMHHOCTI €KOHOMIYHOT NOBeAiHKKU. 33 AONOMOro (QYHKLIOHAaNbHOMO METOAY BCTAHOBNEHO TEOPETUYHI 3acaam
(dYHKLIOHaNbHOI eKOHOMIKM, 30CepedyKeHO yBary Ha eBOJIOLi TEPMIHONOrIT ANS NO3HAYEHHS NEeBHUX KOMOiHaLiM
0bMexeHb Ha eKCnopT 3epHOBOT NpoayKLii Ta nocayr nig yac naHgemii COVID-19. MeTop, iHCTUTYLiMHOIO aHanisy
BMKOPUCTAHO A1 OLLIHKM SKOCTi IHCTUTYLLIMHOrO 6a3ncy eKOHOMIKM Ta NONITUYHUX CTPYKTYP. BU3HaueHo, Wwo 3MiHK
B TOProBeNbHii chepi CTUMYNOBaAN PO3BUTOK BUPOOHMLUTBA B AedilMTHMX rany3ax. BctaHoBNEHO, Wo yCyHEeHHS
TapudHux bap'epiB y TopriBni Moxe 6yTM KOPUCHWM Yy MOAONAHHI KPU3M, WO CMIPUYMHEHA NAHAEMIEI, @ TaKoX
[LIEBOIO NIAHKOK 3HWXXEHHS BMTPAT MiXXHApOAHOI TOpriBAi. [HWKIA BUCHOBOK NONArae B TOMy, WO BapTo 36epirati
[OCTYN [0 NPOAOBO/BLCTBA, @ He 0OMeXyBaTW eKCropT y KpaiHax, Ae NoAM MOXYTb CTPaXAatv Bifg, ronoay. NpakTuuHa
3HaYyLLiCTb POBOTU NONATAE Y BU3HAYEHHI 0COBNMBOCTEN AOLINbHUX 0OMEXeHb eKCNOoPTY 3epHa Mif, Yac naHAeMii Ta
BMOKPEMJIEHHI OCHOBHMX WNAXIB BUPILLEHHA Li€i npobnemu

KntouoBi cnoBa: ctanuii po3BUTOK, NaHAEMIS, NPOAOBONAbYA He3neka, MaKpOeKOHOMIYHE cepefoBuLLe
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INTRODUCTION

Due to the abundance of economic crises in the last
few years, international economic processes, as well as
functioning of each individual economic system, have
undergone huge changes (Guenette et al., 2022; Jack-
son et al., 2021). Therefore, it is not surprising that irre-
versible developments have also affected the economy
of Tajikistan, which has undergone significant changes
in recent years, affecting almost all spheres of economic
activity. These changes require a review of the princi-
ples of economic management at companies, including
agricultural enterprises, and cause the need to improve
the means and methods of managing them.Under modern
conditions, the main task of managing agricultural en-
terprises is to increase profits and achieve the highest
efficiency of agricultural production. Agricultural sector
is dominant in the national economy of the Republic
of Tajikistan; therefore well-being of the country's pop-
ulation depends to a greater extent on the state and
efficiency of economic entities in this sector (Khush-
vakhtzoda & Oyey, 2020).

Economists agree in their reasoning that account-
ing,and in particular, management reporting, is required
not only for the state (to evaluate the enterprise regarding
the legality of its activities and levying taxes that are
fair, in the opinion of the state), but also for the company
itself, which thus gets the opportunity to monitor devel-
opment and make management decisions during its ac-
tivity (Ystrom, 2019; Gardi et al., 2021). Thus, discussion
of modern strategic management tools at agricultural
enterprises of the Republic of Tajikistan remains import-
ant. A significant number of scientists have worked on
the analysis of this and related problems. In particular,
K. Pawlak and M. Kolodziejczak (2020) described the
peculiarities of preparation of accounting statements
in the Republic of Tajikistan, pointed out disadvantages
of the existing reporting system, and also emphasised
the importance for the country to transition to inter-
national financial reporting standards in their work. In
turn, T.F. Plotaeva and V.A. Yakushina (2013) worked on
studying the advantages and disadvantages of the “di-
rect costing” system. In their work, they described the
features of this system in sufficient detail, and also em-
phasised the purposes which it is best used for. C. Ratnasih
and R.A. Sulbahri (2022) also worked on this matter,
focusing on the effectiveness of this model based on
empirical indicators at Indonesian enterprises. At the
same time, W.K. Shihab (2022) describes the ABC (Activity
Based Costing) system in the same manner outlining its
positive and negative features.

The objective of the research is the overview of
enterprises of the agricultural sector as such, as well
as their methods for choosing tools of strategic man-
agement accounting. The novelty of the work consists
in a detailed coverage of the features of the main cost
accounting systems at enterprises (‘standard costing’,
“direct costing” and ABC), as well as in description of
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the benefits and negative effects received by companies
from their use.

Thus, the purpose of the work is to analyse the
methods of choosing strategic management tools for
enterprises in the agricultural industry, and to determine
the principles of this choice.

MATERIALS AND METHODS

As part of the research, great attention is paid to the
problems of choosing cost accounting systems at agri-
cultural enterprises. In particular, the “standard-costing”,
“direct-costing” and ABC systems are considered. Such
choice was made because the system of instruments
of strategic management accounting itself is quite ex-
tensive. This makes it almost impossible to consider all
its components in one paper. Thus, it was decided to
concentrate only on one of its components.

The main sources for writing the article were
the works of other authors. In addition, some statistical
sources were used,among which it is worth highlighting
the Statistical Yearbook of the Agency on Statistics under
President of the Republic of Tajikistan (2022). An import-
ant role was also played by regulatory acts used in the
work: Order of the Ministry of Finance of the Republic of
Tajikistan No. 124 “On Approval of the Instruction on the
Procedure for Filling in the Forms of Quarterly and Annual
financial statements by business entities” (2001), Reso-
lution of the Government of the Republic of Tajikistan
No. 210 “On Approval of the Regulations on Calculating
the Cost of Products (works, services) at enterprises and
organizations of the Republic of Tajikistan” (1999) and
Order of the Ministry of Finance of the Republic of Ta-
jikistan No. 41 “On Approval of the Chart of Accounts for
Accounting of the Financial and Economic Activities of
Economic Entities and the Guidelines for the Application
of the Chart of Accounts for Accounting of the Financial
and Economic Activities of Economic Entities” (2011).

Thus, theoretical abstract-logical methods of re-
search became the basis of the work. The main method
was analysis, the reason for which is the data processed
in the work and used in the formation of the main con-
clusions of this research. With the help of modelling,
the influence of different types of cost accounting on
the development of the enterprise to determine their
advantages and disadvantages was formed; abstraction
was also used to achieve the same goals. Also, the work
uses the method of deduction, which allows forming
a complete vision with the help of individual data on
the state of the strategic management accounting in-
struments in Tajikistan. Historical method, which made
it possible to assess the history of the development of
the agricultural sector in the country, was used as well.
In addition, a significant number of statistical research
methods were used, among which it is worth high-
lighting the graphic one, allowing qualitatively demon-
strating, order and analysing disarranged data sets.
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Therefore, the entire work can be divided into
several main stages. The first one briefly describes
the general current state of the economy of Tajikistan,
namely, the country's agricultural sector. At the second
stage, the features of the operation of the three main
methods of cost accounting (“standard costing”, “direct
costing” and ABC) when using them during enterprise
accounting are described; possibilities of cost estima-
tion at companies are analysed, based on the features
of accounting in the country. At the third stage, the
obtained results were compared with data from the
works of other scientists.

2017 2018 2019

RESULTS

Effective functioning of a modern agricultural enterprise
implies a combination of various interrelated produc-
tion sectors and farms (crop production, animal farms,
processing of uncultivated agricultural products) (Nin-
son, 2020; Liu, 2021). In some cases (for example, when
summarising and presenting statistical information on
certain macroeconomic indicators), hunting, forestry
and fisheries are added to the agricultural sector. Today,
agricultural enterprises of the Republic of Tajikistan are
a key link in the process of food production and play
an important role in ensuring the food security of the
country. This trend can be seen below in Figure 1.

22.6

b | 203 19.8 20.9
16.6 16.8 16.8 - Agriculture (including hunting,
15 - 139 forestry and fisheries)
11.9 . 117 12.5
10 +— | ] Mining and processing industry
7.5
5 Construction
0 ;

2020

Figure 1. Share of the main industries in the production of gross domestic product of the Republic of Tajikistan, %
Source: compiled by the author based on data from the Statistical Yearbook of the Agency on Statistics under President

of the Republic of Tajikistan (2022)

As can be seen from Figure 1, the country has
a significant share of all agricultural products in the
structure of gross domestic product (GDP) production. So,
if in 2020 the volume of GDP production in the country
amounted to 82543.0 million somoni,then 18659.8 mil-
lion somoni of this (or 22.6%) falls on the agricultural
sector and production areas close to it (hunting, forestry
and fisheries). With the increasing importance of ag-
ricultural production in the national economy, special
attention is paid to improving the management system
of agricultural enterprises (Ferreira et al., 2022; Fan &
Rue, 2020). Working in difficult market conditions, agri-
cultural enterprises are trying to ensure the efficiency
of their production through the use of modern manage-
ment tools. As evidenced by the experience of manage-
ment activities in the country and abroad, one of the
factors that most influence the efficiency of the produc-
tion activities of agricultural enterprises is the cost of
their products (Kumudasari & Saroso, 2020). The quality,
timeliness and relevance of information on the cost
of production used to manage agricultural enterprises
affect all indicators of their performance (Dagmara &
Cichon, 2017; Sener et al., 2019). Reliable and timely in-
formation on the expenditures and costs of agricultural
production determines the validity of management de-
cisions made by managers of agricultural enterprises,
and also contributes to an increase in the overall
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efficiency of their production activities. Such information
is formed in the management accounting system, one
of the most important components of which is strategic
accounting.

Strategic management accounting provides di-
rectors and managers of modern agricultural enterprises
with an effective and diverse toolkit, among which the
leading place is occupied by methods and tools for ac-
counting and managing production costs (Nik Abdullah
et al., 2022). At the same time, the choice of the most
appropriate methods and means from the totality of the
proposed tools is a serious problem of strategic man-
agement accounting in modern conditions. The quality
of the information base for strategic planning, control
and analysis, and, consequently, the level of efficiency
of the entire system of strategic management account-
ing depend on the optimality of this choice (Shalaeva,
2014). Special literature on management accounting
discusses the means and methods, realisation of which
can technically implement various accounting procedures
for preparing information for cost management in stra-
tegic management accounting (Pronyaeva & Fedoten-
kova, 2015). The methodology of strategic management
accounting in terms of managing expenditures and
product costs can be implemented on the basis of tra-
ditional elements of the accounting method (documen-
tation, inventory, accounts and double entry, balance




sheet generalisation, evaluation, costing), economic
analysis (grouping, comparison, vertical analysis, hori-
zontal analysis, factor analysis, coefficient analysis) and
management (planning, forecasting, development and
application of norms and limits, control, regulation,
etc.) Strategic management accounting, applying and
adapting these methodological components, creates
its own methodological toolkit, its choice of elements
depending on the set management goals and specific
management tasks to be solved. Traditional accounting,
economic analysis and management play a key role in
the formation of management accounting tools.

After having explored the literature on manage-
ment accounting, as well as taking into consideration
the peculiarities of the organisation of production in
the agricultural sector of the Republic of Tajikistan, the
following conclusion was drawn: the basis for the de-
velopment of modern tools for strategic management
accounting at agricultural enterprises in order to man-
age the cost of agricultural products and analyse the
behaviour of costs in this industry can be integration
of positively proven management accounting systems.
Among such systems, the systems of “standard costing”
(normative cost accounting),“direct costing” (accounting
for direct variable costs) and ABC (Activity Based Cost-
ing) or “activity based costing’, etc. can be considered.
The cost accounting system “standard-costing” is a sys-
tem for calculating the cost at standard expenditures
(Eisenberg, 2016). The term standard costing means
“pre-set cost” and the cost accounting method based on
it is that the accounting reflects not what actually took
place, but what should happen (Avdeeva et al., 2020).
When it is applied, deviations of actual costs from nor-
mative (standard) are separately reflected in account-
ing. All costs incurred in accounting are correlated with
the normative; an analysis of the identified deviations
is carried out when comparing the actual costs with the
normative ones. The purpose of this cost accounting
system is to identify losses and deviations in the profits
of the enterprise.The system is based on the preliminary
rationing of costs for the manufacturing of products.

The essence of the “direct costing” system is the
division within its framework of all costs of the enter-
prise into fixed and variable (Caril & Canavari, 2013).In
it, fixed costs (related to the reporting period and not
dependent on production volumes, sales or other vari-
able indicators) are not included in the cost of manu-
factured products, and when calculating the cost price,
only variable costs are taken into account (directly de-
pendent on the volume of output, sales or other vari-
able indicators). Finished goods and work in progress
are taken into account only in the amount of variable
production costs; the fixed costs of the reporting pe-
riod are generally attributed to the financial result of
the enterprise and are not allocated to specific types
of products (Prlggler et al., 2011). Under the condi-
tions of using the “direct costing” system at agricultural
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enterprises, the scheme for constructing a profit or loss
statement becomes multi-stage. A distinctive feature
of this cost accounting system is that it makes it pos-
sible to explore the relationship between production
volume, costs and profit. The problem of using the “di-
rect costing” system is the difficulty in identifying and
differentiating variable and fixed costs due to the dif-
ficulty of assigning them to a specific category of costs.
According to the national accounting rules (Order
of the Ministry..., 2001; Resolution of the Government...,
1999) and in accordance with the chart of accounts for
the financial and economic activities of economic enti-
ties of the Republic of Tajikistan (Order of the Ministry...,
2011), all variable costs of an agricultural enterprise
(wages of workers associated with the production of
agricultural products, costs of raw materials, other ma-
terials, etc.) are accumulated on the synthetic account
10730 “Work in progress” and then, as products are re-
leased, they are attributed to the balance of finished
products and work in progress. Agricultural enterprises
can also record variable expenses in the accounts of cat-
egory 55100 “Expenses for the production of biological
assets”, depending on the types of agricultural activi-
ties, types of biological assets and the harvested crops.
The fixed costs of an agricultural enterprise (rent
of fixed assets, interest on a bank loan, advertising and
sales promotion expenses, etc.) are reflected in the ac-
counts of the category 55200 “Sales expenses”, 55300
“General and administrative expenses” and are debited
at the end of the reporting period debit account 70000
“Summary of income and expenses”. The results of the
activities of agricultural enterprises are recognised at
fair value less the estimated costs of selling finished
products and are reflected in the accounts of category
10750 “Agricultural products from biological assets”
(10751 “Finished crop production”, 10752 “Finished
livestock products”, 10753 “Finished industrial products”,
10754 “Finished products of auxiliary production and
other agricultural services”, 10755 “Products purchased
from the population”) and the corresponding accounts of
category 11400 “Biological assets” (11410 “Animals - con-
sumable biological assets”, 11420 “Animals - fruit-bear-
ing biological assets”, 11430 “Plants - consumable bi-
ological assets”, 11440 “Fruit-bearing plants”, etc.). The
difference between identified amount and the cost of
identified biological assets - profit or loss from agricul-
tural activities is reflected in the accounts of category
44100 “Income from biological assets” (44110 “Profit
(loss) from the initial recognition of biological assets,
44120 “Income from the collection of agricultural prod-
ucts”, 44130 “Profit (loss) from changes in the fair value
of biological assets” (Order of the Ministry..., 2011).
Today, many agricultural enterprises, when cal-
culating the cost of production, face a significant prob-
lem in choosing the method of allocating overhead
(indirect) costs between types of products (Lizot et al.,
2021).For a long time, in their management accounting
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system, they have been accepting direct labour costs for
the production of a unit of output as the basis for the
distribution of overhead costs. However, in modern market
conditions, this procedure has lost its effectiveness, and
agricultural enterprises resort to finding a new procedure
for distributing overhead costs. The prerequisites for
the search for new methods of distribution of overhead
costs were the following circumstances:

- expansion of the range of types of agricultural
products and crops produced, as well as an increase in
the volume of products and costs for their production;

- a decrease in the share of direct labour costs in the
cost structure and a proportional increase in indirect
overhead costs as a result of greater involvement of
mechanisation and automation in the production of crops
and products;

-an increase in the expenditure of costs not related
to the production activities of agricultural enterprises
(costs for logistics, advertising and sales promotion,
costs for the preparation, adjustment and maintenance
of mechanisation and automation).

In addition, the use of computer technology and
new technology for processing accounting information
has made it possible to apply more advanced and so-
phisticated methods for processing primary accounting
information. The above circumstances were the reason
for the use of ABC system in cost accounting and calcu-
lation of the cost of agricultural products. This system
implies that production costs arise as a result of per-
forming certain types of activities or works (operations).
At the same time, it is considered that products are not
the cause of costs, but the cause of operations or works
that result in costs (Egorova & Yudanova, 2015). Manu-
facturing of each product requires performance of cer-
tain operations (works) that demand certain resources.
This circumstance contributes to the cost accounting
methodology based on the process approach. It is the
processes that help to objectively evaluate and explore
the relationship between output and costs. The main
difference between ABC system and other cost account-
ing systems is the special procedure for distributing in-
direct (overhead) costs. Under the conditions of appli-
cation of this system, the cost of agricultural products is
defined as the cost of direct expenditure plus the share
of indirect expenditure of each type of activity included
in the cost of this product. In turn, the share of indi-
rect expenditure is defined as the product of the of cost
carriers value (cost carrier is an indicator of measuring
the activity of a particular type of activity, reflecting the
essence of this type of activity and interconnected with
the object whose cost is being calculated) of this type
of activity by its quantitative value, correlated with a
specific object cost calculation.

DISCUSSION

In general, as noted in the work of |. Boryshkevich (2014),
the term “strategic management” came into use at the
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turn of 1960s and 1970s, to emphasise the difference
between the current management at the production
level and the control that was carried out at the highest
level to predict various kinds of events affecting com-
pany development in the future. Thus, this phenome-
non is relatively new in terms of modern business. In
turn, interpretation of the concept of “strategic manage-
ment accounting tools”, which is one of the components
of “strategic management”, remains ambiguous, since
it can be described differently by different scientists.
A.. Glushchenko and E.N. Samedova (2012) define it as a
complex mechanism for coordinating and integrating
specific tools for the formation of accounting and man-
agement information. Its variable use enhances the abil-
ity to achieve goals, and the tool as a means of practical
implementation of one or a combination of its methods.
As follows from this definition, the tools of strategic
management accounting contribute to obtaining infor-
mation that meets the management needs of various
users about the production activities of an agricultural
enterprise. Under the tools of strategic management
accounting at agricultural enterprises is understood a
set of means and methods for obtaining, processing,
summarising and presenting information necessary for
making valid and effective management decisions, as
well as evaluating their implementation.

It should be also noted that the accounting re-
porting standards of Tajikistan are not effective enough,
because they possess many attributes that have re-
mained since the existence of the Soviet Union. There-
fore, in Tajikistan, as in most post-Soviet states, an at-
tempt was made to switch to International Financial
Reporting Standards (IFRS). However, there were some
problems. N.A. Prodanova et al. (2016) admit that, for a
qualitative transition to new audit standards, the country
lacks the knowledge and experience for such a transfor-
mation nationwide. In addition, there are financial, in-
formational and resource shortages. In addition, entre-
preneurs themselves lack motivation to shift to these
standards. A serious problem also turned out to be the
contradiction between the regulatory framework of
Tajikistan and IFRS. However, in case of a gradual tran-
sition to the principles of international standards, the
country's enterprises will not only be able to interact
with creditors much easier, but will also receive new
opportunities for more innovative accounting, which will
increase their efficiency.

It was already mentioned that in the Republic of
Tajikistan, agricultural sector played an important role
for the functioning of the economy as a whole: this was
due not only to macroeconomic indicators, but also to
some others. In particular, S.A. Kurbonov (2011) argues
that agriculture in the country remains and would prob-
ably remain the principal component in the structure of
the economy along with industry and other sectors. The
scientist describes the industry as very promising in the
subsequent development of the country and believes that




it should become its basis. This is especially relevant in
today’s realities, given the momentum the global famine
problem is beginning to gain (Pollard and Booth, 2019).
At the moment, there are many problems in the coun-
try's agriculture. Without going into too much depth,
entrepreneurs should probably focus on intensive ex-
pansion methods for their decisions, since, as K. Pawlak
and M. Kolodziejczak (2020) note; such methods are
more efficient than extensive. The work describes the
essence of the functioning of several cost accounting
systems, the first of which is the “standard-costing” sys-
tem. During its analysis, conclusions were drawn that it
had significant advantages, which were based on the
timely identification and prevention of adverse events
in the process of forming the cost of production and the
profit of the enterprise. It should be noted that its effec-
tiveness is noticed by some scientists from other coun-
tries using empirical data as an example. However, other
scientists highlight some of the shortcomings of this
system. In particular, Pyper et al. (2022) writes about
the complexity of these standards (difficulties in deter-
mining the balance of finished products in the ware-
house and work in progress in the workshops due to
changes in market prices under inflationary conditions).

As for “direct costing” system, it also has its ad-
vantages and disadvantages in comparison with others.
It should be noted that in general there are two variet-
ies of this system: direct (basic, classical) “direct costing”,
as well as developed, differentiated multi-stage “direct
costing” (variable costing), however, it will be considered
only their general features (Ratnasih & Sulbahri, 2022).
T.F.Plotaeva and V.A. Yakushina (2013) evaluate the ben-
efits received by the company when usin direct costing
system. Among them is the ability to quickly reorient
production in response to rapidly changing market con-
ditions and find the types of products or services with
the highest profitability (thus getting the opportunity to
switch exclusively to their production). In other words, a
feature is the ability to calculate variable costs separately
for each product. Scientists describe many other advan-
tages of the system,as well as its disadvantages, but point
out that they are few compared to the benefits. It can be
only noted that the main disadvantage of this system
is that it can be very difficult to accurately separate the
variable and fixed costs at the enterprise, which is why
the process of accounting formation can be laborious.

W.K. Shihab (2022) describes ABC costing system
in great detail in his work. In the article, the scientist
defines a whole set of positive and negative aspects of
the system. Among the advantages, the scientist high-
lights the following: the system determines the goods
and services that make the greatest or least contribu-
tion to the business, calculates costs more accurately,
which gives greater control over indirect costs, provides
information for making strategic decisions, is applica-
ble to all types of organisations, allows linking costs
with their cause, measuring the performance of both
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workers and departments, creating financial forecasts.
Among the flaws, the scientist writes about the high
level of the reliability of information role (much higher
than that of others), possible difficulties in determining
cost factors; in addition, the system requires primary
cost sharing, is focused on cost optimisation, leaving
aside the organisation's systemic vision, and also does
not adequately account for unforeseen expenditures
in the cost. It is difficult to unequivocally answer what
kind of cost accounting system at an enterprise as a
whole can be the most effective for conducting agri-
cultural business. Complicating this task is the fact that
all methods have their strengths and weaknesses, many
of which are important for the functioning of agricul-
ture. However, according to the author, the ABC system
can still be the most effective for companies, given the
positive factors that it brings, in particular, the ability to
regulate indirect costs, the ability to evaluate the per-
formance of separate costs and departments, determine
the type of product that brings the most business ben-
efits (in this case, the type of culture), etc. It should be
noted that among existing methods there is definitely
no best one, since each of them can be more useful in
different situations.

CONCLUSIONS

In the work, some features of submitting financial
statements in Tajikistan were briefly considered, point-
ing out some of their shortcomings and the need for
a subsequent transition to international auditing stan-
dards. In addition, the article describes the current state
of the agricultural sector in the country. In the context
of agriculture, it is noted that the sector is quite prom-
ising for subsequent progress in the country,and more-
over, for becoming its foundation.

The article analyses three main types of cost ac-
counting for products, namely, “direct costing’, “standard
costing”and ABC. It was shown that all of them had their
own strengths and weaknesses and were suitable for
solving a certain range of problems. Thus, “direct cost-
ing” can be the best choice if the company wants to be
able to accurately estimate the amount of costs per unit
of production; ABC - to evaluate the performance of indi-
vidual departments in the company; “standard-costing” -
to evaluate deviations in the results obtained from the
planned ones. Therefore, the choice of strategic manage-
ment tools for effective cost accounting and calculation
of production costs for a particular agricultural enter-
prise will differ depending on the goals pursued by the
company. Many performance indicators of the company,
as well as its ability to make the right management de-
cisions, will depend on how correctly the management
accounting tool is chosen. The system of cost accounting
and calculation of the cost of production chosen by the
enterprise should be fixed in the accounting policy of the
agricultural enterprise. However, according to the author, in
general,the most effective for companies in the agricultural
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sector, among all the models described in the paper, is the optimal strategic management accounting tools for
the ABC system. the most efficient enterprise management. In addition,

A promising direction for further research is it is important for future research to consider in more
the formation and compilation of practical advice for  detail other components of the strategic management
entrepreneurs in the agricultural sector to determine  accounting toolkit.
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AHani3 cydacHuX iHCTPpyMEeHTIB cTpaTeriyHoro ynpaBniHCbKOro o6iky
Ha cinbcbKorocnopgapcbKuMx NianpueMcTBax

Kob6ungyxoH Xywax3soaa

TamXUUbKMIA HALIOHANbHWIA YHIBEpCUTET
734025, npocn. Pypaki, 17, M. QywaHbe, Pecnybnika TafXnKncTaH

AHoTaujig. Y cyyacHux peanisix yHKLIOHYBaHHA NiANPUEMCTB BaXKMBY POSb BiAIrparoTb METOAM BEAEHHS YNPaBAiHCbKOro
06niky. ToMy 3aBXAM aKTyaNbHOK € OLiHKA ePeKTUBHOCTI iCHYUMX METOAIB, MOLYK MOX/IMBOCTEN iX YLOCKOHANEHHS
abo po3rsg HOBMX 061iKOBMX IHCTPYMeHTIB. Y AaHivi poboTi akueHT 3pobneHo Ha aHanisi iHCTpYMEHTIB CTpaTeriyHoro
ynpaBJiHHS B paMkax Pecnybniku TagXMKUCTaH Ta arpapHOro CeKTopy KpaiHW, MPUYMHOKD YOro € MOro 3HayHa posib B
edeKTMBHOMY pPO3BUTKY EKOHOMIKM AepxaBu. MeTa po60oTH — MoKa3aTu NpUHLMIM BUOOPY iHCTPYMEHTIB CTpaTeriyHoro
0071iKy Ha CiflbCbKOrocnoaapcbkmx MiANpPUEMCTBAX TamKMKMCTaHY Ta OLIHUTK iX edeKTUBHICTb. OCHOBHMM METOAO0M
pocnimpkeHHs B poboTi 6yB aHanis, KpiM TOro, BaXXAUBY po/b Bifirpanu MeToaM MoAentoBaHHS, abCcTparyBaHHs,
iCTOpPMYHMIA NiaXig Ta iHWI iIHCTpYMeHTW. Y poboTi NpoaHanizoBaHO 0CcobAMBOCTI Byxrantepcbkoro 0bniky B Pecnybniui
TafKMKNUCTaH B KOHTEKCTI Cy4aCHOrO CTPATeriyHOro ynpasAiHHA HA CibCbKOrOCNOAAPCbKMX MigNpUEMCTBAX. Y CTaTTi
TaKOX KOPOTKO OXapaKTePM30BaHO Cy4aCHMIM CTaH arpapHOro CeKTopa, Moro ponb Yy GyHKLiOHYBAHHI EKOHOMIKM KpaiHu
Ta nepcnekT1Bn po3BuTKyY. KpiM Toro, npoaHanizoBaHo 0CO6MBOCTI TPbOX OCHOBHMX CTPATEriYHUX METOAIB YpaBiHHS
BUTPATaMU, @ CaMe: KCTaHAAPT-KOCTUHI, «AMPEKT-KOCTUHI» Ta «Activity Based Costing», on1caHo nepesaru Ta HeLoMiky,
AKi MOXe OTpMMaTH MiANPUEMCTBO, BUKOPUCTOBYHOUM OOMH 3 LUMX MeTomiB. CTaTTa AOAAE HOBi 3HAHHS 40 KOHLEeMLiM
CY4YaCHOro CTPaTeriyHOro yrnpas/iHHS, 30KpeMa B KOHTEKCTI CifIbCbKOroCnoAapCbKMX NiANPUEMCTB, @ TAaKOX A03BONSE
Kpalle 3p03yMiTM 0COBAMBOCTI EKOHOMIYHOTO PO3BUTKY TamKMKMCTaHy Ta MeTOOM BedeHHs Byxrantepcbkoro obniky B
Liv KpaiHi

KntouoBi cnoBa: arpapHuit cekTop, EKOHOMIKA TabKMKUCTaHY, ByXrantepCbKmii 06AiK, CUCTEMM KasbKyHOBaHHS COBiBApTOCTI,
NiANPUEMHULTBO

Scientific Horizons, 2022, Vol. 25, No. 9

133



XypHan
«HAYKOBI TOPU3OHTU»

Tom 25,N2 9
2022

(AHenilicbkoto M08oK)

PeparyBaHHS aHI/TOMOBHUX TEKCTIB:
C. Boposcbkui

BianosigaanbHuit pepakrop:
M. Kokpa

PeparyBaHHa 6i6niorpagiyHmx cnuckis:
[. Kokpa, K. Cocenko

Komn'ioTepHa BepcTKa:
K. Cocenko

MipnucaHo po apyky 3 opurinan-maketa 30.11.2022
YM. apyk. apk. 15,7

BupasHMuTBO: [MONICHKMIM HALiOHANBbHUIA YHIBEpCUTET
10008, 6-p Crapuii, 7, M.)Knutomup, YkpaiHa
Ten. (0412) 22-04-17
E-mail: info@sciencehorizon.com.ua
www: https;//sciencehorizon.com.ua



Journal
"SCIENTIFIC HORIZONS"

Volume 25, No. 9
2022

Editing English-Language Texts:
S.Vorovsky

Managing Editor:
D. Kokra

Editing Bibliographic Lists:
D. Kokra, K. Sosiedko

Desktop Publishing:
K. Sosiedko

Signed to the print with the original layout 11/30/2022
Conventional Printed Sheet 15.7

Publisher: Polissia National University
10008, 7 Staryi Bvld., Zhytomyr, Ukraine
Tel.(0412) 22-04-17;

E-mail: info@sciencehorizon.com.ua
www: https;//sciencehorizon.com.ua/en





