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Effect of probiotic biopreparation on fatness, organoleptic...

were used: physical, organoleptic, chemical. It was found that the use of Bacillus subtilis and Bacillus licheniformis
(2.5x10° CFU/qg) with whey powder filler increased productivity, specifically, the live weight of broiler chickens
increased by 4.02% (P<0.001) when fed at a dose of 2.0 g/10 dm? of water and by 4.75% (P<0.001) in experiment
3 compared to the control group. An increase in indicators in the experimental group 3 was found, namely, the
average daily weight gain of carcasses - by 8.33% (P<0.001); total weight of the bird carcass and neck giblets - by
26.48% (P<0.001); weight of internal fat - by 1.89 times (P<0.001) compared to the control. Statistical significance
(P<0.001) was also found in the increase in the weight of internal organs (stomach, liver, heart, adrenal gland) in
experimental groups 2 and 3 compared to the control. The improvement in organoleptic and tasting characteristics
of poultry meat and meat broth after feeding the probiotic preparation, specifically in experimental group 3, was
summarised. The obtained quantitative and qualitative chemical parameters using express and optimised methods
indicated the freshness of broiler chickens meat at (0-4)°C cooling, at which it is allowed to sell poultry carcasses
up to 5 days, of control and experimental groups 1, 2, 3. The practical value of this study lies in the use of a
probiotic biopreparation by veterinary specialists at broiler chick production facilities to increase the productivity
of broiler chickens and improve the quality and safety of their slaughter products

Keywords: probiotic; poultry fatness; chemical composition of meat; qualitative and quantitative indicators;

express and advanced methods

INTRODUCTION

The relevance of this study lies in determining the ef-
fect of the probiotic biopreparation on the fattening
of broiler chickens, as well as on organoleptic, tasting,
and chemical parameters. S.L. Weimer et al. (2018)
noted that in European countries, in the production of
broiler chicken meat, the search for probiotic prepa-
rations is carried out to satisfy food market operators
with intensive poultry rearing technology and obtain
high quality and safety indicators of meat and slaugh-
ter products. P. Chaturvedi et al. (2021) noted that
probiotics are an alternative to preventing the use of
antibiotics in animal feeding, as antibiotic resistance
is emerging, which should be assessed for their toxic-
ity levels when investigating them in the environment
and in animals, and to identify potential hazardous
risks to human health and the environment.

When broiler chickens were fed the probiotic
preparation of Bacillus subtilis (10° CFU/g) for 6 weeks,
an increase in the average weight of the poultry group
was determined by 17.19% as early as in the 5th week
compared to the control group (P<0.05). According to
Y. Dong et al. (2020), research findings indicated that
the probiotic preparation of Bacillus subtilis can be
used instead of antibiotics to stimulate the growth of
poultry, improve immunity, and increase resistance to
infectious diseases of poultry. The positive effect of
probiotic preparations containing Clostridium butyricum
(6x10° CFU/qg) and Enterococcus faecalis (2x10%* CFU/q)
on animal productivity, increase in final weight, in-
crease in average daily gain and feed conversion was
established (Wang et al., 2019). EU legislation prohibits
the use of various antibiotics in poultry feeding. Thus,
when a probiotic containing C. butyricum was used in
the feeding of broiler chickens, poultry productivity
increased due to improved morphological character-
istics of blood and internal organs and stimulation of
immune development.
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M.E. Abd El-Hack et al. (2020) point out that strict
regulatory parameters for the use of antibiotics in poul-
try feed have been introduced. Therefore, the use of Ba-
cillus subtilis, the most popular bacterium, is an alterna-
tive to the use of industrial feed for poultry, specifically,
it increases immunity, improves productivity, organo-
leptic characteristics, and the chemical composition
of broiler chickens. In the context of the development
of intensive technologies for raising broiler chickens,
it is necessary to feed them with high-quality probiot-
ic preparations that have inhibitory properties against
opportunistic and pathogenic strains of microorgan-
isms and viruses. For fifteen years, H.H. Xiong (2023)
has been searching for an alternative use of probiotic
preparations that affect the increase in the productivity
of animals and poultry due to the effect on antioxidant
activity and immunological status. All this indicated an
increased resistance of poultry and animals to the ef-
fects of opportunistic and pathogenic microorganisms,
which is supported by the findings of J. Choi et al. (2023).

K. Queenan et al. (2022) noted that the use of de-
veloped and implemented probiotics in the field of
broiler chickens is caused by the growing problem of
antibiotic-resistant microorganisms. Therefore, in broil-
er production, it is necessary to implement food safety
and quality control systems for broiler chickens, includ-
ing traceability systems and hazard analysis systems at
critical control points, and to consider the health of the
bird, quality feeding, and environmental sustainability.
According to CJ. Savelli et al. (2021), the Food Safety,
Health and Welfare Management System for Poultry reg-
ulates risk-based controls related to the safe feeding of
animals and poultry during the rearing and production
of slaughter products, as well as the establishment of
critical control points in the food and feed chains. Food
market operators in the production of broiler chickens
ensure a new formation of international legislation on




the production of safe poultry products under the su-
pervision of a veterinary specialist, including the use of
probiotic preparations in the poultry feeding ration.

Thus, the use of the new probiotic Subtiform prepa-
ration is highly relevant for the development of poultry
production in Ukraine and the provision of safe food
products to ordinary consumers. The purpose of this
study was to determine the effect of the probiotic bi-
opreparation on the fatness of broiler chickens, the
chemical composition of meat, and chemical param-
eters using the developed patented express and opti-
mised methods.

THEORETICAL OVERVIEW

C. Chen et al. (2020) found that the development of
modern poultry farming in foreign countries is based
on the use of optimised technological processes for the
production, processing, and circulation of broiler meat.
Pasture and free-range systems have become the most
popular for the production of broiler chickens. However,
according to R.E.Jeni et al. (2021), there are still prob-
lems associated with exposure to microorganisms and
their foodborne pathogens in these environments, and
therefore, probiotics should be allowed in the poultry
diet as feed additives to improve food safety and poul-
try health by reducing pathogens and improving the
production of quality meat.

T.M. Mohamed et al. (2022) indicated that when
poultry were fed the main diet containing the Bacil-
lus subtilis probiotic (5x10® CFU/q), the average daily
weight gain of broiler chickens and the weight of in-
ternal organs increased. The organoleptic and chemical
characteristics of the meat were also improved. The use
of the probiotic preparation Bacillus amyloliquefaciens
LFB112 in broiler poultry production resulted in higher
live weight and average daily gain, lower feed conver-
sion rate compared to the control group (without the
addition of the probiotic), and a decrease in fat con-
tent. As reported by M. Ahmat et al. (2021), the immune
status of poultry also increased during poultry rearing.
L.Zhang et al. (2021) noted that the addition of 1% pro-
biotics (L. casei, L. acidophilus and Bifidobacterium) to
broiler chickens’ water had a positive effect on growth
performance, carcass characteristics, including the de-
termination of the first category of poultry, immune
function and antioxidant capacity in poultry, a decrease
in the total number of E. coli and Salmonella, and an
increase in the number of lactobacilli (P<0.05).

L.Jacobs et al. (2020) state that the safety of water
for broiler chickens should be considered when feeding
probiotics to poultry. It is necessary to follow sanitary
and hygienic requirements for watering them, as well
as to test the microbiological parameters of the water,
as these criteria affect the health and welfare of poul-
try, as well as their productivity. According to F.V. Baba
and Z. Esfandiari (2023), the use of probiotics in broil-
er production is an urgent issue in that it prevents the
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occurrence of diseases of infectious aetiology, normal-
ises the composition of the microflora in the intestine,
increases poultry fatness, quality, and safety of meat
and offal, and prevents the biological risk of diseases
in broiler chickens. F.U. Memon et al. (2022) found that
the safety and quality of broiler chicken meat depends
on the health of the poultry, on the safety and quality of
feed, and therefore feed should be monitored for tox-
ins produced by harmful microorganisms, specifically
Aspergillus fumigates, Stachybotrys alternans, Aspergil-
lus flavus, etc. Therefore, stabilising the balance of the
poultry intestines with the use of probiotics is crucial in
terms of poultry disease resistance and the production
of high-quality and safe products.

The feeding of broiler chickens with probiotic
preparations can reduce the incidence of infectious
gastrointestinal diseases, leading to increased poultry
productivity and improved quality and safety of poultry
meat (Abdulkhalig & Sabow, 2023). Additionally, it can
increase the weight of muscle tissue, improve the taste
of meat broth and cooked meat, and enhance the chem-
ical composition of meat, particularly its energy value
(caloric content).

N.R. Wani et al. (2023) noted that feeding probiotics
to broiler chickens for up to 42 days of rearing not only
increases their productivity, i.e., an increase in carcass
weight, an increase in absolute and average daily gain,a
decrease in feed inversion, but also improves the chemi-
cal composition of poultry meat, which satisfies ordinary
consumers with useful nutrients that are easily absorbed
by the body. According to P. Chaturvedi et al. (2021), the
key issue nowadays is the use of probiotics in poultry
farming to prevent and treat gastrointestinal infections
of bacterial and viral aetiology, increase poultry fatness,
normalise intestinal microflora in dysbiosis of various
origins. G. Delgado-Pando et al. (2019) found high effi-
ciency in the use of probiotics from the Bacillus genus
for the prevention and treatment of staphylococcal and
salmonellosis infections.

To more effectively determine the quality of poul-
try meat and fat, including its freshness, scientists
are developing rapid and optimised methods. Thus,
W. Yao et al. (2021) developed and implemented a
method for the identification of volatile substances
(aldehydes, esters, volatile fatty acids) in broiler chick-
en meat processing by determining the aroma via ion
mobility spectrometry with gas chromatography in free
space over steam (HS-GC-IMS). Y. Wang et al. (2019)
found that the use of probiotic preparations in broil-
er poultry farming increases their productivity, namely
carcass weight gain, safety, and quality of meat and of-
fal, which provides the average consumer with nutri-
ents that are quickly absorbed.

MATERIALS AND METHODS

In 2021-2023, at the Skybynetska Poultry Farm LLC
in the village of Skybyntsi, Tetiiv district, Kyiv region,
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a study was conducted on the 42nd day of slaughter
of broiler chickens of the COBB-500 cross at the end
of rearing of the control group, which was not fed
with probiotic, and experimental groups 1, 2, 3, which
were fed from 28 days to 42 days with the probiotic
biopreparation Subtiform in doses, respectively: 0.5,
2.0, and 4.0 g/10 dm?® of water per 20 birds in a cage.
The probiotic biopreparation is a symbiotic prepa-
ration manufactured at the Biotechnology Centre of
Ukraine, Vinnytsia region, Ukraine, containing bacteria
of the genus Bacillus subtilis and Bacillus licheniformis
(2.5x10° CFU/g) and whey powder.

The study was conducted in the accredited research
laboratory of the Department of Veterinary and Sanitary
Expertise and Laboratory Diagnostics of Bila Tserkva
National Agrarian University, as well as in the research
chemical and toxicological department of the State Re-
search Institute of Laboratory Diagnostics and Veteri-
nary and Sanitary Expertise.

Investigation of carcass fatness indicators of broiler
chickens. |In the experimental groups of poultry, when
fed in different doses, the effect of the probiotic bio-
preparation on the fattening of broiler chickens car-
casses was investigated, namely their live weight at the
beginning and end of the experiment; absolute weight
gain; average daily weight gain; total weight of the bird
carcass, including the neck; weight of the carcass with-
out internal organs; weight of internal fat of the bird
carcass; weight of internal organs (stomach, liver, heart,
adrenal gland) according to generally accepted meth-
ods (Bogatko, 2019).

Investigation of organoleptic and tasting character-
istics of broiler chicken meat. After slaughtering broil-
er chickens, carcass samples in the amount of 6 pieces
from each control and experimental groups were sub-
jected to tests for organoleptic parameters, specifi-
cally the appearance of carcasses, degree of plumage
removal, skin condition, condition of the bone system,
muscle consistency, colour of muscle tissue, skin col-
our, colour of subcutaneous and internal adipose tissue,
odour on the surface of the carcass and near the bones,
cooking test for assessing the quality of meat broth
(DSTU 3143:2013, 2014), and the tasting characteris-
tics of meat broth and cooked meat were determined
according to a 5-point scale for evaluating each of the
indicators (DSTU 4823.2:2007, 2009).

Study of the chemical composition of broiler chicken
meat. Chemical composition of broiler chickens: the
mass fraction of moisture was determined by mixing a
homogenised meat sample at 25°C with sand and dry-
ing it at (103+2)°C, and then calculating it using the
formula (DSTU ISO 1442:2005, 2008); mass fraction of
solids by calculating the difference from 100% and the
mass fraction of water; mass fraction of fat by boiling
the meat sample with dilute hydrochloric acid until
the bound and unbound lipid fractions are released,
filtering the resulting mass, drying, and extracting the
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fat remaining on the filter with n-hexane or petroleum
ether, and then calculating it according to the formula
(DSTU ISO 1443:2005, 2008); the mass fraction of pro-
tein by the Kjeldahl method, considering the conversion
factor for the mass fraction of nitrogen to the mass frac-
tion of protein (DSTU I1SO 937:2005, 2007); the mass
fraction of ash by determining the mass of the residue
after burning the meat sample and then piercing it, and
subtracting the mass fraction of crude ash in percentage
according to the formula (DSTU ISO 936:2008, 2008);
carbohydrate content by subtracting the sum of the mass
fractions of protein, fat, and ash from the mass fraction
of dry matter, and energy value by determining the en-
ergy value by calculating the formula of already known
nutritional data (mass fractions of protein, carbohydrates
and fat) using energy value coefficients (4.0, 9.0).

Study of chemical parameters of fat and meat of broil-
er chickens. The chemical parameters of fat and meat
of broiler chickens were also determined, namely: the
acid number of fat by extracting a sample of meat with
an alcohol-benzene mixture and subsequent titration
of free fatty acids in the presence of phenolphthalein
indicator and subtraction in mg of potassium hydroxide
(Utility model patent No. 147314, 2021); fat peroxide
number by extracting the fat sample with solutions of
a mixture of ice-cold acetic acid and chloroform, potas-
sium iodide solution and subsequent titration of free
iodine and subsequent titration with sodium hyposul-
phite and calculation using the formula in % iodine
(Utility model patent No. 147145, 2021); the reaction
of the fat sample with neutral red to detect colour
change and determine freshness (Utility model patent
No. 147144, 2021); Nesler's number using the Nesler
reagent and colour change from greenish yellow to
intense orange depending on the degree of freshness
of the meat (Utility model patent No. 147313, 2021);
copper sulphate reaction by precipitation of enzymat-
ic hydrolysis products of proteins accumulated during
autolytic decomposition of meat and transferred to the
broth during cooking (DSTU 8253:2015, 2017); content
of volatile fatty acids by their isolation by water vapour
distillation and determination of their mass fraction by
titration with sodium hydroxide and calculation accord-
ing to the formula in mg KOH/g(Utility model patent
No. 152944, 2023); ammonia content and ammonium
salts formed as a result of autolysis of meat, to form yel-
low-brown mercuric iodide with Nesler’s reagent (DSTU
8253:2015, 2017); the optical density of the meat and
water extract by the photometric method for the extrac-
tion of the meat and water extract with Nessler’s rea-
gent using the FEC-3 photoelectrocolourimeter (Utility
model patent No. 147315, 2021); pH value according to
the ionometric method by extracting the meat sample
with distilled water, and measuring the ion concentra-
tion using an Al ionometer (DSTU I1SO 2917-2001, 2003);
ammonia nitrogen content by treatment with sodium
hydroxide solution in the presence of phenolphthalein




indicator and subsequent calculation in mg according
to the formula (Utility model patent No. 153118, 2023);
hydrogen sulphide presence by its interaction with lead
acetic acid (BM 12.3-2).

Statistical analysis. The reliability of the study was
confirmed by the use of certified equipment, modern
test methods, and statistical processing of the results.
Statistical processing of the research results was con-
ducted using the computer program “Microsoft Excel”
(Maplesoft, 2008). The probability was determined ac-
cording to the Student’s t-test, considering the statisti-
cal significance criteria: P<0.05, P<0.01, P<0.001.

Biological ethics. Experimental studies were con-
ducted following modern methodological approach-
es and the requirements and national standards,
namely DSTU ISO/IEC 17025:2019 (2021) and Direc-
tive 2010/63/EU (2010), which were approved by the

Bogatko et al.

conclusion of the Ethics and Bioethics Commission of the
Faculty of Veterinary Medicine of Bila Tserkva National
Agrarian University dated 12 April 2023. Animal hus-
bandry and all manipulations were performed following
the provisions of the Procedure for conducting tests and
experiments on animals by scientific institutions (Law of
Ukraine No. 249, 2012), and of the European Convention
for the protection of vertebrates used for experimental
and other scientific purposes (1986).

RESULTS

The results of the study of carcass fatness of broiler
chickens in the control and experimental groups 1, 2,
and 3 when fed the probiotic biopreparation Subtiform
at doses of 0.5 g/10 L, 2.0 g/10 L, and 4.0 g/10 L, includ-
ing the live weight of broilers at the beginning and end
of the experiment are presented in Figure 1.
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Figure 1. Weight of broiler chickens at the beginning and end of the experiment with probiotic feeding, g (M*m, n=20)
Source: developed by the authors of this study based on the data obtained

The obtained results suggest that at the begin-
ning of the study, the live weight of broiler chickens
with the use of probiotic at a dose of 0.5 g/10 dm? of
water increased by 1.69% (P<0.001), in experimental
groups 2 and 3, these indicators also increased, re-
spectively, by 6.19% (P<0.001) and 1.13% (P<0.001)
compared to the control. At the end of the experiment,
the live weight of broiler chickens increased: in ex-
periment group 1 - by 0.27% (P<0.001), in experiment
group 2 - by 4.02% (P<0.001), and in experiment

group 3 - by 4.75% (P<0.001) compared to the control,
which indicated high feed digestibility when feeding
the probiotic biopreparation at 4.0 g/10 dm?® of water
per 20 birds in a cage. The results of broiler chickens
fattening, namely: absolute weight gain, average dai-
ly weight gain, total weight of the bird carcass, neck
weight, carcass weight without internal organs, inter-
nal fat weight of the bird carcass, weight of internal
organs (stomach, liver, heart, adrenal gland) are pre-
sented in Table 1.

Table 1. Results of fattening of broiler chickens and carcass weight, internal organs for the use of probiotic

biopreparation on Day 35 of poultry rearing, M*m, n=6

Group 1 Group 2 Group 3
Indicators Control (0.5g/101 (2.0g/101 (4.0g/101
of water) of water) of water)
Absolute growth, g 1,343%2.22 1,329+2.44* 1,370£2.89** 1,453+2.38**
Average daily carcass weight gain, g 96+0.21 97%0.20*** 98+0.23*** 104+0.29**
Feed consumption per 1 kg of weight gain, kg 16.86*0.17 16.68+0.18 16.35+0.19* 15.42+0.16"
Total weight of the poultry carcass, with neck, g 1,945+2.44 1,972+2.21* 2,425%2.44% 2,460£2.21**
Carcass weight without internal organs, g 1,645%2.54 1,704%1.83** 2,075+2.89** 2,080%2.43**
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Table 1. Continued

Group 1 Group 2 Group 3
Indicators Control (0.5g/101 (2.0g/101 (4.0g/101
of water) of water) of water)
Weight of internal fat of poultry carcass, g 13.09+0.02 13.58+0.01*** 17.00+0.02*** 24.70%0.02%**
Stomach weight without contents, g 31.06%0.01 31.19+0.01* 32.24+0.01* 40.75%0.01**
Liver weight, g 46.28+0.03 46.62%0.04™* 57.67+0.03*** 62.24+0.04"**
Heart weight, g 10.51%0.02 10.62+0.01** 12.70£0.02*** 14.10£0.02***
Weight of the adrenal gland, g 1.53%0.01 1.67+0.01*** 3.33+0.01"* 3.81+0.01™

Note: ***P<0.05; **P<0.01; ***P<0.001 compared to the control

Source: developed by the authors of this study

It was found that the absolute weight gain of broil-
er chickens increased: in the experimental group 2 - by
2.01% (P<0.001),in the experimental group 3 - by 8.19%
(P<0.001), and in the experimental group 1 this indica-
tor slightly decreased by 1.04% (P<0.001) compared to
the control. The average daily carcass weight gain in
the experimental groups of poultry increased and was
significant in terms of indicators (P<0.001), namely: in
the experimental group 1 - by 1.04%, in the experimen-
tal group 2 - by 2.08%, in the experimental group 3 -
by 8.33% compared to the control. Feed costs per 1 kg
of poultry weight gain in the experimental group 1
were almost at the same level, but in the experimental
group 2 this figure decreased by 3.02% (P<0.05), in the
experimental group 3 - by 8.54% (P<0.001) compared
to the control. Significant results were found in deter-
mining the total weight of the bird carcass and neck
weight, which increased in the experimental group 1 -
by 1.39% (P<0.001), experimental group 2 - by 24.68%
(P<0.001), experimental group 3 - by 26.48% (P<0.001)
compared to the control. An increase in carcass weight
without internal organs was found in the experimen-
tal group 1 - by 3.59% (P<0.001), in the experimental
group 2 - by 26.14% (P<0.001), in the experimental
group 3 - by 26.44% (P<0.001) compared to the control.

The weight of internal fat from poultry carcass-
es was increased: in the experimental group 1 - by
1.04 times (P<0.001), in the experimental group 2 - by
1.30 times (P<0.001), in the experimental group 3 -
by 1.89 times (P<0.001); indicators of internal organs
of broiler chickens were increased, namely: weight of
the stomach without contents: in the experimental
group 1 - 1.01 times (P<0.001), in the experimental
group 2 - 1.04 times (P<0.001), in the experimental
group 3 - 1.31 times (P < 0.001); liver weight: in in the
experimental group 1 - 1.01 times (P<0.001), in the ex-
perimental group 2 - 1.25 times (P<0.001), in the exper-
imental group 3 - 1.34 times (P<0.001); heart weight:
in in the experimental group 1 - 1.01 times (P<0.001),
in the experimental group 2 - 1.24 times (P<0.001), in
the experimental group 3 - 1.34 times (P<0.001); adre-
nal weight:in in the experimental group 1 - 1.09 times
(P<0.001), in the experimental group 2 - 2.18 times
(P<0.001), in the experimental group 3 - 2.49 times
(P<0.001) compared to the control.
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The study found the category of broiler chickens
carcasses by fatness, namely, carcasses of birds ob-
tained from control and experimental group 1 were
assigned to the second category according to the fol-
lowing indicators: muscles are satisfactorily developed;
pectoral muscles with the keel form an angle without a
depression; fat deposits in the lower abdomen are in-
significant; the keel of the thorax is not ossified, stands
out. However, the carcasses of poultry from experimen-
tal groups 2 and 3 were classified in the first category:
muscles were well developed, the shape of the sternum
was rounded, fat deposits in the lower abdomen were
greater than in the control (group 2) and significant
(group 3), the keel of the thorax was not ossified and
did not stand out.

The study established the organoleptic charac-
teristics of broiler chickens in the control and exper-
imental groups: appearance of the carcasses - well
exsanguinated with a clean surface, without blood
clots; degree of plumage removal: plumage was com-
pletely removed; skin condition: clean, dry, unweath-
ered, without scratches, tears, spots and bruises; bone
system condition: bone system without fractures,
slight curvature of the keel of the sternum (control
and group 1); bone system without fractures and
deformities (groups 2 and 3); consistency of chilled
meat (at 0-4°C): muscles are dense, elastic, the dim-
ple is quickly levelled when pressed with a spat-
ula; colour of muscle tissue: pale pink (control and
group 1) and from pale pink to pink (groups 2 and
3); skin colour: pale yellow (control and group 1) and
yellow (groups 2 and 3); colour of subcutaneous and
internal adipose tissue: pale yellow, and internal ad-
ipose tissue: white (control and group 1) and yellow
(groups 2 and 3); smell: smell on the surface of the
carcass and near the bones - typical of good quality
poultry meat, without foreign odours; cooking sam-
ple: broth of pleasant smell, transparent, with a small
amount of fat balls on the surface of the broth (con-
trol and group 1) and a significant amount of fat balls
(groups 2 and 3), without foreign odours. These indi-
cators suggested the good quality of broiler chicken
carcasses, namely their freshness. The tasting charac-
teristics of meat broth and cooked broiler meat were
carried out (Figs. 2 and 3).
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Figure 2. Tasting characteristics of meat broth from broiler chicken meat (breast), in points
Source: developed by the authors of this study based on the data obtained
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Figure 3. Tasting characteristics of boiled

broiler chicken meat (breast), in points

Source: developed by the authors of this study based on the data obtained

Figure 2 shows that the best tasting characteris-
tics of meat broth in terms of taste, richness, aroma,
transparency, colour, and appearance were observed
in the experimental group 3, with a total score of
4.85%0.062 points (P<0.05), which is 4.75% higher
than in the control. The study also found that the best
tasting characteristics of cooked meat in terms of juici-
ness, tenderness, taste, texture, aroma, and appearance
were observed in the experimental group 3 with a total

score of 4.83+0.060 points (P<0.05), which is 4.32%
higher than in the control. Therefore, when poultry are
fed a probiotic biopreparation at 4.0 g/10 dm? of wa-
ter per group of 20 birds, the organoleptic and tasting
characteristics of broiler meat are improved. Studies
were carried out to determine the chemical composi-
tion of broiler chickens when they were fed a probi-
otic biopreparation at different doses - 0.5 g/10 dm?,
2.0 g/10 dm3, 4.0 g/10 dm? of water (Table 2).

Table 2. Chemical composition of broiler chicken meat with the use of probiotic biopreparation, Mtm, n=6

Group 1 Group 2 Group 3
Indicators Control (0.5 g/10 dm?® (2.0 g/10 dm? (4.0 g/10 dm?®
of water) of water) of water)
Mass fraction of moisture, % 74.30£0.05 73.65+0.04** 73.50%0.04*** 73.30+0.07***
Mass fraction of dry matter, % 25.70£0.02 26.35%0.02"** 26.50+0.03*** 26.70+0.06***
Mass fraction of fat, % 3.20+0.02 3.12+0.02*** 2.90£0.01*** 2.79£0.01***
Mass fraction of protein, % 22.36%0.020 22.41+0.02 22.49+0.04* 22.49+0.02***
Mass fraction of ash, % 0.96+0.01 0.97%0.01 0.98+0.01 0.99+0.01*
Carbohydrate content, g/100 g 0.03+0.001 0.05+0.001*** 0.08+0.001*** 0.15+0.01***
Caloric value, kcal/100 g 109.80%0.06 109.80%0.06 116.50+0.06"** 118.90+0.07***

Notes: * - P<0.05; *** - P<0.001 compared to the control

Source: developed by the authors of this study based on the data obtained

Analysing the chemical composition of broiler
chickens’ meat after feeding the probiotic bioprepa-
ration Subtiform, it should be noted that the moisture
content decreased in all experimental groups 1, 2, and

3 compared to the control group, respectively, by 0.84%
(P<0.001), 1.08% (P<0.001), and 1.35% (P<0.001). Ac-
cordingly, the content of dry matter in meat increased in
the experimental groups, namely, in the experimental
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group 1 - by 2.53% (P<0.001), in the experimental
group 2 - by 3.11% (P<0.001), in the experimental
group 3 - by 3.89% (P<0.001) compared to the control.
A decrease in fat content was observed in the meat of
broiler chickens in all experimental groups, namely:
in group 1 - by 2.50% (P<0.001), in group 2 - 9.38%
(P<0.001), in group 3 - 12.81% (P<0.001) compared to
the control; however, the protein content slightly in-
creased, respectively, in group 1 - by 0.22%, where sta-
tistical significance was not established, in group 2 - by
0.53% (P<0.05),and in group 3 - by 0.76% (P<0.001).
The mass fraction of ash in the meat of groups 1 and
2 increased slightly, without statistical significance, by

1.4% and 2.08%, respectively,while in group 3 - by 3.13%
(P<0.05) compared to the control. The carbohydrate con-
tent in broiler chicken meat increased in group 1 by
1.67 times (P<0.001),in group 2 - by 2.67 times (P<0.001),
and in group 3 - by 5.0 times (P<0.001) compared to
the control. The highest energy value of broiler chicken
meat was observed in group 3 - 118.90+0.07 kcal/100 g,
which is 8.29% (P<0.001). However, in groups 2 and 3,
this indicator increased by 2.67% (P<0.001) and 6.10%
(P<0.001), respectively, compared to the control. Studies
were also carried out to determine the chemical quality
indicators of fat and meat of broiler chickens to deter-
mine the freshness of the poultry (Table 3).

Table 3. Chemical parameters of poultry fat and meat with the use of probiotics, M*m, n=6

Group 1 Group 2 Group 3
Indicators Control (0.5 g/dm? (2.0 g/dm? (4.0 g/dm?
of water) of water) of water)
Acid number of fat using an alcohol-benzene . " xx . e . .
mixture (Patent No. 147314, 2021), mg NaOH 0.75+0.029 0.60+0.02 0.57%0.03 0.59+0.05
Fat peroxide number . . " « . .
(Patent No. 147145, 2021), % J (% iodine) 0.0058+0.0004 0.0047+0.0004  0.0045%0.0005* 0.0054*0.0005
Reaction with neutral red resence of a yellow-brown colour
(Patent No. 147144, 2021) P y
Nessler number . . " . =
(Patent No. 47313, 2021) 1.55%0.03 1.51+0.03 1.50+0.04 1.45%0.03
Copper sulphate reaction broth is clear, blue in colour
FFA content, mg KOFt/g 3.8120.11 345006 2.95¥0.06"*  3.04%0.13"

(Patent No. 152944, 2023)

Ammonia and ammonium salts
(qualitative reaction)

extract is greenish-
yellow in colour,

extract is greenish-yellow in colour, transparent

slightly cloudy
Optical density of meat and water extract by
photometric method, Bel 0.824+0.005 0.809+0.003* 0.818+0.003 0.792+0.004***
(Patent No. 147315, 2021)
pH value of the meat and water extract 6.21+0.02 6.19+0.01 6.18+0.01 6.15+0.01**
Ammonium nitrogen content, mg 0.6120.01 057:0.01" 0558002 043002

(Patent No.153118,2023)

Presence of hydrogen sulphide in meat

drop of acetic acid lead turns pale brown

Notes: * - P<0.05; ** - P<0.01; *** - P<0.001 compared to the control
Source: developed by the authors of this study based on the data obtained

Table 3 shows that the acid number of fat in ex-
perimental groups 1, 2, and 3 was statistically signif-
icant when their amount was reduced, respectively,
by 1.25 times (P<0.001), 1.32 times (P<0.001), and
1.27 times (P<0.001), as well as a decrease in the
peroxide number in the experimental group 2 - by
1.29 times (P<0.05) and in the experimental group 3 -
by 1.07 times (P<0.001) compared to the control. In
meat, the Nessler count in the experimental groups
was within the range of the control group. However,
the content of volatile fatty acids in the meat of broil-
er chickens in experimental groups 1, 2, and 3 was
slightly reduced, respectively, by 1.10 times (P<0.001),
1.29 times (P<0.001), and 1.25 times (P<0.001) com-
pared to the control.
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The optical density of the meat and water extract
in group 3 was statistically significant - 0.792%0.004
(P<0.001) compared to the control. The pH values of the
meat and water extract in the experimental groups did
not differ from those of the control group. The content
of amino-ammonia nitrogen in poultry meat of exper-
imental groups 1, 2, and 3 was statistically significant
and, accordingly, decreased by 1.07 times (P<0.001),
1.11 times (P<0.001), and 1.42 times (P<0.001) com-
pared to the control. The obtained quantitative chemi-
cal parameters indicated the freshness of broiler chick-
en meat in the control and experimental groups at a
cooling temperature of (0-4)°C, at which it is allowed
to sell poultry carcasses for up to 5 days. Based on
the qualitative reaction with copper sulphate and the




reaction of fat with neutral red, the absence of ammo-
nia and ammonium and hydrogen sulphide salts, it was
found that chicken fat and meat met the standards of
freshness.

DISCUSSION

Studies established an increase in the live weight of
broiler chickens at the end of rearing (42 days) when
they were fed a probiotic biopreparation at 0.5 g, 2.0 g,
and 4.0 g per 10 dm? of water for 20 birds in a cage,
especially in experimental groups 2 and 3, respective-
ly - by 4.02% (P<0.001) and 4.75% (P<0.001) compared
to the control, and an increase in the weight of broiler
chickens carcasses was observed - in group 2 - by 4.02%
(P<0.001) and in group 3 - by 4.75% (P<0.001) com-
pared to the control (Fig. 1). These indicators are con-
sistent with the findings of T. Gunawardana et al. (2022).
The results of the study indicated a healthy immune
status of poultry and high feed digestibility when feed-
ing probiotic biopreparation, and an increase in abso-
lute growth in experimental group 3 was noted - by
8.19% (P<0.001), average daily carcass weight gain - by
8.33% (P<0.001), carcass weight without internal or-
gans - by 26.44% (P<0.001) compared to the control
group, and the weight of internal organs and internal
fat also increased.

However, feed consumption per 1 kg of bird weight
gain in group 3 was reduced by 8.54% (P<0.001) com-
pared to the control (Table 1). P. Maharjan et al. (2021)
proved a positive effect on the health of broiler chick-
ens, feed digestibility and increased productivity and
live weight gain in poultry, as well as improved fatness.
This mechanism is explained by stimulating the activ-
ity of microorganisms in the poultry intestine and the
stability of the balance of this microflora, stimulating
feeding processes and activating the immune status of
the poultry body. A.AA. Masud et al. (2020) proved the
positive effect of probiotic feed additives on improving
the immune status and poultry productivity, specifically,
an increase in the weight of carcasses, internal organs,
and fat by 1.5-2.5 times.

The study also found that the best organolep-
tic characteristics of meat and tasting characteris-
tics of meat broth and boiled meat were observed
in the experimental group 3 with a total score of
4.85+0.062 points (P<0.05) and 4.83*0.060 points
(P<0.05), which is 4.75% and 4.32% more than in the
control, respectively. A. Rehman et al. (2020) argue that
organoleptic and tasting characteristics are influenced
by the digestibility of feed when probiotics are fed. The
best indicators of the chemical composition of broil-
er chicken meat were found in experimental group 3
(4.0 g/10 dm? of water). These data are consistent with
the findings of G.M. Suliman et al. (2023), namely, the
protein content increased by 0.81% (P<0.001), the fat
content decreased by 8.13% (P<0.001). According to
X. Liu et al. (2023), the mass fraction of water slightly
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decreased by 1.29% (P<0.001), the mass fraction of dry
matter increased by 3.95% (P<0.001). And according
to A. Rehman et al. (2020), the caloric value increased
to 118 kcal/100 g, the carbohydrate content increased
by 5.4 times, and the mass fraction of ash slightly in-
creased by 3.5%.

T. He et al. (2019) proved an increase in the nat-
ural resistance of broiler chickens using probiotics,
which influenced the increase in carcass weight, the
quality of the chemical composition of meat and offal.
M.H. Haque et al. (2020) confirmed the positive effect
of probiotics of the bacteria genus Bacillus subtilis and
Bacillus licheniformis on increasing the productivity of
broiler chickens, which led to an increase in meat qual-
ity, specifically, the chemical composition in terms of
moisture, fat, protein, dry matter, etc., and affected the
freshness of poultry meat, which extends the shelf life
of poultry products.

Thus, LW. Chen et al. (2020) argue that the use of
probiotics from microbial species has antibacterial
properties and immunomodulatory effects on the body
of broiler chickens, they have a positive effect on the
productivity and immunity of poultry. Notably, feeding
the probiotic biopreparation Subtiform for 14 days, i.e.,
from day 28 to day 42 of broiler chickens rearing, pro-
vided an increase in body weight of broiler chickens
by 2.0-8.2%, an increase in the average daily weight
gain from 96 g to 104 g, and a decrease in feed con-
sumption per 1 kg of weight gain by 1.97-7.55%. Thus,
studies have confirmed that feeding broiler chickens
with a probiotic biopreparation (Bacillus subtilis and
Bacillus licheniformis) increases poultry productivi-
ty and improves the chemical composition of poultry
meat. R. Jha et al. (2020) proved that probiotics with
Bacillus subtilis have a positive effect on maintaining
gut homeostasis and modelling the intestinal micro-
biota, preventing poultry intestinal infections, and as
a result, increasing productivity and improving the
chemical composition and chemical quality and safety
of broiler chickens.

The findings are confirmed by N.H. Aziz et al. (2020),
who found that broiler chicken carcasses were fresh in
terms of organoleptic and chemical characteristics for
2,4, and 5 days at (0-4)°C. According to C. Bortoluzzi
et al. (2019), poultry are fed probiotics to potentially
increase feed intake and nutrient retention and absorp-
tion, gut barrier function, antioxidant capacity, apopto-
sis and immune responses, which ultimately contribute
to improved poultry metabolism and gastrointestinal
health and performance of broiler chickens. According
to J. Ding et al. (2017), the use of probiotics in broiler
chickens improves health, reduces morbidity and mor-
tality at certain critical stages of production, such as di-
etary stress (dietary changes, diets rich in concentrates)
and health stress. S. Sharma et al. (2019) noted that in
the functioning of the traceability system and Hazard
Analysis and Critical Control Point (HACCP), veterinary
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practitioners should use express and optimised meth-
ods for monitoring the freshness of broiler chicken
meat, which will be effective, inexpensive, and accessi-
ble in tests directly at the production and circulation of
poultry slaughter products, which will meet the needs
of consumers for quality and safe food.

Thus, the findings of the cited studies are in line
with the research conducted to establish the effective-
ness of using a probiotic biopreparation to increase
the productivity of broiler chickens and improve the
organoleptic, tasting, and chemical characteristics of
poultry meat.

CONCLUSIONS

The present study found that when the probiotic bio-
preparation was fed to broiler chickens during days 28
to 42 of rearing at doses of 0.5 g/10 dm?, 2.0 g/10 dm?,
4.0 g/10 dm?® of water, the increase in live weight of
poultry in experimental groups 1, 2, and 3, respective-
ly, was 0.27% (P<0.001), 4.02% (P<0.001), and 4.75%
(P<0.001) compared to the control. It was found that the
absolute weight gain of carcasses increased in experi-
mental groups 2 and 3, respectively, by 2.01% (P<0.001)
and 8.19% (P<0.001); the average daily weight gain of
carcasses in experimental groups 1, 2, and 3 increased,
respectively, by 1.04% (P<0.001), 2.08% (P<0.001)
and 8.33% (P<0.001); total weight of the bird carcass
and neck, respectively - by 1.39% (P<0.001), 24.68%
(P<0.001) and 26.48% (P<0.001); weight of internal
fat, respectively - by 1.04 times (P<0.001), 1.30 times
(P<0.001) and 1.89 times (P<0.001) compared to the
control. It was found that feed consumption per 1 kg
of poultry weight gain in group 1 was almost at the
same level, but in group 2 this indicator decreased
by 3.02% (P<0.05), in group 3 - by 8.54% (P<0.001)
compared to the control. The studies determined the
category of broiler chicken carcasses by fatness: the
second category - in the control and experimental

group 1 (0.5 g/10 dm? of water); the first category - in
experimental groups 2 (2.0 g/10 dm? of water) and 3
(4.0 g/dm3 of water).

The studies established statistical significance
(P<0.001) in increasing the weight of internal organs
of broiler chickens (stomach, liver, heart, adrenal gland)
in experimental groups 2 and 3, respectively, within
1.04-1.31 times (P<0.001); 1.25-1.34 times (P<0.001);
1.24-1.34 times (P<0.001); 2.18-2.49 times (P<0.001)
compared to the control. The best organoleptic and
tasting indices of broiler chicken meat were found in
experimental group 3: meat broth - 4.85+0.062 points
(P<0.05), which is 4.75% more than in the control;
boiled meat - 4.83%#0.060 points (P<0.05), which is
4.32% more than in the control.

The obtained quantitative and qualitative chemi-
cal parameters using express and optimised methods
indicated the freshness of broiler chickens meat at
(0-4)°C cooling, at which it is allowed to sell poultry
carcasses up to 5 days, of control and experimental
groups 1, 2, 3. It was established that according to the
findings of the study, the probiotic biopreparation Sub-
tiform at 4.0 g/10 dm?> of water for 20 heads of poultry
can be recommended to increase the fatness of broil-
er chickens and improve the chemical composition of
meat, as well as to recommend patented express and
optimised methods for determining the freshness of
meat by express and optimised methods. Prospects for
further research include determining the amino and
fatty acid composition of broiler chicken meat and de-
termining the biological value of meat using a probi-
otic biopreparation.
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AHoTauif. AKTyanbHiCTb po60TH NONgrana y BUKOPMUCTaHHI NpobioTnyHoro bionpenapaty CybTidopm 3a BUPOOHULTBA
KypuaT-bponnepiB AN NiABULLEHHS MPOLYKTMBHOCTI Ta MOKPALLEHHS OPraHONenTUYHMX Ta XiMIYHMX MOKA3HMKIB
npoaykTiB 3abot ntuui. MeToto poboTn Byno BM3HAUMTM BMIMB NPOGIOTMUYHOrO GionpenapaTty Ha BrofLOBaHICTb
KypuaT-bponnepis, XiMiYHUI CkNag MAca i XiMiYHi NOKAa3HMKM 32 pO3pO6IeHNMM 3anaTEHTOBAHUMM EKCNPECHUMU i
ONTMMi30BaHMMM MeTOAMKAMU. BUKOPUCTaHI HAaCTyMHI MeToaM: Qi3nUHi, OpraHoONENTUYHI, XiMiYHi. Byno BCTaHOBAEHO,
W0 3acTocyBaHHa Bacillus subtilis i Bacillus licheniformis (2,5%10° konoHieyTBOpPIOKOYi OAMHULL/T) 3 HAMOBHIOBAYEM —
CyX0i MONOYHOI CMpOBaTKW, CNpuano 36iNblUEHHIO MPOAYKTUBHOCTI, 30KpEMa MBa Bara Kyp4yaT-bpoiinepis
nigBuULLYBanacs 3a BunotoBaHHs y fo3i 2,0 r/10 am3 Boam — Ha 4,02 % (P<0.001) Ta y gocniai 3 - Ha 4,75 % (P<0,001)
MOPIBHAHO A0 KOHTPO/bHOI rpynu. BCTaHOBNEHO NiABMULLEHHS MOKA3HMKIB Yy AOCAIAKYBAHIMA rpyni 3, 30Kkpema,
cepeaHbo0060BOMO MPMPOCTY MacK TyWOK — Ha 8,33 % (P<0,001); 3aranbHOi MacK TyWKM NTULL Ta MOTPOXY 3 LUMED —
Ha 26,48 % (P<0,001); Barn BHyTpiwHboro xupy -y 1,89 pasu (P<0,001) nopiBHAHO A0 KOHTPONbHOI rpynu. Takox
CrnocTepiranocs cratucTmyHa 3Havyuictb (P<0,001) wopao 36inbweHHs MacK BHYTPIWHIX OPraHiB (LWAYHKY, MEYiHKM,
cepus, HAAHUPHMKA) Y AOCNIAHMX rpynax 2 i 3, NOpPiBHAHO A0 KOHTPONbHOI rpynu. byno y3aranbHEHO NOKpaLLEeHHS
OPraHoNenTUYHMUX Ta AEryCTaLiMHMX NOKA3HUKIB MsICa Ta MCHOIO BYyNbMOHY NTULi 3@ BUNOKBAHHS NPOBIiOTUYHOIO
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npenapary, 30kpema y pocnigHiv rpyni 3. OTpMMaHi KinbKiCHI Ta AKiCHi XiMiYHi MOKa3HUMKM 33 BMKOPUCTAHHSA
EKCMpeCcHUX Ta ONTUMI30BaHMX METOAMK BKAa3yBalM Ha CBiXY CTyMiHb Msca KypyaT-Opoiinepis 3a OXONOMXKEHHS
(0-4) °C,3a siKoi L,03BONEHO peani3aLii TyWOoK NT1Li A0 5 ai6, KoHTponbHOT | gocniaHmx rpyn 1,2, 3.NpakTuyHe LiHHICTb
poboTK nonsrana y BUKOPUCTaHHI GaxiBLUAMM BeTEPMHAPHOT MEeOMLMHM HA MOTYXHOCTAX 3 BUPOOHMLTBA KypyaT-
6poiinepis npobioTMyHOro 6GionpenapaTy ANs MiABULLEHHS MPOLYKTMBHOCTI KypyaT-OpoinepiB Ta MOKPaLLEHHS
AKOCTi Ta 6e3MeYHOCTi NPOAYKTIB ix 3aboto

KntouoBi cnoBa: npo6ioTuK; BFOA0BAHICTb NTULI; XIMIYHMI CKNag4 MCa; SKICHI Ta KiNbKiCHI MOKA3HWMKK; eKCNpecHi Ta
YAOCKOHaNEeHi METOAMKM

Scientific Horizons, 2024, Vol. 27, No. 3




SCIENTIFIC HORIZONS [es

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 27(3), 23-33

ubC 630*4
DOI: 10.48077/scihor3.2024.23

Monitoring of the phytosanitary condition of Larix decidua Mill. plants in the Modryna
tract of the Zviahel Forestry branch of the State Enterprise Forests of Ukraine

Oleg Skydan
Doctor of Economic Sciences, Professor, Rector
Polissia National University
10008, 7 Staryi Blvd., Zhytomyr, Ukraine
https://orcid.org/0000-0003-4673-9620
Maryna Shvets’
PhD in Biological Sciences, Associate Professor
Polissia National University
10008, 7 Staryi Blvd., Zhytomyr, Ukraine
https://orcid.org/0000-0002-1116-3986
Ivanna Kulbanska
PhD in Biological Sciences, Associate Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-3424-8106
Anatoly Vyshnevskyi
PhD in Agricultural Sciences, Associate Professor
Polissia National University
10008, 7 Staryi Blvd., Zhytomyr, Ukraine
https://orcid.org/0000-0001-5381-1219
Olena Andreieva
Doctor of Agricultural Sciences, Associate Professor
Polissia National University
10008, 7 Staryi Blvd., Zhytomyr, Ukraine
https://orcid.org/0000-0003-0851-800X

Article’s History: Abstract. Phytosanitary monitoring of forest stands is currently a relevant and important
Received: 26.10.2023  area of scientific research that ensures observation, assessment, and forecasting of
Revised: 13.02.2024  the dynamics (changes) of the quantitative and qualitative (including sanitary) state
Accepted: 28.02.2024  of forests and underlies the development of an effective system of tree protection.
The purpose of this study was to identify the species composition and distribution of
dominant phytopathogen species in the Modryna tract of the Zvyagelske Forestry branch
and to identify the primary factors of Larix decidua Mill. decline. This study employed

Suggested Citation:

Skydan, O., Shvets, M., Kulbanska, I., Vyshnevskyi, A., & Andreieva, O. (2024). Monitoring of the phytosanitary
condition of Larix decidua Mill. plants in the Modryna tract of the Zviahel Forestry branch of the State Enterprise
Forests of Ukraine. Scientific Horizons, 27(3), 23-33. doi: 10.48077/scihor3.2024.23.

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

*Corresponding author



https://orcid.org/0000-0003-4673-9620
https://orcid.org/0000-0002-1116-3986
https://orcid.org/0000-0002-3424-8106
https://orcid.org/0000-0001-5381-1219
https://orcid.org/0000-0003-0851-800X

24

Monitoring of the phytosanitary condition of Larix decidua Mill. plants...

phytopathological, entomological, forest inventory, and comparative methods. The study identified and registered
typical symptoms of damage and the consequences of the harmful effects of pests of L. decidua trees in the
Modryna tract, leading to a general weakening of their sanitary condition. Symptoms of larch needle cast (meria
needle blight) and browning were recorded on the needles; on the trunks - typical manifestations of cankers and
fruiting bodies of a unique basidiomycete — Lariciphomes officinalis. Apart from infectious pathologies, sporadic
wind and storm damaged larch trees, as well as other negative effects of wind exposure, were recorded in the
study areas. The species composition of the pests of the surveyed larch trees included the following insect species:
Cephalcia lariciphila, Sacchiphantes viridis Ratz., Coleophora laricella, Zeiraphera diniana Gn., Lasiomma laricicola Karl.
It was generalised that the main threat to the centuries-old larch trees is the complex effect of anthropogenic,
abiotic, and biotic (including parasitic) environmental factors that constantly and to varying degrees affect the
sanitary and physiological state of ancient larch trees. The findings of this study provide information for predicting
the risks of spreading pathogens and pests, which allows managing these risks and preventing their further spread

Keywords: centuries-old plants; species composition; pathoentomological surveys; symptoms; resistance

INTRODUCTION

The principal purpose of phytosanitary monitoring is
to obtain information necessary for forecasting and
signalling outbreaks of dangerous pathogens and
pests, as well as for making decisions on protective
measures. Considering the gradual change in climatic
conditions, prolonged dry periods without adequate
natural moisture and cyclical dieback of native tree
species, European larch confidently occupies its eco-
logical niche in the forest stands of different regions
of Ukraine (Debryniuk & Fuchylo, 2020), and the inves-
tigation of the phytosanitary condition of larch stands
in the Zhytomyr Polissia region is particularly relevant.
Thus, most of larch stands grow in the Right Bank of
Ukraine (Zeidler et al., 2022). By now, the promising
forestry species Larix decidua Mill. has been successful-
ly cultivated in Zhytomyr Polissia for decades, as it is
well acclimatised, fast-growing, productive, slender, du-
rable, and hard. The valuable qualities of larch timber
are associated with its high density and specific grav-
ity, the presence of tannins, and resistance to decay. In
their studies, Y. Fuchylo et al. (2017) often refer to the
European larch as a “coniferous oak” E. Kiigler (2020)
noted that European larch is planted mainly on rich and
relatively rich soils in pure culture or with admixtures
of other species in the stands.

The Modryna tract is a botanical monument of na-
tional significance, and according to its administrative
location, it belongs to the Horodnytsia settlement com-
munity of the Zvyagel district of Zhytomyr region. It is
managed by the Zvyagel Forestry branch of the State
Enterprise Forests of Ukraine, on the territory of the
28" quarter of the Nadsluchanske forestry. This tract is
a “living monument” to the beginning of artificial forest
creation in Polissia (The project of the organisation...,
2019). This unique nature reserve area covers 36 ha,
where old-growth European larch trees grown in the
climatic conditions of Zhytomyr Polissia are protected.
In this area, almost every third tree can be classified
as a reference tree in terms of its quality indicators
(Pasternak & Nazarenko, 2019; Tashev & Dzyba, 2023).
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Y. Fuchylo et al. (2017) notes that the oldest stands
were created more than 190 years ago in the form of a
larch alley by the great-grandson of the famous philan-
thropist Prince Jozef Klemens Czartoryski, and a monu-
ment was erected at the planting site, which has been
preserved to this day.

European larch is not sensitive to low temperature
conditions, grows successfully with common oak, and
under appropriate mixing schemes does not cause sig-
nificant loss of deciduous species from the composi-
tion of stands. Yu. Debryniuk (2020) notes that due to
differentiation processes, high vital status is observed
in larch stands of older age groups. About 90% of the
plants are healthy and relatively healthy, and the most
productive larch plantations in Western Polissia are
those with narrowly crested bark, trunks well-cleaned
from knots, and medium-density crowns.

European larch has an exotic status among conifers.
In winter, the plants shed their needles, and in spring
they are covered with new needles. It is worth noting
the rather rapid accumulation of trunk stock by larch
stands in the forest conditions of the Horodnytsia re-
gion —an average of 2 t/ha (The project of the organisa-
tion..., 2019). O. Krynytska et al. (2021) and V. Pisarenko
et al. (2020) pointed out that in young larches, the main
cause of plant dieback is a lack of moisture and turf
process, and therefore all efforts are aimed at prevent-
ing these causes in forest areas. The phytosanitary con-
dition of larch cultures varies with age. According to
V. Buzun et al. (2018), in Vinnytsia and Sumy regions, an
intensive growth of larch is observed, while in Kharkiv
region, larch has the best indicator in fresh class | rich
areas (9 points) and in fresh poor areas and class Il fair-
ly poor areas (7 points).

In Europe, L. decidua and L. kaempferi, together with
a hybrid between them (L.xeurolepis), are important
forest trees. According to modern data from P. Kunttu
et al.(2021), larch canker is a fungal disease that causes
ulcers that disfigure branches and trunks. It is consid-
ered the most damaging pathology of larch in Europe,




especially at low altitudes and poorly drained areas
(Bidolakh et al., 2021). Studies on European larch can-
ker conducted in England, Wales, and Scotland suggest
that larch canker is not caused by frost but is proba-
bly caused by a primary infection by Trichoscyphella
willkommii (Hart.) Nannf (Zeidler et al., 2022).
According to R. Hartig, in France, European larch
cancer has been confirmed to be caused by the patho-
gen Lachnellula willkommii (R. Hartig) Dennis, and with
age, this tree species loses its uniform habit, and there-
fore it is planted less often (Kunttu et al., 2018). Japa-
nese larch and hybrid larch are ahead of it in terms of
value and resistance to canker. Hybrid larch would be
planted more frequently if sufficient seeds were avail-
able. V. Hayova et al. (2020), M. Shevchenko et al. (2021)
recorded that several decades ago, also in Italy, vari-
ous lesions of the European larch crown by pathogen-
ic fungi were observed. Other fungal diseases include
the needle disease Meria laricis, which causes signifi-
cant defoliation, the root rot Heterobasidion annosum,
and the fungus Phaeolus schweinitzi. In July, the crowns
of larch forests turned yellow due to Meria laricis. Low
temperatures and heavy precipitation were probably
favourable factors in this case. After the 2000s, severe
damage was caused by Mycosphaerella laricina, a rare-
ly studied pathogen whose effects are exacerbated by
hot temperatures and humidity in summer. In addition,
insect outbreaks, especially of Zeiraphera diniana, have
led to slower tree development with economic losses of

Skydan et al.

tree stands (Buntgen et al., 2020). Larch plants were re-
sistant to windbreaks, but at the same time vulnerable
to Ips typographus and other species of the Ips genus,
such as Ips cembrae. K. Godvod et al. (2018) also asso-
ciate the above bark beetles as carriers of pathogenic
fungi. Coleophora laricella and Zeiraphera diniana can
lead to significant defoliation.

The purpose of this study was to conduct ecologi-
cal and pathological (pathoentomological) monitoring
to establish the species composition and distribution
of pathogens in larch stands and to identify factors of
their weakening.

MATERIALS AND METHODS

The study was conducted during 2021-2023, carrying out
forest pathological monitoring of stands in the Modryna
tract of the Zvyagelske Forestry branch of the State En-
terprise Forests of Ukraine (Fig. 1). Particular attention
was paid to the tree stands in the autumn and spring,
when pathogens and pests were actively developing.
Desk review and identification of the material was car-
ried out at the Department of Forestry, Forest Culrures,
and Forest Inventory of Polissia National University and
the Department of Forestry of the National University of
Life and Environmental Sciences of Ukraine according to
specialised methods (phytocoenology, forestry, mycology,
ecology, forest inventory) (Lavrov et al., 2018; Method-
ology of forestry research (biogeocenological) research,
2023; The world of mushrooms, 2023).

Figure 1. General view of the Modryna tract (block 28 of Nadsluchanske forestry)

Source: compiled by the authors of this study

This study employed phytopathological, entomo-
logical, forest inventory, and comparative methods.
The results were presented using tabular and graph-
ical research methods and methods of comparison.
During detailed pathoentomological surveys of the
tree stands, species diversity was described, and in-
fectious disease pathogens were registered and iden-
tified. The sanitary condition of the tree stands, and

individual large specimens was determined according
to the generally accepted scale of categories (Sanitary
rules..., 2020) (Table 1).

The types of identified pests on old-growth plants
and the consequences of their activities were investigat-
ed (Sanitary rules..., 2020). The degree of defoliation of
crowns of forest woody plants by category is presented
in Table 2.
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Table 1. Determination of the phytosanitary status of forest woody plants by category

Class index, score

Condition of the woody plant

healthy

weakened

very weakened

v drying
\ fresh deadwood
VI old deadwood

Source: Sanitary rules in the forests of Ukraine (2020)

Table 2. Determination of the degree of defoliation of crowns of forest woody plants by categories

Category, score

Condition of the crown of a woody plant

0 no signs

1 up to 10% needle shedding
2 11-50% needle shedding
3 51-75% needle shedding
4 over 75% needle shedding

Source: Sanitary rules in the forests of Ukraine (2020)

The study selected 20 centuries-old larch trees with
typical signs of damage, namely, affected needles, pest
flight holes, fruiting bodies of macromycetes on trunks,
symptoms of exudate leakage, and webbed nests. The
first category included 9 specimens, the second - 7
specimens, and the third - 4 specimens.

The condition of the crowns was determined us-
ing a DJI Phantom 4 unmanned aerial vehicle (made
in the People’s Republic of China), dividing them into
dense, medium-density, and loose. Mycological sam-
ples were collected on centuries-old specimens of Eu-
ropean larch according to the ontogenetic features of
the found species. In specialised laboratories, samples
were identified by microscopy using MBI-3 and MBS-9
instruments (PTP ASMA-Prybor LLC, Ukraine) (magnifi-
cation from x8 to x100), temporary micropreparations,
mycological identifiers, and electronic photo identifiers
Mushroom Identify (Index Fungorum, 2023; The world
of mushrooms of Ukraine, 2023). The current Latin
names of fungal pathogens (macro- and microbiota)
were presented following the nomenclature database
(Index Fungorum, 2023). The prevalence of pathogens
was determined by the proportion of trees with typical
fruiting bodies in the total number of woody plants in
the study areas.

RESULTS AND DISCUSSION

Forest pathological monitoring and forest pathological
examination in the Modryna tract are carried out on
an ongoing basis. The phytosanitary condition is main-
tained properly. However, during the study, the effects
of storms and windfalls were recorded. The forest, as a
natural landscape, consists mainly of tall woody plants,
which can cause roughness (unevenness) of the Earth’s

Scientific Horizons, 2024, Vol. 27, No. 3

surface and become an obstacle to the movement of air
flows. Even though the European larch forms a deeply
developed root system with a taproot and strong side
roots, which ensures its high wind resistance, a nega-
tive impact of wind was noted on the research site. The
most visually noticeable manifestations of the direct
effect of wind on larch trees were the formation of lop-
sided crowns, trunk tilt (sometimes deformation), and
uneven growth of trunks, which is most often observed
in glades and forest edges, i.e., in open areas where
strong winds of one direction act. Strong and dry winds
can also lead to the drying out of the assimilation ap-
paratus of woody plants, as the moisture coming from
the root system does not compensate for the losses
that occur through the crown.

Furthermore, windblow (trees falling out together
with the root system) and wind slash (tree trunk break-
ing at a certain height) of European larch were record-
ed in the Modryna tract (Fig. 2). The danger of these
phenomena depends heavily on the characteristics of
the wind, season, age of the tree plant, its sanitary and
physiological condition, type and factual condition of
the soil surface, etc. Under the direct influence of air
masses, woody plants can be severely swayed, which
often leads to the rupture of individual roots and, as a
result,the entire tree dries up.This is especially danger-
ous when the wind gusts match the amplitude of the
woody plant’s oscillation. Low-power winds can break
individual branches and shoots, damage the assimila-
tion apparatus and vegetative organs. Mechanical dam-
age to a tree by wind can be significantly aggravated
if it carries particles of sand or snow. The indirect im-
pact of wind on woody plants can also be manifested
through the blowing of soil from under the root system,
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covering the tree with sand, and through the interac-  Notably, wind has a substantial impact on the forma-
tion of mechanical factors (and, as a result, damage to  tion of snow cover, which determines the structure of
plants) of their shoots with the shoots of other plants. vegetation (mosaic vegetation) in the long term.

T

Figure 2. Phenomena of windblow and wind slashes in the area under study
Source: compiled by the authors of this study

During the detailed pathoentomological surveys as well as the results of pest activity (Fig. 3), which
of tree stands within the Modryna tract, pathologies exacerbate the overall phytosanitary condition at the
of infectious origin were registered and identified, studied sites.

VB

Figure 3. Results of pest complex activity on model woody plants of European larch
Source: compiled by the authors of this study

They are dangerous for twenty-year-old trees fruiting bodies in the total number of woody plants and
(Fuchylo et al., 2017). Overcrowding reaches no more is presented in the diagram. The distribution of pests on
than 2%. The prevalence of pathogens (Fig. 4, left) was  larch plants in the study area is presented in Figure 4

determined by the proportion of trees with typical (right).
4.1

1.8

A

21

18.3

1.1 9.1
. . . = Cephalcia lariciphila Sacchiphantes viridis Ratz.
= meria needle blight = browning of needles = canker = larch . .
[] Co[eophora laricella .Ze/raphera diniana Gn.

= [asiomma laricicola Karl.

Figure 4. The spread of infectious diseases (left) and pests (right) in the Modryna tract
Source: compiled by the authors of this study

Larch needles clearly showed symptoms of larch  which lead to a change in the normal colour of the nee-
needle cast (Fig. 5, left) and browning (Fig. 5, right), dles and rapid needle shedding.
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Figure 5. Symptomatic signs of infection of larch needles by pathogens Meria laricis (left)
and Rhizosphaera kalkhoffii (right)

Source: compiled by the authors of this study

Deformation of larch trunks was recorded, which
is associated with the tree being affected at an early
young age (3-20 years) by the pathogen of canker. At
the site of the infection, a typical canker growth was
observed, which was covered with oleoresin, which
blackened during the oxidation process (Fig. 6 left). On
some fallen shoots, directly under the crown of trees

infected with canker, Lachnellula willkommii apothecia
in the form of a white saucer were observed on a trunk,
4-6 mm in diameter. It was noted that the growth of the
affected tree is significantly reduced. The prevalence is
rare (less than 10.0%). It is worth noting the discovery
of Larchophomes officinalis on a growing plant in the
form of a basidioma (Fig. 6, right).

Figure 6. Symptoms of damage by Lachnellula willkommii (left) and the fruiting body of Fomitopsis officinalis (right)

Source: compiled by the authors of this study

Even though F. officinalis causes brown rot of wood
on the trunk, it is listed in the Red Book of Ukraine
with a rare status (Fuchylo et al., 2017). The species

diversity of infectious agents on the studied plants of
European larch in the Modryna tract is presented in

Table 3.

Table 3. Species diversity of L. decidua pathogens in the Modryna tract

English name of the
pathology

Latin name of the pathogen
(Index Fungorum)

Affected organ

Typical symptoms

Larch needle cast or

meria needle blight Meria laricis

Pine needles

The infected needles had sporadic dark brown spots that
covered the entire surface. The infected needles were
brown, curled, weakened, and shed prematurely

Browning of needles Rhizosphaera kalkhoffii

Pine needles

Premature needle shedding caused by a change in the
typical normal colour of the needles at the base of the
shoots to a yellow-brown colour

The formation of brown depressed wounds, near which

Canker Lachnellula willkommii Shoots, subsequently formed plaques,yvhich, wh(_en destroyed,
trunk opened a cankerous wound. The infection site was covered
with oleoresin, which later blackened
The fruit bodies had a form of perennial caps with a
Agarikon (Laricifomes Fomitopsis Trunk whitish-yellow furrowed surface, which was gradually
officinalis) officinalis covered with cracks. The hymenophore of the basidioma is

tubular

Source: compiled by the authors of this study
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The pathologies recorded on the larch trees un-
der study included larch needle cast, needle brown-
ing, canker, and agarikon. Pathogens affected needles,
shoots, and trunks of trees with varying intensity.

Skydan et al.

M. laricis and L. willkommii were the most damaging,
causing visible signs of larch plants dieback. The ef-
fects of activities inherent in larch pests were also re-
corded (Table 4).

Table 4. Types of identified pests on Larix decidua Mill. plants in the Modryna tract

Latin name of the
pest

English name of the
pest

Damaged organ
of a woody plant

Impact of activities

Web-spinning
larch sawfly

Cephalcia lariciphila

(Wachtl, 1898) Pine needles

Eaten pine needles on shortened shoots

Fir and larch green
adelgids

Sacchiphantes viridis

Ratz. Pine needles

Formation of a multi-chambered hive, which can contain up to
120 larvae at once

Western larch case- Coleophora laricella Needles and

Drying out of the ends of the needles, with pest forming a

bearer (Hubner) shoots protective cover for its larvae
Larch Zeiraphera . Formation of webbed nests and
. o Pine needles . .
tortrix diniana (Gn.) pine needle eating
The larvae developed in the cones, making winding passages
Lasiomma laricicola and damaging the soft parts of the scales and seeds, often
Larch fly Seeds and cones

Karl.

damaging the cone stem. The affected scales and seeds were
brown, while cones completely dried out

Source: compiled by the authors of this study

The species of identified pests on L. decidua trees
in the study area were represented by web-spinning
larch sawfly, fir and larch green adelgid, western larch
case-bearer, larch tortrix, and larch fly. The pests affect-
ed needles, shoots, seeds, and cones of trees with var-
ying intensity. Thus, the larch needles within the study

area are damaged by the following pests: web-spinning
larch sawfly, fir and larch green adelgid, western larch
case-bearer (Fig. 7, left) and tortrix (Fig. 7, right). How-
ever, significant damage and potential danger in forest
pathology monitoring should be expected from the ef-
fects of the larch fly.

Figure 7. The results of activity of Coleophora laricella (left) and webbed nest of Zeiraphera diniana (right)

Source: compiled by the authors of this study

Specifically, all trees of the first category had a
dense, healthy crown, no defoliation, and only a few
pathogens. Of all the larch models, 9 were found to
be such woody plants. Trees of the second category

of phytosanitary condition (7 specimens) had a medi-
um-density crown, defoliation degree of 1 point, and
typical signs of damage by macromycetes and pests
(Table 5).

Table 5. Characteristics of the phytosanitary state of European larch trees

Woody plant  Inventory characteristics Phytosanitary Degree of . Species composition of
e . Crown density
No. Diameter,cm  Height, m category defoliation, points pathogens and pests
1 64 33 | 0 dense sporadic browning of needles
) 70 37 m ) loose larch tortrix, web-spinning
larch sawfly
3 70 37 m 2 loose needle browning, canker,

web-spinning larch sawfly
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Table 5. Continued

Woody plant  Inventory characteristics Phytosanitary Degree of Crown densi Species composition of
No. Diameter,cm  Height,m category defoliation, points ty pathogens and pests
4 77 49 I 1 medium agarikon, larch adelgid
density
5 71 37 | 0 dense sporadic browning of the
needles
6 76 45 [ 1 medium Lasiomma laricicola Karl.
density
7 68 35 Il 1 med”.Jm agarikon, larch case-bearer
density
8 66 34 | 0 dense -
9 63 32 | 0 dense -
10 69 35 [ 1 average
density
11 64 33 Il 1 avera'ge canker, larch adelgid
density
12 78 49 I 1 average larch tortrix
density
13 64 34 [ 1 average
density
14 68 35 | 0 dense -
15 78 49 11 2 loose canker, agarikon, larch tortrix
16 75 40 | 0 dense sporadic browning of the
needles
17 57 28 | 0 dense sporadic signs of larch needle
cast
18 59 29 | 0 dense -
19 64 34 | 0 dense sporadic browning of the
needles
20 72 18 m 2 loose agarikon, canker, larch case-

bearer

Source: compiled by the authors of this study

A significant species composition of infectious
agents was found on larch trees of the third phytosan-
itary category (4 specimens). All trees in this category
have a loose crown, needles, pest holes, fungal fruiting
bodies, webbed nests. Thus, it was found that the main
threat to larch trees is the complex effect of anthropo-
genic, abiotic, and biotic (including parasitic) environ-
mental factors that constantly and to varying degrees
affect the sanitary and physiological state of larch trees.

Phytosanitary monitoring of the current state of
forests is a key source of information on their condi-
tion and potential predictors of impact. The monitoring
results allow forecasting the sanitary situation in the
future in the studied forest stands and developing the
best and effective measures to limit the spread of dom-
inant pest and pathogen species. Based on the findings
of the study on the actual phytosanitary status of L. de-
cidua woody plants, it is possible to develop the best
forest management strategies and identify the neces-
sary measures to support ecosystem stability.

S. Ward and B. Aukema (2019) investigated the
biology of the invasive defoliator Coleophora laricella,
data on the degree of defoliation, as well as the im-
pact of meteorological conditions on pests of the Larix
genus, namely Larix laricina (Du Roi) K. Koch. and Larix

Scientific Horizons, 2024, Vol. 27, No. 3

occidentalis Nutt. This species is also registered by the
authors of the study on L. decidua. U. Buntgen et al.
(2020) noted climate change as a possible driving factor
in disrupting 8-9 outbreak cycles of Zeiraphera diniana.
The study conducted do not allow refuting or confirm-
ing these conclusions, as it was aimed solely at identi-
fying the factors of weakening of the European larch
in the Modryna tract.J. Holusa & K. Drapela (2023) and
J. Embacher et al. (2023) propose to predict defoliation
of Larix decidua trees caused by sawflies (Hymenoptera:
Symphyta), namely Cephalcia lariciphila and Tomosteth-
us nigritus, based on the relationship between popu-
lation density using logistic regression. The authors of
the current study did not conduct such research.
Authors from different continents, A. Harris et al.
(2021), H. Dun et al. (2022; 2023), found that the main
cause of the phenomenon of “rapid larch death” is the
invasive oomycete Phytophthora ramorum. This phyto-
pathogenic species has not been registered by the au-
thors within the study area. E. Kugler (2020) conducted
screening assays to assess the resistance of L. decidua to
Lachnellula willkommii. However, in contrast to the stud-
ies conducted, Kuigler does not provide a detailed de-
scription of the typical symptoms of this disease, which
would be advisable when selecting experimental trees




in the field. C. Robin et al. (2023) established the influ-
ence of Larix decidua genetic origin on susceptibility to
the pathogen of canker and found that specimens of
trees of Central European origin are the most resistant.
Further research of the state of the unique trees grow-
ing in the Modryna tract by the authors of the present
study also involves the formation of a “map of resistant
trees” that are immune to pathogens and pests.

CONCLUSIONS

The Modryna tract is a unique nature reserve area
where European larch trees grown in the climatic con-
ditions of Zhytomyr Polissia are protected. The phy-
tosanitary condition of the tree stands is maintained
properly, however, during the study, the effects of wind
slashes and windblows and the pathogenic complex of
infectious agents were recorded.

Based on the authors’ long-term research on
woody plants of L. decidua in the Modryna tract, typical
symptomatic signs of infection, as well as the conse-
quences of pest activity that weaken the overall san-
itary condition of the studied objects, were identified
and described. Larch needles clearly show the typical
symptoms of larch needle cast (meria needle blight)
(causative agent — Meria laricis Vuill 1896) and brown-
ing (causative agent - Rhizosphaera kalkhoffii Bubak
1914); on the trunks - the consequences of the patho-
genesis of canker (pathogen - Lachnellula willkommii
(Hartig) Dennis, 1962) and fruiting bodies of Fomitop-
sis officinalis (Batsch Bondartsev & Singer, 1941). Apart
from pathologies of infectious aetiology, negative
effects of wind exposure were recorded in the study
areas. The most visually noticeable manifestations of
the direct effect of wind on Larix decidua woody plants
are the formation of flag-shaped crowns, trunk tilt and
deformation, and trunk eccentricity. There are sporadic
larch trees affected by wind slash and windblow. The
species composition of pests of European larch trees
is limited to the following: web-spinning larch sawfly
(Cephalcia lariciphila (Wachtl, 1898), fir and larch green
aldegids (Sacchiphantes viridis Ratz.), western larch
case-bearer (Coleophora laricella (Hibner)), larch tortrix

Skydan et al.

(Zeiraphera diniana (Gn.)), larch fly (Lasiomma laricicola
Karl.).

A detailed examination of 20 model European larch
trees was carried out and the phytosanitary category of
each plant was established. Specifically, all trees of the
first category had a dense, healthy crown, no defolia-
tion, and only a few pathogens. Of all the larch models,
9 were found to be such woody plants. Trees of the sec-
ond category of phytosanitary condition (7 specimens)
had a medium-density crown, defoliation degree of
1 point, and typical signs of damage by macromycet-
es and pests. A significant species composition of in-
fectious agents was found on larch trees of the third
phytosanitary category (4 specimens). All trees in this
category have a loose crown, needles, pest holes, fungal
fruiting bodies, webbed nests.

Thus, the visual inspection of larch trees growing
within the Modryna tract makes it possible to register
general violations of morphological characteristics and
physiological state of the surveyed trees under the in-
fluence of the combined action of the above-mentioned
factors, which is confirmed by the average indicators of
the phytosanitary category and the degree of defolia-
tion. Undoubtedly promising is a future systematic ap-
proach regarding the development of an algorithm for
assessing and monitoring the condition of the unique
Larix decidua trees growing in the Modryna tract with
the establishment (identification) of the root causes of
weakening and the main “aggressors of deterioration”,
which will create an exceptional “map of resistant larch
trees” and use the obtained seed material for the for-
mation of new immune larch stands.

ACKNOWLEDGEMENTS

The authors of this study would like to express their
gratitude to the director of the Zvyagelske Forest-
ry branch of the State Enterprise “Forests of Ukraine”
Viktor Melnyk and staff members for their support in
conducting the research.

CONFLICT OF INTEREST
The authors of this study declare no conflict of interest.

REFERENCES
[1] Bidolakh,D.,Kuziovych,V., Hrynyuk, Yu., Pidkhovna, S., & Tymanska, O. (2021). Assessment of the state of green
spaces of the park-monument of landscape art of national importance “Skala-Podilsky Park”. Ukrainian Journal
of Forest and Wood Science, 12(3), 35-44. doi: 10.31548/forest2021.03.003.

[2] Buntgen,U.,Liebhold,A.,Nievergelt, D., Wermelinger, B., Roques, A., Reinig, F., Krusic, PJ., Piermattei,A., Egli, S.,
Cherubini, P., & Esper, J. (2020). Return of the moth: Rethinking the effect of climate on insect outbreaks.
Oecologia, 192, 543-552. doi: 10.1007/s00442-019-04585-9.

[3] Buzun,V.O., Turko, V.M., & Siruk, Yu.V. (2018). Book of forests of Zhytomyr region: Historical and economic essay.

Zhytomyr: 0.0. Yevenok.

[4] Debryniuk, Yu.M. (2020). Larix kaempferi as a promising tree species for plantation afforestation in the forests
of the Western Forest Steppe of Ukraine. Proceedings of the Forestry Academy of Sciences of Ukraine, 20, 93-106.

doi: 10.15421/412009.

[5] Debryniuk,Yu.M., & Fuchylo,Ya.D.(2020). Plantation forests in Ukraine: Conceptual foundations, resource potential

and energy use. Lviv: Galician Publishing Union.

Scientific Horizons, 2024, Vol. 27, No. 3

31


https://forestscience.com.ua/uk/journals/tom-12-3-2021/otsinka-stanu-zyelyenikh-nasadzhyen-parku-pam-yatki-sadovo-parkovogo-mistyetstva-zagalnodyerzhavnogo-znachyennya-skala-podilskiy-park
https://link.springer.com/article/10.1007/s00442-019-04585-9
https://drive.google.com/file/d/1_8_CC-HvSKTQQCZtG8eXVIaShAGMq1EY/view?pli=1
http://fasu.nltu.edu.ua/index.php/nplanu/article/view/531
http://irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=EC&P21DBN=EC&S21STN=1&S21REF=10&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=A=&S21COLORTERMS=1&S21STR=%D0%94%D0%B5%D0%B1%D1%80%D0%B8%D0%BD%D1%8E%D0%BA%20%D0%AE$
http://irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=EC&P21DBN=EC&S21STN=1&S21REF=10&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=A=&S21COLORTERMS=1&S21STR=%D0%94%D0%B5%D0%B1%D1%80%D0%B8%D0%BD%D1%8E%D0%BA%20%D0%AE$

32

Monitoring of the phytosanitary condition of Larix decidua Mill. plants...

[6] Dun,H.,Mackay,l., & Green, S. (2022). Phytophthora ramorum in larch: From epidemiology to host resistance.
In Proceedings of the sixth international workshop on the genetics of host-parasite interactions in forestry (pp. 128-
131). Asheville, NC: U.S. Department of Agriculture Forest Service, Southern Research Station.

[7]1 Dun,H.F.,MacKay,lJ., & Green, S.(2023). Expansion of natural infection of Japanese larch by Phytophthora ramorum
shows trends associated with seasonality and climate. Plant Pathology, 73(2),419-430.doi: 10.1111/ppa.13821.

[8] Embacher, ., Zeilinger, S., Kirchmair, M., Rodriguez-R, L., & Neuhauser, S. (2023). Wood decay fungi and their
bacterial interaction partners in the built environment - A systematic review on fungal bacteria interactions
in dead wood and timber. Fungal Biology Reviews, 45, article number 100305. doi: 10.1016/].fbr.2022.100305.

[9] Fuchylo,Y.D., Sbytna, M.V,, Debrynyuk, Yu.M., Hayda, Yu.l., & Belelya, S.0. (2017). Prospects for the use of larch
for the creation of timber plantations in the conditions of Ukraine. Scientific bulletin of NLTU of Ukraine, 27(10),
26-32.doi: 10.15421/40271003.

[10] Godvod, K., Brazaitis, G., Backaitis, J., & Kulbokas, G. (2018). The development and growth of larch stands in
Lithuania. Journal of Forest Science, 64(5), 199-206. doi: 10.17221/6/2018-JFS.

[11] Harris, A.R., Brasier, C.M., Scanu, B., & Webber, J.F. (2021). Fitness characteristics of the European lineages of
Phytophthora ramorum. Plant Pathology, 70(2), 275-286.doi: 10.1111/ppa.13292.

[12] Hayova, V.P, Heluta, V.P., & Shevchenko, M.V. (2020). Fomitopsis officinalis (Polyporales): Are there any records
of the fungus known from Ukraine? Ukrainian Botanical Journal, 77 (1), 40-43. doi: 10.15407/ukrbotj77.01.040.

[13] HoluSa, J., & Drapela, K. (2023). Logistic regression approach to the prediction of tree defoliation caused by
sawflies (Hymenoptera: Symphyta). Journal of Forest Science, 50(6), 284-291. doi: 10.17221/4625-JFS.

[14] Index Fungorum. (2023). Retrieved from http://www.indexfungorum.org.

[15] Krynytska, O.G., Yakhnytskyi, V.Yo., & Kramarets, V.O. (2021). Xylorophic macromycetes of mixed conifer-
deciduous stands of Lviv Roztocze. Scientific Bulletin of UNFU, 31(4), 76-81.doi: 10.36930/40310412.

[16] Kugler, E. (2020). Screening assays for assessing resistance of European larch to larch canker disease. Alnarp:
Swedish University of Agricultural Sciences.

[17] Kunttu, P, Helo, T., Kulju, M., Veteli, P, Julkunen, J., Miettinen, O., Pennanen, J., Moilanen, A., & Kotiranta, H.
(2021). Diversity and distribution of Finnish aphyllophoroid and heterobasidioid fungi (Basidiomycota): An
update. Plant and Fungal Systematics, 66(1), 79-105. doi: 10.35535/pfsyst-2021-0007.

[18] Kunttu, P.,Juutilainen, K., Helo, T., Kulju, M., Kekki, T., & Kotiranta, H. (2018). Updates to Finnish aphyllophoroid
funga (Basidiomycota): New species and range extensions. Mycosphere, 9(3), 519-564. doi: 10.5943/
mycosphere/9/3/7.

[19] Lavrov, V.V,, Blinkova, O.l., Ivanenko, O.M., & Polishchuk, Z\V. (2018). Methodology for assessing anthropogenic
disturbance of forest ecosystems based on the structure, distribution and activation of aphyllorophoroid fungi. Bila
Tserkva: BNAU.

[20] Methodology of forestry research (biogeocenological) research. (2023). Retrieved from http://subject.com.ua/
agriculture/forest/151.htmL

[21] Pasternak, V.P., & Nazarenko, V\V. (2019). Forest inventory. Kharkiv: KHNAU.

[22] Pisarenko, V.M., Kovalenko, N.P., Pospelova, G.D., Pishchalenko, M.A., Nechyporenko, N.I., & Sherstyuk, O.L.
(2020). Modern strategy of integrated plant protection. Bulletin of the Poltava State Agrarian Academy, 4, 104-
111.doi: 10.31210/visnyk2020.04.12.

[23] Robin, C., Wagner, S., Baubet, O., Ehrenmann, F., Castagneyrol, B., Capdevielle, X., Fabreguettes, O., Petit, RJ., &
Piou, D. (2023). Effects of the cascading translocations of larch (Larix decidua Mill.) on canker disease due to
Lachnellula willkommii (R. Hartig) Dennis. Annals of Forest Science, 80, article number 29.doi: 10.1186/s13595-
023-01200-z.

[24] Sanitary rules in the forests of Ukraine. (2020). Retrieved from https://zakon.rada.gov.ua/laws/show/756-
2016-%D0%BF#Text.

[25] Shevchenko, M\V., Heluta, V.P.,, Zykova, M.O., & Hayova, V.P. (2021). Current distribution data for the red-
listed species of aphyllophoroid fungi in Ukraine. Ukrainian Botanical Journal, 78(1), 47-61. doi: 10.15407/
ukrbotj78.01.047.

[26] Tashey, A., & Dzyba, A. (2023). Representation of the genus Larix Mill. in the protected areas of Ukrainian
Polissia. Ukrainian Journal of Forest and Wood Science, 14(4), 8-25. doi: 10.31548/forest/4.2023.08.

[27] The project of the organization and development of forestry of the State Enterprise “Horodnitske forestry”.
(2019). Retrieved from https://lisproekt.gov.ua/.

[28] The world of mushrooms of Ukraine. (2023). Retrieved from http://gribi.net.ua.

[29] Ward, S.F., & Aukema, B.H. (2019). Climatic synchrony and increased outbreaks in allopatric populations of an
invasive defoliator. Biological Invasions, 21, 685-691. doi: 10.1007/s10530-018-1879-9.

[30] Zeidler, A., Vacek, Z., Cukor, J., Boravka, V., Vacek, S., Prokdpkova, A., Linda, R., & Vacek, 0. (2022). Is European
larch (Larix decidua Mill.) a suitable substitute for Norway spruce (Picea abies (L.) Karst.) for agricultural land
afforestation? Forest Ecology and Management, 517, article number 120257. doi: 10.1016/j.foreco.2022.120257.

Scientific Horizons, 2024, Vol. 27, No. 3



https://www.fs.usda.gov/research/treesearch/61946
https://bsppjournals.onlinelibrary.wiley.com/doi/full/10.1111/ppa.13821
https://doi.org/10.1016/j.fbr.2022.100305
http://dspace.wunu.edu.ua/bitstream/316497/29185/1/132_%d0%a1_17.pdf
https://www.old-aj.cz/publicFiles/6_2018-JFS.pdf
https://bsppjournals.onlinelibrary.wiley.com/doi/full/10.1111/ppa.13292
https://ukrbotj.co.ua/archive/77/1/40
https://www.agriculturejournals.cz/artkey/jfs-200406-0004_logistic-regression-approach-to-the-prediction-of-tree-defoliation-caused-by-sawflies-hymenoptera-symphyta.php
http://www.indexfungorum.org/
https://nv.nltu.edu.ua/index.php/journal/article/view/2337
https://stud.epsilon.slu.se/15538/7/kugler_e_200514.pdf
https://doi.org/10.35535/pfsyst-2021-0007
https://www.mycosphere.org/pdf/MYCOSPHERE_9_3_7.pdf
https://www.mycosphere.org/pdf/MYCOSPHERE_9_3_7.pdf
http://dspace.luguniv.edu.ua/jspui/bitstream/123456789/9009/1/Blinkova%20O%2C%20metod%20recomend.pdf
http://dspace.luguniv.edu.ua/jspui/bitstream/123456789/9009/1/Blinkova%20O%2C%20metod%20recomend.pdf
http://subject.com.ua/agriculture/forest/151.html
http://subject.com.ua/agriculture/forest/151.html
https://www.researchgate.net/publication/349614465_SUCASNA_STRATEGIA_INTEGROVANOGO_ZAHISTU_ROSLIN
https://annforsci.biomedcentral.com/articles/10.1186/s13595-023-01200-z
https://annforsci.biomedcentral.com/articles/10.1186/s13595-023-01200-z
https://zakon.rada.gov.ua/laws/show/756-2016-%D0%BF#Text
https://zakon.rada.gov.ua/laws/show/756-2016-%D0%BF#Text
https://ukrbotj.co.ua/archive/78/1/47
https://ukrbotj.co.ua/archive/78/1/47
https://forestscience.com.ua/en/journals/tom-14-4-2023/pryedstavlyenist-rodu-larix-mill-na-zapovidnikh-tyeritoriyakh-ukrayinskogo-polissya
https://lisproekt.gov.ua/
http://gribi.net.ua/
https://link.springer.com/article/10.1007/s10530-018-1879-9
https://www.sciencedirect.com/science/article/abs/pii/S0378112722002511?via%3Dihub

Skydan et al. 33

MoHiTOpUHr ¢iTocaHiTapHOro craHy pocnuH Larix decidua Mill. B ypounwii
«MopapuHa» ¢inii «3BArenbcbke nicoBe rocnogapcTeo» [ep)XXaBHoro NianpueMcTBa
«Jlicn YKpaiHu»

Oner BacunboBuu Cknupax
[OKTOp EKOHOMIYHMX HayK, Mpodecop, peKkTop
MonicbKni HaLioOHaNbHWMIA YHiBEPCUTET
10008, 6ynba. Crapui, 7, M. XXutomump, YKpaiHa
https://orcid.org/0000-0003-4673-9620
MapwuHa BacunisHa LliBeupb
KaHouoaT 6ioforiyHnX HayK, AOLEHT
MonicbKnii HaLioHaNbHWIA YHIBEPCUTET
10008, 6ynbs. Crapuit, 7, M. Xutomump, YKpaiHa
https://orcid.org/0000-0002-1116-3986
IBaHHa MukonaiBHa Kynb6aHcbka
KaHouoaT 6ionoriyHnX HayK, AOLEHT
HauioHanbHuMI yHiBepcuTeT BiopecypciB i NpUpPOLOKOPUCTYBAHHS YKpaiHu
03041, syn. lepois O6opoHu, 15, M. Kunis, YkpaiHa
https://orcid.org/0000-0002-3424-8106
AHnaronin BacunboBuu BuwiHeBCcbKui
KaHanaaT CcinbCbKOrocnoaapCbKnx Hayk, AOLEHT
Nonicbkni HaLiOHaNbHWIA YHiBEPCUTET
10008, 6ynba. Crapui, 7, M. Xutomump, YkpaiHa
https://orcid.org/0000-0001-5381-1219
Onena KOpiiBHa AHppeeBa
[lOKTOp CiNbCbKOroCcnoaapcbkmx HaykK, 4OLEHT
NonicbKuMii HaLWiOHaNbHWIA YHiBEpCUTET
10008, 6ynba. Crapui, 7, M. Xutomump, YkpaiHa
https://orcid.org/0000-0003-0851-800X

AHoTauia. QiToCaHITapHUMI MOHITOPUMHT NICOBMX HACa)KeHb Hapa3i € aKTyallbHUM i BaXXMBWUM HAMNPSIMKOM
HAyKOBMX [OCNiAKeHb, SKWUIA 3abe3nedvye CnoCTEPEXeHHS, OLIHIOBAHHA i MPOrHO3YBaHHA [AMHAMIKM (3MiH)
KiNbKiCHOro i SIKiCHOro (y T.4. CAaHITapHOro) CTaHy JiCiB, @ TAaKOX BUCTYMAE OCHOBOK /19 pO3pobKU edeKTUBHOI
CUCTEMM 3aXUCTY LepeBOCTaHiB. MeTow pocnipkeHHs Oyna ifeHTMdikauia BMAOBOrO CKiady i NOWWMPEHHS
[OMIHaHTHMX BUAIB piTONATOreHiB Ha TepuTopii Ypouunwa «MoapuHa» dinii «3Bgrenbcbke NicOBE roCnogapcTao»
Ta BMOKPEMJ/IEHHS MEPBUHHUX YUHHMKIB ocnabnenHa Larix decidua Mill. Tig yac npoBeaeHHs LOCNILXKEHb
3aCTOCOBaHO (IiTONATONOTIYHI, EHTOMONOrIYHI, NiCIBHWMYO-TaKCaALIiMHI, NOPiBHANbHI MeToaM. byno 3adikcoBaHo
Ta iAeHTMHIKOBAHO TUMOBI CUMMNTOMM YPAXKEHHS, @ TAaKOX HACMIAKM LIKOAOYMHHOIO BMAMBY LIKIAHWKIB AepeB
L. decidua B ypouuwii «MoppuHa», WO BeAyTb A0 3arajibHOro ocnabneHHs iXHbOro CaHiTapHoro ctaHy. Ha xBoi
3aikCcoBaHO CMMNTOMM iHPiIKYBaHHS WOTTe (Mepio3y) i No6ypiHHSA; Ha cTOBOYpax — TMMOBI MPOSBM CTYMiHYaCTOro
paky Ta NNo40Bi TiNa yHikanbHoro 6asuaiominety — mogpuHodomecy nikapcbkoro. OKpiM iHPeKLiMHMX NaToNorii,
Ha [OCNiAXYBaHMX AinsiHKax 3adikcoBaHO NMOOAMKOBI BiTPOBaNbHI Ta BypenoMHi AepeBa MOAPUHM, @ TaKOXK iHLI
HeraTMBHi NposBM BNAUBY BiTPYy. BUOOBUMI cknag WKiAHWKIB 06CTEXYBAaHUX AEePEB MOAPUHMU BKIKOYAE HACTYMHI
BMAM KOMax: MaBYTMHHWUIA MOAPUHOBMI MUMbLIMK, SAUMLEBO-MOAPUHOBUIM 3e€NeHUi Xepmec, MOAPWHOBA Minb
4YOXMKOBA, MOAPUHOBA NUCTOBIMKA, MyXa MOAPUHOBA. Y3araibHEHO, WO FOJI0BHOK 3arpo30t0 ANS BEIMKOBIKOBUX
[lepeB MOAPWMHM € KOMIMIEKCHA [Aif aHTpomiyHMX, abioTMUHMX Ta BiOTMYHMX (Y T.4. NapasuTapHWMX) YMHHMKIB
HaBKOMULIHBLOMO CepefoBMLLA, LLO MOCTIMHO Ta B Pi3Hil CTyNeHi BNAMBAKOTb HA CAHITapHMIA Ta Qi3i0N0riYHUI CTaH
BE/IMKOBIKOBUX MOAPUHOBUX AepeB. Pe3ynbratv AocnigxeHb HagaTb iHGOpMaLito ANS NPOrHO3yBaHHS PU3MKIB
nowunpeHHs 36yaHKMKIB XBOpOoD Ta LWKIAHMKIB, WO AO3BONSE YNPABASTM LMMU PU3MKAMM Ta 3anobiratm ixHboMy
NoAanblLIOMYy pO3MOBCIOOXEHHIO

KniouoBi cnoBa: BeIMKOBIKOBI POCAMHU; BUOOBWUI CKNaAd, MATOEHTOMOJONiYHI OOCTEXEHHS; CMMNTOMATHKA;
pe3nCTEHTHICTb
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Taraxacum officinale into the culture, its technological suitability for cultivation in pure sowings and mixtures with
cereal-legumes. The study employed the following methods: field, laboratory, analytical, and statistical. The study
found possibilities of sowing Taraxacum officinale in the grass stand and ways of using it with green and roughage,
best sowing methods and productivity, content of biologically active substances, etc. It was proved that sowing of
Taraxacum officinale in the grass stand ensures its content in green and roughage at 2-4%, which is an insufficient
amount of active ingredient for use as fodder additives. It is more promising to sow Taraxacum officinale in pure
crops. The yield of dry mass and roots of Taraxacum officinale without irrigation was 1.5-2.4 t/ha. Under irrigation,
the yield of dry weight of its leaves increased. The best method of sowing is wide-row sowing with row spacing
of 25-35 c¢cm. The main biologically active substances are flavonoids, polysaccharides, bitters, vitamins, pectin
substances, and hemicellulose. Taraxacum officinale contains nutrients that are typical for fodder and are fully
analysed for zootechnical purposes. Specifically, it has a high crude protein content (22.3% in leaves and 18.4% in
leaves and roots). According to other indicators of the full zootechnical analysis, the feed from Taraxacum officinale
meets the zootechnical requirements. The inclusion of Taraxacum officinale in the feeding ration can ensure the
production of organic livestock products that meet the current requirements of the European Green Deal strategy

Keywords: yield; chemical composition; irrigation; sowing methods; phytomixtures; biologically active substances;

feed nutrition

INTRODUCTION

When producing organic livestock products, it is impor-
tant to exclude fodder additives (premixes) containing
artificial antibiotics, probiotics, hormones, etc. from the
feed rations. When used in fodder, even in small quan-
tities, they have a positive physiological effect. Howev-
er, it soon became clear that these premixes also have
negative effects on the animal and human body. Thus,
a need occurred to replace artificial growth stimulants
with natural ones. One of these types of medicinal and
fodder herbs is Taraxacum officinale. Therefore, there
was a need for an in-depth investigation of its biolog-
ical value, productivity on different types of soil and
moisture conditions, and the need to introduce it into
culture in pure sowings or as part of sown grass stands.
For fodder production, this is important when used as a
biological growth stimulant for animals.

In recent publications on the value of Taraxacum of-
ficinale for fodder production, some authors have noted
its presence in sown and natural grasses. Specifically,
. Slusar et al. (2017) indicate that its presence in grass
stands in an amount not exceeding 5%, without reduc-
ing productivity, increases the consumption of green
mass. V. Kurhak et al. (2023) note that under conditions
of surface improvement of meadows, Taraxacum offic-
inale appears in the grass stand by self-seeding and
plays a positive role as an exporter in the formation of
grass stands and contains biologically active substanc-
es. Professors A. Bogovin and M. Ptashnik (2020) have
repeatedly noted that the presence of Taraxacum offici-
nale in sown and natural meadows as a forage increas-
es the appetite of cattle and sheep on pasture and has
a high feed value score.

Taraxacum officinale is one of the most common
plant species in natural and sown meadows and pas-
tures, in gardens, forest edges, and green park areas of
Polissia and Forest-Steppe settlements. In agriculture,
this species is considered by A. Bogovin and M. Ptashnik

(2020), while P. Zaiats et al. (2023) consider it a weed in
crops, especially in gardens and perennial fodder crops.
In hayfields and pastures, it is regarded as an unseeded
forb in mountain meadows (Karbivska et al., 2021), and
in drained peatlands (Shtakal & Shtakal, 2020). Taraxa-
cum officinale plays the role of a grass stand stabiliser
in succession changes during its long-term use, when
some sown grass species fall out of the stand. Accord-
ing to |. Komarova (2018) and T. Antosyak et al. (2023),
official and folk medicine consider Taraxacum officinale
as a means to stimulate kidney and liver function, a sed-
ative, in diseases of the gastrointestinal tract, in the diet
of patients with diabetes mellitus and other diseases.
V.V. Moisiienko (2020) recommends using Taraxacum of-
ficinale for the treatment of farm animals. Specifically, in
the treatment of animals, Taraxacum officinale extracts,
infusions, and decoctions are made from leaves and
roots to increase the secretory function of the glands of
the stomach and intestines of farm animals.

As for the possibility and effectiveness of using
Taraxacum officinale as an organic additive for fodder,
there have been almost no such studies. Therefore,
there is a need for a more in-depth investigation of the
technological suitability, yield, chemical composition,
and biologically active substances of this species to ex-
plain its value in fodder production and the need for
its introduction into the culture. Therefore, the purpose
of this study was to investigate the biological value of
Taraxacum officinale for organic fodder production, its
technological suitability, and the possibility of intro-
ducing it into culture.

MATERIALS AND METHODS

Field research on the effectiveness of including Taraxa-
cum officinale in grass stands on typical chernozem and
drained peatlands, productivity and quality of fodder on
chernozem under irrigation and without it,and the best
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methods of sowing under irrigation were conducted in
a stationary experiment on typical chernozem at the
Panfilska Research Station of the National Research
Centre “Institute of Agriculture of the National Acade-
my of Agrarian Sciences” in 1992-1995 and 2020-2023.

The agrophysical and agrochemical indicators of soil
fertility are presented in Table 1. The analysis meth-
ods were chosen considering that they are suitable for
chernozem soils with an acid solution reaction close to
neutral.

Table 1. Agrophysical and agrochemical indicators of black soil fertility of a typical experimental plot in the layer 0-30 cm

Parameters and units of measurement

Indicators

Panfilska Research Station

Experimental station of medicinal

“IA NAAS” plants of the IAEM NAAS
Humus content, % 3.08-3.15 243
Lightly hydrolysed nitrogen content, mg/kg 125.8 103.6
Mobile phosphorus content, mg/kg 237-270 384.4
Exchangeable potassium content, mg/kg 80-100 103.6
Degree of saturation of the dressing complex with bases, % 85-99 75-87
Hydrolytic acidity, mg-EQ per 100 g soil 2.1 2.9
PH.ae 5.7 5.0
Folding density 1.18 1.25

Source: compiled by the authors of this study

Typical chernozems on light loams have the follow-
ing physical and agrochemical properties in the arable
layer:

e humus content (according to Tyurin) was deter-
mined following DSTU 4289:2004 (2005);

e the content of easily hydrolysable nitrogen (ac-
cording to Cornfield) was determined titrimetrically in
Conway cups following DSTU 7863:2015 (2016) using a
ST-150C thermostat (Ukraine);

e The content of mobile phosphorus was deter-
mined according to DSTU 4115:2002 (2002) using a
photocolourimetric KFC-3 photoelectrophotometer;

e The content of mobile potassium (Chirikov) was
determined using a FLAFO-4 half-beam photometer
(Germany);

e The pH,, was determined potentiometrical-
ly using an ionometer 1-160 MI following DSTU ISO
10390:2007 (2009);

e The degree of saturation of the dressing complex
with bases was determined by calculation;

e hydrolytic acidity was determined potentiometri-
cally using the ionometer 1-160MI according to DSTU
7537:2014;

e The density of the compaction was determined
using a Wile Soil penetrometer.

The productivity of the aboveground mass of Tarax-
acum officinale depending on the sowing methods (row
spacing 25 cm, 35 cm, 45 cm, 55 cm, and 65 cm) under
drip irrigation was studied on typical black soils of the
Experimental Station of Medicinal Plants of the Insti-
tute of Agroecology and Environmental Management of
the National Academy of Agrarian Sciences of Ukraine,
Lubny district, Poltava region in 2020-2022. During the
experiments, a drip irrigation system was installed to
maintain the moisture content of the root layer of the
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soil during the growing season at 80% of the lowest
moisture (LM) to increase seed germination.

Taraxacum officinale officinalis is officially author-
ised in the EU under Regulation 1831/2003 on fodder
additives for use in animal feeding (European Union,
2003). The plot area in the experiments of the Panfils-
ka Research Station was 10-20 m?, fourfold replication.
Seeding rates for wide-row sowing with 45 cm row
spacing of Taraxacum officinale were 7 kg/ha of germi-
nating seeds. Sowing was carried out with a hand seed-
er in the first decade of April. For the inclusion of Tarax-
acum officinale in the composition of grass mixtures,
cereal-legume mixtures with a sowing rate of 25 kg/ha
were used on typical black soil and cereal mixtures
with a sowing rate of 28 kg/ha on drained peat soils.

No mineral fertilisers were applied to the pure grass
crops, as this would contradict organic farming. Crop
care consisted of manual weeding and 2-3 inter-row
treatments to control weeds. The weather conditions of
the vegetation periods over the years of research were
characterised by air temperature 0.9-1.3°C higher than
the long-term average and precipitation 35-70 mm
higher than normal, which was observed mainly in the
second half of the growing season.

Leaves were harvested during the flowering phase
and roots in autumn. All records and observations of
the growth and development of medicinal and fodder
herbs were carried out following the methods of the
Institute of Forage and Podillia of the National Acad-
emy of Agrarian Sciences of Ukraine (Babych, 1994;
Babych, 1998). The dry matter content in the green
mass was determined by the thermostat-weight meth-
od with drying of samples at 105°C, while the complete
zootechnical analysis of Taraxacum officinale and in
vitro digestibility and mineral element content were




determined following DSTU 4117:2007(2007) by infra-
red spectrometry with computer software. The content
of biologically active substances in air-dried raw mate-
rials was determined according to the methods given in
the State Pharmacopoeia of Ukraine and the European
Pharmacopoeia (European pharmacopeia: 7.0., 2010;
State Pharmacopoeia of Ukraine, 2015). According to
the regulatory documents of Ukraine and the EU, which
are presented in the above pharmacopoeias, the content
of biologically active substances in Taraxacum officinale
plants in the flowering phase should be 20% for extrac-
tives. The statistical processing of the obtained results
of field experiments was carried out by the method of
analysis of variance using modern Microsoft Excel ap-
plication packages according to B.A. Dospekhov. Exper-
imental studies of Taraxacum officinale plants, including
the collection of plant material, complied with national
and international guidelines. The authors of the study
followed the standards of the Convention on Biological
Diversity (1992) and the Convention on Trade in Endan-
gered Species of Wild Fauna and Flora (1979).

Shtakal et al.

RESULTS AND DISCUSSION

There are two ways to solve the problem of produc-
ing fodder containing biologically active substances:
to include medicinal and fodder herbs in cereal-leg-
ume mixtures, or to sow them in pure crops and then
add them to animal diets. Subject to the inclusion of
Taraxacum officinale in the composition of grass mix-
tures, the study was conducted in 1993-1995 and 2021-
2023 on the drained deep peat bogs of the Supii River
floodplain in plot No. 3, and on typical chernozems of
field No. 10 of the first field crop rotation of the Pan-
filska Research Station of the IA NAAS. Grassland yield
data show that on peat soils it was 7.1-7.5 t/ha of dry
weight in 1992-1995 and 8.4-8.5 t/ha of dry weight in
2021-2023, respectively (Table 2). In both cases, yield
increases from the inclusion of Taraxacum officinale in
the grass mixture were not significant, although there
was a tendency for yields to increase. Analogous results
were obtained on typical chernozems, with the differ-
ence that the yields were slightly lower at 5.1-6.3 t/ha
and the Taraxacum officinale content in the grass stand
was slightly lower (2%).

Table 2. Dry weight yield of grasses, t/ha, and content of Taraxacum officinale in it on peat soils and typical chernozems, %

Years of research

Types of herbs Average for

Taraxacum officinale content

Average for  Taraxacum officinale content

1992-1995 in the grass stand, % 2021-2023 in the grass stand, %
On peat soils
Control + 7% Taraxacum officinale 7.5 4 8.5 3
LSDs 0.89 0.59
On typical chernozems
Bromus L., Phleum L., 57 51
Trifolium plants - control
Control + 7% Taraxacum officinale 6.3 2 5.3 2
LSDys 0.74 0.68

Notes: LSD - least significant difference at the 5% level of significance

Source: compiled by the authors of this study

As a result of long-term studies, it was found that
if Taraxacum officinale is included in the composition
of old-growth grass stands in the amount of 7% of
the sowing rate, the factual composition in the grass
stand is 3-4% on dried peat soils and 2% on typical
chernozems, respectively, which is significantly lower
than the calculated sowing rate. However, simple cal-
culations confirm that in quantitative terms, this can
amount to 0.25-0.3 t/ha of dry mass on peat soils and
0.11-0.13 t/ha of dry mass on typical chernozems over
the years. At a feeding rate of 4-5 kg of roughage in
cattle diets, no more than 80-150 g of Taraxacum of-
ficinale can actually be ingested with roughage, which
is significantly lower than the doses of feeding medic-
inal and fodder herbs to obtain a substantial effect.

However, these figures may be somewhat overstated,
as the bulk of the leaves of Taraxacum officinale are
located near the root rosette on the soil surface and
are not mowed. Furthermore, the content of Taraxacum
officinale fluctuates over the years and mowing, which
makes it impossible to set feeding rates. Therefore, in
this case, to meet the need for biologically active sub-
stances, it is necessary to additionally add this species
or other medicinal and feed grasses to the fodder. A
considerable disadvantage of including Taraxacum of-
ficinale in the grass stand is that in this case it is not
possible to harvest the roots as the bulk of the Tarax-
acum officinale.

Therefore, a much more promising way to use
Taraxacum officinale in fodder production is to sow it
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in clean crops with subsequent harvesting of both the
aboveground and root mass. Studies have suggested
the possibility of growing Taraxacum officinale in pure
crops. However, on rainfed lands, getting friendly ger-
mination is problematic due to low seed germination
and frequent moisture deficits. Therefore, on the typical
chernozems of the Panfilska Research Station of the IA

NAAS in 2020-2022, sparse seedlings of this crop were
obtained and, as a result, its yield was not high (Ta-
ble 3). Thus, the total yield of green mass and roots was
7.3-10.7 t/ha and 1.5-2.4 t/ha of dry mass. Therewith,
the share of leaves was 0.5-0.8 t/ha or 33-35% and
roots 1.0-1.6 t/ha or 65-67%. That is, the bulk of the
Taraxacum officinale is the roots.

Table 3. Yield of Taraxacum officinale by years, t/ha and quality indicators of its fodder, %

Yields by year
Types of herbs Green leaf mass Dry mass of leaves Dry mass of roots
2020 2021 2022 2020 2021 2022 2020 2021 2022

Taraxacum

officinale 10.7 8 73 0.8 0.6 0.5 1.6 1.1 1.0
Fodder guality  p i Fat Fibre REM Ash  Digestibility  K.0 P.O a0

indicators 2 275

Taraxacum

officinale ) 3184 49,203  222/231 42.1/480 8.5/85  67/69  2.33/251 0.86/0.88 139/134
Leaves/leaves : : 9/2. . . . . .5/8. / . .86/0. .39/1.

and root

Source: compiled by the authors of this study

As for the data of a complete zootechnical analysis
of medicinal and fodder herbs, they are not sufficient-
ly covered in the modern literature. There are separate
publications on the quality of Echinacea pallida, Matricaria
chamomilla, Calendula officinalis, etc. (Poberezhec et al.,
2018; Novakovska et al., 2022). However, there is a lack of
data on a complete zootechnical analysis of Taraxacum of-
ficinale. Studies have shown that Taraxacum officinale is a
valuable crop for fodder production because it has a high
crude protein content (22.3% in leaves and 18.4% in root
leaves). In this respect, it even exceeds the protein con-
tent of legumes. In terms of the content of other compo-
nents of the full zootechnical analysis, it has a sufficient
amount of crude fat (2.0-4.9%), crude fibre (22-23%) and
REM (42-48%) and is well supplied with potassium (2.3-
2.5%), phosphorus (0.86-0.88%), and calcium (1.3-1.4%)
and has good fodder digestibility (55.5-63%). The nutri-
tional value of the leaves is slightly higher than that of
the roots due to the higher content of digestible protein.

4
3.5
3
25

Dry weight yield, t/ha
N

25 35

Considering that Taraxacum officinale has low seed
germination and the best methods of sowing have
not been established, research aimed at solving these
issues was conducted at the Research Station of Me-
dicinal Plants of the IAEM NAAS. Irrigation was used
to increase the field germination of seeds. Under drip
irrigation, five sowing methods were studied with row
spacing of 23 c¢cm, 35 c¢cm, 45 cm, 55 cm, and 65 cm
(Fig. 1). As a result, it was found that the best methods
of sowing are wide-row with row spacing of 25-35 cm,
which provided a yield of dry leaf mass under the con-
dition of threefold mowing during the growing season
of 3.45-3.54 t/ha. With a row spacing of 45 cm, the
Taraxacum officinale yield slightly decreased, and with
a row spacing of 55-65 cm, it decreased significantly
to 2.14-1.53 t/ha. That is, under irrigation, the yield of
leaves of this crop increases significantly. However, ir-
rigation is an additional cost that deteriorates the eco-
nomic performance of fodder additives.

2.14

45 55 65

Row spacing, cm

Figure 1. Effect of row spacing on the yield of dry leaves of Taraxacum officinale, average for 2020-2022

Source: compiled by the authors of this study
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When analysing the suitability of Taraxacum offic-
inale as an organic fodder additive, the content of bi-
ologically active substances in its composition is of
significant importance. The study found that the aerial

Shtakal et al.

part of the cultivated samples of Taraxacum officinale
in terms of the content of extractive substances (at
least 20%) follows the current regulatory documents of
Ukraine and the EU (Table 4).

Table 4. The content of biologically active substances in the herb of Taraxacum officinale according to the stages of
plant development, average for 2020-2022

Content of biologically active substances, %

Plant development stage . alcohol-soluble water-soluble pectin .
extractives hemicellulose
carbohydrates carbohydrates substances
Budding 21.2%1.6 3.18+0.8 6.450.5 4.40%0.9 1.11£0.3
Flowering 24.0x1.4 5.01+1.1 8.57%0.9 4.81+1.5 1.53%0.8
Fruiting 25.5%1.9 4.22+0.9 6.20%0.5 3.45+1.0 3.08+0.9

Source: compiled by the authors of this study

The data in the table shows that the cultivated raw
materials are characterised by a relatively high con-
tent of carbohydrates, the highest amount of which
is observed in the phase of mass flowering - 14.92%,
which fully meets the requirements of regulatory doc-
uments on the timing of harvesting phytopharmaceuti-
cal raw materials. The content of extractive substanc-
es was slightly higher in samples collected during the
fruiting phase. The carbohydrate fraction content was
dominated by samples collected during the flowering
phase. Moreover, the highest rates were observed in all
phases of vegetation in the fraction of water-soluble
compounds from 6.20% to 8.57%. The highest levels
of hemicellulose content were observed in the fruiting
phase, as well as in terms of extractive substances.

One of the key indicators of the content of biolog-
ically active substances in Taraxacum officinale is the
content of other components: essential oils, flavonoids,
polysaccharides, bitters, organic acids and vitamins, etc.
Studies have shown that the content of essential oils in
its composition is low and cannot substantially affect
the body of animals. The content of flavonoids in the
dry weight of leaves is 0.65%, in roots — 1.08%, pol-
ysaccharides in leaves and inflorescences - 5.4% and
in roots — 15.8%, bitters in roots and leaves - 7-10%,
and vitamins C - 39.8 mg% and PP - 0.82 mg%. That
is, the value of Taraxacum officinale for the production
of organic fodder additives for livestock lies in its high
content of polysaccharides (natural probiotics), bitters,
flavonoids, vitamins, and nutritional components of
fodder inherent in fodder production.

Taraxacum officinale, which is included in most
pharmacopoeias around the world, is used in tradi-
tional medicine for a wide range of diseases. In offi-
cial medicine, Taraxacum officinale roots and leaves are
used to stimulate kidney and liver function, as a seda-
tive, in diseases of the gastrointestinal tract, in the diet
of patients with diabetes and other diseases, as not-
ed in Ukrainian pharmaceutical encyclopaedias. Nota-
bly, when organising the production of organic fodder
additives, there is a need to search for medicinal and

fodder herbs for feeding farm animals with single-spe-
cies fodder or forming phyto-mixtures for the same
purpose. Therefore, the uniqueness of the present study
lies in the need to introduce Taraxacum officinale into
the culture as one of the most common grass species
on hayfields and pastures, which is currently estimated
as an unseeded forb of the Polissia and Forest-Steppe
zones. Due to a complex of valuable biologically active
substances (polysaccharides, flavonoids, vitamins), this
species deserves to be spread in fodder production, and
because Taraxacum officinale is well-eaten by almost all
types of farm animals (cattle, horses, sheep, goats, rab-
bits, chickens, etc.). In recent years, research on the use
of fodder and medicinal herbs for the production of or-
ganic fodder additives has been considerably expanded.
Specifically, for this purpose, R. Chudak et al. (2020) used
Echinacea pallida. According to the results of these stud-
ies, the effectiveness of the use of echinacea photobiot-
ic extract on quail productivity was established. Among
other publications, T. Padalko et al. (2021) established
the prospects of using Matricaria chamomilla and Foenic-
ulum vulgare to produce biologically active substances
and presented technologies for their cultivation.

In the review articles by L. Kryzhak et al. (2020), the
authors point out the prospects of using Echinacea pur-
purea, Origanum vulgare L., Achillea millefolium, etc. for
this purpose, including for feeding pigs. In general, the
Research Station of Medicinal Plants of the Institute of
Agroecology and Environmental Management of NAAS
of Ukraine has introduced dozens of medicinal herbs
into culture and developed technologies for growing
them, as well as bred their varieties. |. Komarova (2018)
suggests the need for widespread use of Taraxacum offic-
inale in medicine, and according to O. Ivashchenko et al.
(2021) - also in the pharmaceutical, food, and other sec-
tors of the national economy. However, these studies did
not aim to grow Taraxacum officinale on different types
of soils with and without irrigation, using it specifically
for the formation of phyto-mixtures as fodder additives
and establishing their technological suitability for this
purpose and the introduction of Taraxacum officinale into
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culture. For the first time, the effectiveness of including
Taraxacum officinale in cereal grass stands on drained
peat soils and in cereal-legume grass stands on typical
chernozems was investigated. The study of the content
of biologically active substances in Taraxacum officinale
leaves and roots was considerably expanded. Therefore,
the present study is aimed at solving this problem and
is original in this respect.

Current research indicates that Taraxacum officinale
can be grown for the production of organic fodder ad-
ditives. Its use in organic phytomixtures has provided a
positive effect on the animal body of cattle, which man-
ifested itself in an increase in milk yields and improve-
ment of its quality due to higher fat content. Summaris-
ing the literature on solving such an important national
economic problem as increasing the productivity of
livestock and poultry and obtaining organic livestock
products from them, it becomes clear that such data
in the modern literature is extremely insufficient. As a
result of these studies, it will be possible to introduce
Taraxacum officinale into production as a single-species
raw material and as a component for the formation of
phyto-mixtures with the subsequent replacement of
existing fodder additives (premixes) in the production
of pure organic animal products for the improvement of
the nation, as prescribed by the European Green Deal.

CONCLUSIONS

On dried peat soils, the content of Taraxacum officinale
in grass stands with a dry weight yield of 7.1-8.5 t/ha
was 3-4%, and on typical chernozems with a yield of
5.1-6.3 t/ha, respectively, 2%, which is significantly low-
er than the calculated seeding rate. In this case, the real
daily requirement of Taraxacum officinale (300-500 g
per 1 head of cattle) with roughage is also not met,
since no more than 80-150 g are ingested with fodder.
The disadvantage of this use is that in this case it is not
possible to harvest the roots, which are the main mass
of the Taraxacum officinale.

A more promising way to use Taraxacum officina-
le in fodder production is to sow it in clean crops and
then harvest both the leaves and the root mass. Thus,
the total yield of green mass and roots averaged 7.3-

10.7 t/ba and 1.5-2.4 t/ha of dry mass in 2020-2022.
Therewith, the share of leaves was 0.5-0.8 t/ha or 33-
35% and of roots - 1.0-1.6 t/ha or 65-67%. Under irri-
gation conditions, it was found that the best sowing
methods were wide-row with row spacing of 25-35 cm,
which provided a yield of dry leaf mass under the con-
dition of threefold mowing during the growing season
of 3.45-3.54 t/ha. That is, under irrigation, the yield of
leaves of this crop increases significantly. However, irri-
gation also considerably increases the additional costs
of producing fodder additives.

Taraxacum officinale is a valuable crop for feeding
animals. Its value lies in the content of the following
biologically active substances: 14.92% carbohydrates,
21-25% extractives, 3.45-4.8% pectin, 0.65% flavonoids
in the dry mass of leaves and 1.08% in roots, 5.4% pol-
ysaccharides in leaves and inflorescences and 15.8% in
roots, 7-10% bitters in roots and leaves, and 39.8 mg%
vitamins C and 0.82 mg% PP. Taraxacum officinale also
contains nutrients that are typical for fodder. Specifical-
ly, it has a high crude protein content (22.3% in leaves
and 18.4% in leaves and roots). In terms of the content
of other components of the full zootechnical analysis,
it has a sufficient amount of crude fat (2.0-4.9%), crude
fibre (22-23%) and REM (42-48%) and is well-supplied
with potassium (2.3-2.5%), phosphorus (0.86-0.88%),
and calcium (1.3-1.4%), and has good fodder digesti-
bility (55.5-63%).

To increase the production of raw materials con-
taining biologically active substances, it is recommend-
ed to introduce Taraxacum officinale into the culture by
sowing it at a seeding rate of 7 kg/ha in a wide-row
method with row spacing of 25-45 cm in spring under
irrigation on fertile soils or to include it in cereal-leg-
ume mixtures on chernozems and drained peat soils in
the amount of 7% of the seeding rate of cereal-legume
grasses.
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AHoTauif. AKTyanbHICTb NPOBEAEHUX AOCNIIKEHb MOMArAE B TOMY, WO BMBYEHHS LIIHHOCTI Kynbb6abu nikapcbkoi
[N KOPMOBMPOOHMLTBA BKpai 0OMeXeHi Xo4a BOHA € OAHMM 3 HAWMOLMPEHILUMX BMAIB HA MPUPOLHUX i CiTHUX
KOpPMOBMX yrinasx. MeTolo gocnigkeHb 6yno ekcrnepuMeHTaNbHO BCTAHOBUTM Gi0NOMiYHY LiHHICTb T2 MOX/IMBOCTI
BBEAEHHS B KynbTypy Kynb6abu nikapcbkoi, ii TeXHonoriyHy npuaatHiCTb 33 BMPOLLYBAHHS B YMCTMX MOCIBaXx i
cyMillax 3i 31akoBo-6060BMMM TpaBaMu. B gocniakeHHAX BUKOPUCTAHI HACTYMHi METOAM — NONbOBUIA, TabOpaTOpHUA,
QHANITUYHWUIA, CTAaTUCTUYHMIA. BCTaHOBNEHI MOXIMBOCTI MiaciBy Kynbb6abu B TpaBOCTOI Ta CNOCOOM BUMKOPUCTAHHS
ii 3 3eneHuMMu i rpybrumMmn Kopmamu, onTUManbHi cnocobu NociBy Ta NPOAYKTUBHICTb, BMICT Bi0NOMYHO aKTUBHMX
peyoBuMH Towo. [loBeneHo, Wo niaciB kKynbbabu nikapcbkoi B TpaBOCTOI 3abe3neuvye ii BMICT B 3eneHUX i rpybux
KOpMax Ha piBHi 2-4 %, WO € HEeQOCTAaTHLOK KiNbKICTHO Ai040i peYoBMHM A9 3aCTOCYBAHHSA B SKOCTI KOPMOBMUX
[06aBoK. NepcnekTUBHIWWM € BUCIBAHHSA Kynbbabu NikapcbKoi B YMCTMX nociBax. [1py LbOMYy ypoOXalHiCTb Cyxoi
Macu i KopeHiB Kynb6abu nikapcbkoi 6e3 3polleHHs ctaHoBuna 1,5-2,4 1/ra. 3a 3poLleHHs ypoXanHiCcTb Cyxoi Mac ii
AnCTKiB NigBuwyBanacs. Kpawwmm cnocobom ciBbu € LUIMPOKOPSAHUIA 3 MidXpaaaamMm 25-35 cM. OcHOBHMMM BionorivHO
AKTUBHWMM peyoBMHAMMU € HNABOHOIAM NONiCaxapuau, ripkoTH, BITaMiHW, NEKTMHOBI PEYOBMHM Ta reMiLentonosa.
Kynbbaba nikapcbka Ma€ B CBOEMY CKNaAi i MpUTaMaHHi AN KOPMiB MOXMBHi PEYOBMHM NMOBHOMO 300TEXHIYHOIO
aHanisy. 30KkpeMa, Lie BUCOKMIA BMICT cMporo npoTeiHy (22,3 % B nuctkax i 18,4 % B NMCTKaxX i KOpeHsXx). 3a iHWWMK
MOKa3HMKaMM MOBHOFO 300TEXHIYHOrO aHani3y KOpM 3 Kynbbabu nikapcbKoi BiAMOBIAAE 300TEXHIYHUM BUMOraM.
BkntoyeHHs [o pauioHy roaiBni kynb6abu nikapcbkoi Moxe 3abe3neyyBaTM OTPMMAHHS OpraHiyHOi NpomyKuii
TBAPMHHWLTBA, LLLO BiAMOBIAAE CyYaCHUM BUMOraM cTpaTerii EBponeincbKoro 3eneHoro Kypcey

KniouoBi cnoBa: ypoxaiHicTb; XiMiYHWIA CKNag,; 3pOLEHHS; cnocobu nocisy; diTocyMiwi; 6ioNoriYHO aKTUBHI
pPeYOBUHM; NOXKMBHICTb KOPMIB
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Abstract. Preventing soil degradation is an important task of modern agrarian
science. Preservation and increase in beneficial soil microflora are a precondition for
satisfactory ecological functioning of soil and its fertility. The purpose of this study was
to investigate the dynamics of beneficial soil microflora in winter wheat crops under
the impact of mineral fertilisers and Agrobacterium radiobacter on the lands of the
south of Ukraine. The study was conducted in threefold replication in the conditions of the Kherson region in 2016-
2020 in the experimental fields of the Institute of Climate-Smart Agriculture of the National Academy of Agrarian
Sciences of Ukraine. The study used a systematic design, and the following factors were investigated: no fertiliser
and Agrobacterium radiobacter; N,,.P,.; Ny P, +Agrobacterium radiobacter, N, P, +Agrobacterium radiobacter. The
study on the microflora composition in the soil layer at 0-30 cm was carried out in the main stages of winter wheat
growth and development through the inoculation of nutritious environment. Statistical analysis was performed
using the methods of analysis of variance, correlation, and regression analysis. Dynamic changes in the soil biota
composition under the influence of the studied factor were established. The slightest response to mineral fertilisers
and bacterial preparation application was in ammonifying bacteria, while the strongest response was in cellulose-
degrading microorganisms. The winter wheat harvesting revealed a decrease in the number of ammonifying bacteria
in the soil, while the number of nitrifying and cellulose-degrading microflora increased significantly. Regression
models for the prediction of the number of nitrifying bacteria and cellulose-degrading microorganisms, developed
based on experimental data, have great accuracy (the error is 3.78% and 7.79%), and allow determining the adverse
effect of phosphorus fertiliser on the microflora of dark-chestnut soil. The study has no analogues in Ukraine and
expands theoretical knowledge about the influence of mineral fertilisers and bacterial preparation, containing
Agrobacterium radiobacter, on the composition of beneficial microflora of the dark-chestnut soil

Keywords: ammonifying bacteria; bioaugmentation; nitrifying bacteria; cellulose-degrading microorganisms;

mathematical modelling

INTRODUCTION

Soil degradation is less discussed and popularised
than global warming, but not a less hazardous chal-
lenge standing before the humankind in the 21 cen-
tury. Deterioration of soil quality and poor soil health
in some regions reach the peak point and immediate
intervention is required to preserve this non-renewa-
ble resource for crop production. If no steps are tak-
en, the degraded soils will be abandoned and deserted
(Panagos et al., 2018). Assuming that soil is not only an
irreplaceable natural resource for food production, but
also an important link of the general ecological chain
of the biosphere, soil and land degradation is a threat
for global food security, biodiversity preservation, and
general well-being of the Earth. Current irrational in-
tensification of agricultural land use practices resulted
in extreme deterioration of soil quality on the global
scale (Kopittke et al., 2019).

It is assumed that the Mediterranean is the most
susceptible region in Europe in the context of deterio-
ration of soil quality and desertification. H. Shao et al.
(2019) proved that some soils of the Mediterranean
basin are in critical state, and soon they will be una-
ble to provide not only crop production, but even ele-
mentary ecosystem services. According to C.S. Ferreira
etal.(2022),soils are subjected to degradation on three
main levels: biological (loos of soil microbiome diver-
sity, shifts to the prevalence of harmful flora over the
beneficial); chemical (decrease in soil organic matter
content, contamination with chemical wastes, salinisa-
tion); physical (sealing, over compaction, erosion).
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A. Drobitko et al. (2023) noted that even though
Ukraine does not belong to the Mediterranean region
of Europe, it is well-known that in recent decades soil
degradation processes take place on the entire area of
the country. Apart from the negative transformations
mentioned above, which are common for the Mediter-
ranean and Ukrainian soils, the latter are subjected to
other negative impacts. According to D. Rawtani et al.
(2022), in the last two years, soil health deterioration
has extremely accelerated, especially in the south and
in the east of Ukraine, because of military activities,
which lead to destruction of the upper fertile soil
layers, soil pollution with heavy metals, radioactive
trace elements, toxic chemicals and harmful bacte-
ria, diminishment of the number of biologically active
beneficial microorganisms, flooding, covering with silt,
over-compaction, etc. Combined with irrational agri-
cultural practices of land-use, inherited from the Sovi-
et Union era, extremely high share of arable lands in
the structure of croplands, neglection of organic fertil-
isers application, introduction of high-intense, soil-ex-
hausting short crop rotations with row crops (such as
maize, soybeans, sunflower, grain sorghum) and com-
plete replacement of perennial herbs from crop rota-
tions, irrational irrigation and soil tillage practices at
the background of adverse effects of natural phenom-
ena, driven by climate change, technogenic impacts
connected with current military activities and ab-
sence of reliable scientific information support in the
sphere of land use and soil regulation are absolutely




destructive for the soils of the south and east of the
country (Malashevskyi et al., 2020).

P. Pereira et al. (2022) note that general land sur-
face topography has been changing since the begin-
ning of the war due to impacts of shelling and mili-
tary construction, especially trenches and fortification
building. Researchers PV. Lykhovyd and YelV. Kozlenko
(2018) noted low irrigation water quality (e.g., Ingu-
lets irrigation system, which became the only body to
supply irrigation water to the fields of the south after
the destruction of Kakhovka dam) and poor land recla-
mation practices, malfunction of major irrigation and
drainage systems, leading to secondary alkalisation and
additional structural damage to the soil texture, and
the situation starts to look horrible. In this regard, stud-
ies on soil health preservation and improvement are of
great relevance and importance for current agriculture.

Soil health improvement could be achieved in dif-
ferent ways. As mentioned above, there are three main
levels of soil degradation, and there are three corre-
sponding levels of soil quality improvement. One of
the crucial but less studied ones is biological level. Soil
microorganisms play crucial role in ecosystem services,
maintaining soil fertility, balance of organic and miner-
al matter, and are of great importance for sustainable
crop production and ecological stability. This is espe-
cially relevant to the arid environments, suffering from
rapid climate change, such as of the south of Ukraine,
where healthy soil biota composition contributes to
ecological sustainability and integrity of total ecosys-
tems (Mishra & Singh, 2020). Therefore, it is necessary
to learn about practices that help support a healthy
soil biota. PV. Lykhovyd and S.O. Lavrenko (2017), and
B. Futa et al. (2021) note that fertilisation practices
require robust investigation, because fertiliser appli-
cation has been shown to lead to significant changes
in soil biological and enzymatic activity, measured in
different ways.

According to A. Sumbul et al. (2020), apart from
mineral fertilisers, bacterial preparations, applied dur-
ing the cultivation of various crops or for the purposes
of biological remediation, also have some impact on
soil health. Considering current scientific evidence that
bioaugmentation in the combination with phytoreme-
diation approach could be extremely beneficial for soil
fertility improvement, it is necessary to investigate this
question in greater detail for a certain biological agent
and soil type (Zanganeh et al., 2022).

The purpose of this study was to reveal the impact
of mineral fertilisers and non-symbiotic nitrogen-fix-
ing bacteria application in winter wheat crops on the
favourable biota composition of dark-chestnut soil,
namely, ammonifying, nitrifying bacteria, and cellu-
lose-degrading microorganisms; to substantiate bene-
ficial and harmful effects of mineral fertilisers and bio-
augmentation on the health of the soil.
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MATERIALS AND METHODS

Field experiments devoted to the investigation of the
effects of mineral fertilisers and bioaugmentation
agents on the biota composition of dark chestnut soil
were conducted during 2016-2020 at the Institute of
Climate-Smart Agriculture of the National Academy of
Agrarian Sciences of Ukraine (NAAS). The experimental
field was located in Bilozerka district of Kherson re-
gion, the south of Ukraine (geographical coordinates:
46°44'33"N 32°42'28"E). In climatological relation,
the area of the trials belongs to the dry steppe zone of
Ukraine, or BSk (cold semi-arid climate zone) according
to M.C. Peel et al. (2007). The soil of the experimental
field was represented by dark-chestnut middle-loamy
soil with humus content in the arable layer averaging
2.2%.The field capacity of the 0-100 cm layer is 22.4%,
wilting point is 9.5%. Groundwater is beyond 10 m.
The experiment was conducted using the systematic
design of the study in threefold replication. The area
of the experimental plot of the first grade was 500 m?,
while accountable area was 100 m% The area of the
second-grade plot was 50 m2. The scheme of the exper-
iment is presented in the Figure 1.

Figure 1. The scheme of the experiment, conducted
at the field in Bilozerka district of Kherson region
during 2016-2020
Note: the numbers in the Figure 1 correspond to the
variants 1, 2, 3, 4 of the study; St. - standard, control
variant of the study
Source: created based on the authors’ own research

Winter wheat was sown as the basic crop in the
study. Cultivation technology used in the experiment
was common for the conditions of the south of Ukraine,
except from the factors under study (Domaratskiy et al.,
2019).The studied factors, namely fertilisers and bioau-
gmentation agent application, had the following grada-
tions: variant 1 (St.) - no fertiliser and bioaugmentation
agent; variant 2 - N, P.; variant 3 - N, P +non-sym-
biotic nitrogen-fixing bacteria (NSNFB); variant 4 -
N,,,Ps # NSNFB. The NSNFB preparation was repre-
sented by Diazophit, which contains 4-6 billion of
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Agrobacterium radiobacter strain per 1 g/ml. This bi-
oaugmentation preparation has been developed spe-
cifically for wheat, barley, and rice crops (Khomenko
et al.,2010).

The number of ammonifying, nitrifying bacteria,
and cellulose-degrading microorganisms in the soil
was determined in the certified analytical studies lab-
oratory of the Institute of Climate-Smart Agriculture
of NAAS. The study was performed for the soil layer at
0-30 cm in three main stages of winter wheat develop-
ment: start of the growing season (BBCH 10-13), stem
elongation (BBCH 31-37), and full ripeness of grain
(BBCH 89-91). Soil samples were collected using a spe-
cial soil auger. The soil suspension was sown in differ-
ent nutritious environment. To determine the number
of ammonifying bacteria, meat-peptone agar (MPA)
was used, and to determine the number of nitrifying
bacteria, watery agar with ammonium-magnesium salt
was used. After inoculation with the nutritious environ-
ment, the incubation period (14 days) began, when the
temperature was maintained at +28°C. After the incu-
bation period, the number of colonies was accounted
for. The number of the soil biota for each species group
is represented in the colony-forming units (CFUs) per
1 g of the absolutely dry soil. The moisture content in
the soil was calculated using the gravimetric meth-
od. All laboratory studies were conducted in threefold
replication. Statistical data processing was performed
using Microsoft Excel 365 spreadsheets (pairwise lin-
ear correlation analysis by Pearson), AgroStat (one-way

analysis of variance), BioStat v.7 (multiple linear regres-
sion analysis) statistical packages. All calculations were
performed at p<0.05 using common mathematical pro-
cedure (Scheffe, 1999; Sharma, 2005).

RESULTS AND DISCUSSION

As a result of the study, the major regulations on mi-
crobiota transformation in dark-chestnut soil were es-
tablished under the influence of mineral fertilisers and
the biological preparation Diazophit (Table 1). First of
all, it should be certified that the variants of Ny P +
NSNFB and N, P, + NSNFB did not differ significantly
at the stage of stem elongation (BBCH 31-37) of winter
wheat in terms of the number of ammonifying and cel-
lulose-degrading microflora. These variants were also
similar in the latest stage of crop growth in terms of the
presence of ammonifying bacteria in the soil. Further-
more, there was no statistically significant difference
between the variants without fertilisers and fertilised
with N, P, in terms of all microflora species studied in
the BBCH 89-91 stage. However, generally, the number
of all the studied soil microbiota species was signifi-
cantly higher in the variants with the application of Di-
azophit as a bioaugmentation agent. Therefore, it was
proved that application of Agrobacterium radiobacter is
beneficial for preservation of favourable microflora in
the dark-chestnut soil under the cultivation of winter
wheat. This conclusion is in line with the statements
that can be found in the scientific reports of studies on
this subject (Kovalenko et al., 2020).

Table 1. Microbial composition of the dark-chestnut soil in the winter wheat crops depending on mineral fertilisers and
the bacterial preparation application (average for 2016-2020)

CFU per 1 g of the absolutely-dry soil

Variant . .
Ammonifying bacteria, billion

Cellulose-degrading

Nitrifying bacteria, billion microorganisms, thousand

BBCH 10-13
No fertilisers 28.50a 8.76a 3.36a
N,20Pso 29.37b 9.10b 3.91b
NyoPeo * NSNFB 35.63c 10.15¢ 4.30c
N,,oPs + NSNFB 33.08d 9.89d 4.28c
BBCH 31-37
No fertilisers 18.97a 8.93a 3.53a
N.2Pso 20.25b 9.40b 3.93b
Ny,P,,+ NSNFB 22.86¢ 10.89c 4.18c
N,,oPso + NSNFB 21.58c 10.61d 4.20c
BBCH 89-91
No fertilisers 24.62a 10.4%9a 3.98a
N,,0Ps0 25.62a 10.56a 4.00a
NgoPyo * NSNFB 28.00b 13.12b 4.68b
N, .P,, + NSNFB 27.22b 12.14c 4.57c

120" 90

Note: different letters in the labels of each value certify about statistically significant difference between the variants at

p<0.05 according to the ANOVA test results

Source: compiled by the authors of this study based on the authors’ own research
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Notably, the number of nitrifying bacteria and cel-
lulose-degrading microorganisms gradually increased
from the very beginning to the cessation of winter
wheat growth in all the variants of the experiment.
However, the dynamics for ammonifying bacteria was
different: their numbers significantly decreased to the

Bidnyna et al.

stage of stem elongation (BBCH 31-37) in winter wheat,
but then slightly increased before the crop’s growth
cessation (BBCH 89-91). Despite the increase in the
late stages of winter wheat development, the number
of ammonifying bacteria had negative balance by the
growing season (Table 2).

Table 2. The dynamics of microbial composition of the dark-chestnut soil in the winter wheat crops depending on
mineral fertilisers and the bacterial preparation application (average for 2016-2020; the dynamics is presented
relatively to the initial numbers of the bacteria)

CFU per 1 g of the absolutely-dry soil

Variant . N
Ammonifying bacteria, billion

Cellulose-degrading

Nitrifying bacteria, billion microorganisms, thousand

BBCH 31-37
No fertilisers -9.53 0.17 0.17
N.20Pso -9.12 0.30 0.02
Ny,P,,+ NSNFB -12.77 0.74 -0.12
N,,oP, + NSNFB -11.50 0.72 -0.08
BBCH 89-91
No fertilisers -3.88 1.73 0.62
N,,0Pso -3.75 1.46 0.09
Ny,P,, * NSNFB -7.63 2.97 0.38
N, P, + NSNFB -5.86 2.25 0.29

120" 90

Source: compiled by the authors of this study based on the authors’ own research

The highest negative balance was established for
NyP., * NSNFB, while the variant with the applica-
tion of mineral fertilisers at the N,, P, rates resulted
in the best preservation of the community of ammo-
nifying bacteria in the soil. The best positive balance
of nitrifying bacteria was achieved by N, P, + NSNFB,
while the best survival and increase rates in cellulose
degrading microorganisms were fixed in the variant
without applied fertilisers. These results demonstrate
that different microflora react differently to the ap-
plication of mineral fertilisers and bioaugmentation.
Notably, established regulations can be unique for the
dark-chestnut middle-loamy soil of the steppe zone, as

it was shown that there are different patterns of sea-
sonal dynamics and the presence of beneficial micro-
flora under different environmental conditions (Ishaq
et al., 2020). Furthermore, as suggested by H. Wang
et al. (2022), elements of cultivation technology, espe-
cially tillage, could also be involved in the regulation
of the soil microbiota. Therefore, these specific features
should be also considered in the interpretation of the
results. The correlation-regression analysis allowed es-
tablishing the nature and strength of the relationship
between the microbial composition of the dark-chest-
nut soil in the winter wheat crops and the application
of mineral fertilisers (Table 3).

Table 3. Pairwise relationship between the microbial composition of the dark-chestnut soil in the winter wheat
crops and mineral fertilisers and the bacterial preparation application (average for 2016-2020)

Correlation coefficient

Determination coefficient

Bacterial Nitrogen Phosphorus Nitrogen fertilisers Phosphorus
community fertilisers, fertilisers, NSNFB gk ha't ’ fertilisers, NSNFB
kg ha* kg ha* 9 kg ha*
Ammonifying 0.21 0.18 0.36 0.04 0.03 0.13
Nitrifying 0.33 0.29 0.64 0.11 0.09 0.14
Cellulose-degrading 0.63 0.59 0.80 0.39 0.34 0.64

Source: compiled by the authors of this study based on the authors’own research

As a result, it was found that there is almost no
connection between the application of mineral fertil-
isers and the number of ammonifying and nitrifying
bacteria, while the relationship between the rates of

nitrogen and phosphorus application is moderately
correlated with the presence of cellulose-degrading
microorganisms in the soil. Therewith, it was estab-
lished that the application of the NSNFB preparation
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Diazophit was moderately related to the number of
nitrifying bacteria and strongly related to the num-
ber of cellulose-degrading microorganisms in the
soil. Therefore, ammonifying bacteria were the only
one species that were not affected by the factor un-
der study. The results of multiple regression analysis

revealed a weak dependence of the presence of am-
monifying bacteria on the complex of fertilisers used,
while nitrifying bacteria and cellulose-degrading mi-
croorganisms demonstrated moderate-to-strong de-
pendence on the complex effects of the factor under
study (Table 4).

Table 4. Multiple relationship between the microbial composition of the dark-chestnut soil in the winter wheat crops
and mineral fertilisers and the bacterial preparation application (average for 2016-2020)

Bacterial community

Correlation coefficient

Determination coefficient

Ammonifying 0.39 0.15
Nitrifying 0.66 0.44
Cellulose-degrading 0.86 0.74

Source: compiled by the authors of this study based on the authors’ own research

Multiple regression models for the prediction of
soil microbiota composition depending on the fertil-
iser’s application and use of Diazophit were developed

for the nitrifying and cellulose-degrading microflora
(Tables 5 and 6).

Table 5. Regression statistics and the model for the prediction of nitrifying bacteria numbers in the dark-chestnut soil
based on the fertilisation rates and application of the bacterial preparation

Statistical parameter Value
Adjusted coefficient of determination 0.23
Predicted coefficient of determination 0.26

Mean absolute percentage error 7.79%
Mean square error 1.30 CFU

Equation

9.3933E + 1.1933NSNFB - 7.7333x102P + 6.0444x102N

Note: N - the dose of Nitrogen fertilisers applied, kg ha*; P - the dose of Phosphorus fertilisers applied, kg ha*; NSNFB -
application (enter “1°) or no application (enter “0°) of the bacterial preparation Diazophit
Source: compiled by the authors of this study based on the authors’ own research

Table 6. Regression statistics and the model for the prediction of cellulose-degrading microorganisms’ numbers in the
dark-chestnut soil based on the fertilisation rates and application of the bacterial preparation

Statistical parameter Value
Adjusted coefficient of determination 0.64
Predicted coefficient of determination 0.41

Mean absolute percentage error 3.78%
Mean square error 0.05 CFU

Equation

3.6233 + 0.4033NSNFB - 1.5667%107?P + 1.4444x10N

Note: N - the dose of Nitrogen fertilisers applied, kg ha*; P - the dose of Phosphorus fertilisers applied, kg ha*; NSNFB -
application (enter “1°) or no application (enter “0’) of the bacterial preparation Diazophit
Source: compiled by the authors of this study based on the authors’ own research

The proposed models are the first to provide a
mathematical description of the influence of mineral
fertilisers and the effects of Agrobacterium radiobac-
ter on the beneficial microflora of dark-chestnut soil.
According to the regression model coefficients, phos-
phorus fertilisers have negative impact on both spe-
cies, while nitrogen fertilisers are favourable for their
development.

Other scientists have also investigated this subject,
but from other perspectives. However, main conclusions
are not contradictory. Thus, M. Sintia et al. (2021) have
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also proven a strong effect of nitrogen fertilisation on
nitrifying microbes and net nitrification rates in soils
under cereal and leguminous crops.As for cellulose-de-
grading soil microflora, H. Tang et al. (2021) established
positive effects of organic manure and crop residue
application on the studied group of soil biota. Authors
also claimed that the cellulolytic microbial communi-
ty studied in soils was significantly increased with the
long-term application of crop residue (so-called green
manure) and the organic manure condition compar-
ing with pure mineral fertilisation practices. However,




Q. Ma et al. (2020) do not support this statement and
claim that farmyard manure application has no effect
on soil microbial community structure.As for the action
of bacterial preparations,J.Wang et al. (2020) found that
some bacterial species, when added into soil communi-
ty, can enhance cellulose degradation activity in soils
under simultaneous increase in the volume of available
nitrogen, phosphorus, and potassium, thereby improv-
ing soil fertility and crop production.

A. Iminov et al. (2020) claimed that application of
mineral fertilisers together with nitragin increased the
number of ammonifiers, oligonitrophils, and micromy-
cetes in soybean crops. Y. Chen et al. (2018) found that
mineral fertilisation with nitrogen, phosphorus,and po-
tassium in appropriate proportions is the best approach
to improve soil quality and soil bacterial community in
non-calcareous fluro-aquic soils of the North China
Plain. Z. Liu et al. (2021) reported the highest bacterial
enzymes activity in the soils of Shaping, Hequ, China,
when complex approach to soil fertilisation was imple-
mented, viz., application of appropriate doses of organ-
ic manure and mineral fertilisers.

However, meta-analysis on soil microbiota and its
relation to fertilisation systems found that manure
application is beneficial, while mineral nitrogen, phos-
phorus, and potassium fertilisers in some soils led to
significant loss of microbial biomass (Ren et al., 2019).
Y. Kong et al. (2019) also support the statement that
long-term chemical fertilisation significantly decreases
soil nitrifying activity. Finally, in case of different crop
rotations and fertilisation practices different changes
in soil bacterial diversity and functioning will be ob-
served,as reported by Z.Tong et al. (2023). The strongest
differences are observed between cereal and legumi-
nous crops, as the latter are the substrate for symbiotic
nitrogen-fixing bacteria colonisation, leading to signifi-
cant shifts in soil microbiome (Zhang et al., 2019).

As for Agrobacterium radiobacter application,
I. EL Attar et al. (2022) found beneficial effects of these
bacteria on soil fertility and crop production, suggesting
the possibility of partial replacement of nitrogen min-
eral fertilisers with this bacterial agent. L. Tokmakova
et al. (2019) found that Agrobacterium radiobacter im-
proves plants nutrition with phosphorus, providing for
the improvement of maize yields. However, caution
should be taken when applying Agrobacterium radiobac-
ter preparations because these bacteria are pathogens
for some agricultural species, e.g., pistachio seedlings
(Basavand et al., 2022), while some other crops should
be provided with additional protection, especially pota-
to (Borodaj & Parfeniuk, 2019).

Therefore, considering that the presented study is
in good agreement with the internationally conducted
investigations, even those carried out on other types
of soils and in other environmental and agrotechno-
logical conditions, it can be assumed that the math-
ematical models developed for the prediction of soil
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microbiome composition depending on the nitrogen,
phosphorus, and Agrobacterium radiobacter application
rates could be applied for scientific purposes not only
for the dark-chestnut soils of the south of Ukraine, but
for other soils and climate zones as well.

CONCLUSIONS

The findings of this study revealed that the application
of Agrobacterium radiobacter and mineral fertilisers
significantly affects the number of beneficial soil mi-
crobiota. A stronger effect was attributed to nitrifying
bacteria, while ammonifying bacteria almost did not
experience any positive or adverse effect from the ap-
plication of the substances under study. The strongest
effects of the studied factor were observed for the cel-
lulose-degrading microorganisms, which reacted the
most on the application of Agrobacterium radiobacter -
correlation coefficient was 0.80. It was found that the
number of ammonifying bacteria in the dark-chestnut
soil decreased over the growing season of winter wheat
(by 3.75-12.77 CFU/g of the absolutely-dry soil depend-
ing on the variant of the study), while the numbers of
nitrifying bacteria increased up to 1.46-2.97 CFU/g of
the absolutely-dry soil by the end of the study. Statisti-
cal analysis allowed multiple regression models to be
developed for the prediction of the number of nitrifying
bacteria and cellulose-degrading microorganisms in the
dark-chestnut soil. The models provide high predictive
accuracy (MAPE values are 3.78% and 7.79% for cellu-
lose-degrading and nitrifying microbiota, respective-
ly; correlation coefficients of the models are 0.86 and
0.66 for cellulose-degrading and nitrifying microbiota,
respectively) and could be used in scientific purposes
for simulation studies of the microbial community of
the dark-chestnut soils of the South of Ukraine. It was
additionally established that phosphorus application
plays negative role in the formation of nitrifying and
cellulose-degrading microflora, namely, every kg ha* of
phosphorus mineral fertiliser decreases the number of
nitrifying bacteria by 0.077 CFU/g of the absolutely-dry
soil, and the number of cellulose-degrading bacteria
decreases by 0.016 CFU/g of the absolutely-dry soil, re-
spectively.

More research should be conducted to improve the
knowledge on this topic. First of all, additional agro-
technological factors (e.g., tillage, irrigation ways)
should be included, as well as it would be beneficial to
include other types of crops in the future studies. Fur-
thermore, other soil types (chernozems, greyzems, etc.)
should also be investigated in terms of the impacts of
agrotechnology on their microbial composition.
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AHoTauis. MNonepenxeHHs Lerpafalii rPpyHTIB € BaXXIMBMM 3aBAAHHAM Cy4YacCHOi arpapHOi Hayku. 36epexeHHs
Ta MPUMHOXEHHS KOPUCHOI FPYHTOBOI Mikpodniopy € 3amopykot 3abe3nevyeHHs eKOoMoriYHOi (YHKLIi rpyHTIB
i ix poptoyocTi. MeTolo AaHOi pobOTU € BUBYEHHSI AMHAMIKM KOPWUCHOI IPYHTOBOI MiKpodaopu Ha nociBax
MWeHULi 031MOi Nif BNAMBOM MiHepanbHUX Aobpus Ta Agrobacterium radiobacter Ha 3eMnax niBaHA YKpaiHu.
[ocnigkeHHs BUKOHYBANM B TPbOX PA30Biid MOBTOPHOCTI B yMOBaxX XepCOHCbKOi obnacti y nepiog 2016-2020 pp.
Ha eKCrnepuMeHTaNnbHUX NoNgax IHCTUTYTY KNIMaTMYHO OPIEHTOBAHOrO CiNbCbKOro rocnofapcrea HauioHanbHOI
aKkageMii arpapHux Hayk YkpaiHu. Po3TawyBaHHS BapiaHTiB JoCAigy — CUCTEMATUYHE, BUBYANM HACTYMHI dakTopw:
6e3 nobpus i Agrobacterium radiobacter; N, P..; Ny P, + Agrobacterium radiobacter; N,, P, + Agrobacterium
radiobacter. BuByeHHs cknagy Mikpodnopwu y wapi rpyHTy 0-30 cM BMKOHYBanM y OCHOBHI da3u pocTy i po3BUTKY
nweHuLi 03MMoi B 1abOpaTopHMX YMOBAX LUSXOM BMCIBAHHS CYCrneH3ii Ha XMBUAbHI cepenosuiia. CTaTUCTUYHUI
aHani3 JaHWX BUKOHYBanW MeToAaMu AUCMepCiiHOro, KOpensuiiHoro Ta perpecinHoro aHanisy. byno sctaHoBneHo
[MHAMIYHI 3MiHM y cKknagi rpyHToBOI 6i0oTW mig, BNAMBOM JocChigxyBaHoro daktopa. MiHiManbHy BianoBiAb Ha
BHECEeHHS MiHepanbHMX [006puB i GakTepianbHOro npenapaty Manu amoHidikytoudi bakTepii, MakcUManbHy -
LLeNIt0N1030-pO3KNaJaYI  MiKpOOpraHiaMu. BCTaHOBNEHO 3MEHLEHHS 4MCeNbHOCTI aMoHidikytumx 6GakTepint y
IPYHTI A0 nepiofy 36MpaHHs NWeHMLi 03MMOI, Y TOM Yac K YMCeNbHICTb HITpUdikyroUunx BakTepil i Lennoso-
po3Knafakyoi Mikpodnopu icTOTHO 3pocTana. Perpecilini Mogeni nporHo3y YMcenbHOCTI HITpUdiKyrunx bakTepi i
LLeNIt0N1030-p0o3KNaaayoi Mikpodnopu, po3pobeHi Ha OCHOBI eKCNepMMEeHTaNIlbHUX AaHUX, MakOTb BUCOKY TOUHICTb
(noxubka cknana 3,78 i 7,79 %), i [O3BONMAN BCTAHOBWUTU HeraTuBHMIM BNAnB docdopHmx fobpus Ha Mikpodnopy
TEMHO-KALWTAaHOBOro r'pyHTY. JJoCnifXeHHs He Ma€ aHanorie B YKpaiHi Ta NoOrnubnle TEOPEeTUYHI 3HaHHI LoAo
BM/IMBY MiHEepanbHUX LOOPpMB i BakTepianbHOro npenapaTy Ha oCHOBI Agrobacterium radiobacter Ha CKNag KOPUCHOI
MiKpod10pU TEMHO-KALWTAHOBOIO MPYHTY

KntouoBi cnoBa: aMoHidikytoui 6akTepii; 6ionoriyHe noninweHHs; HITpUdiKyo4Yi BakTepii; Lentn030-po3knagatodi
6akTepii; MaTeMaTUYHE MOLENOBAHHS
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were determined according to quality standards, as well as baking bread sample. During the pilot sowing, one
of the varieties - Girmizi Gull, was sown on plots with various tillage methods - traditional, minimal, and zero.
Thus, it was determined that the varieties Gonen and Ekinci 84 contain a zero allele of the Wx-B1 - Wx-B1b gene,
which means that their endosperm contains higher-quality starch, and the varieties Askeran, Azemetli 95, Gonen,
Kirmizigul, Nurlu 99, Tale 38, and Ugur, in turn, contain a zero allele of the gene GluAl - GluAld, which on the
contrary worsens the gluten quality of these varieties. As for tillage, the traditional system showed itself to be
the best, the minimal tillage was slightly worse, and the zero tillage system turned out to be the least suitable in
these conditions. Thus, the obtained data outline further areas for conducting research and open up prospects for

targeted selection for alleles of the considered genes

Keywords: flour; starch; gluten; gliadin; baking qualities

INTRODUCTION

The decline in the quality of soft wheat caused by a num-
ber of unfavourable yield factors leads to an increase in
the agricultural area in Azerbaijan. During 2020-2021,
the quality of the crop was most influenced by temper-
ature conditions, in particular abnormally high temper-
atures, and poor resistance of a number of varieties to
infectious diseases - both to brown rust, which spread
during the years of observation, and to yellow rust, out-
breaks of which were observed for seven years, on the
moment when the authors conducted the study.

These trends, which go beyond the years present-
ed, and issues of irrigation and soil erosion, record-
ed in a number of studies, lead to the fact that as of
2021, about 50% of the republic’s wheat needs had
to be covered by imports. However, the area of crops
has increased by 60% since 2011 (Huseun Oglu, 2021;
Mustafayeva et al.,2021).Increasing the amount of grain
produced does not fully solve the problem of shortage,
because as a result, significantly fewer bread prod-
ucts are obtained from low-quality wheat than from
high-quality grain (Tadesse et al., 2019). The suitability
of grain for the manufacture of food products, includ-
ing bread, is mainly determined by its composition. The
greatest focus of research in this context is the influ-
ence of the physicochemical properties of the constit-
uents of glutens and gliadins (Mirzayeva et al., 2022).
These are proteins responsible for the rheological pa-
rameters of the dough, since they have the ability to
trap air bubbles and form a porous structure of finished
products, and also affect the elasticity of the dough
(Ospanov et al., 2020). Another significant factor is the
influence of the starch content and structure, as well as
the ratio of polar and nonpolar lipids, which also affects
the volume of bread (Ceseviciené et al., 2022).

The quality of soft wheat, according to E. Hajiyev
et al. (2021), depends on two groups of factors: envi-
ronmental and genetic. Environmental factors include
weather conditions, soil quality, methods of tillage,
method of fertilisation, etc. Genetic factors are currently
less investigated, however, the study of genetic control
and polymorphism of various enzyme and non-enzyme
proteins opens up new opportunities for breeding and
selecting varieties with optimal nutritional indicators
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(Afanasyeva et al., 2023). According to the research by
S. Kalenska et al. (2023), Glu-type genes are responsi-
ble for the synthesis of gluten, which are localised on
the long arms of chromosomes of group 1: 1A, 1B, and
1D. At the same time, Glu-D1 genes have the greatest
contribution to wheat quality, and Glu-A1l are the least
variable. Y. Zi et al. (2022), in turn, summarised infor-
mation on the effect of various genes responsible for
starch synthesis on the yield and quality of flour. The
Wx genes affect the synthesis of amylose, which reduc-
es the quality of flour and its products. The main effect
is provided by the Wx-B1 allele, the smaller one - by
Wx-Al. The absence of the first allele significantly im-
proves the quality of flour.

For genes of the Gld group that encode the synthe-
sis of gliadins, as indicated by G. Ozer et al. (2020), at
the moment, no alleles have been identified that have
an unambiguous qualitative effect. Alleles Glu-Bld
(6+8), Glu-B1h (14+15), and Glu-B1b (7+8) are associ-
ated with higher gluten strength and pasta quality. The
1Dx5+1Dy10 alleles determine the level of increase in
dough consistency, elasticity, viscosity, and extensibil-
ity, baking quality and the corresponding volume of a
loaf of bread. Bx7,Bx7 OE, 1Bx17+1By18, 1Bx13+1By16,
Bx7+By9 and 1Bx7+By8 in the Glu-B1 and 1Ax2 alleles
found on Glu-Al increase the strength of the dough
and positively affect the consistency, extensibility, vis-
cosity, and elasticity of bread dough.

Thus, given the confirmed directional effect of cer-
tain groups of genes on the quality of wheat flour, this
study is designed to determine whether breeding for
these genes really has prospects of becoming one of
the ways to overcome the shortage of high-quality bak-
ing flour in Azerbaijan.

MATERIALS AND METHODS

Studies on the productivity of 37 local and breeding
varieties of soft wheat were conducted in 2020 at the
Terter zonal experimental station located in the north-
western part of the Karabakh lowland at an altitude of
175 m above sea level. Observations and measurements
were carried out three times on the selected plots with
an area of 1 m2 Irrigation was applied at the stage




of onset of tube emergence, earing and onset of milk
maturity of grain. The agrotechnical practices recom-
mended for the region were also carried out within the
framework of the traditional tillage system. The sowing
of the Girmizi Gul 1 variety was carried out in the third
ten days of November using traditional, minimal, and
zero tillage methods.

Thus, the study consisted of three blocks designed
to determine the main measures to improve the quality
of wheat grain: determining the optimal type of tillage,
analysing the grain quality of the main wheat varieties
suitable for cultivation in Azerbaijan,and determining the
molecular genetic basis of the determining indicators.

As part of the grain quality assessment, weight of
1,000 grains, percentage composition and fibre defor-
mation measurement (FDM), falling number, level of
sedimentation, and nitrogen content were determined.
The grains were randomly selected, counted and
weighed. To determine the gluten content, a sample
of medium grain weighing about 50 g was taken. The
sample was crushed in a laboratory mill and cleaned of
impurities: debris, husks, spoiled and underdeveloped
grains by sieving through a series of sieves with holes
of different diameters. About 25 g of pure ground grain
was taken, 14 cm?® of distilled water was poured, and
a lump of dough was kneaded, which was allowed to
settle for 20 minutes. The settled dough was washed
under running water until the turbidity of the water
stopped and the lump mass decreased. The resulting
gluten was squeezed out and wiped with a dry towel
during the entire process. They were weighed, recording
the results with an accuracy of 0.1. The gluten content
was calculated using the equation (1):

my
x =X 100, 1)

The gluten quality was determined using the IDK-
1M and IDK-2 devices. The falling number was deter-
mined using a viscometric tube. All stages of grain
quality research were carried out using methodological
recommendations and Interstate Standard 13586.1-
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68 (1987).In the study, the Bezostaya 1 variety was used
as a marker for electrophoretic analysis. Electrophore-
sis of spare proteins was performed on gel electropho-
resis plates with glycine acetate buffer (pH 3.1). The
identification of wheat samples based on the results
of electrophoregrams of gliadin coding loci Gld 1A, Gld
1B, Gld 1D, Gld 6A, Gld 6B and Gld 6D was carried out
according to the catalogue of allele component blocks
of gliadin of the Bezostaya 1 variety (marker), taken as
the standard.

The collections were evaluated for the allel-
ic state of the Wx genes using PCR analysis using
primers AFC/AR2, Wx-Alb-F-MH/Wx-Alb-R-MH, Sun-
1F/SunlR, BDFL/BRD, 4F/4R, BDFL/BRC1/BRC2/BFC,
WxB1L/Wx-B1R, Wx-D1-2F/Wx-D1-2R, Wx-D1-1F/Wx-
D1-1R, BDFL/DRSL. In determining the glutenin-cod-
ing genes, the UMN19 codominant marker was used to
identify allelic variants of the glutenin IUD genes en-
coded by the Glu-A1 locus. A fragment of 362 pn in size
was amplified on samples having subunit 2 (Glu-Alb
allele). In samples with a null allele and having subunit
1 (Glu-Ala allele), a fragment of 344 pn was observed.

It was also decided to conduct a test baking of
bread to compare varieties with different indicators of
the qualitative and quantitative composition of starch.
The bread was baked using a straight dough method,
dough fermentation, and further baking were carried
out on Domino and Arianna devices. The duration of
resting was determined organoleptically, baking was
carried out at a temperature of 220-230°C. For compar-
ison, the paper presented a comparison of loaves made
from flour of varieties Shafag 2 and Gonen. Statistical
processing of the research results was carried out using
Microsoft Excel 2010 software suite.

RESULTS

The first stage of the study was the test sowing of one
of the varieties - Girmizi Gul 1 - on experimental areas
with different types of tillage: traditional, minimal, and
zero. The data obtained were highlighted separately
(Table 1).

Table 1. Quality indicators of the Girmizi Gull variety under various cultivation methods 2021

n-:-cieltlr?ggs Weig:‘atig:,id?oo Vitreousness, % Gluten, % FDM, p.p. Sedimentation, ml Toct:'l‘tnei ;‘;‘,’9/5“
Traditional 321 50.5 26 76.8 31.5 12.7
Null 321 9.5 18.6 95.5 21 11.7
Minimal 32.8 14 28 88 27 10.4

Source: compiled by the authors

From the presented results, it can be seen that
none of the listed tillage methods revealed statistical-
ly significant advantages in terms of the weight of a
thousand grains and sedimentation rates. At the same
time, the difference in vitreousness indices is noticea-
ble - the highest proportion, more than 50%, is found

in grains obtained from plants grown using the tradi-
tional method of tillage. This indicator shows a high
protein content in the endosperm, compared with the
starch content. With zero and minimal treatment, which
included less interference with the soil structure, the
percentage of vitreousness was in the range of 9-14.

Scientific Horizons, 2024, Vol. 27, No. 3

55



56

Molecular and genetic basis for improving the quality of soft wheat grain

In a separate way, it is worth highlighting the dif-
ference in the composition of gluten and the quality of
starch. Despite the higher percentage of gluten in grain
with traditional and minimal tillage methods - 26-28%
versus 18.6% with the zero method. At the same time,
the gluten quality expressed through FDM coefficient
correlated similarly — the indicator of zero tillage was
more than 95 p.p., at minimal tillage - 88, and at tra-
ditional tillage method FDM was the lowest - about
77 p.p. Total nitrogen content correlated weakly with
tillage method in this case.

The subsequent stages of the study were devoted
to determining the molecular soil quality characteristics
of the studied wheat varieties. When conducting PCR
analysis of 37 local varieties to investigate the allelic
diversity of Wx genes, attention was paid to the alleles

Wx-B1 - Wx-Ble, Wx-B1 - Wx-B1a,and Wx-B1 - Wx-B1b,
where the presence of one of the first or second alleles -
‘e” or “@” - indicated the presence of active amylose
synthesis in the endosperm, in turn, the “b” allele - the
so-called null allele, indicates the absence of amylose
synthesis. Thus, three samples were found where ampli-
fication for the ‘e” allele according to Wx-B1 - Wx-Ble
presumably occurred, these are the varieties Ag Bugda,
Berektli 95, and Pervin. Three more samples, according
to this analysis, turned out to be presumably heteroge-
neous and contained both the “a” allele and the ‘e” al-
lele for this gene. These are wheat varieties Shiraslan
23, Karabakh, and Shafaq 2. The target allele, Wx-B1 -
Wx-B1b, is presumably found in the endosperm of two
varieties: Gonen and Ekinci 84. All other wheat samples
contained the “a” allele of the Wx-B1 gene (Fig. 1).

Figure 1. Example of PCR analysis of the Wx-B1 locus, where sample 11 is the putative “b” allele
according to Wx-B1 - Wx-B1b (null allele), and the remaining “a” is the wild type

Source: compiled by the authors

The next group of genes analysed were the Glu
group genes responsible for the synthesis of high mo-
lecular weight glutenins (HMW-GS) encoded by the
Glu-Al, Glu-B1, and Glu-D1 loci localised on the long
arms of chromosomes 1A, 1B, and 1D, respectively. Al-
lelic variants Glu-Ala and Glu-Alb encoding subunits
1 and 2, respectively, have a positive effect on baking
qualities, whereas the null allele Glu-Ald worsens

them. Among all the samples, Glu gene null alleles
were detected in seven samples numbered 8,9, 11, 16,
23, 30, and 34 (Fig. 2). These are the varieties Asker-
an, Azemetli 95, Gonen, Kirmizigul, Nurlu 99, Tale 38,
and Ugur. For the remaining varieties, the presence of
the second, Glu-Alb, allele variant was determined to
be the most likely, whereas the Glu-Ala allele was not
found in any of the samples.

Figure 2. Determination of the Glu-A1 locus, using the UMN19 codominant marker, where the samples 8,9, 11,16, 23,
30, 34 - carry a null allele, and the samples 1-7,10,12-15,17-22, 24-29, 31-33 - carry subunit 2

Source: compiled by the authors
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When comparing the physico-chemical parame-
ters determined in the framework of grain quality as-
sessment, varieties with different alleles of Glu group
genes, first of all, the indicators involved in the quality
of gluten were analysed. Thus, the percentage of gluten
for all varieties with a zero allele turned out to be, with
minor deviations, about 28 and 30%, only the Azemetli
variety showed a result of 24.4%, which is slightly less
than the average result of other samples with the same
allele. It should be noted that the gluten content of
the other varieties containing the coding subunit also
ranged from 26-32%. The lowest result in the Ruzi 84

Poladova et al.

variety is 22.1% gluten, and the highest in the Mirvari
variety is 35%. The gluten quality turned out to be av-
erage in absolutely all samples, and the FDM was in
the range of 90-111 p.a. The best indicators were in the
varieties for which the presence of the coding allele
of glutenin genes was determined: varieties Azeri - 90;
Yagut - 93; Gobustan - 94, and Karakylchyk 2 - 95 p.a.
The indices of varieties with a zero allele ranged from
100-109 p.a. There were no clear traceable patterns
with the considered genetic factors for the indicators of
total nitrogen content, sedimentation, and falling num-
ber (Table 2).

Table 2. Results of the analysis of grain quality of local and introduced varieties (2020)

No.  Varieties j 0g0ciing g Sutente o e % | seionds . inpomts
1 Agali 46.1 321 110 347 13.8 190 45
2 Ag bugda 419 28 109 21 14 145 45
3 Aran 50.2 31.4 100 34.8 14 232 47
4 Azeri 49 32.8 90 30 14 177 4.6
5 Berektli 95 37.7 24.5 110.6 - 12.4 123 44
6 Ekinci 84 38.2 28.2 100.6 24.4 12 120 44
7 Elinge84 56 326 100 - 13.4 200 45
8 Askeran 457 28 105.4 30.5 14.2 180 46
9 Azemetli 95 46.2 244 1003 25.7 14 200 4.5
10 Fatima 50 28 95.6 30 13.9 264 4.5
11 Gonen 47.7 30.6 100 33.1 14.4 218 438
12 Guneshli 51.2 26.8 112 29.7 14.4 205 47
13 Kehraba 49.6 284 1038 - 143 189 4.6
14 Karabakh 51.8 28.6 111 - 14.6 244 47
15 Karakylchyk 2 475 30 95 - 13.6 174 45
16 Kirmizigul 52.2 30 97.8 40 14.8 222 49
17 Gobustan 50 30.8 94 40 14.9 220 5
18 Loyagtli 426 30 106.6 33 145 190 47
19 Mirbeshir50 49.0 32 96.6 - 14.4 138 4.6
20 Mirvari 39.8 35 109.9 - 13.6 144 45
21 Mugan 488 30 111 - 12.7 200 45
22 Murov 2 51.4 33 101.5 334 143 197 46
23 Nurlu 99 375 28 109.3 27.7 13 156 44
24 Pervin 40 264 106 33 13.4 177 4.6
25 Ruzi 84 33.9 221 109.9 29 124 159 44
26 Shafaq 2 50.4 28.4 109 30.3 14 232 438
27 Sheki 1 42 30.2 100.4 333 13.9 179 47
28 Shark 40 28.8 110.5 32.8 14.6 188 47
29 Shiraslan 23 50.1 28.6 108.8 32.4 13.9 177 46
30 Tale 38 52 304 1041 333 13.9 163 46
31 Tereggi 48.8 326 109.5 30 14.4 190 4.6
32 Terter 49.5 321 105 - 13.9 166 4.5
33 Terter 2 50.8 326 106.6 - 14 169 44
34 Ugur 436 30 108.3 33.1 13.4 154 45
35 Vugar 52.7 28.8 102 - 145 200 47
36 Yagut 50.9 28.8 93 - 145 196 47
37 Peringe 54.2 264 109.4 - 13.0 134 43

(tetraploid)

Source: compiled by the authors
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For a more detailed comparison of the baking
properties and quality of the finished bread product,
two varieties were selected: Gonen and Shafaq 2.
The Gonen variety was the only one of the studied
ones containing two target null alleles: Wx-B1 - Wx-
B1b, which led to the absence of amylose synthesis
in the endosperm of the grain of this variety, and
the Glu-Ald allele of glutenin-synthesising genes,
which leads to lower gluten quality. For comparison,
the Shafaq 2 variety is heterogeneous in the Wx-B1
gene, and contained both the Wx-B1 - Wx-Bla and
Wx-B1-Wx-Ble alleles, but, on the contrary, the Glu-
Alb allele of glutenin-synthesising genes turned out
to be characteristic of it. Thus, potentially, the starch

composition in the Gonen variety should have been
more suitable for baking, and in the Shafaq 2 variety,
on the contrary, the gluten quality was more optimal.
An important factor in choosing varieties was that
both samples received a final score for baking prop-
erties at the same level - 4.8.

The physico-chemical properties of flour of these
varieties turned out to be quite comparable, such as
the weight of 1,000 grains, level of nitrogen, FDM, and
percentage of gluten (Table 3). The Shafaq variety is
slightly superior in terms of the falling number and is
inferior in terms of gluten content and sedimentation
rate, however, the difference between these indicators
is not statistically significant.

Table 3. Results of the analysis of the grain quality of the Gonen and Shafaq 2 varieties

No. Varieties Weig?ati::,t.ooo Gluten, % Fpl?:i Sedim;er:ltation, nitr-:-::;t:;, o Fallisr;% :nudn;ber, Bakingo?::slity, in
1 2 3 4 5 6 7 8 9

11 Gonen 47.7 30.6 100 33.1 14.4 218 4.8

26  Shafaq 2 50.4 28.4 109 30.3 14 232 4.8

Source: compiled by the authors

The obtained bread samples, despite the fact
that the varieties received an equal score in baking

properties, differed visually and organoleptically (Fig. 3
and 4).

Figure 3. Laboratory baking of bread from the variety Gonen

Source: compiled by the authors

Figure 4. Laboratory baking of bread from the variety Shafaq 2

Source: compiled by the authors
The photo shows that the colour and porosity of the

bread are different: the pulp of bread made from flour
of the Gonen variety is lighter, has a whiter shade and

Scientific Horizons, 2024, Vol. 27, No. 3

is less porous, the rise of the bread on the side section
is smooth, high, arched. The flesh of bread made from
Shafaqg 2 flour is, accordingly, more porous, has an even




texture, a dark colour, and a more yellowish shade. The
rise of this sample is low and smooth, the volume is
somewhat smaller. The taste properties of both sam-
ples are satisfactory, the texture of the second one is
softer, moist and elastic, whereas the first sample is
denser.

Gluten-coding genes were additionally analysed for
the selected varieties. The compilation of the genetic
formula of the electrophoregrams of the glutein-coding
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loci Gld 1A, Gld 1B, Gld 1D, Gld 6A, Gld 6B, and Gld
6D was carried out according to the catalogue of al-
lele-component blocks of gluten of the Bezostaya 1 va-
riety, as a result of which it turned out that the gluten
components of the Gonen variety differ from the Bezos-
taya 1 marker variety in the following blocks: Gld 1D2,
Gld 6B2, Gld 6A12; the block components: Gld 1D4, Gld
1A7 of Shafaq 2 variety differ in five blocks: Gld 1B, Gld
6A3, Gld 6D9 (Fig. 5).
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Figure 5. Gliadin formula of varieties 1 - Gonen (a variety of Turkish origin); 2 - Bezostaya 1 (marker); 3 - Shafaq 2

Source: compiled by the authors

Since gliadin-coding genes are responsible for the
porosity of bread products, this information can be used
in further studies aimed at investigating the desired
texture of bread. Targeted selection of target alleles of
genes encoding the synthesis of starch, gluten, and gli-
adin may be a promising area in improving the quality
of wheat.

DISCUSSION

Improving the quality of wheat and the yield of flour
from it for the production of high-quality bakery prod-
ucts in quantities capable of meeting demand is a goal
that can potentially be achieved by a set of measures.
First of all, it is reasonable to consider the factors af-
fecting soil preparation for sowing, namely the tillage
system. Despite evidence of the effectiveness of zero
tillage for some crops, such as cotton, legumes, or
vineyards, the impact of this system is currently only
beginning to be actively studied (Fan et al., 2020).
B. Barna et al. (2023) in their studies note an improve-
ment in the quality and yield of grain with zero tillage.
In the study by Z. Peng et al. (2020), this tillage system
has been identified as one of the most promising in
the context of arid or semi-arid climate conditions. In
turn,Z.R.Kan et al. (2020) are somewhat more skeptical
about the prospects of using zero tillage, and note the
difficulty of absorbing moisture and developing roots in
the absence of loosening the soil, but they still define

this system as more promising than the traditional
one. Moreover, the conclusions of these researchers are
close to the results obtained in this study, regarding the
fact that the best indicators were obtained during mini-
mal or rotational tillage.

Very simillar results were obtained by M. Yousefian
et al. (2021). The researchers noted that the zero till-
age system reduces the average physical and chemical
properties of grain, increases the amount of fibre and
water, while reducing the protein and ash content, while
rotary tillage was close in its results to the traditional
one and is defined by the researchers as an equivalent
replacement. It is noteworthy that the climatic condi-
tions of the region in which the study took place are
quite comparable to those in Azerbaijan. The next group
of factors that could improve the situation with wheat
quality, and which at the same time would be weakly
dependent on unfavourable external factors, were ge-
netic (Litvinov & Olefirenko, 2023). E. Filip et al. (2023)
note three key factors for the selection of varieties
containing high-quality starch: the baking potential
of flour depends on the amylose content in starch, a
decrease in the amylose content improves the quality
of flour and the fact that the amylose content is most
influenced by the Waxy-B1 locus.

Z.Maryami et al. (2020), during the analysis of 160
Iranian wheat varieties, found a pattern to the situa-
tion with Azerbaijani varieties reflected in this paper.
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Most varieties contained the Wx-B1 - Wx-Bla allele,
which corresponds to the so-called “wild type” - that is,
it occurs mainly in free-growing, non-selective wheat
varieties. Only 2 samples, as well as among Azerbaijani
varieties, contained the allele Wx-B1 — Wx-B1b - which
has the greatest effect on reducing the synthesis of
amylose in the wheat endosperm. For Iranian realities,
this is only 1.25% of all the varieties studied, whereas
among the varieties considered in this study, there are
more than four times as many - 5.4%. The researchers,
despite the fact that they did not bake bread and were
not involved in the production and study of physical
and chemical properties of flour of the identified vari-
eties, see prospects for breeding wheat varieties based
on minimisation of amylose content.

Target study by Y. Li et al. (2022), in turn, confirms
that the expression of the null allele of the Wx-B1 lo-
cus affects the content of amylose, reducing it, and its
blocking, respectively, increases the proportion of this
polysaccharide residue in the composition of starch
granules. Accordingly, the type of starch granules, their
microstructure, size, thermal properties, etc., and how
they affect the baking qualities of flour obtained from
this wheat, change. Thus, with the expression of the
Wx-B1 - Wx-B1b gene and a decrease in the amylose
content, the researchers noted such an effect on the
quality of bread as a more homogeneous porous struc-
ture, an increase in the volume of bread and its storage
time. Y. Sung et al. (2023) recorded an increase in the
protein content and a greater ability to swell in flour
products of the so-called “glass” varieties, which were
characterised by a reduced content of amylose in the
starch composition. The bread sample obtained by bak-
ing from Gonen flour generally corresponds to the char-
acteristics given in other works, especially with regard
to volume increase. Indeed, it turned out to be larger in
volume than bread made from a similar sample of flour
obtained from Shafaq 2 grain, which contained alleles
responsible for encoding amylose in significant quanti-
ties (Figs. 3, 4).

However, when evaluating the baking qualities and
other physico-chemical properties of flour from differ-
ent wheat varieties, there was no fundamental distin-
guishable difference between varieties with zero allele
and “a” or “e” alleles. This is probably due to differences
in the quality of the varieties themselves, which are
conditioned by a combination of other genes not con-
sidered in this study, and their interaction with climatic
and other external factors, which also significantly and
differently affect the properties and characteristics of
the grain (Panfilova et al., 2019). Another equally im-
portant factor affecting the baking potential of wheat
is the content and quality of gluten, which is part of it.
M.E. Bayram and K.Z. Korkut (2020) identify three main
groups of genes important for the optimal state of glu-
ten: Glu-A1, Glu-B1, and Glu-D. They associate the ab-
sence of these genes, or rather their zero alleles, with
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a deterioration in the quality of bread products made
from such flour.

C. Guzman et al. (2022) clarify that high-molecu-
lar-weight glutenins encoded, in particular, by the Glu-
A1 locus, mainly affect the increase in gluten strength,
dough extensibility, and also, like the considered allele
of the Wx-B1 - Wx-B1b gene, contribute to an increase
in the volume of finished baking. The researchers as-
sociate zero alleles of the Glu-A gene with a decrease
in the quality of finished products. Similar conclusions
were obtained by M.H. Lee et al. (2022), and they addi-
tionally investigated the effect of these loci on some
physico-chemical factors of flour quality and found that
the Glu-Al allele positively affects the sedimentation
coefficient and an increase in protein content. They also
noted the prospects for the selection and use of varie-
ties obtained as a result of targeted breeding for these
genes to increase yields in an unfavourable or unstable
climate. The Gonen variety, which contains a zero allele
for the Glu-Ald gene, is slightly inferior to bread made
from Shafaq 2 grain in elasticity and porosity when
baked, which may probably be due to differences in the
alleles of Glu genes.

Currently, there are not enough studies on
the effect of specific gluten-coding genes on cer-
tain baking qualities of wheat, since, as noted by
K. Pourmohammadi et al. (2023), the variability of these
genes is very large. However, this opens up space for
further work with genotyping and the study of the cor-
relation of the ratio of certain loci and physico-chemi-
cal and organoleptic parameters of wheat and its prod-
uct. In general, this study outlines the way to further
work on both a more detailed study of the genome of
existing varieties, and breeding work to create new
ones that are more stable, productive, and of high qual-
ity. Currently, the qualitative analysis was hampered by
the fact that the assessment was carried out between
different characteristics of different varieties, which led
to a more overview character of the article. However,
the data obtained can become the basis for a number
of studies focused on more narrow aspects.

CONCLUSIONS

Currently, there is a problem in Azerbaijan related to
the shortage of grain capable of meeting the needs of
the domestic market. Climate change, which has been
accompanied by abnormally high temperatures in re-
cent years, has significantly reduced wheat yields. In the
part of the study related to determining the optimal
tillage for the Girmizi Gull variety, it was determined
that the most optimal option is minimal tillage, and
zero intervention gives results noticeably worse than
traditional and minimal tillage methods.

In the main part of the study, 37 local and intro-
duced wheat varieties were analysed, and their quality
was determined: weight of 1,000 grains, level of nitro-
gen and sedimentation, gluten percentage, FDM, and




baking quality. Further, samples of each variety were
analysed for Waxy-B1 and Glu-Al gene loci to deter-
mine which varieties have a prospect for selective se-
lection based on these genes.As a result, the target null
allele of starch-synthesising genes was probably found
only in two varieties: Gonen and Ekinci 84. Starch of
these varieties has a reduced amylose content, which
increases the baking potential of flour from grains of
these varieties. The null allele of the Glu-Al - Glu-Ald
gene, on the contrary, worsens the quality of gluten
and the baking potential of the variety. Such an allele
is probably found in the varieties Askeran, Azemetli 95,
Gonen, Kirmizigul, Nurlu 99, Tale 38, and Ugur.

The test baking of bread from grain varieties Gonen
and Shafaq 2, as carriers of opposite alleles at both tar-
get loci, showed that, in general, the quality of gluten
is more important for the texture and porosity of bread
than the quality of starch, whereas the reduced amylose
content, in turn, contributes more to the volume of bak-
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in parallel: determining the effect of the genes in ques-
tion on specific baking parameters; determining several
varieties for experimental work and further breeding;
also separately, research related to the influence of spe-
cific loci of glutenin-coding genes can be continued.

At the moment, the varieties Kirmizigul and
Gobustan, which received the highest scores for baking
properties, are promising. It is also rational to involve
Gonen and Ekinci 84 varieties in breeding, which are
carriers of the zero allele of the Waxy-B1 locus and
require modification of glucan-coding genes. The Sha-
faq 2 variety also demonstrated good baking qualities.
Thus, further research will be able to provide a more
constructive and measurable answer to the question to
what extent the study of the considered genes and the
selection work aimed at them can contribute to an in-
crease in the production of bakery products and cover
the domestic demand of the Azerbaijani market.
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AHoTauif. 36inbleHHs CiNbCbKOrocnoaapCbkmux Teputopii B AzepbaiaxaHi BXe He MOXe MOKpWUTU npobnemy
HecTauyi BMCOKOSIKICHOro xnibonekapcbkoro 60polHa Ha BHYTPiWHbOMY PUHKY. TakKMM UYMHOM, icCHYe noTpeba B
NONIMNWeHHi SKOCTi 3epHa, 3ibpaHOro 3 icHyl4MX NoLW, AN OTPUMAHHS GinbLlOi KiNbKOCTi 3epHOBUX NPOAYKTIB.
MeToto [aHOro AOCAIOXKEHHS € OrngAa Ta BUBYEHHS (i3MKO-XIMIYHMX Ta rEHETUYHMX MNapaMeTpiB MicueBuX Ta
{HTPOZYKOBAHMX COPTIB M>FKOI NWeHMLI ANn8 NOAANbLIOr0 BU3HAYEHHS MEPCNeKTUBHMX HanpamkiB cenekuii. [ng
uboro 6yno nposeneHo [MJIP-gocnigkeHHs oKpeMux NOKycCiB reHis WX, Wo BiANOBiAalOTb 33 CMHTE3 aMminosu, Ta
enektpodopes reHiB Glu, WO KOAYTb KiNbKiCTb i fKicTb kKnerkoBuHKU. Kpim Toro, ans coptis Shafaq 2 i Gonen, ski
6ynu BiLibpaHi B xoA4i foCNioKeHb A9 TECTOBOrO BMMNiKaHHA xniba, 6yB nposenexuit MNJIP-aHani3 gna cknapaHHa
rniafgMHoBOi HOpMYyK COpTiB 3 BUKOPUCTAHHAM 3pa3ka copTy besocta 1 B akocTi Mapkepa. Di3nko-XiMiYHi NOKA3HMKM
BM3Ha4anM 3a CTaHAapTaMM AKOCTI, @ TaKOX 33 pe3y/nbTaTaMu BUMiKaHHA 3pa3kiB xniba. Iig yac gocnigHoro nocisy
OfMH i3 copTiB — Girmizi Gull - BMciBanu Ha AinsHKax 3 pisHMMK cnocobamm 06pobiTKYy FPYHTY — TPaAULIAHUM,
MiHiIManbHMM Ta HyNboBMM. Tak, Byno BM3HayeHo, wo coptu Gonen i Ekinci 84 mictaTb HynboBuMit anenb reHa Wx-
B1 - Wx-B1b, 110 03Hauae, Wwo ix eHaocnepM MicTUTb KpOXManb BiNbll BUCOKOT AKOCTi, a copTu Askeran, Azemetli 95,
Gonen, Kirmizigul, Nurlu 99, Tale 38 i Ugur, B cBOO Yepry, MicTaTb HynboBUiA anenb reHa GLUAL - GluAld, wo HaBnaku
NoripLye sKicTb KNeMKoBUHU LMX copTiB. LLlono 06pobiTKy FpyHTY, TO Halkpalle cebe nokasana TpaguLiiHa cuctema,
[ewo ripwe - MiHiManbHWIA 06pO6ITOK, @ HAaWMEHL NPUAATHOK B AAHMX YMOBAX BMSABMIACS CUCTEMA HYNbOBOMO
06po6iTKy. TaKMM YMHOM, OTPUMaHI JaHi OKPeC/toTb NoAAbLL HAaNpsSIMKU NPOBEAEHHS LOCNILXKEHb | BiAKPUBAIOTH
nepcrneKkTMBM ANS LiNecnpsMOBaHOi cenekuii Ha aneni po3rnaHyTUX reHis
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affect the quality characteristics of spelt grain of the Holikovska wheat variety harvested in Cherkasy region in
2020 and 2021. During the experimental study, physical methods of grain quality research were used following
the developed and existing methods and industry standards. The complex structural changes in spelt grains during
their treatment with an ultra-high frequency electromagnetic field with an increase in grain size, shape, and
volume were investigated. Analysis found that the grain fractional composition changed towards reducing the
passage depending on the processing time by 1.5-4.0 times. It was found that the treatment of spelt grain with
high-frequency waves for 20-180 s reduces grain moisture content by 2-36% compared to the control, with a
significant decrease after the first minute of exposure. Moreover, during the first minute of intensive grain heating,
the grain temperature increased, while during the next two minutes, the intensity of grain heating decreased by
1.5-3 times. It was also proved that irradiation with ultra-high frequencies decreased the number of vitreous grains,
while the number of floury grains, on the contrary, increased. The analysis also found that the vitreousity of treated
spelt wheat grain by electromagnetic waves of ultra-high frequency decreases by 1.3-1.5 times during the last 2-3
minutes of treatment. The developed recommendations for the use of ultra-high frequency electromagnetic waves
in the technological processes of storage and processing of spelt grain can be used by enterprises to intensify the
production of environmentally friendly products

Keywords: spelt grain processing; ultra-high frequencies; grain heating; quality; vitreousity; fractional composition

INTRODUCTION

The use of high and ultra-high frequency electromag-
netic waves opens new opportunities for creating en-
vironmentally friendly grain storage and processing.
The influence of the electromagnetic field of ultra-high
frequency on the technological quality of spelt grain
needs to be investigated to understand the nature of
its further use. Microwave heating processes are cur-
rently used in many areas: from environmental reme-
diation processes (Stanislavov et al., 2018); in the food
industry (Demir et al., 2023), to new pharmaceutical
technologies (Kumeda & Sukhodub, 2021). According
to researchers, spelt wheat grain is a valuable source
of protein, fibre, and many useful components, and has
a special flavour with nutty notes, making it a valuable
raw material for the food industry. L.A. Vecherska et al.
(2018) emphasise the key problem of the agro-industri-
al complex - increasing the nutritional value, digesti-
bility, and assimilation of grain as a component of food
and feed production. Y.Kretova et al. (2018) recommend
grain treatment by microwave irradiation to stabilise
the product and as an effective alternative to chemical
insect deinfestation methods.

In experiments on irradiation of plant seeds with
an ultra-high frequency electromagnetic field (UHF
EMF) (Zhong et al., 2018), two effects are described: one
is stimulation of germinating ability and germination
energy of seeds, increase in the biomass of the crop,
improvement of its structure (increase in the content
of carotene and sugar in roots, protein in grain, starch
in potatoes), and the second is lethality to living or-
ganisms. The most widespread processing of grain raw
materials with UHF waves in the food industry is in the
bakery, confectionery, and oil industry (Osadchuk, 2019).

Y. Kovra et al. (2022) found the influence of the
ultra-low frequency electromagnetic field (ULF EMF),
electromagnetic induction (EMI), processing duration,
conditions and duration of storage of the treated grain

on the quality characteristics of wheat grain. Microwave
treatment is widely used to disinfect and improve the
value of grain. Thus, M. Sarraf et al. (2020) investigated
the bactericidal effect of UHF treatment, inhibiting and
destroying existing fungi, bacteria, and insects, ensuring
this without any chemicals, which is extremely relevant
today. V. Liubych et al. (2019) argue that intensive and
environmentally friendly technologies are increasingly
used for grain cultivation. Therewith, the requirements
for alternative methods of replacing chemical process-
ing include competitiveness, environmental friendli-
ness, and safety for humans. That is why such a method
of exposure as irradiation with UHF waves was recom-
mended. The specific feature of heating bulk material
with UHF is its penetration of the electromagnetic field
into the grain without an intermediate gas medium,
while the amount of heat generated in it and its distri-
bution throughout the grain depended on the humidity.
Where the humidity was higher, the temperature was
also higher. Since the moisture content in the centre of
the kernel is always higher, the temperature and pres-
sure in the centre of the kernel are also consistently
higher than in the shell. Due to this effect, moisture from
the inside of the kernel is forced to the surface of the
kernel, from where it can be easily removed, which is an
advantage of this method of hydrothermal treatment.

A.Zykov et al.(2019) states that considerable advan-
tages in drying bulk materials are provided by the use
of UHF electromagnetic field energy. Thus, since elec-
tromagnetic waves penetrate each particle of raw mate-
rial, heating it from the inside, and the heating is more
intense the higher its moisture content, the release of
moisture is much more intense due to an increase in
internal steam pressure; this is especially true for grains
with hard shells. Therewith, energy consumption and
material intensity of production lines reduced, while the
consumer received a high-quality product. The purpose
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of this study was to establish the effect of microwave
oven electromagnetic radiation at different exposure
times on the physical properties of spelt grain.

MATERIALS AND METHODS

The principal research was conducted at the educa-
tional and scientific laboratory “Quality Assessment of
Grain and its Processed Products” of the Department of
Food Technologies of the Faculty of Engineering and
Technology of Uman National University of Horticulture
in 2020-2022. For UHF treatment, the study used spelt
wheat grain of the Holikovska variety. The theoretical
research was based on the methods of the theory of
heat and mass transfer and drying, mathematical mod-
elling of technological processes, and was carried out
using the basic principles of higher mathematics, while
experimental studies were carried out following the
developed and existing methods and industry stand-
ards (DSTU 3355-96, 1996; DSTU 4138-2002, 2003;
DSTU ISO 712:2015, 2016) in laboratory conditions on
the developed experimental microwave oven unit us-
ing the planning of a multivariate experiment and the
application of statistical processing methods.

The study was conducted according to the follow-
ing scheme:

e processing grain in a microwave oven;

e determination of temperature rise under the in-
fluence of an electromagnetic field;

e determination of changes in grain size using lab-
oratory sieves;

e investigation of the effect of grain temperature
on their vitreousity.

During the experiment, physical research methods
were used to treat the grain with UHF waves, determine
the temperature of the grain, its fractional composition,
and vitreousity. The grains were treated with the electro-
magnetic field of a kitchen microwave oven (P=1.0 kW).
The prototypes were exposed to an electromagnetic
field from 20 to 180 s (periods with an interval of 20 s).

An increase in temperature above 40°C in the in-
itial stages inactivates the enzymatic activity of the

grain, and above 60°C leads to coagulation and protein
denaturation. At 50-60°C grain starts losing its viabil-
ity. The temperature was measured immediately after
grain processing with a compact pyrometer. The mois-
ture content of spelt grain was determined by drying
in an electric drying oven (SES-3MC, Ukraine) at 130°C
for 40 min.

The total vitreousity of the grain is determined in
a 50 g sample of wheat grains, free from debris and
grain impurities. The total vitreousity is the sum of the
fully vitreous and half of the partially vitreous grains.
The analysis is performed using a DSZ-3 diaphano-
scope (OLISLAB 1100, Ukraine). The total vitreousity of
spelt grain was determined according to the following
formula:

Vitreousity (%) = 0.5xC - 0.5xB + 50%, (1)

where Cis the number of fully vitreous grains, pcs; B is
the number of fully mealy grains, pcs.

Generally accepted methods for determining grain
moisture and vitreous content were used, as described
in Methods of determining product quality indicators of
crop production (2016), approved by Working instruc-
tion No. 04 (NIBULON LLC, 2021). The size of wheat
grains was determined using sieves with different di-
ameters, namely 2.0, 2.2, 02.4, 2.6, 82.8, and 23.0.
The sieves were placed on a universal laboratory siev-
ing machine RLU-1 (OLISLAB 5100, Ukraine). The siev-
ing time was 2 min. After sieving, grain fractions were
selected from each sieve and weighed using a KERN
440-21N laboratory balance (KERN&SOHN, Germany).

RESULTS AND DISCUSSION

Temperature of spelt wheat grain after UHF treatment.
When spelt grain was treated with microwave beams,
it was heated, which led to the evaporation of mois-
ture and drying of the grain. It is important to establish
regularities in the temperature and moisture content
of the grain. The dynamics of these indicators was re-
corded for 180 s (3 min) in increments of 20 s (Table 1).

Table 1. Temperature of spelt wheat grain after UHF treatment

Temperature, °C

Duration of exposure to UHF EMF, s — A Humidity, %
minimum maximum average
0 - - 15.5 11.9
20 29.8 48.6 39.2 11.7
40 45.2 82.5 63.8 114
60 56.6 109 82.8 11.0
80 64.8 1251 94.9 10.5
100 77.5 135.5 106.5 10.1
120 93.6 138.4 116 9.4
140 97.8 146.5 1221 8.9
160 102.1 144.3 123 8.0
180 112.2 142.8 1275 7.6
LSD 6.1 9.7 7.7 0.7

05

Note: the temperature before grain processing was 15.5°C

Source: developed by the authors of this study based on (Qu et al., 2017; Osokina et al., 2020)
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Table 1 shows that after 20 s of heating, the grain
temperature increased: at the minimum, from 15.5°Cto
29.8°C, and at the maximum, up to 48.6°C, which is on
average 2.5 times higher than the initial temperature of
the spelt grain. After 40 s of heating, the minimum grain
temperature increased by 3 times, and the maximum by
5 times, or 4 times on average. After 60 s of heating, the
rate of temperature increase decreased slightly, but the
minimum temperature increased 3.7 times, while the
maximum temperature increased 7 times, or 5.3 times
on average. In other words, after 1.0 min of heating the
grain, the temperature increased to 57-109°C or an av-
erage of 83°C.

During the second minute of heating for 80-120 s,
the minimum temperature of the spelt grain increased
5-6 times and reached 93.6°C, the maximum tempera-
ture increased 8-9 times and reached 108.4°C.Therewith,
the average temperature crossed the 138°C mark, i.e.,
it averaged 116°C, a 7.5-fold increase. During the third
minute of heating, the intensity of the process slowed
down and the minimum temperature increased to 112°C
or 6.7 times, the maximum temperature to almost 143°C
or slightly more than 9 times. The average temperature
reached 127°C, while the increase was 9.3 times higher.

Thus, a sharp increase in grain temperature (min -
60°C, max - 109°C, average - 83°C) occurred during the
first minute of heating, which was 4.7 and 5 times high-
er than the initial temperature, respectively. During the
second minute, the heating rate was 1.5 times higher
compared to the first minute. Therefore, the grain tem-
perature was min up to 94°C, max up to 134°C,and an
average of 116°C, which corresponded to an increase
of 6.6-7.5 times. During the third minute, the grain con-
tinued to heat, but the intensity decreased by a third
compared to the second minute, and therefore the grain
temperature was: min - 112°C, max - 144°C,and on av-
erage - 127°C, which corresponds to an increase of 7.7,
9.3, and 8.2 times, respectively. At the same time, a de-
crease in grain moisture content was observed during
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heating. However, the changes had a slightly different
trend.

During the first minute of heating, the moisture
content of the grain decreased by almost 1% - from
11.9% to 11%, which was only 10% of the initial mois-
ture content. In the second minute (within 100 s), the
humidity decreased and reached 1.8% (only 12%). Over
the next 120-140 s, these indicators increased, while
the humidity decreased to 8.9%, or a 1.3-fold decrease
by 3 relative percent. By the end of the third minute,
the grain moisture content had decreased by 4.3%, or
1.5 times, to 7.6%. This trend could be explained by
the fact that the grain sample at the beginning of the
experiment had a low moisture content of 11.9% (dry
grain).There is no free moisture in this grain. During the
energy, bound moisture was released from the grain -
hygroscopic moisture. The process started with exter-
nal heating and then moved to the centre of the kernel.
Based on the analysis, it can be concluded that micro-
wave rays had a specific effect on the heating intensity
of spelt grain and changes in its moisture content. The
moisture content of dry grain (11.9%) decreases by only
10% in the first minute, by 12% in the second minute,
and by 1.5 times by the end of the third minute. In total,
the grain lost 4.6% of its moisture, with a significant
deepening by the end of the process.

Fractional composition of spelt wheat grain after UHF
EMF treatment. The grain arriving at the elevator of-
ten differed substantially in quality. To improve them,
it is advisable to fractionate grain and seeds by dif-
ferent properties (geometric dimensions, density, etc.)
(Kostetska & Herasymchuk, 2022). Having quantified
the distribution of grains by their geometric structure
(in %), the fractional composition of the grain was ob-
tained. In this case, the fines and tails of grains from
sieves of different diameters. For the study, 200 g of
grain was used with different duration of exposure to
UHF EMF. The grain fractional composition after UHF
treatment is presented in Table 2.

Table 2. Fractional composition of spelt grain after UHF treatment, %

Duration of action Sieve fines o Sieve tails o
UHF EMF, s 2.2 mm 2.4 mm 2.6 mm 2.8 mm 3.0 mm 3.0 mm
0 44 9.5 26.7 28.0 216 85
20 26 10.5 259 275 239 8.7
40 2.8 9.2 26.0 28.1 240 8.9
60 2.0 85 22.8 294 26.0 10.3
80 24 8.9 238 27.0 26.2 10.1
100 23 8.8 23.0 259 27.0 10.6
120 25 8.2 221 26.7 26.6 12.2
140 14 4.8 12.8 20.3 27.8 29.30
160 11 4.3 11.2 16.5 249 38.4
180 12 44 14.1 176 283 29.6

Source: developed by the authors of this study based on (Qu et al., 2017; Kostetska & Herasymchuk, 2022)
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During prolonged treatment with UHF EMF, the
grain deformed, increased in size, and swelled. The
data in Table 2 show that the treatment of spelt wheat
with UHF EMF substantially affects the grain size.
Since the number of fines decreased when the grain
was sieved through a 2.2 mm sieve, it can be assumed
that the shape of the grains became more rounded. If
the amount of sifted untreated grain was 4.4%, then
with the duration of exposure to UHF EMF, this amount
decreased by 1.6-3.6 times. Moreover, for the duration
of UHF exposure — 20-40 s - the indicator decreased
by 1.6-1.8% or 1.6 times, and for the duration of 60-
120 s - by 2.0% or almost 2 times compared to un-
treated grain. With a processing time of 140-180 s, it
increases by 3.1-3.3% or 3.6-4.0 times. That is, the most
critical moments in the change in grain size are during
processing for 40-60 s and after 120 s.

An analogous trend was observed with grain sieved
through a 2.4 mm sieve. The critical limit for a sharp
decrease in the number of grains after sieving is wheat
at a processing time of 140 s. Thus, the figure dropped
from 8.2% (120 s duration) to 4.8%, which is almost
2 times lower. When the grain was sieved through a
2.6 mm sieve, an analogous decrease in the number of
grains was observed at the critical limit of the treat-
ment time of 140 s. That is, after 120 s, the number of
grains decreased by almost 2 times or 9.3%. A less dras-
tic reduction in grain was observed when sieving on a
2.8 mm sieve. However, after a treatment duration of
120 s,the indicator decreased by 6.7%, which is only 5%
relative; after 180 s, it decreased by 10.4%, or 1.6 times.

That is, it was found that with an increase in the
fraction of sifted grain, the number of fines decreased.
This confirms the conclusion that the bulk grain size in-
creased after irradiation. This pattern is also confirmed
by the fact that if one combines the largest fractions
of the fines through the 2.6, 2.8, and 3.0 mm sieves,
their sum is 76.3% for untreated grain, and after treat-
ment up to 180 s, the figures are 77% and 75%, i.e., they
did not differ significantly. However, during further pro-
cessing, the amount of sifted grain decreased to 60%

and 57.7%, i.e., there was less sifted grain because its
size increased and it stayed on the sieve surface. This
is especially evident when looking at the passage and
descent of grain through a 3.0 mm sieve. The number
of fines and tails through the 3.0 mm sieve increased
during processing. However, the trends were different.

The passage through the 3.0 mm sieve increased
slightly by 4.4% after 60 s of processing and stayed at
5% after 120 s, while after 180 s the increase was 6.2-
6.7%.In other words, the overall increase was 1.2 times,
and 1.3 times in 180 s. The tails from a 3.0 mm sieve
increased only to 2-3% in 120 s, and during the third
minute of treatment, the excess reached 20-30%, or
1.2-1.4 times and 3.4-4.5 times, respectively. The data
obtained confirm that during the irradiation treatment
of grain, the fraction of grain with a larger volume and
size increased during the grain sieving and the volume
of grain increased significantly during its treatment for
three minutes. Thus, it can be concluded that complex
structural changes in the grains occurred during the
treatment of spelt grain with UHF EMF. This led to an
increase in their size, shape,and volume.The grain frac-
tional composition during sieving through 2.2, 224,
02.6, and 2.8 mm sieves changed towards reducing
the passage by 1.5-2.0 times and even 3.6-4.0 times,
respectively. On the other hand, the fines and tails of
a ©3.0 mm grain increased by 1.2-1.3 times and 1.4-
3.4 times, respectively.

Vitreousity of spelt grain after UHF treatment. Vitre-
ousity affects the structural and mechanical properties
of the grain, which determine the modes of preparation
for processing. Wheat grain is divided into three groups
according to its vitreousity: 240% - floury, 40-60% -
semi-glazed, <60% - vitreous. The vitreous spelt grains
had a transparent consistency with a horn-shaped struc-
ture in the section, and the floury grains had an opaque
consistency, loose, white in the section. It is known
(Osokina et al., 2020) that vitreous characterises cer-
tain technological properties of grain, its intended use,
and usually vitreous grain contains more proteins than
floury grain. The data are presented in Table 3.

Table 3. Vitreousity of spelt grain after UHF treatment

Duration of action

Number of grains pieces

Vitreousity, %

UHF EMF, s vitreous mealy
0 69 2 83.5
20 59 6 76.5
40 53 4 74.5
60 54 4 75.0
80 46 5 70.5
100 33 10 61.5
120 35 11 62.0
140 28 16 56.0
160 17 26 45.5
180 20 30 45.0
LDy, - - 3.25

Source: developed by the authors of this study based on (Liubych et al., 2019; Osokina et al., 2020)
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Table 3 shows substantial changes in the vitre-
ous content of spelt grain. With increasing irradiation
time, the number of vitreous grains decreased: in the
first minute of treatment - by 1.3 times, in the sec-
ond minute - by 2 times, and in the third minute - by
3.5 times. At the same time, the amount of floury grains
increased significantly: in the first minute of process-
ing — by 3 times, in the second minute - by 5.5 times,
and in the third minute - by 15 times. These changes
have a substantial impact on the grain’s vitreousity. As
Table 3 shows, unprocessed spelt wheat grain is highly
vitreous, with a vitreousity of 83.5%. However, in the
first minute of grain processing, the figure dropped sub-
stantially - by 8-10% but was still high - up to 75%.
After the second minute of processing, the grain vitre-
ousity decreased by 26% to 62%, but the grain stayed
in the highly vitreous group. However, during the third
minute of grain processing, its vitreousity decreased by
1.3-1.5 times and dropped to 46%. As a result, the grain
has moved into the medium-vitreous group.

Changes in the vitreous quality of the grain are
natural and are associated with a decrease in protein
and starch content and a disruption in the grain struc-
ture, which changed the monolithic bond between
protein and starch. Thus, the number of vitreous grains
decreased within three minutes of processing by 1.3,
2, and 3.5 times, and the number of flour grains in-
creased by 3, 5.5, and 15 times during the same time.
This was reflected in the vitreousity of the grain, which
decreased from 83.5% to 45%, or by 10%, 26%, 46%, or
1.3-1.5 times in the last 2-3 minutes of treatment. The
positive experience in reducing moisture content as a
result of the UHF EHF confirmed in this study confirms
the possibility of using these technologies for drying
spelt grain. However, among other microwave condi-
tions, heating spelt grain shows significant results in
terms of increasing the floury grain in these samples
already after 20 s.

Research confirms the conclusions of A. Zykov et al.
(2019) about effective microwave drying of grain, which
allows ensuring the supply of powerful energy flows to
the drying object and obtaining a significant intensifi-
cation of moisture evaporation. The use of microwave
irradiation in the heat treatment of grain is relevant
and of practical importance for modern industrial grain
processing. The revealed effects of grain irradiation be-
fore processing indicate the prospects of introducing
the proposed processing methods into production. The
shortcomings of the study include the lack of technical
and economic indicators of grain production using UHF
irradiation. It is advisable to conduct further research on
the energy intensity of the microwave irradiation process
and compare it with conventional drying methods for
existing enterprises. Furthermore, a detailed investiga-
tion of the reduction of investment risks resulting from
the integration of microwave irradiation into the design
of new grain mills of various capacities is required. It is
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advisable to further study the effect of UHF irradiation
on the yield and quality of grain processing products.
The safety indicators of finished products, specifically
microbiological changes in spelt grain and the quality
of finished products as a result of UHF irradiation before
hulling, grinding, grinding, etc., need to be clarified.

The obtained results of the effect of such treatment
on reducing the vitreousity of spelt grain necessitate
the development of recommendations for the use of
UHF EMF treatment for milling or feed grain, where
the highly vitreous characteristics of grain are of less
technological importance. The study by V. Liubych et al.
(2019) on the use of alternative methods of hydrother-
mal treatment to further improve the hulling of cereal
grain is for spelt grain, which the authors recommend
to be used for flattening. Considering the findings of
S.S.Biradar et al. (2021) on the value of spelt grain as a
source of useful components, it is relevant to use UHF
EMF to process raw materials processed into functional
foods. Moreover, according to H.Zhong et al. (2018), the
application of electric field and electromagnetic waves
can cause conformational changes in the protein by cre-
ating free radicals or larger or smaller molecules that
damage the primary, secondary, tertiary, and quaternary
structure of the protein and thus affect the function-
al properties of the product. Therefore, electric fields
and electromagnetic waves are useful methods for
changing the structure of food products, but the chang-
es in protein structure modification of spelt grain are
still understudied. Furthermore, research by A. Arzani
(2019) confirm that the sustainable use of natural ge-
netic resources is important for achieving the goals of
using biological diversity, ensuring the reproduction
of ecological integrity and environmental sustainabil-
ity. Therefore, reviving the unfulfilled potential of an-
cestral species such as spelt, which is the domesticated
ancestor of modern bread and durum wheat, should
include multidimensional measures of genetic resourc-
es, food diversity, and ecosystem benefits. This creates
the preconditions for growing this crop through organ-
ic farming. The recommended regimes can be applied
to spelt wheat grain of the Holikovska variety or other
wheat varieties with comparable technological charac-
teristics. The processing of spelt grain with other tech-
nological properties requires a separate investigation.

CONCLUSIONS

Based on the analysis, it can be concluded that UHF
rays have a specific effect on the heating intensity
of spelt grain. Within the first minute of heating, the
grain temperature increases to an average of 83°C.
During the second minute, the grain heating intensity
decreases by 1.5 times, while the grain temperature is
6.6-7.5 times higher than the initial one. After the third
minute of heating the grain, the temperature decreas-
es by three times, with an average grain temperature
of 127°C. It can be concluded that complex structural
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changes occur in spelt grains during microwave EMF
treatment. This leads to an increase in their size, shape,
and volume. The grain fractional composition during
sieving through 2.2, 02.4, 2.6, and ©2.8 mm sieves
changes towards reducing the passage by 1.5-2.0 times
and even 3.6-4.0 times, respectively. In contrast, the
fines and tails of a 3.0 mm grain increase by a 1.2-
1.3 times and 1.4-3.4 times, respectively.

The UHF irradiation caused considerable changes
in the grain vitreousity. Thus, the number of vitreous
grains decreases within three minutes of processing
by 1.3, 2.0, and 3.5 times, while the number of mealy
grains increases by 3.0, 5.5, and 15.0 times during the
same time. This had an impact on the grain’s vitreousity.
It decreased from 83.5% to 45%, or by 10%,26%,46% in
three minutes of processing, or by 1.3-1.5 times in the
last 2-3 minutes.

Thus, studies established a substantial effect of UHF
electromagnetic radiation of the exposure duration on
the physical properties of spelt wheat grain, namely an
increase in grain size, its mealiness and temperature
with a significant decrease in grain moisture content

after the first minute of exposure. It is recommended to
investigate the impact of UHF EMFs on the technolog-
ical properties of grain, including the nutritional value
of the finished product, in greater detail with regard
to quality and safety indicators for the further use of
such grain for agricultural (sowing) or food (processing)
purposes. Having reviewed and investigated the study
conducted by scientists on the effects of electromag-
netic radiation on food, and having drawn conclusions
regarding the current research, the authors of this study
recommend that further clinical and biochemical stud-
ies be conducted.
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AHortauis. Ockinbku 3epHO Nonbu € OAHMM i3 HaNMbINbL NepcnekTUBHUX HETPALMLIAHUX BUAIB POCIMHHOI CUPOBUHU
[NS NPOAYKTIB 34,0pOBOr0 Xap4yBaHHS € aKTyalbHUM BMBYEHHS €KONTOTIYHO YMCTUX TEXHONOTIM Nicnsa36upanbHOro
00pobneHHs 3epHa Li€i KynbTypu. MeToo poboTn 6yno BCTaHOBAEHHS Bi3MUYHMX 3MIH 3epHa MLeHULi nonbu nig
[i€0 enekTpoOMarHiTHOro BMNPOMIHIOBAHHS MiKpOXBWUIbOBOI Nevi. Y cTaTTi NpeactaBneHi pesynstatv JOCNiOXeHb
TOrO, SIK eN1eKTPOMarHiTHe nose Haf3BMYaMHO BMCOKMX YaCTOT, @ TaKOX TpUBanicTb 06pobKM BMAMBAKTL Ha AKiCHI
XapaKTepUCTUKM 3epHa NweHuLi nondu copty lonikoscbka 3ibpaHoi B Yepkacbkilt obnactiy 2020 1a 2021 pokax. [lig
Yyac ekcnepuMeHTanbHOT poboTu Bynn BUKOPUCTaHI di3nyHi MeToAM LOCNIIKEHHS SKOCTi 3epHa 3rilHO po3pobaeHux
Ta iCHYIOUMX METOAMK | rany3eBux cTaHAapTiB. [locnifxeHo CknaaHi CTPYKTYPHI 3MiHM B 3epHiBKax nonbwm nig yac Moro
00pob6/ieHHs eN1eKTPOMarHiTHMM NofeM HaA3BMYaAMHO BMCOKOI YacToTH i3 MiABULLEHHAM PO3Mipy, dopMu Ta 06eMy
3epHiBkKW. byno npoaHanizoBaHo, Wo dpakuiiHWIA CKNag 3epHa 3MiHIOBABCA BOIK 3MEHLUEHHS NPOXOAY 3aNEXHO
Big TpuBanocTi 06pobnenHHs B 1,5-4,0 pasu. BctaHoBneHo, Wwo 06pobka 3epHa nNonbu BUCOKOYACTOTHUMM XBUSIMU
BnpogoBx 20-180 ¢ 3HMXKYE BONMOTiCTb 3€pHA MOPIBHAHO 3 KOHTPONEM Ha 2-36 % 3i CYTTEBUM ii 3MEHLLEHHAM YXe
nicng nepwoi XxBUAUMHKW BNAKBY. MNpu YoMy, Bigpasy BNPOAOBX MepLioi XBUANHM 33 IHTEHCMBHOTO HarpiBaHHA 3epHa
BifOyBanocs 36inblweHHs TeMnepaTypu 3epHa, TOAI SK NPOTArOM ABOX HACTYMHUX XBUAMH BCTAHOBIEHO 3MEHLUEHHS
iHTEHCMBHOCTI HarpiBaHHs 3epHa B 1,5-3 pa3u. Takox, LOBeAEHO, L0 ONPOMIHEHHS HaA3BMYAMHO BMCOKMX YACTOT
BMJIMBAJIO HA 3MEHLUEHHS KiIbKOCTi CKNoMoAibHMX 3epeH, a KinbKiCTb BOPOLWHUCTUX 3epeH, HaBMnakK, 30inbLIyBanach.
byno npoaHanizoBaHo, WO CKAOMNOAIOHICTb 06pO6NEHOr0 3epHa NWeEHULI NOoNBU eneKTPOMArHiTHUMKU XBUASMU
HaA3BMYAMHO BMCOKOI YaCTOTU 3HMXKYETbCA B 1,3-1,5 pa3u 3a oCTaHHI ABI-TPW XBUNUHKM 06pobneHHs. Po3pobneHi
pekoMeHAaLii BUKOPUCTaHHS eNeKTPOMArHiTHUX XBW/b HAJBMCOKOI YaCcTOTU Y TEXHOMOTIYHMX NpoLecax 36epiraHHs
i nepepobneHHsa 3epHa nonbu MoxyTb OYTM BUKOPUCTAHI MiANPUEMCTBAMM ANS iHTeHcudikauii BUpoOOHMUTBA
€KO/I0rYHO YMCTUX NPOAYKTIB

KniouoBi cnoBa: 06pobneHHs 3epHa nonbu; BKpal BMCOKiI YAaCTOTW; HArpiBaHHS 3epHa; AKiCTb, CKNOMOAiIOHICTb;
dpaKUiMHUIA CKnag
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Mulching as a restoration method of revegetation at ash and slag dumps of Burshtyn TPP

INTRODUCTION

The environmental risks caused by the accumulation of
multi-tonne waste generated by thermal power plants
are of particular concern, as the accumulation of ash
and slag in solid waste landfills leads to the transfor-
mation of natural geochemical cycles, aerogenic pollu-
tion and changes in the chemical parameters of surface
and groundwater and leads to the withdrawal of sig-
nificant areas. One of the largest thermal power plants
in West Ukraine is the Burshtyn Thermal Power Plant
(TPP), whose ash and slag dumps cover about 200 ha
with an annual increase of 0.5 million tonnes. Ash and
slag dumps as objects of increased environmental haz-
ard require the development of measures to reduce
environmental risks, reclamation, and rehabilitation of
these lands to restore and maintain a favourable envi-
ronmental balance at the regional and national levels.

The current state of the soil cover, which has un-
dergone large-scale transformational changes due to
human activity, requires environmental assessment and
monitoring (Pichura et al., 2023). The results of a study
of the genetic and geographical features of degrada-
tion processes in the soils of Lviv region, as presented
by N.M. Lemega (2020), indicate the need to implement
comprehensive measures to preserve soil fertility. A
more challenging issue is the rehabilitation of soils
of anthropogenic origin - the so-called techno-soils,
which include ash and slag mixtures. A possible way
to solve the problem of soil degradation, in particular
erosion, may be phytoreclamation, which, in addition to
soil protection crop rotations, involves sowing buffer
strips and backstage crops, strip or continuous mulch-
ing, leaving plant residues on the soil surface, as well
as sowing crops in strips and sowing perennial grasses
or annual crops between rows of perennial plantations
(Tokhetova et al., 2020).

A.O. Bozhenko (2020) analysed erosion processes
in the Smotrytskyi Canyon and identified the need to
implement a set of anti-erosion measures that would
help stop the action of erosion factors. The research
was moving from considering erosion processes in a
specific area of the canyon to possible measures to re-
duce the impact of erosion factors on natural objects
in a larger context. 0.0. Svitlychnyi and A.V. Piatkova
(2021) assessed the intensity of soil loss due to ero-
sion in three main areas located within the right-bank
Forest-Steppe of Ukraine. The researchers proposed to
address the issue of rational land use by implementing
soil conservation measures and establishing vegetation
cover that helps to retain soil. Considering biological
reclamation as an effective method of controlling water
and wind erosion, a possible solution to the problem of
ash and slag dumps may be the use of plants to create
a protective cover at industrial sites exposed to erosion
(Fedoniuk et al., 2021). The study of the level of soil
erosion degradation in the Western region of Ukraine
by V.G. Gaskevych et al. (2023) provided valuable con-
clusions for the application of erosion control measures
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in various ecosystems. The anti-erosion measures iden-
tified by the researchers, such as conservation of highly
erodible lands, and soil protection tillage techniques
can be implemented in the practice of reclamation
of man-made landscapes, in particular, ash and slag
dumps of Burshtyn TPP.

In the context of erosion control measures, vegeta-
tion occurrence patterns and development on the ter-
ritories of anthropogenic origin should be addressed.
The vegetation formation on the territory of anthro-
pogenic ecotopes, including ash and slag dumps, is a
process of natural colonisation of plants from the sur-
rounding ecosystems. Even though this process is long
and can take several decades, it is a natural recovery
that leads to the formation of plant communities with a
high level of biodiversity. In addition, due to the reme-
diation properties of plants, the development of veg-
etation within the framework of near-natural recovery
plays the role of a meliorative and remediation factor
that mitigates and reduces the toxic effects of pollut-
ants (Gajic et al., 2018; Guo et al., 2024). Several studies
have shown that the best plants for phytoremediation
are indigenous species of local flora. Therefore, those
native species identified on the targeted sites before
the start of reclamation should be included in the phy-
toremediation project. Effective revegetation measures
include sowing seed mixtures with regional species, as
well as various agronomic methods of introducing tar-
get plant species to restoration sites: fresh hay transfer
(mulching) and plants biomass or soil transfer contain-
ing seeds (Wagner et al., 2020). Sowing seed mixtures of
regional species, reforestation, and agricultural practic-
es such as mulching, mowing, and other management
measures are effective approaches to revegetation.

In previous studies, the effectiveness of mulching
with natural materials such as sawdust, straw, and black
and white agricultural fibres was noted for creating lit-
ter under fruit trees in difficult hydrothermal conditions
due to the climatic regime (Malyuk, 2023). Burshtyn TPP
is the main source of environmental pollution in the
Carpathian region. The residual waste is stored in three
ash and slag ponds, the total volume of which is cur-
rently almost filled (Zhumadilova & Zhigitova, 2023).
These facilities are characterised by increased environ-
mental hazards and therefore require particular con-
sideration, reclamation, and remediation to reduce eco-
system risks in the region (Bidolakh, 2023). The study
of plant communities at the Burshtyn TPP ash dumps
provided an important theoretical basis for the devel-
opment of revegetation measures in the study area, in
particular, the phytodiversity and ecological and genet-
ic features of the ash dumps’ vegetation cover were as-
sessed (Semak et al., 2023).

Given the effectiveness of mulching for the resto-
ration of vegetation cover, the testing of the technique
in anthropogenic ecotopes is of considerable scientific
interest. The study aims to investigate the application of




mulching for the restoration of anthropogenic ecotopes,
namely ash and slag dumps of thermal power plants.

MATERIALS AND METHODS

The study used research methods to assess the inten-
sity of soil erosion losses in key areas, the use of which
is established by Law of Ukraine No. 962-IV “On Land
Protection” (2003). The study used methods of analys-
ing the content of heavy metals, as well as methods
of mulching with hay and sowing seed mixtures to in-
crease soil fertility and preserve moisture, which helps
to improve yields and reduce the risk of erosion and is
also important for biodiversity conservation. The object
of the study was the territory of ash and slag dumps of
Burshtyn TPP (Halych district, Ivano-Frankivsk region).

The anthropogenic ecotopes of ash and slag dump
of Burshtyn TPP are characterised by special physical
and chemical properties and a certain concentration
of radioactive substances (Kovaliv, 2013; Levchenko
et al., 2013; Gneushey, 2013). The humus content in the
0-20 cm layer in the ecotope of the closed and operating
ash and slag dumps ranges from 2.17-5.43%, and in the
20-60 cm layer - from 1.5-4.87%. A characteristic feature
of ash and slag dumps soils is their salt acidity, which is
6.2-8.2; affecting the mobility of heavy metals, the acidi-
ty of the environment largely determines their phytotox-
icity. The 0-60 cm substrate layer of the existing ash and
slag dump at Burshtyn TPP contains many heavy metals:
zinc, manganese, nickel, lead, copper, cobalt, cadmium
and iron. These elements are classified as hazardous
compounds of class | and Il. When the content of these
elements exceeds the maximum permissible concentra-
tion, environmental hazards arise for biotic components
of ecosystems. Slag is also a source of heavy metals, with
heavy metals being leached from slag. The behaviour of
heavy metals and their localisation in soil horizons var-
ies and depends on both external (agrochemical) condi-
tions and the migration properties of the element.

The background gamma of ash and slag dumps is
characterised by elevated levels of radioactivity and
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exceeds background levels by 2-3 times (Levchenko
et al.,2016). Moreover, in combustion products, the con-
centration of radioactive compounds increases several
times compared to the initial fuel - the specific activ-
ity of radionuclides in slag is twice as high as in coal.
The storage of coal combustion products in ash and
slag dumps creates a risk of wind erosion, which can
carry dry ash. The main characteristics of ash in terms
of its environmental impact are dispersion, miscibility,
flowability, density, abrasiveness, and electrical con-
ductivity. Ash dispersion of ash causes its dusting, with
polluting particles being carried by wind currents and
deposited in the surrounding areas in the form of spots
(Penderetskyi, 2005).

The study analysed the content of heavy metals in
ash and slag dumps soil mixtures. To assess the level of
heavy metal contamination of ash and slag dumps’ ec-
otopes of Burshtyn TPP, their content in the technogen-
ic soils of the study area was analysed. Soil sampling
was carried out by DSTU 1SO 10381-2:2004 “Soil qual-
ity. Sampling. Part 2. Guidelines for sampling methods”
(2006). The soil sampling was preceded by the prepa-
ration of a map of the study area with the indication
of sampling points. Soil was sampled from a depth
of 5-20 cm using the envelope method. The content
of mobile metal forms in the soil was determined by
DSTU 4770.1:2007 “Soil quality. Determination of the
content of mobile manganese compounds in the soil in
a buffered ammonium acetate extract with a pH of 4.8
by atomic absorption spectrophotometry” (2009).

Field studies were carried out on the territory of
the ash and slag dump No. 1-2 of the BTPP.The study of
the territory and the laying of experimental plots was
carried out in 2021-2023. The study developed recom-
mendations for restoring the vegetation cover of ash
and slag dumps, compiled a list of species recommend-
ed for sowing on the territory, and tested the mulching
methodology. In the course of testing the mulching and
seed mixtures methodology, 6 experimental plots with
a total accounting area of 140 m? were created (Fig. 1).

Figure 1. Experiment sites

Source: photographed by the authors
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Mulching and seed mixtures were tested on the ex-
perimental plots.

The seed mixtures used are presented in Table 1
and Figure 2.

Table 1. Seed mixtures for phytoremediation of ash and slag heaps

Type Grams % in mixture
Seed mixture No. 1
Perennial ryegrass (Lolium perenne) 100 18.2
Annual ryegrass (Lolium multiflorum) 50 9.1
Meadow fescue (Festuca pratensis) 50 9.1
Red clover (Trifolium pratense) 120 21.8
White clover (Trifolium repens) 50 9.1
Sweet yellow clover or common melilot (Melilotus officinalis) 50 9.1
White melilot (Melilotus albus) 50 9.1
Alfalfa (Medicago sativa) 80 14.5
Seed mixture No. 2
Perennial ryegrass (Lolium perenne) 100 19.23
Annual ryegrass (Lolium multiflorum) 50 9.61
Meadow fescue (Festuca pratensis) 50 9.61
Red clover (Trifolium pratense) 120 23.07
White clover (Trifolium repens) 50 9.61
Sweet yellow clover or common melilot (Melilotus officinalis) 50 9.61
White melilot (Melilotus albus) 50 9.61
Alfalfa (Medicago sativa) 50 9.61
Seed mixture No. 3
Perennial ryegrass (Lolium perenne) 100 21
Annual ryegrass (Lolium multiflorum) 50 9.1
Meadow fescue (Festuca pratensis) 50 9.1
White melilot (Melilotus albus) 50 9.7
Alfalfa (Medicago sativa) 80 14.5

Source: compiled by the authors

Figure 2. Seed mixtures for phytoremediation of ash and slag dumps
Source: photographed by the authors

The mixtures are based on grains: Lolium perenne,
Lolium multiflorum and Festuca pratensis. Among the
beans are Melilotus albus, Melilotus officinalis, Trifolium
pratense, Trifolium repens and Medicago sativa. The area
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where plant biomass was harvested for mulching was
the Druzhba Dendrological Park of Vasyl Stefanyk Pre-
carpathian National University. Hay was harvested here
from June to September. The fresh hay was dried and




put into plastic bags on the day of transport. For mulch-
ing with fresh hay, the material was stored on the day of
transport and brought to the study area.

RESULTS

The first step in the phytoremediation techniques is an
environmental analysis, site inspection and planning.
The territory of the mulching technology selected for
testing was inspected during the growing season. A de-
scription of the phytodiversity of the study site was car-
ried out, as well as an analysis of soil mixtures.

Among the analysed elements in the soils test
samples, the exceedance of the permissible level was
recorded for lead in four test samples. In general, the
concentration of lead in the sample ranged from 0.7
to 8.9 mg/kg. The concentration of cadmium exceed-
ed the permissible levels in two samples, with the
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concentration ranging from 0.21 to 0.83 mg/kg. One of
the samples exceeded the permissible levels of copper.
The concentration of copper in the test samples ranged
from 0.14 to 7.35 mg/kg. Nickel and zinc do not exceed
the permissible levels, their concentrations range from
1 to 8.4 mg/kg and from 0.4 to 2.4 mg/kg, respectively.
For such elements as manganese and iron, no permis-
sible concentration levels were established; the con-
centration of elements in the test samples ranges from
6 to 148.7 mg/kg and 9.5 to 124.6 mg/kg, respectively.

The content of mobile forms of heavy metals
(mg/kg) in the substrates of ash and slag dump No. 3 is
as follows: Fe(64.06)>Mn(50.28)>Zn(3.37)>Pb(3.18)>Cu
(1.65)>Ni(1.35)>Cd(0.51). The average concentration of
mobile forms of heavy metals (mg/kg) in the test sam-
ples compared to the permissible levels is shown in the
diagram (Fig. 3).

23
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Figure 3. The content of mobile forms of heavy metals (mg/kg) on the territory of ash and slag dump No. 3 of BTPP

Source: compiled by the authors

As for the analysis of the phytodiversity, previous
studies have shown that the representatives of the
families Asteraceae, Poaceae and Fabaceae predominate
in the flora diversity. A significant proportion of spe-
cies belong to the Brassicaceae and Rosaceae. In terms
of life cycle, the dominant species are perennial herbs
that are pollinated by insects, and their seeds are also
spread by insects. Thus, the key role of plant-insect in-
teraction in the formation of the vegetation cover of
the study area and its restoration has been shown ear-
lier (Semak et al., 2023).

However, the presented study was conducted on the
territory of ash and slag dumps 1 and 2, which were de-
commissioned more than 10 years ago. The study area
revealed herbaceous vegetation with shrubs growing
along the periphery of the ash dump.The area allocated
for mulching is a former ash dump bowl. The vegetation
here is formed on ash and is characterised by a con-
tinuous cover of Calamagrostis epigejos (L.) Roth. Other
identified species include Onagra biennis Scop., Trifoli-
um pratense L., Inula hirta L., Medicago lupulina L., and
Galium verum L. There were also some young trees -

Betula pendula Roth., Salix spp. The vegetation was a
monodominant plant community dominated by Calama-
grostis epigejos. The dense sod of C. epigejos did not al-
low other species to settle, which led to the blocking
of succession for more than ten years. This situation is
typical for neo-ecotopes of anthropogenic lands - the
danger of blocking succession with the subsequent
formation of monospecies communities was described
earlier for post-mining sites (Rehounkova et al., 2011).
For a comprehensive understanding of the state of
phytocoenosis, it is important to assess the density and
abundance of species, which requires further research.

A preliminary measure before mulching is the re-
moval of unwanted vegetation in the study area or
control of existing plant communities. It has been ob-
served that establishment rates were higher in restora-
tion plots where mowing was carried out than without
mowing (Kiehl et al., 2010). Mowing, as well as mulch-
ing, suppresses competition from the herbaceous lay-
er and promotes the establishment of other species
(Wagner et al., 2020). Mowing is especially important
in the presence of ruderal and invasive species. Areas
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with sparse vegetation or single plants do not require
mowing. Guided by this approach, the grass was mowed
on the territory of the experimental plots, followed by
sowing seed mixtures and mulching.

Typically, commercial seed mixtures are low-spe-
cies mixtures of cultivated grasses, often including
annuals and perennials, as well as nitrogen-fixing leg-
umes. The use of low-species seed mixtures leads to
the formation of unstable, low-productive communities
with reduced biodiversity (Kirmer et al., 2011). Such
communities are vulnerable to invasion by unwanted
species and phytopathogens. In contrast, multi-species
plant communities are more stable and resistant to in-
vasion by undesirable species and other environmental
impacts. The study proposed a list of species for seed
mixtures from local species of native flora. The follow-
ing criteria were used to select species:

o floristic status;

e ability to survive in the difficult microclimatic and
edaphic conditions of ash and slag dumps;

e low nutrient requirements;

e resistance to heavy metals and pollutants;

¢ well-developed root system;

e long life cycle and herbaceous life form;

e competitive strategy.

The study of the area’s phytodiversity resulted in
the development of a seed mix. The list includes 20 per-
ennials and 2 biennials, including 7 grass species and
5 legumes (Table 2). Despite the obvious advantages of
annual species - habitat function for perennials and for-
mation of organic matter after decaying, the authors did
not include annual species in the list to avoid the risk
of phytoinvasions and formation of low-value communi-
ties, since all identified annual species in the study area
have the status of alien species. Grass species are widely
used to restore vegetation cover during reclamation ac-
tivities. The use of grass is explained by their potential
to establish vegetation cover quickly and efficiently. In
addition, the ability of some to withstand high concen-
trations of heavy metals when growing on ash and slag
mixtures has been previously identified, and a species
such as Phleum pratense is resistant to high acidity, and
due to its ability to form deep and dense roots, it pre-
vents erosion processes (Anca et al., 2011).

Table 2. Seed mix for revegetation of ash and slag dumps

No. Type Lifeform Lifecycle
1 Achillea millefolium L. Herbaceous species Perennial
2 Arrhenatherum elatius (L.) PBeauv. ex J.Presl & C.Presl Grain Perennial
3 Campanula rotundifolia L. Herbaceous species Perennial
4 Centaurea jacea L. Herbaceous species Perennial
5 Dactylis glomerata L. Grain Perennial
6 Daucus carota L. Herbaceous species Biennial
7 Echium vulgare L. Herbaceous species Perennial
8 Festuca rubra L. Grain Perennial
9 Festuca pratensis (Huds.) Grain Perennial
10 Holcus lanatus L. Grain Perennial
11 Leucanthemum vulgare Lam. Herbaceous species Perennial
12 Melilotus albus L. Herbaceous species (legumes) Perennial
13 Melilotus officinalis L. Herbaceous species (legumes) Perennial
14 Phleum pratense L. Grain Perennial
15 Plantago lanceolata L. Herbaceous species Perennial
16 Poa trivialis L. Grain Perennial
17 Prunella vulgaris L. Herbaceous species Perennial
18 Securigera varia (L,) Lassen Herbaceous species (legumes) Perennial
19 Tragopogon pratensis L. Herbaceous species Biennial
20 Trifolium pratense L. Herbaceous species (legumes) Perennial
21 Trifolium repens L. Herbaceous species (legumes) Perennial
22 Veronica chamaedrys L. Herbaceous species Perennial

Source: compiled by the authors

However, when selecting grass species for coloni-
sation of devastated areas, their cenotic impact, espe-
cially their competitive ability, should be considered,
since highly competitive grass species (Festuca rubra,
Arrhenatherum elatius and Calamagrosti epigejos), when
colonised by spontaneous succession, form mono-
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dominant communities and prevent other species from
colonising the area. In the proposed mixture, the most
competitive species are Poa pratensis, Dactylis glomera-
ta, Arrhenatherum elatius and Elymus repens. The distri-
bution of these species and their competitive impact
should be controlled through regular monitoring of




the restored areas and appropriate technical biodiver-
sity management measures, which will be described
in the next section. In general, the assessment of the
competitive strategy by J. Grime (1974) shown that
most of the proposed species for the seed mixture are
competitors/stress-tolerators, competitors/stress-toler-
ators/ruderals and competitors/ruderals - this reflects
a highly competitive potential and at the same time
tolerance to environmental factors, and therefore these
species have the promising potential to grow in ad-
verse conditions of ash and slag dumps.

Favourable soil conditions are an important condi-
tion for species settlement, which can be improved by
nitrogen-fixing legumes. The authors included such leg-
umes as Trifolium spp., Melilotus spp.and Securigera varia
in the seed mixture. Trifolium repens is widely used in
seed mixtures, in particular for revegetation after inten-
sive grazing (Skousen & Zipper, 2018). Due to its deep
roots with a tasselled root system that develops near the
surface, Trifolium pratense prevents erosion. Representa-
tives of the Melilotus genus also play a positive role in
the formation of vegetation cover. The authors included
such species as Melilotus officinalis and Melilotus albus
in the proposed mixture - these species are widely used
in phytoremediation due to their drought resistance and
soil formation ability. One of the most popular species
for phytoremediation is seed alfalfa (Medicago sativa).
Considering the reclamation properties and potential of
Medicago spp., the use of Medicago sativa and other spe-
cies of the genus in the experimental plots is a desirable
measure. In the course of the experiment, seed mixtures
were sown,and mulching technology was applied to the
experimental area. In total, the following experimen-
tal plots were established: 25 m? - mulching with dry
hay + seed mix No. 1; 20 m? - seed mix No. 1, mulching
with fresh hay; 25 m? - mulching without sowing seeds;
25 m? - mulching with dry hay. Hay + Seed Mixture No. 2;
20 m? - mulching with dry hay (without sowing seeds);
25 m? - Seed Mixture No. 3 + mulching with fresh hay
(without mowing).

The authors of this study believe that mulching
and sowing seed mixtures is a promising method for
restoring vegetation of anthropogenically transformed
ecotopes. The results of the impact of seed mixtures
and mulching within the experimental plots can be as-
sessed in the long term. However, the applied meth-
odology had an immediate impact, which consists of
reducing erosion, introducing organic matter, and pre-
serving moisture in the experimental sites.

DISCUSSION

Analysing the obtained results, the authors of this
study concluded that the presence of such pollutants as
heavy metals in the soil cover significantly complicates
the plant survival and formation of vegetation cover. At
the same time, mulch improves seed germination and
plant survival. Given the environmental hazard posed
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by ash and slag dumps, the assessment of environmen-
tal risks, in particular soil erosion, in these ecotopes is
a topical issue.

S. Stefanidis et al. (2023) analysed changes in the
average annual rate of soil erosion due to rainfall ero-
sion over the period 1980-2018. This study used hay
mulching to create vegetation cover on ash and slag
dumps and focused on the use of mulching as a means
to prevent soil and water erosion, improve local envi-
ronmental conditions and maintain biodiversity. The
results show that mulching is effective in preventing
erosion. A study by A. Kavian et al. (2020) analysed the
impact of two types of straw mulch rapeseed and corn
to reduce the activation of soil loss and runoff in sandy
loam soils. The researchers determined that straw
mulching reduced soil loss and sediment concentration
by 99%, especially under certain moisture conditions
and mulch types.R. Li et al. (2021) analysed the impact
of organic mulching on soil and water loss. It should be
noted that the study conducted by the researchers used
the straw mulch method and the method of measuring
the rate of reduction of soil loss and runoff. The study
focused on aspects such as maintaining soil structure,
reducing erosion, and the impact on water resources
through reduced soil and runoff losses.

In addition, mulching has an important impact on
soil moisture, which has also been shown in several
studies (Prysiazhniuk et al., 2022). J. Liu et al. (2023a)
analysed the dual effect of the amount of straw mulch-
ing and mulching periods on moisture gain and loss.
According to the results of the analysis, it was found
that mulching with straw in the amount of 0.8 kg/m? at
the three-leaf stage had a positive effect on moisture
characteristics. The effectiveness of the double effect
analysis method is confirmed by the fact that this meth-
od addresses the interaction between the amount of
straw mulching and the periods of mulching and de-
termine its impact. T. Singh et al. (2024) determined the
optimal level of irrigation in conjunction with mulch-
ing for spring corn. The results show that the dry hay
(seedless) mulching method can retain moisture well,
prevent weed growth and protect the soil from erosion.
However, it has the disadvantage of decomposition of
densely packed hay, which can lead to reduced air ac-
cess to the soil.

H. Duanyuan et al. (2023) investigated the effect of
rice straw mulching on soil fertility in agroforestry sys-
tems, soil carbon (C) and nitrogen (N) content, and en-
zyme activity. The researchers employed straw powder
mulching, straw segment mulching, and mulching with-
out straw as control. The results show that the organic
carbon content in the soil increased significantly due
to the use of mulching with straw powder and mulch-
ing of straw segments in the upper 0-10 cm soil layer
compared to the method of mulching without straw.
Y.Yang et al. (2023) conducted a field experiment using
the long-term deep tillage method and straw mulching.
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The long-term deep tillage method can have a positive
effect on soil quality and stability over a long period. In
addition, deep tillage improves plant access to nutri-
ents and water. However, there is also an advantage to
the method of the study, which is that hay mulching can
be less costly than deep tillage.

It should be noted that mulch can be a different
material, both of plant and artificial origin. S. Liu et al.
(2023b) conducted a study of straw mulching, co-cul-
tivation, and their interaction. This study found that
the hay mulching method was more effective than the
straw mulching method because hay decomposes fast-
er than straw, which can lead to faster nutrient delivery
to plants. This indicates a significant advantage of hay
material compared to other organic materials. In addi-
tion to plant material, the use of biodegradable film has
significant prospects.Y.Zhao et al. (2023) studied fields
with film mulching over the past 10 years (mainly from
2019 to 2023). The results of the study of plastic film
mulching demonstrated a positive impact on improving
water, temperature, and nitrogen in the soil. However,
it is worth noting that the method used in mentioned
study, namely hay mulching, had a positive effect on the
activity of microorganisms in the soil, which is benefi-
cial for its biological activity.

W. Sun et al. (2022) studied the production of bi-
odegradable mulching film from biomass materials to
reduce environmental pollution caused by plastic. Thus,
the results of the study indicate that the liquid mulch
film and solid mulch film showed high mechanical prop-
erties, UV resistance, water resistance,ageing resistance
and biodegradation. P. Kumar and V.P. Usadadiya (2023)
examined the impact of plastic and organic mulching
materials and methods on soil and the environment,
which affects crop productivity. The researchers’ results
showed that organic mulching materials are inexpen-
sive and environmentally friendly. In the study conduct-
ed, hay mulching was used, while in the study by the
researchers, mulching methods were applied with grass
clippings to preserve soil moisture and suppress weed
growth, as well as plastic biodegradable film to control
the soil environment and increase yields.

A common practice is to use seed mixtures together
with mulching. G.L. Wu et al. (2023) conducted an ex-
periment on field restoration that combined the sow-
ing of three types of grasses, using grass clippings as
mulch, to restore alpine meadow vegetation. According
to the results of the study, soil moisture, plant germina-
tion density and vegetation cover density increased in
the soils and seed plots. In both studies, the method of
sowing several types of grasses using grass clippings as
mulch was used. The herbaceous plants selected in the
study were legumes: meadow clover, sweet clover and
seed alfalfa. The advantages of using the grasses used
in this study were their ability to interact with bacteria,
fixing nitrogen in the soil and improving its fertility. Re-
garding the advantages of herbaceous plants such as
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wheatgrass, annual bluegrass and fescue used in the
study by the researchers (Robins & Bushman, 2020).

Thus, numerous studies have confirmed the effec-
tiveness of mulch in enhancing the development of
vegetation cover and plant establishment. The addi-
tional use of seed mixtures will enhance the process
of establishing vegetation cover and enriching biodi-
versity. Despite the pollutants present in the soil, this
method will allow for the formation of vegetation cover
in ash and slag dumps and thus help reduce the envi-
ronmental risks of the industrial facility.

CONCLUSIONS

The study assessed the territory, including the condi-
tion of the soil cover and phytodiversity. The results of
the study showed that the man-made ecotopes of ash
and slag dumps were contaminated with hazardous
pollutants, particularlyheavy metals. This fact indicates
the potential environmental hazard of these facilities,
as the fine dispersion and dusting of ash and slag heaps
cause the dispersion of pollutants in the surrounding
ecosystems. The presence of heavy metals in soils-
makes it difficult for vegetation to grow here, which is
a factor in erosion protection. The results of the assess-
ment of the phytodiversity of the studied areas showed
the presence of monodominant communities with
Calamagrostis epigejos, which indicates the blocking of
succession and makes it impossible for other species
to appear here. Considering the phytodiversity of the
territory, a list of native species for the preparation of
seed mixtures was proposed.

The study examined mulching and seed mixtures.
The results showed that the using mulch without rud-
eral and invasive species contributes to the formation
of plant communities by creating favourable conditions
for seed germination: it reduces soil erosion and re-
tains moisture, creates a physical substrate and protec-
tion for seeds, and is a source of seeds and diasporas.
The use of green hay accelerates the development of
vegetation and leads to the formation of species-rich
plant communities. Thus, the use of mulching as a step
towards natural restoration proved a successful strat-
egy for ash and slag dumps at Burshtyn TPP. Areas for
further research on the mulching and seed mixtures
method may include studying the impact of different
types of mulch (organic, inorganic, biodegradable) on
improving soil quality, evaluating the effectiveness of
different combinations of seed mixtures, and growing
conditions, analysing the impact of the mulching and
seed mixtures method on soil microbial biodiversity
and microbiological processes in the soil to restore the
soil cover of a potentially hazardous site.

The algorithm for applying the restorative method-
ology of mulching and seeds mixtures in anthropogen-
ic ecotopes is as follows: assessment of environmental
risks of the territory — preparation of the territory for
mulching and/or sowing of seed mixtures - mulching




and/or sowing of seed mixtures - monitoring of the
experimental plots. It would also be advisable to in-
troduce clear coordination of soil erosion monitoring
programmes between the main technosphere objects
at the regional (local) and national levels, unification
of the regulatory framework and measurement meth-
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AHnotauisn. JocnimxeHHs edekTy MynbY4yBaHHS AN BCTAHOBAEHHS POCAMHHOINO MNOKPMBY HA MNPOMMUCIOBUX
MaWAaHYMKax € NepcrnekTMBHUM Ta aKTyaNlbHUM 3 MOMSAY €KONOriYHOro BiAHOBMEHHS Ta 3MEHLUEHHS 3HUXEHHS
€KOMOrYHMX PU3MKIB B 30HI BMAMBY MPOMWUCIOBKUX OOEKTIB. MeTow [OCNIMKEHHS € BMBYEHHS Ta OLiHKA
eeKTMBHOCTI MyNbY4YBAHHS Ta BMCiBaHHS HACIHHEBUX CyMillelt K Cnocoby BCTAaHOBNEHHSI POCIMHHOIO MOKPUBY
Ha 30/110LWM1aKOBIABaNAxX TENNOBMX eNeKTpoCcTaHuin. [1ng npoBeaeHHs AOCNIOXKEHHS nonepeaHbo 34iIMCHEHO OLiHKY
IPYHTOBOrO MOKPMBY 30/0LUAAKOBIABANIB Ta 3aKNALEHO eKCMepUMEHTaNbHI LiNSHKM, Ha SKUMX 34iMCHI0BANoCS
MyNbYYBAHHA Ta MOCIB HACiHHEBMX cyMiwew. [ig Yac NpoBeAeHHS AOCNILKeHHS Oyno BUSABMEHO, LLO €KOTOMu
30/10LU1AKOBIABANIB  XapaKTEPU3YIOTLCS MiABULLEHOK KOHLEHTPALIIED MNOMIOTAHTIB, @ CaMe BaXKMX MeTanis,
WO YCKNAOHKE MOSIBY TYT POC/AMHHOIO MOKPUBY. Y XOAi BMBYEHHS €KONOTiYHMX ocobnusoctei epnadoTonis Ta
dIiTOpi3HOMaHITTA TepuTOpii 3anponoHOBaHO nepenik BUAIB abopureHHoi Gnopu ANg HACIHHEBUX CyMille.
3AiMCHEHO MY/bYYBAHHA HAa €KCMepUMEHTANbHUX AiNSHKAX Ta BUCIBAHHS HACIHHEBWMX CyMiweln. MynbyyBaHHS
3apekoMeHayBano cebe sk epeKTUBHUI MeTOA, AN NPUCKOPEHHS NPOLEeCiB NPUPOLHOTrO BiAHOBNEHHS POCIMHHOCTI
TEPUTOPIM WO 3a3HaNM AHTPOMOTEXHOrEHHOro BMAMBY. Pe3ynbTaT LOCNIAKEHHS MOXYTb OYyTM BWMKOPWUCTaHI
Ha MpakTULi eKonoramu, eKONOriYHMMM OpraHisauiaMuM Ta LUMPOKMM KONOM CheLianicTiB 3 MeTow po3pobku
Ta BMPOBAMKEHHS 3aXOLiB WO CNpUATb BiAHOBNEHHIO €KOOriYHOro 6GanaHcy AerpagoBaHUX Ta TEXHOMEHHO
TpaHCHOPMOBAHMX EKOCUCTEM
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to analyse the data. The level of technical efficiency at various levels of standard operating procedures adoption
was measured using descriptive statistical analysis. Farm size, seeds, urea and NPK fertiliser, herbicides, yellow
sticky traps, family labour, mulch, and farmers’ participation in garlic development programs significantly affected
garlic production. The technical efficiency varied within 0.37-0.99, with a mean of 0.71. Farmers’ practices and
standard operating procedure adoption significantly reduced technical inefficiency. Generally, the level of standard
operating procedure adoption is moderate. In the high standard operating procedure adoption group, the mean
technical efficiency is 0.77, while in the moderate level group, it is 0.68. The findings of this study can be used as a

model for other garlic-importing countries to enhance production and strengthen food security

Keywords: inefficiency; self-sufficiency; stochastic frontier analysis; technology adoption

INTRODUCTION

Garlic is essential in developing economic, culinary,and
traditional medicine in Indonesia. Indonesia’s garlic
production does not meet the national consumption,
leading the government to import garlic. Conversely,
dependence on imports can threaten social, economic,
and political stability. Increasing national garlic produc-
tion can be challenging due to various problems that
may arise, including efficiency and technology adoption
problems. Hence, problems of technical efficiency and
technology adoption must be analysed comprehensive-
ly to avoid a bias in identifying the root causes of garlic
productivity.

Due to the global food crisis, every country is con-
sidering strengthening domestic food security policies
instead of relying on imports (Falkendal et al., 2021;
Hellegers, 2022). According to the data of Center for
Agricultural Data and Information (2020), the average
national garlic productivity reaches 7.48 t/ha, while the
average world productivity reaches 17.07 t/ha.As the big-
gest garlic production centre in Indonesia, Central Java
Province only has an average productivity of 6.75 t/ha.

The principal issues are that the seed industry is
not well-developed yet, the cultivation area tends to be
narrow and scattered, the low adoption of SOP,and high
inputs prices (Ricky et al., 2022). Leveraging agriculture
productivity can be achieved through extensification
and intensification (Coomes et al. 2019). Extensifica-
tion directly impacts agricultural production but causes
deforestation and biodiversity loss. Intensification can
enhance food production by increasing technical effi-
ciency and technology adoption (Kamau et al.,, 2023).

Technical efficiency measurement is required for
policymakers to determine the strategic programs to
increase productivity (Workneh & Kumar, 2023). Tech-
nologies play an important role in enhancing produc-
tion, efficiency, reducing risks,and ensuring the delivery
of high-quality agricultural products (Kale et al., 2022).
SOP of garlic cultivation consists of technology compo-
nents from 11 aspects of cultivation, i.e., land prepa-
ration, land management, plant spacing determination,
use of seed, planting and basic fertilisation, mulch,
follow-up fertilisation, water irrigation, plant mainte-
nance, pest control, and harvest and post-harvest han-
dling (Directorate General of Horticulture, 2016).

The Stochastic Frontier Analysis (SFA) and the
Cobb Douglass production function are most wide-
ly used to measure technical efficiency (Hakim et al.,
2021). Previous study using this approach mentioned
that the value of technical efficiency of garlic was
below 100%. G. Rabbani and B. Ahmad (2021) found
that the average of technical efficiency of garlic pro-
duction in Ethiopia and Bangladesh were 73%, and
69% respectively. These results imply opportunities to
increase outputs by 7-31% using the available tech-
nology. S. Kune and A. Hutapea (2018) and K. Seran
et al. (2020) conducted a technical efficiency research
of garlic farming in East Nusa Tenggara Province. Tech-
nical efficiency values were above 90%. These studies
only provide information regarding the estimation of
technical efficiency. The determinants of technical in-
efficiency and how technology impacts technical effi-
ciency were not provided.

The study of technical efficiency in Central Java
Province conducted by W. Prayogo and L. Wihastuti
(2023) found that the technical efficiency of garlic
farming is above 0.60. Factors detrimental to techni-
cal efficiency included farmers’ age, education, farmer
experience, family size, and training. The information
about technology adoption was not provided. Moreover,
the information about distribution of technical efficien-
cy at each level of SOP adoption was not provided.

This study fills this information gap, allowing de-
cision-makers to get a comprehensive description of
productivity problems. Based on the description above,
the purpose of this study was to establish the technical
efficiency of garlic farming, the variables that affect the
technical inefficiency, and the technical efficiency of
garlic farming at different stages of standard operating
procedure adoption in Temanggung Regency, Central
Java Province, Indonesia.

MATERIALS AND METHODS

Sample size, sampling methods, and data collection. The
study was conducted in Temanggung Regency, Central
Java Province, Indonesia, from October to November
2022.The selection of sample areas and farmer groups
was carried out purposively. Temanggung Regency is
the largest garlic production centre in Indonesia, which
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contributes 27.52% to national production (Centre for
Agricultural Data and Information, 2020). The research
was conducted in seven sub-districts. One village with
the largest amount of production was purposively se-
lected from each sub-district. From each village, two
farmer groups with garlic as their primary business
were selected. The number of farmer samples in this
study was determined based on the Krejcie and Morgan
formula. The formula is as follows:

X2NP(1-P) (1)

" DR

where n is the sample size; X? is the chi-square table
value for 0.5 degree of freedom at the specified con-
fidence level (3.841); N is the population size; P is the
population proportion (assumed to be 0.50); e is the
degree of precision (0.05).

The population of selected farmer group members
is 550, and therefore the required sample size was 227
farmers. Simple random sampling technique was ap-
plied to choose sample farmers from each farmer group.
The survey was anonymous and did not mention any
institutions. Data was collected from farmers through
structured questionnaires administered by enumera-
tors. Interviews were conducted offline. This study also
protected the privacy of respondents and their confi-
dential personal information following the Declaration
of Helsinki (2013). The respondents provided prior in-
formed consent to fulfil the ethical requirements of sci-
entific research in social sciences.

Analysis method of estimation of production function,
technical efficiency, and technical inefficiency. The SFA
method was applied to analyse the technical efficiency
of garlic production. The stochastic production function
assumes that the production function’s error compo-
nent is not simply attributable to random and unmeas-
ured factors. It divides the error term into random and
non-random components. The difference between actu-
al production and the production frontier is attributed
to inefficiency. This inefficiency can take many forms,
including inefficient resource allocation, poor manage-
ment practices, inadequate technology utilisation, and

inefficient manufacturing processes. The SFA is given
as follows:

Yi= B+ BiX; + &, )

where Yi is the outputs; ,-f;is the model parameters
to be estimated; X, is the production inputs; ¢, is the
error term, g, = -u, + v,. vi is an error term that indicates
a production uncertainty, assumed by i.i.d (0,); u; is an
error term that shows the effect of technical inefficien-
cy, assumed by i.i.d (0,) and u>0, u,is independent of v,
Equation 2 can be modified as follows:

Yi=f(X;B) exp(v; —uy), 3)

where f{.) is production function.
This study uses the Cobb-Douglass production func-
tion to estimate the determinants of garlic production
and its technical efficiency. The Cobb Douglass produc-
tion function estimates the elasticity of production in-
puts (Adzawla & Alhassan, 2021). The Stochastic Fron-
tier production function can also be used to measure
the estimated value of technical efficiency according to

the following formula:
Y _ fXiB)exp(vi—wy)

TEiz——

v FXaB) exp(v) exp (—u;), 4)

where TE; is the farmers’ technical efficiency; Y is the
frontier output; Y is the farmers’ observed output. Tech-
nical efficiency is typically expressed as a ratio between
0 and 1, where 0 stands for no efficiency or complete
inefficiency, and 1 stands for perfect efficiency or opti-
mal use of inputs. The next analysis is regressing a set
of factors on -u, as follows:

—u; = 8o + Xio1 6:Z; + e, (5)

where Z, is the vector of determinants of technical inef-
ficiency; 6, is the parameter estimates of the model; 6,
is the coefficient estimates of Zi; and e, is the error term.

Parameter estimation in the SFA model and tech-
nical inefficiency using the Maximum Likelihood Esti-
mation (MLE) method in the Frontier 4.1 program. An
empirical model of SFA that is converted into a natural
logarithm is given as follows:

LnY=,+f, LnX +p, LnX,+f; LnX+f, LnX,+fs LnX+B, LnX+f; LnX,*+ [, LnX+fy LnX + 6)
+B1o LnX g*Byy LnX, +By; LnX s LnX, o+, LnX * By Dy+fyg D+ (vi-ui),

where Y, is the garlic output (kg); 5, - B,5 are the pa-
rameters to be estimated in the model; X, is the Farm
size (ha); X, is the seeds (kg); X; is the urea (kg); X, is
the ZA (kg); X; is the NPK (kg); X; is the SP36 (kg); X, is
the organic fertiliser (kg); X; is the dolomite (kg); X, is
the pesticides (l); X,, is the fungicides (l); X, is the her-
bicides (l); X, is the yellow sticky trap (pcs); X5 is the

family labour (man days of work); X,, is the hired labour
(man days of work); D, is the dummy of plastic mulch
(1 if yes, O if no); D, is the dummy of farmers’ partici-
pation in government and importer programs (1 if yes,
0 if no).

Empirical model of technical inefficiency was cal-
culated as follows:

U =60+ 8y Zy+ 6y 2y + 63 23+ 8, Zy+ 85 Zs+ 6 2+ 6, Z; + 8y Zg + 6y Zy e, (7)
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where u; is the technical inefficiency; 6,-6, are the pa-
rameters to be estimated in the model; Z, is the farmers’
age (years); Z, is the education level (years); Z; is the
farmers’ experience in garlic farming (years); Z, is the
perception of activeness in the farmer group (pts); Zs is
the perception of extension activity (pts); Z, is the adop-
tion level of SOP (pts); Z; is the dummy of land ownership
(1 if owned by farmer, O if rented); Z; is the dummy of
credit access (1 if there is an access, O if there is no ac-
cess); Z,is the dummy of gender (1 if male, O if female).
Determination of the level of adoption of SOP and other
social variables with a Likert scale score. Social variables
such as adoption level of SOP, participation in farmer
groups, and perception of extension performance were

Kurniasih et al.

also collected. The Likert scale was used in the ques-
tionnaires to measure farmers’ attitudes, opinions, per-
ceptions, or behaviours. The data obtained from the
questionnaire with a Likert scale is ordinal and must be
converted into interval data through a successive appli-
cation. Classification of the adoption level of SOP, partic-
ipation in farmer groups, and perceptions of extension
performance were determined by formula as follows:

Highest value (HV)—Lowest value (LV) (8)

Class Interval =
Number of classes

In this study, the accumulative scores achieved in
social variables were classified into three classes: High,
moderate, and low, as presented in Table 1.

Table 1. Score classification of social variables

A . ificati
Variables Numbgr of Number of point scales cc?mulatlve Score Classification -
questions Min Max Low Moderate High
3-point scales
Adoption of 3: Always apply; ) . )
SOP 52 2: Apply sometimes; 52 171 52-916  91.7-131.3 131.4-171
1: Never apply
5-point sgales
Perception of L St;?%%g dr'(f_z‘?ree‘
activeness in 8 3. Neith : 9 ’d' . 8 36 8-18.6 18.7-29.3 29.4-36
farmers’ group : Neither agree nor disagree;
4: Agree;
5:Strongly agree
5-point scales
Lty e
of extension 16 3: Neither agree nor disagree; 16 89 16-40.3 40.4-64.7 64.8-89
performance 4: Agree:

5:Strongly agree

Source: compiled by the author of this study

According to Table 1, farmers are classified as having
high SOP adoption when they score 131.4-171 pts, me-
dium adoption when they score 91.7-131.3 pts, and low
adoption when they score 52-91.6 pts. The perception of
activeness in the farmers’ group is categorised as high
when farmers score 29.4-36 pts,medium when they score
18.7-29.3 pts, and low when they score 8-18.6 pts. The

perception of extension performance is categorised as
high when farmers score 64.8-89 pts,moderate when they
score 40.4-64.7 pts,and low when they score 16-40.3 pts.

Definitions and measurements of variables. Table 2
presents potential explanatory variables for production
and inefficiency functions,along with the expected out-
come sign for each variable.

Table 2. Summary of variables and expected outcome

Variables

Definition

Measurements Expected outcome

Production Function

QOutput Amount of garlic production Kilogram (kg)
Farm size Total area cultivated of garlic Hectare (ha) +
Seeds Amount of garlic seed Kilogram (kg) +
Urea fertiliser Amount of garlic urea fertiliser Kilogram (kg) +
ZA fertiliser Amount of ZA Kilogram (kg) +
NPK fertiliser Amount of NPK Kilogram (kg) +
SP36 fertiliser Amount of SP36 Kilogram (kg) +
Organic fertiliser Amount of organic Kilogram (kg) +
Dolomite Amount of dolomite Kilogram (kg) +
Pesticides Volume of pesticides liquid Litre +
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Table 2. Continued

Variables Definition Measurements Expected outcome
Fungicides Volume of fungicide liquid Litre +
Herbicides Volume of herbicide liquid Litre +
Yellow sticky trap Amount of yellow sticky trap Sheet +
Family labour Amount of family labour Man-days +
Hired labour Amount of hired labour Man-days +
Mulch 1 if use mulch, 0 otherwise +
Participation in gov. or importer program 1 if participate, O otherwise +
Inefficiency Function
Age Length of time the farmer has lived Years -
Level of education Number of years of formal education Years -
Farmer experience in garlic farming Number of years of farming Years -
Perception of activeness in farmers group ~ Farmer perception of activeness in group Points -
Perception of extension performance Farmer per;ggft()im:r:cixtensionist Points -
Adoption of SOP SOP adoption by farmer Points -

Land ownership

1 if landowner, O otherwise -

Credit access

1 if farmer has an access, 0 otherwise -

Source: compiled by the authors of this study

Definition and measurement variables provide a
clear understanding of the data and the methods used
for measurement. The mean and standard deviation of
each variable, except for the dummy variable, are deter-
mined. The mean value indicates the equal distribution
of values in a particular data set, while the standard
deviation helps to understand the distribution and var-
iability of measurement variables.

RESULTS AND DISCUSSION
Distribution of outputs, inputs, and socioeconomic char-
acteristics. Table 3 presents the distribution of output
and inputs in one garlic planting season in Temanggu-
ng Regency. Table 3 shows that farmers produced an

average of 6.87 kg/ha of dry garlic. The average seeds
used is 854.75 kg. The fertilisers used by the farm-
ers were 257.66 kg of urea, 429.25 kg of ZA fertiliser,
331.25 kg of NPK fertiliser, 132.81 kg of SP36 fertil-
iser,and 13,601.31 kg of organic fertiliser. The dolomite
used was 1,289.59 kg. Farmers use pesticides at 7.25 |
and fungicides at 6.38 L.

The average number of yellow sticky traps used was
42.03 sheets per ha. The number of family labourers is
621.81,and the hired labour is 135.03 man-days per ha.
The use of inputs for fertiliser production is generally
still inadequate compared to the amount recommend-
ed in the SOP. Meanwhile, Table 4 shows data on the
socio-economic characteristics of farmers.

Table 3. Descriptive statistics of the distribution of output and inputs of garlic farming in Temanggung Regency

Sample Distribution

Variables Conversion per ha
Mean Standard Deviation Min Max
Output 2,198.85 1,175.39 500.00 4,980.00 6,871.41
Farm size 0.32 0.14 0.10 0.70 1.00
Seeds 273.52 182.25 40.00 775.00 854.75
Urea fertiliser 82.45 41.60 17.00 175.00 257.66
ZA fertiliser 137.36 75.75 25.00 350.00 429.25
NPK fertiliser 106.00 55.52 25.00 290.00 331.25
SP36 fertiliser 42.50 22.69 8.00 100.00 132.81
Organic fertiliser 4,352.42 1,997.58 1,500.00 8,000.00 13,601.31
Dolomite 412.67 190.37 100.00 850.00 1,289.59
Pesticides 2.32 0.81 1.10 4.50 725
Fungicides 2.04 1.14 0.01 5.00 6.38
Herbicides 2.32 1.25 0.50 5.00 725
Yellow sticky trap 13.45 7.30 3.00 35.00 42.03
Family labour 198.98 99.79 25.00 421.00 621.81
Hired labour 43.21 36.05 5.00 127.00 135.03

Source: the results of the authors’ own research
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Table 4. Descriptive statistics of the distribution of social characteristics of garlic farmers in Temanggung Regency

Sample Distribution

Variable - .

Mean Standard Deviation Min Max

Age 43.99 9.76 21.00 84.00

Level of education 8.19 2.71 3.00 16.00

Farmer experience in garlic farming 9.89 7.08 2.00 31.00
Perception of activeness in farmers group 24.03 4.62 8.00 35.98
Perception of extension performance 59.47 11.84 22.00 87.84
Adoption of SOP 124.61 97.87 97.87 160.49

Source: the results of the authors’ own research

Table 4 shows that the average garlic farmer is
43 years old, which is considered a productive age for
managing their farm effectively. On average, farmers
have 8 years of education and a relatively extensive ex-
perience in garlic farming, spanning almost a decade.
The mean score for the perception of activeness in the
farmers’ group variable is 24.03, indicating a moderate
level. However, there is still room for improvement in
farmers’ participation, particularly in terms of attend-
ing regular group meetings. Most farmers do not hold
group administrative positions. Unfortunately, farm-
ers rarely can attend government-organized training
sessions. The mean score attained by farmers for the
perception of extension performance variable is 59.47,
which falls within the moderate category as presented
in Table 1. Farmers perceive extension workers to be ef-
fective communicators, motivators, and educators, but
they still need to improve their facilitation skills. The
average score for the SOP adoption variable is 124.61,
which is also classified as moderate in Table 1. Farmers
have not yet fully implemented the technological com-
ponents of the SOP.

Maximum likelihood estimation results for produc-
tion function model parameters. Due to the stochastic
frontier production function using the MLE method

estimation as presented in Table 5, the value of MLE
Log Likelihood (132,662) is greater than the value of
OLS Log Likelihood (116,118). This suggests that esti-
mating the production function using the MLE method
is better at describing conditions in the field than the
OLS method. The Sigma Squared coefficient obtained
is 0.0192, which is indicating that the error term inef-
ficiency (i) is normally distributed. The value of Gam-
ma (y) of 0.999 indicates that 99.99% of the variation
of residual in the model comes from inefficiency (ui),
which farmers can control. The remaining 0.01% is
caused by a random error in measurement/noise (vi)
in the form of production risks that farmers cannot
control, such as weather and pest attacks. This finding
shows that technical inefficiency is vital in explaining
the garlic production level farmers in Temanggung Re-
gency achieved. The LR test value for the one-sided
error (number of restrictions = 10) obtained from the
model is 33,088.This value is greater than the value of
the mixed chi-square distribution X? (0.01,10)=28.856,
which is contained in the Upper and Lower Bounds
Table for The Critical Value for Jointly Testing Equality
and Inequality Restriction (Shi, 2020). It means that
the model can describe the effect of technical ineffi-
ciency in garlic farming.

Table 5. Results of Stochastic Frontier Analysis Production Function with MLE

Variables Parameters Coefficients Standard Error T ratio
Production Function
Constanta Bo 4.042 0.234 17.310°
Farm size By 0.113 0.042 2.680°
Seeds B, 0.098 0.032 3.036°
Urea fertiliser Bs 0.100 0.031 3.266°
ZA fertiliser Ba 0.044 0.030 1.476"
NPK fertiliser Bs 0.402 0.037 10.8842
SP36 fertiliser Be 0.014 0.028 0.500m
Organic fertiliser B, 0.023 0.032 0.724ns
Dolomite Bs 0.023 0.023 1.016m
Pesticides By 0.036 0.038 0.936"
Fungicides Bio 0.016 0.015 1.070"
Herbicides B -0.045 0.022 -2.069°
Yellow sticky trap B 0.077 0.028 2.721°
Family labour Bis 0.066 0.030 2.210°
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Table 5. Continued

Variables Parameters Coefficients Standard Error T ratio
Hired labour Bis 0.009 0.018 0.514ns

Dummy of mulch Bis 0.045 0.027 1.698¢

Dummy pf participation in gov.and B 0.091 0023 39395

importer programs 16

Sigma squared (¢?) 0.0192 7.086
Gamma (y) 0.9999 14.295
Log Likelihood function-OLS 116,118
Log Likelihood function-MLE 132,662
LR test for the one-sided error 33.088

Note: a: statistically significant at 1% (2.601); b: statistically significant at 5% (1.972); c: statistically significant at 10%

(1.652); ns: not statistically significant
Source: the results of the authors’ own research

Table 5 shows that farm size significantly affects
garlic production with an elasticity of 0.113, which
means that a 1% increase in the land area can increase
garlic production by 0.113% (ceteris paribus). Land has
a relatively large production elasticity indicating that
land expansion is an effective strategy for increasing
garlic production. The average land ownership by farm-
ers is only 0.32 hectares. Even though garlic is cultivat-
ed in narrow and scattered areas, farm size significantly
impacts production because farmers grow garlic on the
slopes of the Sindoro and Sumbing mountains, which
are rich in humus. This result contradicts the findings of
[. Ali et al. (2019), who state that fragmented land has
a negative impact on production. The study mentioned
that farmers did not use best fertilisation and land pro-
cessing technology, which is causing a soil infertility.
Seeds significantly affect garlic production, with an
elasticity of 0.098. Every 1% increase in seed usage can
increase production by 0.098% (ceteris paribus). This
finding supports previous research from F. Rahmawati
and Jamhari (2018) that shows that increased garlic
production in Karanganyar Regency can be achieved by
using more quality seeds. Both studies found that farm-
ers often produce seeds from their previous harvests,
which can affect the quality of the seeds. The quality
of seeds depends on a range of factors, including their
physical appearance, genetic purity, and freedom from
pests and diseases.

The production factor of urea fertiliser has a signifi-
cant impact. Every 1% increase in urea use can increase
production by 0.1% (ceteris paribus). This finding sup-
ports the results of C. Mina et al. (2021) on garlic com-
modities in Pakistan and F. Chekol et al. (2023) in North-
west Ethiopia. The nitrogen content in Urea fertiliser is
vital in vegetative growth because it can increase the
ratio of shoots to roots, determining tuber formation.
However, using elemental N in conditions that exceed
the requirements can cause the thickening of the stems
and rotting of the tubers during storage (Geisseler et al.,
2022). NPK fertiliser has a positive impact. Increasing
1% of NPK, production will increase 0.402% (ceteris
paribus). The content of the macro elements Nitrogen,
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Phosphorus, and Potassium in NPK fertiliser plays a
role in the formation of bulbs of up to 80% in garlic and
shallots (Shukla et al., 2018). These findings contradict
the results of F. Rahmawati and Jamhari’s (2018) study,
which mentioned that no fertiliser significantly in-
creased garlic production. The variables that impacted
garlic production were land, seed, and liquid pesticides.

In this study, herbicides significantly adversely affect
garlic production, with an elasticity of -0.045. Adding
1% herbicide will reduce production by 0.045% (ceteris
paribus). The negative effect of herbicides on production
output is caused by farmers’ use in the long term and the
amount that exceeds the threshold, causing resistance.
This result differs from the results of C. Mina et al. (2021)
who stated the positive impact of using herbicides. The
herbicide will increase production yield by up to 10%.
The use of yellow sticky traps to reduce fly pest popu-
lations affecting production with an elasticity of 0.077.
Increasing yellow sticky traps by 1% can increase pro-
duction by 0.077% (ceteris paribus). This results aligned
with M. Pobozniak et al. (2020). Yellow sticky traps are
effective in reducing the population of leafminer flies,
fruit flies, whitefly, aphids, and thrips which can reduce
the yield potential of garlic by up to 80%.

Family labour input has a positive impact with an
elasticity of 0.066. Increasing the number of family la-
bour by 1% can increase production by 0.066% (ceteris
paribus). . Ali et al. (2019) also found that family labour
has a positive relation with garlic production, but not at
a significant level. The positive influence of family la-
bour is caused by a high availability level in each garlic
cultivation phase compared to hired labour. The com-
mitment and responsibility of family labour are also
higher than that of workers outside the family because
of a greater sense of belonging.

Plastic mulch significantly affects garlic produc-
tion, with a coefficient of 0.045. Silver and black plastic
mulch function to maintain soil moisture, prevent soil
erosion and compaction, regulate soil temperature, and
suppress the growth of weeds that disturb plants. The
study of R. Igbal et al. (2020) on 13 agricultural com-
modities stated that mulch could increase yields by up




to 20%. The dummy variable of farmer participation in
government programs and importers was proved give a
positive impact on garlic production with a coefficient
of 0.091. Farmers taking part in government programs
and importers receive seeds, fertilisers, pesticides,
mulch, capital, and technical assistance. This finding
corroborates the study of B. Septiana et al. (2022) and
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S.Saraswati et al. (2022) which state that input and out-
put policies simultaneously increase farmers’ produc-
tion and income.

Estimation of technical efficiency. The MLE method
with the Frontier 4.1 application estimates the value
of technical efficiency the farmer achieves, as shown
in Table 6.
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Table 6. Level of technical efficiencies

Technical efficiency level Frequency Percentage (%)
0.00-0.40 1 0.4
0.41-0.50 4 1.8
0.51-0.60 25 11.0
0.61-0.70 95 419
0.71-0.80 59 26.0
0.81-0.90 32 141
0.91-1.00 11 4.8

Total farmers 227 100
Mean 0.71
Min 0.37
Max 0.99

Source: the results of the authors’ own research

The farmers achieved a mean of technical efficiency
of 0.7.The lowest value of 0.37 and the highest value of
0.99. Most farmers achieve technical efficiency values
of 0.61-0.70 and 0.71-0.80. The average value achieved
shows that there is still a 29% chance for farmers to
increase their frontier production limits with the same
technology. Variations in the values for achieving tech-
nical efficiency illustrate the level of adoption of dif-
ferent technologies. The study from F. Rahmawati and
Jamhari (2018) in Karanganyar Regency produced a
technical efficiency value of 0.61 in garlic farming with
intercropping patterns. A. Wardani and D. Darwanto
(2018) using the SFA method, found an average value
of technical efficiency for garlic farmers in the Kledung

sub-district, Temanggung Regency of 0.81. The techni-
cal efficiency of garlic studies using the SFA method
in other countries shows varying results. P. Kumar et al.
(2018) reported that the technical efficiency of garlic
farmers in Madhya Pradesh, India reached 0.72. C. Mina
et al.(2021) found that garlic farmers in the Philippines
reached a technical efficiency 0.8.

Determinants of the technical inefficiency of garlic
farming. Technical inefficiency was identified simulta-
neously through the MLE method on the Cobb-Doug-
las production function. Table 7 shows that only the
variables of farming experience and the level of SOP
adoption significantly affect the technical inefficiency
of garlic farming.

Table 7. Estimation of the determinants of technical inefficiency of garlic farming

Variables Parameters Coefficients Standard Error T ratio

Constanta S, 3.412 0.690 4.945¢2

Age S, 0.012 0.066 0.178

Level of education 5, -0.006 0.036 -0.165"

Farmer experience 8 -0.033 0.019 -1.756¢°
Perception of activeness in farmers group I 0.033 0.082 0.403"s
Perception of extension performance S 0.017 0.070 0.245"
Adoption of SOP S -0.654 0.156 -4.194°

Dummy of land ownership 5 0.017 0.042 0.408
Dummy of credit access S -0.018 0.027 -0.660m
Dummy of gender N -0.058 0.090 -0.648"

Note: a: statistically significant at 1% (2.599); b: statistically significant at 5% (1.971); c: statistically significant at 10%

(1.652); ns: not significant
Source: the results of the authors’own research
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The farmer experience in garlic farming signifi-
cantly impacts the technical inefficiency. The negative
sign indicates that the longer the farmer’s experience
running garlic farming, the less technical inefficiency
or more efficient farming. This finding corroborates the
finding of F.Rahmawati & Jamhari (2018) and S. Attipoe
et al. (2020). Based on Table 4, the average experience
of garlic farmers is nine years. Experience teaches farm-
ers the best cultivation practices so that farmers have
the most efficient input use combinations to produce
maximum output. In addition, farmers who have been
cultivating garlic for a long time have a more open at-
titude towards ever-evolving technologies that allow
them to produce a better yield.

The variable of adoption of SOP for garlic culti-
vation also significantly affects technical inefficien-
cy at the 99% confidence level with a coefficient of
-4.194. The negative sign describes that the higher
the adoption rate of SOP, the lower the technical in-
efficiency. These results aligned with research results
study of A. Wardani and D. Darwanto (2018). The adop-
tion of technological components contained in SOPs

can increase the efficiency of using production inputs.
Table 3 indicates that the average garlic farmer adopts
SOP at a moderate level with a value of 124 points.
Technological aspects of SOP, especially in land man-
agement, variety selection, use of seeds, fertilisation,
plant maintenance, pest control, and harvest and post-
harvest, can increase the potential productivity of the
varieties used. Variables of age, education level, active-
ness in farmer groups, farmers’ perceptions of exten-
sion performance, land ownership, credit access, and
gender do not significantly affect technical inefficiency.

Technical efficiency at various levels Adoption of
Standard Operating Procedures. Standard operating
procedure for garlic cultivation consists of 11 stages
of cultivation, each of which has specific technologi-
cal components recommended by the government.
In general, the adoption of SOP for garlic cultivation
in Temanggung Regency is in the moderate category.
The total score obtained is 124 from a score range of
52-171. In detail, the classification of SOP adoption by
farmers at each stage of garlic cultivation is presented
in Table 8.

Table 8. Adoption of SOP by Farmers

L Number of Measuring tool scores interval Adoption level
Cultivation component .
technologies Min Max Achieved scores (%) Category
Land preparation 3 3 10 7 70 moderate
Land ploughing 5 5 16 12 75 moderate
Plant spacing 2 2 6 4 67 moderate
Seeds 5 5 16 12 75 moderate
Planting and basic fertilising 4 4 13 10 77 moderate
Mulch installation 2 2 6 5 83 high
Follow-up fertilising 6 6 19 13 68 moderate
Irrigation 2 2 7 3 43 low
Weed and soil management 3 3 10 9 90 high
Pest control 15 15 50 35 70 moderate
Harvest and post-harvest 5 5 18 14 78 high
AllL SOP components 52 52 171 124 73 moderate

Source: the results of the authors’ own research

The technology components adopted by farm-
ers in the high category are mulch use, plant mainte-
nance, harvest, and postharvest. Farmers obtain plastic
mulch both from government programs and importers
programs. In the Horticultural Product Import Recom-
mendations regulated by the Ministry of Agriculture,
importers must plant as much as 5% of the proposed
amount of garlic imports (Regulation of The Ministry
of Agriculture, 2017). Therefore, importers collaborate
with farmers to achieve the required outcome. At the
maintenance stage, farmer adoption is included in the
high category. Farmers regularly cultivate the land,
remove weeds, and clear away plant debris. Farmers
adopt technological components to facilitate uprooting
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in damp conditions. The subsequent process involves
drying and cleaning the tubers of crop residue. Addi-
tionally, farmers sort the tubers based on quality and
size, storing them with special treatment to maintain
their quality.

The adoption of SOP by farmers is categorized as
a moderate level at the stage of land preparation, de-
termination of plant spacing, use of seeds, planting
and basic fertilisation, follow-up fertilisation, and pest
control. Garlic in Temanggung Regency can only be
planted once a year during the rainy season (Novem-
ber-April). The type of land limit is rainfed with high hu-
midity levels. It causes garlic farming more vulnerable
to various production risks, such as excessive rainfall




and pest attacks. Land preparation does not carry out
intensively by farmers as well. They hack the land only
once, whereas the SOP suggests that the field should
be deeply ploughed and disked properly to eliminate
debris and soil clods. Farmers planted garlic on the
slopes of Mount Sumbing and Sindoro but disobeyed
SOP’s recommendation. They make broad beds of garlic
aligned to the slope of the land, not across the slope. It
is certainly dangerous for the sustainability of the land
because it has the potential to cause erosion.

Many farmers use spacing that is not recommend-
ed in the SOP. The intercropping cultivation system of
garlic with tobacco and other vegetables causes farm-
ers to be unable to apply spacing according to the SOP
recommendations. They have yet to use certified seeds
as well. They use seeds from superior, high-yielding
varieties such as Lumbu Hijau and Lumbu Kuning, but
the quality cannot be guaranteed because they got the
seeds from previous harvests. Certified seed availability
is one of the obstacles for farmers trying to increase
garlic productivity. Farmers still rely heavily on chem-
ical pesticides compared to natural ingredients during
the pest control phase, as recommended in the SOP.The
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lowest level of SOP adoption is in the watering phase.
As explained previously, the garlic field in Temanggung
Regency is rainfed. Farmers depend on rainfall to water
their plants. Irrigation technology is needed so garlic
can be planted during the off-season. Drip or sprinkler
irrigation is a strategic technique to increase the crop-
ping index to generate national garlic production. Many
farmers, especially small-scale farmers, may not have
the financial resources to invest in such infrastructure.
A comprehensive approach that combines financial aid,
infrastructure development, research, and supportive
policies can help make technical irrigation more acces-
sible and affordable for farmers, ultimately enhancing
agricultural productivity and sustainability.

The previous discussion in this study stated that the
adoption rate of SOP for garlic had a significant impact
on the level of technical inefficiency of farmers. The co-
efficient with a negative sign means that the higher the
level of SOP adoption, the lower the technical inefficien-
cy of the farmers or the higher the technical efficiency.
This study categorizes the technical efficiency values ob-
tained by farmers based on their level of adoption of the
SOP for garlic cultivation, as presented in Table 9.

Tabel 9. Farmers’technical efficiency at various levels of SOP adoption

SOP adoption level Score intervals Number of farmers % Mean of Technical Efficiency
High 131.4<score achieved<171 66 29 0.77
Moderate 91.7<score achieved €131.3 161 71 0.68
Low 52<score achieved<91.6 0 0 0

Source: the results of the authors’ own research

This table shows that 71% of farmers have an
SOP adoption level in the medium category. The av-
erage technical efficiency achieved by this group is
0.68. Meanwhile, 29% of farmers have a relatively high
SOP adoption rate. The mean of technical efficiency
achieved is 0.77. The higher the adoption rate of SOP,
the higher the value of technical efficiency. The tech-
nological components included in SOP for garlic culti-
vation can help farmers in allocating production inputs
as efficiently as possible to produce greater production.
The application of SOP can encourage the achievement
of productivity targets above 12 t/ha, reduce yield loss
to below 10%, and improve the quality of dry tubers
according to market standards, namely quality level |
(50%), quality Il (30%) and quality Il (20%) (Directorate
General of Horticulture, 2016).

However, the adoption rate of SOP-GAP for garlic
still needs to be improved. Based on this research, the
adoption rate of SOP for garlic cultivation in Temanggu-
ng Regency is in the moderate category. The mean of
technical efficiency obtained by farmers only reaches
0.71.The results of this study aligned with the findings
of A. Wardani and D. Darwanto (2018), which state that
the application of SOP and GAP for garlic cultivation
in various production centres in Indonesia still needs

to be improved. The government and other stakehold-
ers were challenged to increase the implementation of
SOP garlic through various programs and policies.

CONCLUSIONS

The key to achieving food security lies in increasing
production to ensure physical and financial access to
food according to people’s consumption needs. How-
ever, national garlic production has not been sufficient
to meet national demand, leading to price increases if
the government does not implement import policies.
Low production is also affected by the inefficient use
of factor inputs, which can be attributed to the lack of
technology application. The study discovered that the
input factors that had a significant impact on garlic
production were land area, seeds, urea, NPK fertiliser,
herbicides, yellow lick traps, family labour, use of plastic
mulch, and participation in government and importer
programs. The technical efficiency level of garlic farm-
ers has only reached 0.71, indicating that there is still
room for improvement in production using the same
technology.

Efficiency in farming is intricately linked to the
managerial ability of farmers. Therefore, the socio-eco-
nomic factors of farmers play a crucial role in reducing
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opportunities for inefficiency. This study proved that the
experience of farmers and the adoption rate of SOPs
are significant variables in reducing technical ineffi-
ciency. Farmers with more experience have greater ex-
posure to information and technology, providing them
with valuable references for their farming practices.
This study showed a clear correlation between the rate
of technology adoption and technical efficiency. There-
fore, to develop successful garlic production programs,
the government must ensure that farmers have strong
managerial skills, distribute inputs efficiently, and have
a mastery of technology.

At the medium level of SOP adoption, farmers
achieve a technical efficiency of 0.68.At the medium lev-

the Indonesian government and stakeholders in devel-
oping garlic policies within the province. This includes
expanding the planting area, using quality seeds, adopt-
ing fertilisation technology and pest/disease control,
improving labour skills within families, applying stand-
ard operating procedures by farmers, increasing the role
of extension as a facilitator, and improving programs
to empower farmers and their businesses. The focus is
on increasing production, technical efficiency, and the
adoption of technology. To determine national policies
for garlic development in Indonesia, it is necessary to
scale up this research and broaden the research locus to
include all production centres in the country.

el of SOP adoption,farmers achieve a technical efficiency ACKNOWLEDGEMENTS
of 0.68. This increases to 0.77 at higher levels of adop- None
tion. These findings suggest the possibility of formulat-
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AHoTauif. AKTyanbHiICTb UbOrO AOCAIAXEHHS NONArae B MNOAOMAHHI MNepewwkon AAS PO3BMTKY YaCHUKY B
[HoOHE3Ii, TaKMX K HU3bKA NPOLYKTUBHICTb Ta 0OMeXeHe BUKOPUCTAHHS TEXHOJOTIN, L0 MOXe CTAaTU Ha 3aBaji
caMo3abe3neyeHH0 Ta NporpaMaM CKOpPOYEeHHs iMNopTy. MeTol LbOro AOCAIAXKEHHS OYN0 BU3HAUUTU TEXHIYHY
eeKTUBHICTb, AeTePMiIHAHTU TEXHIYHOI HeedEeKTUBHOCTI Ta piBEeHb TEXHIYHOT ePEeKTUBHOCTI Ha Pi3HMX PiBHAX
BMNPOBAAXXeHHs CTaHAAPTHWMX OMnepaLifMHMX NpoLeayp BUPOLLYBAHHS YaCHMKY Yy BUPOOHMUYMX LeHTpax IHooHesii.
[aHi nepexpecHux pocnigpkeHb Oynu 3ibpaHi 3a fonomorow iHTepBto 3 227 depmepamu, BiaibpaHumu 3a
[LONOMOroK NpoCTOro MeToAy BMMaAkKoBoro Bigbopy. BupobHuua dyHkuis Kob6a-Llyrnaca Ta CTOXaCTUUHMIA
rpaHWYHUI aHani3 6ynuM BUKOPUCTAHI AN BU3HAYeHHS QaKTopiB, WO BNANBAKOTL HA BUPOOHULTBO YaCHWMKY, PiBEHb
TEXHIYHOI eheKTUBHOCTI Ta AETEPMIHAHTM TEXHIYHOT HeedeKTUBHOCTI. AN aHani3y faHUX 6yno BUKOPUCTAHO METOL,
MaKCMManbHOi NpaBAonomi6HOCTI. PiBeHb TeXHIYHOT ePeKTUBHOCTI Ha Pi3HMX PiBHAX BMPOBAAXKEHHS CTaHAAPTHUX
onepauifHMX npoLleayp BUMiptoBaBCS 33 AOMNOMOrOK OMMCOBOMO CTaTUCTUYHOIO aHanisy. Po3Mip rocnopapcrea,
HaciHHA, ceyoBuHa Ta NPK nobpuBa, repbiuman, XKoBTi IMNKi NacTku, CiMeiHa npaus, Myabya Ta yyactb hepmepiB y
nporpamMax po3BWTKY YaCHMKY CYTTEBO BMIMBANM HA BUPOOHULTBO YaCHMKY. TexHiYHa edeKTUBHICTb BapioBanacs
Bia 0,37 po 0,99, i3 cepenHiM 3HaveHHam 0,71. [locein depmepiB Ta BNPOBaAXKEHHS CTAaHAAPTHWUX onepauinHux
npoueayp 3Ha4YHO 3HU3UAN TEXHIYHY HeedEKTUBHICTb. 3arasoMm, piBeHb BNPOBAAKEHHS CTAHAAPTHUX OnepaLinHmux
npouenyp € NOMipHMM. Y rpyni 3 BUCOKUM piBHEM BNPOBAAXKEHHS CTAHAAPTHUX OnepauinHUX npouenyp cepeaHin
NMOKa3HWUK TexHi4yHOT edekTMBHOCTI ctaHoBMTb 0,77, ToAi 9K y rpyni 3 noMmipHuM piBHeM - 0,68. Pesynbratu
LOCNIMKEHHS MOXYTb OyTM BMKOPWUCTaHi 9K MoAeNb ANS iHWMX KpaiH-iMMOpTepiB YacHWMKY ANS 36inblueHHS
BMPOOHULITBA Ta 3MiLLHEHHS NPOA0BONLYOI 6e3neku
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Use of hop extract in the biotechnology of kefir beverage

The experimental sample (D2) was fermented using hop extract (10% by weight of milk). It was found that when
using only hop extract for fermentation of the prototype kefir beverage, the duration of the technological process
of its production is the same as when using dry starter and does not exceed 7-8 hours. The number of beneficial
viable lactic acid microorganisms (Lactococcus lactis ssp.) in the fermented milk beverage made based on hop
extract was 1.0-107 CFU/cm3. These microorganisms have probiotic properties, which makes it possible to classify
beverages enriched with hop extract as functional foods. In the experimental samples made using hop extract,
yeast colonies were found in the amount of 3-107 and 8-107 CFU/cm?, respectively. During the experimental storage
period, the pH of all product samples was (4.71-4.46). Therewith, the acidity of the sample (D2) increased more
slowly. Its organoleptic characteristics were improving. The shelf life has been extended to 10-15 days. The results
of the study showed that milk can be fermented with hop extract, resulting in a new functional type of kefir
beverage with high organoleptic characteristics, viability of beneficial microflora (lactic acid bacteria and yeast)

and extended shelf life

Keywords: fermented milk beverage; shelf life; starter; lactic acid bacteria; yeast; fermentation; biotechnology

INTRODUCTION

Fermented milk products are made by fermenting milk.
Therewith, its composition changes under the influence
of microorganisms and the pH level decreases. The fer-
mentation of lactose also leads to an increase in the
bioavailability of nutrients and improves the quality of
dairy products. At the same time, lactic acid microflora
and its metabolic products inhibit the development of
microorganisms that cause food spoilage and patho-
gens. The main products formed during the fermenta-
tion process in the production of fermented milk bever-
ages are lactic acid, ethanol, and CO,, which give them
viscosity, sour taste, and lead to the accumulation of a
low alcohol content. A prerequisite for fermented bev-
erages is that the starter microorganisms are viable,
active, and present in sufficient quantities in the prod-
uct until the minimum shelf life. A considerable number
of fermented dairy beverages are produced worldwide
using mono- or complexes of starter cultures. Never-
theless, the issue of ensuring that such products have a
longer shelf life is still relevant.

The principal function of fermented dairy start-
er cultures is to extend shelf life and increase safety
due to the biopreservative function of metabolites pro-
duced during fermentation, as well as to improve the
organoleptic, rheological, and nutritional properties of
the finished product. Safety issues in fermented milk
beverages arise from the presence of bacteriophages
and antimicrobial agents that can inhibit the activity
of bacterial starter cultures. This leads to a decrease in
viscosity and a deterioration in the taste of the bever-
age. J. Tamang et al. (2020) found that the microbiota
of fermentation starter products consists of selected
and well-defined strains of lactic acid bacteria that are
produced in concentrated and stable forms. Their wide
availability, ease of use, and stable properties have
made them widespread in many countries.

T. Bintsis and P. Papademas (2022) showed that the
starter cultures used for milk fermentation include a
variety of bacteria, dominated by Lactobacillus species
such as L. delbrueckii subsp. bulgaricus, L. helveticus,
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L. kefiranofaciens subsp. kefiranofaciens, L. kefiranofaciens
subsp. kefirgranum and L. Acidophilus, Lactococcus spp.
such as L. lactis subsp. lactis and L. lactis subsp. cremo-
ris and Streptococcus thermophilus. The microorganisms
that make up the starter not only increase the acidity of
the environment, but also affect the formation of tex-
ture, taste, and biochemical changes in the product.

Numerous studies by V. Braccini et al. (2021) have
shown that kefir is produced using bacteria and yeast,
which exist in symbiotic association in kefir fungi. It is a
traditional example of the coexistence of bacteria and
yeast, which produce compounds that are beneficial to
health. As a rule, kefir fungi contain a relatively stable
and specific microbiota enclosed in a matrix of poly-
saccharides and proteins. Microbial interactions in kefir
are complex due to the composition of kefir fungi. Fur-
thermore, certain populations of individual kefir grains
shape the organoleptic characteristics of fermented
beverages. Kefir is characterised by a distinctive taste
typical of yeast and a noticeable fizzy effect.

Yeast and acetic acid bacteria practically do not
ferment lactose, but they contribute to flavour for-
mation by producing ethanol and CO,. The properties
of kefir yeast are less studied than those of bacteria.
T. Srimahaeak et al. (2022) showed that Kluyveromyces
marxianus/Candida kefir, Kluyveromyces lactis var. lactis,
Debaryomyces hansenii, Dekkera anomala can ferment
lactose. Saccharomyces cerevisiae, Torulaspora delbrueck-
ii, Pichia fermentans, Kazachstania unispora, Saccharo-
myces turicenysis, Issac do not ferment lactose. Some
authors have proposed alternative ways to produce
kefir beverages using non-dairy substrates such as fruit
and molasses (Farag et al., 2020), agro-industrial waste
(Aiello et al., 2020), and plant extracts (Setiyoningrum
et al., 2019). However, only the organoleptic and some
physicochemical properties of the product changed.

A potential source of antimicrobial activity is hops
(Humulus lupulus), whose antibacterial effect is partly
explained by the presence of humulone (alpha-acid),
lupulone (beta-acid), and the polyphenol xanthohumol.




Hops are commonly used in baking and brewing.
L. Nionelli et al. (2018) showed that hop starter inhibit-
ed the growth of fungi in bread for 14 days, character-
ised by a concentration of free amino acids, antioxidant
and phytase activity higher than that of bread made
with baker’s yeast alone). Beer containing hops has also
been found to be less perishable, indicating the anti-
microbial potential of this plant (Blaxland et al., 2022).

Furthermore, a considerable amount of “wild”
yeast is concentrated on the surface of hop cones.
D. Watanabe (2023) showed that during growth, yeast
enriches the environment with a number of essential
metabolic products, making it more suitable for the de-
velopment of lactic acid bacteria. Thus, lactic acid bac-
teria, when co-cultured with yeast, use growth factors
that are absent in milk but present in yeast autolysates.
Furthermore, the alcohol produced (due to alcoholic
fermentation caused by yeast) inhibits the rate of cell
division of lactic acid microorganisms, thereby slowing
down the aging of the population, as a result of which
lactic acid bacteria stay active longer.

Considering the high antimicrobial effect of hops,
their availability and distribution throughout Ukraine,
they can be considered a promising raw material for
use in the food industry, including in the production
of fermented milk beverages. Therefore, the purpose

C
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of this study was to determine the feasibility of using
hop extract in the biotechnology of fermented milk
beverage.

MATERIALS AND METHODS

The study was conducted at the educational and scien-
tific laboratory of craft technologies and gastronomic
innovations of Sumy National Agrarian University in
January 2023. Three samples of fermented milk bever-
ages such as kefir were produced using the thermostat-
ic method. The main raw material used was ultra-pas-
teurised cow’s milk with a mass fraction (g/100 g) of 2.8
proteins, 2.5 fats, and 4.5 carbohydrates.

As a control (C), the kefir beverage (sample 1) was
produced using direct application starter cultures for
kefir “Kefir VIVO”, which include kefir fungi microflora
standardised with additional mesophilic and thermo-
philic microflora (0.1% by weight of milk, which is the
amount recommended by the manufacturer). The pro-
totype of product 2 (D1) was fermented with the di-
rect application starter “Kefir VIVO” (0.05% by weight
of milk) and hop extract (5% by weight of milk). Sam-
ple 3 (D2) was fermented with hop extract only (10% by
weight of milk). This amount of extract had no negative
effect on the organoleptic properties of the finished
product (Fig. 1).

D2

Figure 1. Samples of fermented milk beverages
Notes: C - based on dry starter; D1 - based on a mixture of dry starter and hop extract; D2 - based on hop extract

Source: compiled by the authors of this study

The amount of added extract was determined by
the analysis of literature sources and a range of prelim-
inary laboratory studies. When the amount of extract
was increased to 15% and 20%, the product had a too
liquid consistency and a noticeable bitter taste. When
less than 5% hop extract was used for the fermentation,
the fermentation time was around 16 hours. The hop
extract was prepared by infusion. For this, the cones of
wild-growing Humulus hop were mixed with hot dis-
tilled water (85°C) in a ratio of 10:1 and infused for
24 hours. The resulting extract was filtered and then
added to milk heated to the fermentation temperature
(25°C), and the starter was added. The mixture was
mixed thoroughly and placed in the thermostat. The
duration of fermentation of all kefir beverage samples
was 7-8 hours.

Study of microbiological parameters of kefir bev-
erages. The number of lactic acid bacteria and yeasts
was determined by plating serial dilutions on selec-
tive medium. Bacteria were counted according to DSTU
7999:2015 (2017), yeast - according to DSTU ISO
7954:2006 (2007). The active acidity was determined
following DSTU 8550:2015 (2017), which is based on
the determination of hydrogen ion activity using a po-
tentiometric analyser, “pH-500" pH meter (Italy).

To determine the microbiological composition of the
samples by morphological features, the samples were
microscoped according to the generally accepted meth-
odology “Instruction on microbiological control at dairy
enterprises” The staining was carried out using a simple
method. In this case, a few drops of methylene blue solu-
tion were poured onto a preserved smear for 3-5 minutes,
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then the paint was washed with water, and the smears
were dried with filter paper. The samples were micro-
scoped using a Konus Academy x1000 immersion micro-
scope system (ltaly), and the samples were captured in
the microscope field of view using a Delta Optical 2-meg-
apixel camera (Poland). To determine the live lactic acid
bacteria, on Day 3 of storage, using the cup method, plat-
ing was carried out on a special selective medium MPA
(meat-peptone agar), followed by cultivation at 30+1°C
for 72 hours. Plating for the detection of yeast and mould
colonies was carried out on Sabouraud selective medium,
followed by cultivation at 27+2°C for 72 hours.

Statistical analysis. Statistical data were calculated
using the Fisher-Student method, considering statisti-
cal errors and the reliability of comparable analogous
indicators. The values were considered significant at
the level of more than 95% (p<0.05).

RESULTS AND DISCUSSION

Results of the microbiological study. Microscopy of the
experimental samples was conducted after the fer-
mentation process. Mesophilic lactic acid bacteria rep-
resented the microflora of the experimental samples
(Fig. 2).

Figure 2. Sample microscopy results
Notes: a - sample 1 (C); b - sample 2 (D1); ¢ - sample 3 (D2)

Source: compiled by the authors of this study

The dominant strains of microorganisms detected
in the control sample (C) were Lactococcus lactis ssp.
lactobacilli. The cells of Lactococcus lactis ssp. are spher-
ical in shape, usually grouped into diplococci and short
chains of 0.5-1.5 um in length. The species composition
of the microflora of samples D1 and D2 was compara-
ble, but the number of lactobacilli in the field of view
in sample D2 was lower. In the control sample (C) and
sample 2 (D1), 50-80 cells were observed in the field of
view. This may indicate a high initial concentration of

lactic acid microorganisms in the product, which is also
confirmed by the cup test. In sample 3 (D2), single cells
and clusters were observed in the field of view, which
can be explained by the use of only hop cone extract as
a starter, i.e., a low initial concentration of Lactococcus
lactis ssp. cells, but not their absence. Since ultra-pas-
teurised milk was used to prepare the test samples, no
microbiological tests were carried out on it before fer-
mentation. The results of determining the content of
living microorganisms are presented in Figure 3.

Figure 3. Results of surface plating
Notes: a - sample 1 (C); b - sample 2 (D1); ¢ - sample 3 (D2)
Source: compiled by the authors of this study

According to the results of surface plating
(Fig. 3), samples 1 (C) and 2 (D1) contain live lactic
acid bacteria in the amount of 1.0-10® CFU/cm?. Sam-
ple 3 (D2), made only from hop extract, contained

Scientific Horizons, 2024, Vol. 27, No. 3

1.0-107 CFU/cm? of live lactic acid bacteria. In oth-
er words, all samples were within the limits set by
the requirements (DSTU 4417:2005, 2006). The mor-
phology of the colonies when cultivated on media




and the morphology of the cells under microscopy
was typical of kefir beverages. Plating for the detec-
tion of yeast and mould colonies was carried out on

Samilyk et al.

Sabouraud selective medium, followed by cultivation
at 27£2°C for 72 hours. The results are presented in
Figure 4.

b

Figure 4. Number of yeast colonies

Notes: b - sample 2 (D1); c - sample 3 (D2)
Source: compiled by the authors of this study

No yeast growth was observed in the control sam-
ple (C). On Sabouraud selective medium, the strain
Kluyveromyces lactis var. lactis grew with the formation
of white matte convex colonies with smooth edges and
a smooth shiny surface. This is a desirable phenotype
for large-scale biosynthesis of biomass-related prod-
ucts, with a unique set of beneficial properties such as
the fastest growth, heat tolerance, and a wide range of
substrates (Bilal et al., 2022).

As a result, it was found that all samples of kefir bev-
erages did not contain mould. The yeast Kluyveromyces
lactis var. Lactis was detected in the experimental sam-
ples of the kefir beverage. In the experimental product
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sample 2 (D1), their content was 3.0-10* CFU/cm?, while
in sample 3 (D2) - 8.0-10! CFU/cm?®. That is, the number of
yeasts increased with the amount of hop extract added to
the milk prepared for the fermentation process. This indi-
cates that the hop extract contains yeast that can ferment
lactose, as the fermentation time for all samples was the
same, and in all cases a dense lactic acid curd, typical
of fermented milk beverages, was formed. Hop extract
can therefore be an alternative to bacterial leaven. The
active acidity is an important indicator of the quality of
fermented dairy products during storage. A decrease in
pH indicates the formation of lactic acid. The results of
the active acidity study are presented in Figure 5.

45 ’_\_‘\._‘

l._./._.
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Figure 5. Changes in pH during storage

Source: compiled by the authors of this study

The study showed that after 8 hours of fermen-
tation, all samples had sufficient acidity, which cor-
responds to the acidity of kefir beverages. However,
already on Day 2 of storage, a rapid decrease in pH
was observed in samples 1 (C) and 2 (D1), indicating a
significant increase in the concentration of lactic acid.
It is known that with an increase in the concentration
of lactic acid, the development of lactic acid bacte-
ria is inhibited, and their number begins to decline.

This creates conditions for the development of pseu-
do-yeast and mould fungi.

In contrast to the control (C) and the experimen-
tal product sample (D1), the acidity of the sample 3
(D2) produced by fermenting the milk mixture with
hop extract decreased more slowly. Even though
the concentration of lactic acid in sample D2 was
lower, there were no signs of spoilage. This is ex-
plained by the antimicrobial properties of hop extract
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(Kumar Verma et al., 2020; Kolenc et al., 2022). Due to
the biostabilisation of the fermented milk beverage
with yeast, the product was suitable for longer storage
for 14 days at 6+2°C.

The organoleptic characteristics of the experimen-
tal sample of fermented milk beverage - 3 (D2), en-
riched with hop extract, were the best. The consistency
was homogeneous and viscous. The taste was sour-milk,

tangy, with a pleasant, barely noticeable hop aroma.
Moderate gas formation was observed. In samples 1 (C)
and 2 (D1), a slight separation of serum was observed
on Days 2-3 of storage. There was no gas formation in
sample 1 (C). This led to the development of an indus-
trial technology for a kefir beverage using hop extract.
The scheme of production of kefir beverages based on
hop extract is presented in Figure 6.

‘ Milk quality assessement

‘ Hop cones Water t=85°C

vy

‘ Reception

Raw materials reception ‘

v

v

‘ Cooling t=2-4°C

Infusion t=24 h |

‘ Normalisation

Filtering ‘

v

Cake for disposal

‘ Purification t=35-40°C

\/

v

‘ Pasteurisation t=85-87°C, t=5-10 min ‘

| Homogenisation P=17.5 MPa t=55-60°C |

Hop extract

‘ Cooling t=20-25°C

v

‘ Fermentation

-

v

‘ Ripening of the mixture in tanks t=7-8 h ‘

‘ Mixing 1=30-40 min, cooling t=4-6°C ‘

‘ Curd maturation t=14-16 h

v

‘ Pre-packaging, packaging, labelling ‘

‘ Storage and sale t=4-6°C,t=14-15d ‘

Figure 6. Flow chart of production of fermented milk beverage with hop extract

Source: compiled by the authors of this study

According to the proposed scheme, fermentation
in industrial conditions is recommended to be car-
ried out using the tank method, as this method is the
most common in the production of kefir. The purified
milk is cooled and normalised to a fat mass fraction
of 2.5%. The normalised milk mixture is heated and
homogenised to improve the structure of the finished
product. The homogenised mixture is cooled to the
fermentation temperature. It is recommended to add
10% hop extract at 25°C to the fermentation tank. After
the hop extract has been added, the mixture is stirred
thoroughly. The fermentation time is 7-8 hours. The
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resulting product is then thoroughly mixed to achieve
a homogeneous consistency and cooled to the matura-
tion temperature. After 14-16 hours of curd maturation,
the kefir beverage is prepackaged and packaged. The
recommended shelf life of the fermented milk bever-
age with hop extract is 14-15 days.

The results of the experiment showed that milk
fermentation can be carried out using hop extracts.
Since the ultra-pasteurised milk used for the study is
free of lactic acid bacteria, the fermentation occurs due
to the yeast present in the extracts made from wild hop
cones. According to J. Varela et al. (2019), humans have




been using yeast to make cheese and kefir for thou-
sands of years, but the ability to ferment the milk sugar
lactose has only been found in a few species of yeast,
the first of which is Kluyveromyces lactis. Two genes,
LACI12 (lactose permease) and LAC4 (lactase), are suffi-
cient to take up lactose and hydrolyse it to glucose and
galactose. The ability to grow on lactose as the sole
carbon source is a defining feature of the nutritional
yeasts Kluyveromyces lactis and Kluyveromyces marx-
ianus. These are the strains that were detected on the
experimental samples D1 and D2 (Fig. 4).

Microbiological testing showed that no pathogens
were found in all samples, including those made with
kefir starter. The predominant microflora of kefir bev-
erages was Lactococcus lactis ssp. (Fig. 2). It is likely
that the acidic pH prevents the growth of these micro-
organisms in this particular microenvironment. Other
researchers have obtained analogous results. D. Kim
et al. (2017), G. Aprea et al. (2023), investigating the
tolerance of probiotic microorganisms to acidic pH,
found that a decrease in acidity leads to the inhibition
of pathogenic microflora.

It is known that the acidity of fermented foods is
usually maintained or reduced during storage, which is
related to microbial activity, which is a continuous fer-
mentation process where lactic acid bacteria and yeast
assimilate carbohydrates (Lopusiewicz et al., 2019; dos
Santos et al.,, 2019). The study found that during the
storage of fermented milk beverages made with hop
extract, the pH decreased much more slowly than in
samples C and D1 (Fig. 5). This means that the forma-
tion of lactic acid is slower, and the action of lactic acid
bacteria is inhibited. The beverage did not spoil, and
no moulds developed in it. It is likely that this effect
was also caused by “wild” yeasts that developed on the
surface of hop cones, which can inhibit the develop-
ment of moulds. E. Sohlberg et al. (2022) showed that
“wild” yeast can proliferate during the initial phases of
fermentation, outnumbering other species of microor-
ganisms, including lactic acid bacteria, which are pro-
ducers of lactic acid. These results confirm the assump-
tion made.

All kefir samples had a pH value of less than 4.7.
This value is the maximum for microbial stability. Ob-
servations during the study indicate that during the
storage of the product, the active acidity (pH) of the
sample based on hop extract decreased gradually and
did not exceed the permissible limits. Notably, the high
organoleptic characteristics of the kefir beverage were
maintained, and the consistency stayed homogeneous.
No syneresis was observed. In contrast, the pH of the
control sample 1 (C), made based on dry fungal start-
er, decreased sharply on the second day of storage. On
Day 6 of the study, control sample 1 (C) showed the
first signs of spoilage (curd structure was disturbed,
sour taste and smell appeared). Such changes occurred
in experimental sample 2 (D1) and 3 (D2) on Day 11
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and Day 14 of storage, respectively. Analogous re-
sults of the antimicrobial activity of fermented milk
beverages were obtained by other researchers (Ortiz-
Merino et al., 2018; Al-Mohammadi et al., 2021) and
were explained only by a decrease in the active acid-
ity in the milk medium and the effect of the resulting
lactic acid. However, the experiments conducted in
this study indicate that the inhibitory activity of the
experimental samples of fermented milk beverages
against mould was also conditioned by substances
present in hop extract, including an increased level of
yeast in its composition, which cannot ferment lactose
to lactic acid. During the storage of two kefir experi-
mental samples 2 (D1) and 3 (D2), no accumulation of
high concentrations of fermentation products - lactic
acid - was observed.

No yeast was found in the control. This indicates
their absence in the composition of dry kefir starter.
Control sample 1 (C) was already unfit for consumption
on Day 6 of storage. Yeasts have a higher resistance
to lactic acid than other microorganisms, which allows
them to grow dominantly (Sohlberg et al., 2022). As
a result, the shelf life of fermented dairy products is
extended. The number of yeast colonies in the fresh-
ly brewed test samples with different amounts of hop
extract differed substantially. A positive effect of yeast
on improving the quality of experimental samples 2
(D1) and 3 (D2) was observed. Thus, an increase in the
amount of yeast under the influence of hop extract in
the kefir beverage improved its organoleptic charac-
teristics. The improvement of the organoleptic charac-
teristics of kefir beverage made based on hop extract
is probably conditioned by the presence of essential
oils and hop resins in the composition of hop extracts.
These biochemical compounds give the product a
pleasant taste and aroma. According to the findings
of A. Diaz et al. (2022), a considerable number of aro-
matically active compounds are related not only to the
composition of hops, but also to specific fermentation
conditions and to the concrete yeast strain used, which
can produce interesting aromatic components such as
higher alcohols or compound esters. Thus, by using
certain types of hops in the production of fermented
milk beverages, it is possible to give them unique or-
ganoleptic properties.

According to the findings of this study, it can be
argued that hop extract, introduced into the process
of manufacturing prototypes of the fermented milk
beverage, has a bacteriostatic effect that can delay the
development of negative microflora, which leads to
product spoilage and has a positive effect on improv-
ing organoleptic characteristics and increasing its shelf
life to 10-15 days.

CONCLUSIONS

The findings of this study showed that the use of hop
extract for fermentation of milk mixture is appropriate
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and timely, since the partial or complete exclusion of
starter cultures from the production of fermented milk
beverages will improve the economic performance of
Ukrainian dairy processing enterprises. A scheme for
the production of a fermented milk beverage was de-
veloped, which is carried out according to the techno-
logical parameters that are usually used in industrial
conditions. Therewith, the duration of milk fermenta-
tion in the production of the test samples of the bever-
age is practically the same as in the control.

The experimental product sample 3 (D2), made us-
ing hop extract, contains a sufficient amount of viable
lactic acid microflora and has prominent organoleptic
properties. This experimental sample contains yeast,

yeast in a fermented milk beverage will have a positive
impact on consumer health.

The use of hop extract in the production of exper-
imental samples of the fermented milk beverage con-
tributed to a slow decrease in their active acidity, which
was within the normal range. This allowed extending
the shelf life of the above samples to 10-15 days. A
technology for the production of fermented milk bev-
erages based on hop extract for industrial use was
developed, which will expand the range of fermented
natural beverages with biologically active ingredients.
The prospect of further research is to investigate the
antioxidant properties of fermented milk beverages
made based on hop extracts.

probably a strain of Kluyveromyces lactis var. Lactis,
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AHorTauis. TepMiH NnpuaaTHOCTI A0 36epiraHHs KUCIOMONOYHMX NPOAYKTIB CTAaHOBUTL AnLe 3-5 Aib i 36inbwyeTbes
BELEHHSIM B MpoLuec iX BUMPOOHWLITBA KOHCEPBAHTIB, NMPOTEe, NPU LbOMY BionoriyHa LiHHICTb KedipHOro Hamnot
3HUXKYETbCA. MeTa pobOTM — BU3HAYEHHS [OLiINbHOCTI BUMKOPUCTAHHS XMENEeBOro EKCTPaKTy B OioTexHonorii
KMCNOMONOYHOro Hanot. byno BurotoBneHo 3 3pasku KedipHOro Hamnotw: KOHTponbHui (K) - 3a TpaauuUiiHOW
TEXHOJIOME Ha OCHOBI Cyxoi 3akBacku «Kedip VIVO»; pocnighuit (O1) - i3 BUWE BKa3aHWMM BMAOM 3aKBACKM B
Kinbkocti 0,05 % 00 MacK MONIOKa Ta €KCTPAKTOM XMeNHo B KilbKoCTi 5 % no Macu Monoka. DepmeHTaLis fJocniaHoro
3paska ([12) npoBogunacb i3 BMKOPUCTaHHAM xmeneBoro ekctpakty (10 % no Macu Monoka). BcraHoBneHo,
WO Npu BUKOPUCTAHHI MlIEe XMENeBOro eKCTPaKTy AMS 3aKBalWyBaHHS AOCNIAHOrO 3paska KedipHOro Hanoto,
TPMBaNiCTb TEXHONOFYHOIO NPOLLECY MOro BUMPOOHMLITBA € TAKOK X, AK i MPU BMKOPUCTAHHI CyXOi 3aKBACKM Ta
He nepesuwye 7-8 roauH. KinbKiCTb KOPUCHUX XMTTE3AATHUMX MONIOYHOKUCIMX MIKpOOPraHisMmiB (Lactococcus
lactis ssp.) y KMCIOMOMOYHOMY Hamoi, BUFOTOBJIEHOMY Ha OCHOBi XMENEBOro eKCTpakTy, ctaHoBuna 1,0-107 KYO B
1 cm®. Ui MikpoopraHiamm MatoTb Npob6ioTMYHI BNACTMBOCTI, WO [O3BOMSIE BiAHECTM Hanoi, 36arayeHi eKCTPaKkToM
XMen A0 MNPOAYKTIB (QYHKLIOHANBHOr0 Npu3HaveHHs. Y A0CAIAHMX 3pa3Kax, BUrOTOBMEHUX i3 BMKOPUCTAHHAM
XMENEBOro eKCTPaKTY, BUSBAEHO KOMOHIT ApixXmKiB y KinbkocTi 3-107 Ta 8-107 KYO B 1 cm?® BignosigHo. MpoTsarom
focnigHoro nepiopy 36epiraHHa ycix 3paskiB NpoAykTy piBeHb pH cTaHOBUB (4,71-4,46). [pn LbOMY KUCIOTHICTb
3paska ([2) HapocTana nosinbHiwe. [oKpaLlyBanuMcs MOro OpraHoONenTUYHI MOKa3HWUKKU. TepMiH NpMAATHOCTI A0
36epiraHHsa 36inbwmecs go 10-15 aib. Pesynbtatv goCnifKeHHsS MoKasanw, WO MOJIOKO MOXHA (pepMeHTyBaTH
XMeNeBnM eKCTPaKTOM, B pe3yNbTaTi YOro OTPUMYETLCS HOBUIA PYHKLIOHANbHWUIA TUN KedipHOro Hamok 3 BUCOKUMMU
OpraHoNenTUYHUMM MOKA3HMUKAMM, XKUTTE3JATHICTIO KOPUCHOI Mikpodaopu (MONOYHOKMCAMX OakTepii Ta
OPDKAXIB) Ta NOAOBXEHUM TEPMIHOM MPUAATHOCTI

KniouoBi cnoBa: KMCNOMOMOYHMI Hanii; TepMiH NPUAATHOCTI; 3aKBACKA; MOMOYHOKMUCAI OakTepii; ApiKAXI;
dbepmeHTauig; 6ioTexHonoris
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method of scientific cognition, which was used to establish the relationship between the object of study, which
is the seed production system of Ukraine, and events and phenomena occurring in nature and society that have
a substantial impact on the object of the study. The methods of analysis and synthesis, systematic generalisation,
and comparative analysis were also used. The study analysed the conditions of functioning of the breeding and
seed production system in Ukraine and identified current trends that characterise its internal state. The study
identified challenges and threats to the national seed production system that pose a threat to the seed, food,
and national security of Ukraine. The study analysed destructive processes in the functioning of the national seed
production system, which can lead to its degradation and destruction. Measures to overcome the consequences
of the negative factors in the system of breeding and seed production in Ukraine were substantiated. The study
scientifically substantiated the principal criteria for the development of an effective national seed production
system. The study provided a reasoning for the need for long-term investment in breeding activities and identified
priority areas of state support for the seed production system in Ukraine. The conclusions, proposals, and practical
recommendations are of practical importance and can be used in the development of relevant programmes and
measures aimed at supporting the development of seed production, specifically, breeding activities in Ukraine,and

ensuring fair remuneration to breeders who are the authors of new productive crop varieties

Keywords: breeding; seeds and planting material; variety; seed security; sustainability; food security

INTRODUCTION

An effective seed production system is a crucial factor
in increasing agricultural production and an additional
source of income for farmers, as well as a prerequisite
for food security. Considering the steady downward
trend in the production of seeds of Ukrainian breeding
of major crops caused by numerous problems that hin-
der the development of seed production in Ukraine,and
in the context of global climate change and new chal-
lenges and threats associated with the consequences
of the full-scale invasion of Russia, it is increasingly ur-
gent to radically change the national seed production
system, which should be not only effective, but also
sustainable and dynamic.

L.H. Biliavska et al. (2020) point out that Ukrainian
seed production has great reserves for further improv-
ing its efficiency. The researchers assume that the es-
tablishment of a seed production system in Ukraine
will contribute to the growth of the national crop pro-
duction potential and attract additional investments in
the development of the breeding industry. An effective
breeding and seed production system is a source of in-
novation. According to S.V. Mishchenko (2021), the de-
velopment of a new paradigm for the development of
the agro-industrial complex is possible only with the
active and balanced introduction of innovations, in-
cluding breeding and genetic ones.

K.V.Akulenko (2018) believes that the principal are-
as of breeding and genetic innovations in the agricultur-
al sector of Ukraine may include new crop varieties with
high potential productivity; renewable and environ-
mentally friendly bioproducts; new crop varieties and
hybrids with improved quality parameters; adaptation
crops (development of varieties that are more adaptable
to adverse weather conditions), etc. The seed produc-
tion system involves the production of quality seeds and
providing access to the results of breeding to agricul-
tural producers. It should combine breeding activities,
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variety testing, zoning of new varieties and their mass
reproduction, variety maintenance, control over varietal
(testing) and sowing (seed control) qualities of seeds, as
well as variety renewal and variety replacement. A seed
production system functions effectively if it ensures
seed security, i.e., if there is sufficient access to the re-
quired amount of quality seeds and planting material of
the desired crop varieties at all times, in both good and
bad harvest seasons (FAO, 2016).

O.T. Westengen et al. (2023) argue that to be effec-
tive, seed production systems must perform three prin-
cipal functions: variety development and management,
seed production, and seed distribution. N.P. Louwaars
and G. Manicad (2022) emphasise that any seed pro-
duction system, whether formal (official) or informal
(farmer-led), must be sustainable. A sustainable seed
production system contributes to the sustainability of
seed supply and demand in a given context, and thus to
seed security. The researchers interpret the resilience
of a seed production system as its ability to anticipate,
absorb, respond to, or transform the changes that re-
sult from change. These changes can be in the form of
threats or opportunities created by markets, the envi-
ronment, and technology.

A sustainable seed production system is an essen-
tial element in the sustainability of agricultural and
food production. A sustainable seed production system
requires ensuring crop diversity and its conservation. At
the same time, a sustainable seed production system
is a prerequisite for achieving seed and food security.
L. Batten et al. (2021) emphasise that a fundamental
component of a sustainable food production system is
crop genetic diversity, not only because it allows the
system to recover from agricultural challenges such as
environmental hazards, pests, and diseases, but also
because crop seeds also carry genetic information -
an indispensable resource for breeders and farmers




to develop new crop varieties. A prerequisite for the
development of an effective seed production system
is the search for criteria to ensure the efficiency of its
functioning, as well as the identification of problems
and opportunities for the development of the indus-
try.J.L. Andrade-Piedra et al. (2020) believe that the ef-
fectiveness of the seed production system should be
considered from the standpoint of the state, which is
responsible for national food security and food price
affordability; seed breeders and producers; farmers.

An efficiently functioning seed production system
is a guarantee of the country’s seed, food, and nation-
al security. It involves the fulfilment of the economic
interests of all stakeholders, namely breeders, seed
producers, and farmers. Ensuring fair remuneration for
intellectual achievements of breeders, such as the cre-
ation of new high-yielding varieties, is a key condition
for the development of breeding activities. That is why
the purpose of this study was to assess the conditions
for the functioning of the seed production system in
Ukraine, identify problems that affect its development,
and substantiate the development vectors for an effec-
tive seed production system, considering new challeng-
es and threats.

MATERIALS AND METHODS

The theoretical framework for the investigation of the
seed breeding and production system in Ukraine in-
cluded the scientific studies of Ukrainian and foreign
scientists. The sources of information are the data from
the Register of certificates for sowing and commodity
qualities of seeds of major crops in Ukraine for 2020-
2023 (Register of certificates for sowing and commodity
qualities of seeds, 2021-2023) provided by the Ministry
of Agrarian Policy and Food of Ukraine and the results
of the activities of research institutes of the National
Academy of Agrarian Sciences (GMOs - good or harm-
ful, 2021). The source of information on the legalisation
of GMO crop varieties in Ukraine is the Law of Ukraine
“On State Regulation of Genetic Engineering Activi-
ties and State Control over the Placement of Geneti-
cally Modified Organisms and Products on the Market”
(2023). The study also employed information materials
from the Seed Association of Ukraine (Seed Association
of Ukraine, 2023), the Ukrainian Agrarian Council (UAC,
2023), as well as the results of research by the Cen-
tre for Food Safety (Centre for Food Safety, 2015) and
the United Nations Food and Agriculture Organisation
(FAO, 2016).

The study of the national system of breeding and
seed production was based on the use of the dialectical
method of cognition of reality to establish the cause-
and-effect relationships of the elements of the system
under study. The application of this method made it
possible to carry out a systematic analysis of the pro-
cesses and phenomena that directly affect the seed
production system, considering their interdependencies
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and interrelationships. The literature cited in this study
was reviewed using such theoretical research methods
as observation, abstraction, analysis, comparison, and
generalisation. Using the comparison method, compa-
rable and differing approaches, opinions, and practi-
cal recommendations for the development of the seed
breeding system in Ukraine and other countries were
identified.

A comparative analysis of the performance of the
Ukrainian seed production system in 2020-2023 was
used to identify cause-and-effect relationships in the
Ukrainian seed breeding and production system, which
involved in-depth investigation and generalisation of
relevant facts and phenomena, establishment of trends
in the development of this system and identification of
current challenges and dangers. The objective histor-
ical method, as well as the methods of induction and
generalisation, were used to establish regularities in
individual facts and to generalise them, which helped
to predict possible scenarios of events. The deductive
method was used to identify challenges and threats to
the functioning and development of the seed breeding
system in Ukraine as a result of building a logical chain
of reasoning based on general information and individ-
ual facts.

By applying formal-logical methods of cognition,
primarily analysis, synthesis, analogy, and comparison,
the conclusions of this study were formed. Based on the
analysis of theoretical and empirical findings of the in-
vestigation of the seed production system in Ukraine in
2020-2023 and using the methods of analogy, compar-
ison, and synthesis, the study summarised and system-
atised its key provisions, which formed the basis for the
conclusions. Practical recommendations on the devel-
opment vectors for an effective seed production system
in Ukraine were proposed using the heuristic method of
generating ideas for solving the problem.

RESULTS AND DISCUSSION

Increasing the productivity of crops in modern condi-
tions is possible mainly due to genetic advantages re-
sulting from breeding activities. S.V. Mishchenko (2021)
substantiates the need for breeding development by
the fact that a variety cannot exist forever, it degen-
erates due to mutations, loses adaptation to environ-
mental conditions due to climate change, the spread of
new pests, and the emergence of new strains of patho-
gens, and loses demand due to changes in production
requirements for crops; this is caused by the fact that
new discoveries are being made in biology generally
and in genetics specifically.

The current challenges and threats to agricultural
development in Ukraine, such as global climate change,
land degradation and dehydration, pose new challeng-
es to the seed breeding and production industry. Ac-
cording to S.P. Ivanyuta et al. (2020), climate change,
together with other negative anthropogenic factors,
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can lead to the expansion of risky farming and deser-
tification in the southern regions of Ukraine. At the
same time, the environmental situation in Ukraine is
deteriorating due to Russia’s military aggression. Large-
scale soil contamination, erosion, and dehydration are
exacerbating and accelerating climate change and neg-
atively affecting agricultural production. The explosion
of the Kakhovka Hydroelectric Power Plant was a glob-
al environmental disaster.

Under the current circumstances, it is critical to
take measures to adapt to the changes that adverse-
ly affect Ukrainian agriculture. Among the priorities is
the development of a productive and dynamic nation-
al system of breeding and seed production to produce
crop varieties adapted to new growing conditions and
provide them to agricultural producers. A modern seed
production system must be sustainable and efficient,
providing access to plant breeding results and a reli-
able supply of quality seeds. The availability of seeds
and planting material of crop varieties desired by ag-
ricultural producers, adapted to local conditions and
meeting their preferences, tastes, and expectations, in
the required quantity and at any time, regardless of
weather, anthropogenic, or any other negative factors,
ensures seed security and is a vital condition for the de-
velopment of the agri-food sector of Ukraine’s economy.
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Achieving such a state is possible not only with an
efficiently functioning national seed production system.
Therewith, the seed production system should meet the
national interests of Ukraine, ensure food and nation-
al security, which implies protection from real and po-
tential threats and dangers. The principal challenges
and threats to Ukraine’s seed production system today
include the growing dependence of agricultural pro-
ducers on foreign-bred seeds, which is not in Ukraine’s
interest and poses a threat to seed, food, and national
security. Furthermore, the dominance of foreign breed-
ing in Ukrainian agriculture can lead to the degradation
and destruction of the national seed production system.

During the 1920s, the Ukrainian seed production
system showed a steady trend towards an increase in
the production of foreign-bred seeds and a correspond-
ing decrease in Ukrainian seeds.Among the main groups
of crops, the largest decline was in the production of
seeds of Ukrainian grain breeding. Thus, in 2020, the
production of winter wheat seeds of Ukrainian breed-
ing totalled 93.6 thsd t, while in 2023 - 37.9 thsd t, i.e.,
the production volumes decreased by 59.5%. In 2023,
the decrease in production of Ukrainian-bred spring
and winter barley, maize, and winter rye seeds reached
80.3%, 76.2%, 50.6%, and 60%, respectively, compared
to 2020 (Fig. 1).

2020
2021
m 2022

m 2023

20221608

Maize
-50.6%

Winter rye
-60%

Figure 1. Seed production of Ukrainian grain breeding in 2020-2023, thsd t
Source: developed by the authors of this study based on the Register of certificates for sowing and commodity qualities

of seeds (2021-2023)

In 2020-2023, not only did the production of seeds
of Ukrainian grain breeding decrease, but so did the
share of Ukrainian breeding in the production of con-
ditioned seeds. In 2023, the share of seeds of Ukrainian
winter wheat breeding decreased to 48.1%, compared
to 66.2% in 2020, or by 18 points. A comparable trend
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was also observed for other grain crops. Thus, the share
of spring barley seeds of Ukrainian breeding decreased
from 57.8% in 2020 to 35.3% in 2023, or by 23 points,
winter barley - from 49.3% to 20.2%, or by 29 points,
maize - from 29% to 18.3%, or by 11 points, and winter
rye - from 15.7% to 13.4%, or by 2 points (Fig. 2).




Winter wheat Spring barley

Winter barley
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Maize Winter rye

Figure 2. Share of seeds of Ukrainian grain breeding in 2020-2023, %
Source: developed by the authors of this study based on the Register of certificates for sowing and commodity qualities

of seeds (2021-2023)

Apart from the steady upward trend in the share
of foreign-bred seeds in the Ukrainian market of con-
ditioned seeds, the growing monopoly of powerful
multinationals is extremely dangerous for the nation-
al seed production system. Specifically, the share of
Syngenta maize hybrids in the total production of for-
eign-bred maize seeds in 2023 was 31.6%, and Mon-
santo’s share was 28.2%. Thus, these two companies
together accounted for 59.8% of maize hybrids on
the Ukrainian maize seed market. The vast majority of
winter rye varieties in Ukraine are also foreign-bred.
Moreover, the share of winter rye seeds of KWS Lokhov
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Winter rapeseed
-47.4%

GmbH in 2023 was 94.7% of foreign-bred winter rye
seeds, or 82% of all conditioned seeds of this crop in
Ukraine.

A comparable trend is also observed in the market
of conditioned oilseeds of Ukrainian breeding. In 2023,
1.4 thsd t of soybean seeds of Ukrainian breeding were
produced, compared to 2.3 thsd t in 2020. Accordingly,
the decline was 39.1%. The seed production of Ukrain-
ian winter rapeseed also decreased from 1 thsd t in
2020 to 0.5 thsd t in 2023, or 47.4%, and for Ukrainian
sunflower seeds - from 3.4 thsd t in 2020 to 2.7 thsd t
in 2023, or 20.6% (Fig. 3).

m 2020

2021
m 2022
m 2023

Sunflower
-20.6%

Figure 3: Production of seeds of Ukrainian oilseed breeding in 2020-2023, thsd t
Source: developed by the authors of this study based on the Register of certificates for sowing and commodity qualities

of seeds (2021-2023)
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In 2023, compared to 2020, the share of Ukraini-
an-bred seeds of soybean and winter rapeseed also de-
creased from 10.7% to 6.4% and from 10.2% to 8.9%,

12 -

10.7
10.2

10 ~

Soy

Winter rapeseed

respectively. At the same time, the share of sunflower
seeds of Ukrainian breeding slightly increased in 2023
and amounted to 9.1% compared to 7.4% in 2020 (Fig. 4).

m 2020

2021
m 2022
m 2023

Sunflower

Figure 4. The share of seeds of Ukrainian oilseed breeding in 2020-2023, %
Source: developed by the authors of this study based on the Register of certificates for sowing and commodity qualities

of seeds (2021-2023)

According to O.M. Mohylna et al. (2022), the main
problems that hinder the development of seed produc-
tion in Ukraine include lack of state control over the
implementation and compliance with regulations; high
competitive pressure from foreign firms and corpora-
tions, seed companies, which leads to further “shadow-
ing” of the seed market; bankruptcy of state research
farms subordinated to scientific institutions of the
National Academy of Agrarian Sciences and licensing
farms of various legal forms, which makes it impossible
to produce certified seeds in full volumes of Ukrainian
selection; violation of cultivation technologies, variety
renewal, and variety replacement, which worsens the
condition and sowing quality of seeds.

At the same time, the war with Russia exacerbates
the existing problems of seed production in Ukraine.
Disruptions in the logistics supply chain of condi-
tioned foreign seeds necessitate fundamental chang-
es in the current system of seed breeding and pro-
duction in Ukraine. Replacing foreign-bred seeds with
Ukrainian-bred seeds, which are more adapted to local
growing conditions and meet modern requirements in
terms of quality and yield, will help provide agricultural
producers with quality seeds in the required quantity
and within the required timeframe for sowing. However,
such a strategy requires an increase in funding for na-
tional breeding centres, relevant research institutions
and breeders, which are currently inadequately funded.

A major area for the development of an effective
seed production system in Ukraine should be the sup-
port and preservation of local zoned crop varieties.
L. Batten et al. (2021) note that the value of traditional
varieties, which have historically evolved through the
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influence of the environment, including climatic condi-
tions, pests, and diseases, making them well-adapted to
the local environment, is conditioned by their ability to
recover from environmental stresses. Furthermore, they
are carriers of powerful genetic information that can be
used for further seed breeding. To ensure the sustaina-
bility of Ukrainian agriculture, it is necessary to develop
an effective, dynamic, and resilient national breeding
and seed production system based on the preservation
of local varieties and their use in breeding activities.

Allowing the cultivation of genetically modified
plants could be extremely dangerous for Ukraine, its
seed, food, economic, and national security. On 23 Au-
gust 2023, the Verkhovna Rada of Ukraine adopted the
Law of Ukraine “On State Regulation of Genetic Engi-
neering Activities and State Control over Placing Ge-
netically Modified Organisms and Products on the Mar-
ket” (2023), which will enter into force on 16 September
2026. Considering the prominent level of import de-
pendence of the Ukrainian seed market in Ukraine, the
legalisation of genetically modified crop varieties pos-
es a threat to the national system of plant breeding and
seed production.

L.H. Biliavska et al. (2020) reported that the sys-
tem of the National Academy of Agrarian Sciences of
Ukraine includes 12 scientific institutions, including
the Breeding and Genetic Institute - National Centre
for Seed Science and Variety Studies, the Institute of Bi-
oenergy Crops and Sugar Beet of NAAS, the V.Ya. Yuriev
Institute of Plant Production of NAAS, the National Re-
search Centre “V.E. Tairov Institute of Viticulture and
Winemaking”, which have biotechnology laboratories,
relevant equipment and specialists, and can organise




and support the creation, evaluation, and use of GMOs.
However, following the current legislation and certain
financial problems, research on GMOs is not carried out
in the scientific institutions of the National Academy of
Agrarian Sciences.

If the cultivation of genetically modified plants is
legalised in Ukraine, it will open the market for genet-
ically modified seeds to large corporations. The use of
GMO plants will have a considerable negative impact on
Ukraine’s plant breeding and seed production system.
B. Balasynovych and Yu. Yaroshevska (2010) warn that
the massive use of GMOs reduces the varietal diversity
of crops derived from a limited set of parental varieties,
resulting in a narrowing of the genetic base of seed
production.According to their estimates, the production
and market of seeds in Ukraine may be monopolised
by several multinational companies, including Monsan-
to, which owns 94% of the gene pool of all GM plants
grown in the world and, together with several other
multinational companies, controls 80% of the pesticide
market, including 90% of the production and sale of
the Roundup herbicide. There is a real threat that the
gene pool of crops that determine the country’s food
potential may be concentrated in the hands of a few
companies. R. Reich (2018) points out that Monsanto is
using its political power in Washington to fight other
countries’ efforts to ban genetically modified seeds.

According to S. Grigorenko (2023), the approved cir-
culation of GMOs in Ukraine will suspend investment in
the seed business, leading to job losses, and will have
an adverse impact on the organic market. Experts be-
lieve that the cessation of seed exports to the EU alone
will result in an estimated loss of USD 100 million an-
nually. The spread of GMO crop varieties causes genetic
modifications in the food chain. Pollen or seeds from
genetically modified crops contaminate conventional
crops, often causing seed or product recalls and oth-
er problems for farmers and consumers. The regulatory
mechanisms needed to prevent contamination are ei-
ther absent or severely inadequate, putting export mar-
kets, farmers’ livelihoods, and consumer confidence at
risk (Center for Food Safety, 2015).

The spread of GMOs poses a threat to agrobiodiver-
sity in Ukraine, including genetic diversity,and may cause
genetic erosion. B. Balasynovych and Yu. Yaroshevska
(2010) warn of a negative impact on biodiversity caused
by the damage of non-target insects and soil microflora
by toxic transgenic proteins with increased doses of pes-
ticides and disruption of trophic chains. At the same time,
GMO contamination due to cross-pollination of crops
will cause problems when exporting products to the EU
and China (Seed Association of Ukraine, 2023).

Therewith, Ukraine already has a problem of illegal
cultivation of genetically modified plants that needs
to be addressed. The All-Ukrainian Agrarian Council
notes that the shadow segment of GMOs in the agri-
cultural sector of Ukraine in terms of individual crops

Zakharchuk et al.

is significant, with the largest cultivation of genetically
modified soybeans (UAC, 2023).According to market par-
ticipants,as of 2021, approximately 50-65% of soybeans
grown by Ukrainian producers are genetically modified,
rapeseed crops account for up to 12%, and maize - ap-
proximately 1% (GMOs - good or harmful, 2021). Breed-
ing activities require a significant amount of long-term
investment in research and development by institutions
and enterprises, as seed production is a more costly
type of economic activity compared to crop produc-
tion. According to the calculations of N.P. Louwaars and
G. Manicad (2022), conditioned seeds should be 1.5-
2 times more expensive than food grains of the same
crop to break even. Furthermore, significant investments
in research and breeding should be considered.

In Ukraine, breeding activities currently require
substantial government support, including investment,
as the level of use of foreign varieties in certain crops
has reached a critically high level. At the same time,
the rights and interests of breeders must be protect-
ed. Empirical research by C.R. Nhemachena et al. (2019)
confirms that strengthening intellectual property rights
for plant varieties creates incentives for plant breed-
ing companies to invest more resources in plant breed-
ing. M. Campi (2017) believes that strengthening plant
intellectual property rights will lead to an increase in
the production of improved crop varieties and technol-
ogies, which will positively contribute to agricultural
productivity and economic growth. Ensuring intellectu-
al property rights and providing fair remuneration to
breeders who create new varieties and hybrids of crops
will help to increase the productivity of intellectual la-
bour and stimulate the development of breeding activ-
ities in Ukraine.

For the seed production system to function effec-
tively, it is also important to ensure that innovative
products are introduced into production and distribut-
ed. An advisory service could become a kind of chain
between breeders/breeding centres and agricultural
producers. However, agricultural advisory services in
Ukraine have not yet been properly developed. FAO
research (Huseynov, 2021) found that in Ukraine, large
agricultural holdings and medium-sized agricultural
enterprises with an area of more than 500 ha receive
consulting services almost entirely from international
and foreign companies; 33,164 family farms with an
area of 20 ha to 500 ha have average access to adviso-
ry services, 90% of which are provided by raw material
suppliers whose impartiality is questionable, and only
10% by professional independent advisers. Moreover,
4 million small farmers (2-20 ha) in Ukraine are poorly
serviced by advisory services due to the lack of prop-
er incentives from the state and information about the
availability of such services.

The breeding and seed production system should
be able to change in response to new challenges and
threats, and the preservation and maintenance of
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Ukrainian zoned varieties adapted to the local envi-
ronment will contribute to the conservation of agrobi-
ological and genetic diversity and increase the sustain-
ability of agricultural production. Breeders’ activities
should be aimed at increasing the resilience of the seed
production system, i.e., they should consider possible
changes in crop growing conditions and consumer pref-
erences in the future.

CONCLUSIONS

In Ukraine, in 2020-2023, there is a steady downward
trend in the volume of production of seeds of Ukrainian
breeding of major crops and the spread of foreign varie-
ties. Specifically, the production of Ukrainian-bred win-
ter wheat seeds in 2023 decreased by 59.5% compared
to 2020, spring and winter barley - by 80.3% and 76.2%,
respectively, maize — by 50.6%, and winter rye - by 60%.
The production of seeds of Ukrainian oilseeds also de-
clined. In 2023, compared to 2020, the decline in pro-
duction of Ukrainian-bred winter rapeseed was 47.4%,
while soybean and sunflower seeds were 39.1% and
20.6%, respectively. In 2020-2023, the share of seeds
of Ukrainian breeding of major grains and oilseeds
also declined. In 2023, the share of seeds of Ukraini-
an breeding of winter wheat was 48.1% compared to
66.2% in 2020, spring barley — 35.3% vs. 57.8%, winter
barley - 20.2% vs.49.3%, maize — 18.3% vs. 29%, winter
rye - 13.4% vs. 15.7%, soybeans - 6.4% vs. 10.7%, and
winter rapeseed - 8.9% vs. 10.2%.

The legalisation of genetically modified crop varie-
ties is a threat to Ukraine’s seed, food, and national se-
curity. Access to the Ukrainian seed market by powerful
transnational corporations, which are already monopo-
lists in certain segments of GMO crop varieties in other
countries, is likely to be disruptive to the national seed
breeding system. Furthermore, the spread of GMO crops

threatens the loss of biodiversity and is dangerous for
the sustainable development of Ukraine. Supporting
Ukrainian zoned varieties adapted to the local environ-
ment will help to preserve agrobiological and genetic
diversity and increase the sustainability of agricultural
production. Global climate change, land degradation,
and drought are some of the biggest current challeng-
es and threats that will have a long-term impact on
Ukrainian agriculture. At the same time, the war with
Russia is exacerbating environmental problems. In this
regard, the national breeding and seed production sys-
tem needs to be fundamentally changed, as it must be
able to ensure the development of new crop varieties
adapted to new conditions on a continuous basis.

Building an effective, sustainable, and dynamic na-
tional seed production system requires long-term in-
vestment in breeding activities to ensure a continuous
process of innovation and seed quality improvement.
The protection of the rights and interests of breeders is
a crucial factor in effective breeding activities. Breeding
activities should be aimed at ensuring the sustainabili-
ty of the seed production system. Breeders will consider
possible changes in crop growing conditions and con-
sumer preferences in the future to increase agricultural
productivity and development. In the future, research
on the functioning and development of the national
system of breeding and seed production should be sys-
tematic. This will allow building an effective model of
the national breeding and seed production system with
set goals and development parameters.
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AHotauia. ®opMyBaHHS edeKTUBHOI CMCTEMM HaACiHHMUTBA B YKpaiHi 3ymMoBneHe $K ii K/IOYOBOK PO y
3abe3neyeHHi HACiHHEBOI, MPOLOBOMBYOI M HALLIOHANbHOI 6e3nekn KpaiHW, Tak i NOSIBOK HOBMX BUKJ/IMKIB i 3arpos,
AKi BNAMBaKOTb Ha GYHKLIOHYBAHHS CMCTEMM Ta SKMM HeoOXigHO npoTuaiaTh, Wwob ycyHyTr abo noMaKwuTu
iXHiI HeraTMBHWK BMNAMB. MeTok CTaTTi 6yNno [LOCHIAKEHHS CYy4YacHUX TEHAEHLIM QYHKLIOHYBAHHS CUCTEMMU
HaCiHHMUTBA YKpaiHM Ta BUSBAEHHS HOBUX BUK/MKIB i 3arpo3 HaLioHanbHWM iHTepecaM. MeTogonoriyHuM 6asmcom
NpoBeAeHOro AOCNIAXKEHHS € AiaNeKTUYHUIA METOA, HAYKOBOIO Ni3HAHHS, SKMI 6yN0 3aCTOCOBAHO AJ19 BCTAHOB/IEHHS
B3aEMO3BA3KIB MiXX 0OEKTOM AOCNIAXKEHHS, B AKOCTi SKOr0 BUCTYMAE CMCTEMA HaCiHHMUTBA YKpaiHu, 1 nodismu Ta
SBMLLAMM, LWLO BiAOYBaOTbCSA Y NPUPOLI Ta CYCMiNbCTBI Ta SKi MaOTb iCTOTHWIA BMNIMB Ha 0O'EKT JOCIAKEHHS. TakoX
6yN0 3aCTOCOBAHO METOAM aHani3y M CUHTE3Y, CUCTEMHOIO Yy3arasbHEHHSI Ta NOPIBHANBHOIO aHanily. Y craTti 6yno
npoBeAeHO aHaNi3 YMOB PYHKLiOHYBaHHS CUCTEMM CeNeKLii Ta HAaCiHHMLTBA B YKpaiHi Ta BCTAHOBNEHO Cy4acHi TpeHAM,
SKi XapaKTepu3yoTb ii BHYTPILLHIA CTaH. BCTAaHOBNEHO BUKIMKM Ta 3arpo3m HaLLiOHANbHIN C1CTEMI HACIHHMLTBA, AKi
CTBOPIOKOTb Hebe3MneKy HaCiHHEBIM, NPOAOBONbLYINV | HaLioHanbHIM 6e3neui YkpaiHu. lMpoaHani3oBaHO AECTPYKTUBHI
npoLecu B cucteMi QYHKLIOHYBAHHS HALiOHANbHOT CUCTEMM HACIHHMLTBA, SIKi MOXYTb NPU3BECTM A0 ii Aerpagauii
Ta pyiHauii. OBrpyHTOBaHO 3ax0AM LWOAO MOAOMAHHSA HACNiAKIB Aii HEraTMBHUX YMHHUMKIB B CUCTEMI cenekuii Ta
HaciHHMUTBA YKpaiHuW. B pocnigkeHHi OynM HaykoBO OOrpyHTOBaHi OCHOBHI KpuTepii dopMyBaHHS edeKTUBHOI
HaL,iOHaNbHOI CUCTEMM HACIHHMLUTBA. 3MIMCHEHO apryMeHTOBaHe OO6IpYyHTYBaHHS HEOOXiAHOCTI AOBrOCTPOKOBMX
iHBECTULIN Yy CenekuiHy LiSNbHICTb Ta BM3HAYEHO MPIOPUTETHI HaNpsaMy AepXaBHOI MNIATPUMKM CUCTEMMU
HaCiHHMUTBA B YKpaiHi. BUCHOBKK, Npono3uLii Ta NpakTUYHi pekoMeHAaL il MaloTb NPUKAAAHE 3HAYEHHS | MOXYTb
6yTH BUKOpUCTaHi Npy po3pobui BignoBiAHMX NPOrpam Ta 3axoA4iB,CNpSIMOBaHMX HA NiATPUMKY PO3BUTKY HAaCiHHMLTBA,
30KpeMa CcenekuiiHoi AianbHoCTi B YKpaiHi, Ta 3ab6e3neyeHHs CnpaBenMBOi BUHArOpoau cenekuioHepam, siki €
aBTOpaMM HOBWX MPOOYKTUBHUX COPTIB CifIbCbKOrOCNOAAPCbKMX KYNbTYP

KniouoBi cnoBa: cenekuifiHa [isNbHICTb; HACIHHA Ta CaAMBHWIA MaTepian; COpT; HACiHHEBA Ge3neka; CTiMKiCTb;
nponoBonbya besneka
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methodological foundations of bioeconomic activity and practical recommendations for the development of a
sustainable bioeconomy in Ukraine.To fulfil this purpose, the study employed general scientific and special methods
of theoretical and empirical research, specifically, at the theoretical level, the methods of theoretical generalisation,
abstract-logical, hypothetical, historical, methods of ascent from the abstract to the concrete, etc. The empirical
level includes comparative, descriptive, SWOT strategic analysis, graphs, and tables. Using the methods outlined in
the historical retrospective study, the study monitored the volume of greenhouse gas and pollutant emissions into
the atmosphere due to the considerable use of fossil fuels, which provokes an increase in global environmental
problems in society. Under these conditions, sustainable economic activity is gaining popularity, allowing for the
production of renewable energy from renewable resources, agricultural, forestry and fishery residues, as well as
organic industrial and household waste. The study outlined foreign practices and Ukrainian initiatives to promote
bioeconomic activity, considering the country’s natural resource and intellectual potential, as well as financial
national support for the bioindustry. Considering the findings of the study, the strengths and weaknesses of the
sustainable bioeconomy were systematised using SWOT analysis, key threats to its formation in Ukraine were
foreseen, and constructive opportunities for its development were identified. The practical value of this study lies
in the scientific substantiation of proposals for promising strategic guidelines for the development of a sustainable
bioeconomy with strengthening its capabilities and finding ways to minimise the destructive impact of key threats

Keywords: greenhouse gas emissions; fossil fuels; organic waste; bioeconomic activity

INTRODUCTION

The economic growth of modern society is associated
with the need to rethink the principles of doing busi-
ness, as the traditional economic order leads to a range
of unresolved global environmental problems. Air pol-
lution from exhaust gases from car engines poses a sig-
nificant risk. According to statistics, 14.7 million tonnes
of carbon monoxide are released into the atmosphere
from exhaust gases from internal combustion engines
(State Statistics Service of Ukraine, 2022). As a result of
electricity generation at thermal power plants, millions
of tonnes of hydrocarbons, nitrogen oxides, sulphur,
phosphorus, iron, molybdenum, and other highly toxic
substances are released into the environment. Thermal
power plants emit carbon dioxide into the atmosphere,
which causes a greenhouse effect and leads to an in-
crease in the average temperature of the lower atmos-
phere. The accumulation of environmental problems is
causing concern in society, forcing scientists to consol-
idate their efforts to find alternative ways to achieve
sustainable development goals.

The issue of bioeconomy development became
widespread at the end of the 20th century, due to the
need to find effective tools for achieving sustainable
goals. Thus, D. Damato et al. (2021) consider the con-
cepts of green economy, circular economy, and bioeco-
nomy, which are popular in discussions of sustainable
development at the macro level in politics, research,
and business, to be promising ways to overcome global
challenges. Each of these is based on renewable bio-
diverse and beneficial processes that provide tangible
and intangible benefits that meet the economic and
social needs of society. N. Szarka et al. (2023) proposed
a detailed description of the development of a region-
al bioeconomic strategy, namely effective recommen-
dations for establishing a flexible biodynamic plat-
form that engages stakeholders from politics, science,
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industry, and society for a common regional goal.
Yu.Maksimiv et al.(2021) and T. Shevchenko et al. (2022)
consider an analogous approach, confirming that in
practice, to avoid conflicts of interest, it is worth en-
gaging citizens and stakeholders into the development
of bioeconomic strategies, factoring in relevant global
sustainable goals.

T. Gorokhova et al. (2020) consider the develop-
ment of the bioeconomy in Ukraine as an element of
the state strategy, proposing an algorithm for trans-
forming Ukraine’s economic systems into bioeconom-
ic systems. H. Geletukha (2018), V. Yakubiv et al. (2020)
considered the bioeconomic approach to bioenergy de-
velopment, arguing that its implementation is possible
only if both its founders, the state, and end users of
biofuels are interested in the rational use of biomass
resources. Therewith, N. Pryshliak et al. (2022) argue
that the bioenergy potential of the agro-industrial sec-
tor of the economy requires research on its integration
into the country’s energy sector, and therefore the re-
searchers have developed an indicative cluster mod-
el for organising the activities of biofuel enterprises
and a coordinated development strategy, considering
the energy, environmental, and socio-economic pa-
rameters of sustainable development of territories.
J. Han Yeon and J. Seung-hwan (2023) confirm the fact
that the implementation of a sustainable bioeconomy
in practical reality requires considerable intellectual in-
vestment, proving the constructive impact of research
and development, investment in human resources as a
key development factor on the efficiency of bio-based
businesses. The review of scientific opinions indicates
the relevance of research on the bioeconomic aspect
of farming in the context of increasing environmental
challenges, which led to the investigation of this topic
as the subject of this study.
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The purpose of this study was to provide a theoret-
ical substantiation for the feasibility of implementing
bioeconomic principles of management in the context
of accumulated global challenges and to develop prac-
tical provisions on the prospects for the development
of a sustainable bioeconomy in Ukraine. In the context
of this purpose, it is necessary to investigate the pre-
requisites for promoting economic activity on a sustain-
able basis; to outline foreign practices and Ukrainian
initiatives to promote bioeconomic activity, consider-
ing natural resource and intellectual potential, as well
as financial national support for the bioindustry; and,
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based on the findings of the study, to systematise the
strengths and weaknesses of the sustainable bioecono-
my, and to foresee key threats and constructive oppor-
tunities for development. The hypothesis of the study
is that identifying the strengths and weaknesses of the
sustainable bioeconomy will make it possible to pro-
vide preventive measures to minimise the destructive
impact of threats in manifesting constructive opportu-
nities for its development in Ukraine.

MATERIALS AND METHODS
The algorithm of the study is presented in Figure 1.
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Figure 1. Algorithm for researching trends in the development of a sustainable bioeconomy in Ukraine

Source: compiled by the authors of this study

This study was based on a systematic approach,
which enabled a comprehensive consideration of eco-
nomic processes and phenomena for the development
of a sustainable bioeconomy; a dialectical approach
covered the investigation of the subject matter with a
substantiation for the need to establish the impact of
global environmental problems on its development; a
synergistic approach involved considering the effective
reproduction of natural resource, innovation, and intel-
lectual potentials to enhance the effectiveness of pro-
moting a sustainable bioeconomy in Ukraine, etc.During

the staged study, general scientific and special methods
of the theoretical and empirical level were used. At the
theoretical level, the methods of theoretical general-
isation were used to formulate conclusions on identi-
fying promising opportunities for the development of
a sustainable bioeconomy. The abstract-logical method
helped to establish the impact of global processes on
the state of the environment. The historical method
reflected the dynamics of changes in economic phe-
nomena in retrospect. Methods of ascending from the
abstract to the concrete made it possible to move from
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global problems to their solutions at the local level.
The hypothetical method played an important role in
outlining the prospects for the development of the bi-
oeconomy in Ukraine. The empirical level included a
comparative method to find similarities and differences
in the implementation of bioeconomic activities in se-
lected developed countries, drafting graphs and tables
to visualise the research material, a descriptive meth-
od involved their interpretation, and a strategic SWOT
analysis method helped to investigate the current level
of bioeconomy development to identify strengths and
weaknesses, as well as threats and opportunities for its
promotion in Ukraine.

The data visualisation based on the study results
was presented with a different spatial and temporal
interval depending on the availability of statistical

100

information in the Global Networks (Our World in DATA,
2022). Some studies were conducted with a time lim-
it of 2020 due to the lack of relevant information for
2021-2023 in official state statistical sources (State
Statistics Service of Ukraine, 2022).

RESULTS AND DISCUSSION

The biggest driving force behind global climate change
is greenhouse gas emissions, which pollute the air and
cause an excessive greenhouse effect on the Earth.
On a global scale, their volume in 2022 was 37.15 bil-
lion tonnes, compared to 22.75 billion tonnes in 1990.
Greenhouse gas emissions from human activities and
natural processes increased by 63% in 2022 compared
to 1990. Their gradual growth over time is presented
in Figure 2.
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Figure 2. Growth rate of greenhouse gas emissions in the world, %
Source: developed by the authors of this study based on data from Our World in DATA (2022)

China is the world leader in greenhouse gas emis-
sions (30.7%), as it emits almost a third of the total
amount of all countries. The top three also include the
United States, with a 13.6% share, and India, with a
7.6% share (Fig. 3).
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Figure 3. Share of greenhouse gas emissions
in the global ratio for 2022, %
Source: developed by the authors of this study based on
data from Our World in DATA (2022)

Japan and Indonesia accounted for 2.8% and 2.0%,
respectively. In recent years, the EU countries have seen
a decrease in greenhouse gas emissions, but their over-
all percentage is still high at 7.4%. As for Ukraine, the
volume of greenhouse gases has decreased threefold
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over the past 30 years, but their share in the global ra-
tio is still quite significant - 0.4%. Therewith, according
to the Ministry of Economic Development and Trade
of Ukraine (2017), the main sources of pollution are
concentrated primarily in the energy sector, indus-
trial activities, and agriculture and forestry. Starting
from 2021, air emissions are regulated by the Law of
Ukraine “On the Principles of Monitoring, Reporting,
and Verification of Greenhouse Gas Emissions” (2019),
which prescribes registration and subsequent annu-
al monitoring of facilities that emit greenhouse gas-
es to strengthen control over their volumes. At the
same time, Ukraine pays a tax for entities that emit
more than 500 tonnes of carbon dioxide per year, es-
timated at UAH 30 per tonne in 2022 compared to
UAH 0.41 per tonne in 2018, which indicates a signifi-
cant increase in the environmental tax.

The global increase in greenhouse gas emissions
is primarily caused by the intensive use of fossil fuels.
The increase in their production for energy generation
occurred during the Industrial Revolution, which was
characterised by in-depth research into the compo-
sition of oil, coal, and gas, and their introduction into
mass production. It is known that until the beginning
of the 20th century, a significant part of industrial prod-
ucts was produced on a biological basis using renew-
able raw materials. In the following decades, chemical
technologies and oil field development contributed




to its replacement by products based on petrochem-
ical processing, which led to the development of new
industries and provoked an increase in environmen-
tal problems. Over the past half century, fossil fuel
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consumption has increased approximately eightfold
since 1950 and doubled since 1980. Over the past 30
years, there has been an increase in fossil fuel con-
sumption by almost 40% (Fig. 4).

2017 2018 2019 2020 2021 2022

Coal mGas

Figure 4. Global fossil fuel consumption by major types, TWh
Source: developed by the authors of this study based on data from Our World in DATA (2022)

The visualisation of fossil fuels broken down by coal,
oil, and gas shows that coal production is currently par-
tially declining in some parts of the world, but there is
a significant increase in the use of oil and gas, which
leads to adverse environmental impacts. Their excessive
consumption leads to a shortage of raw materials (Fig. 5).
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Figure 5. World reserves of major fossil fuels, year
Source: developed by the authors of this study based on
data from Our World in DATA (2022)

According to published statistics, oil reserves for
global consumption will last almost 60 years. Natural
gas reserves are also limited. Humanity can live only 53
years with the existing gas reserves. The situation with
coal reserves is much better, but their exhaustibility is
undeniable, as the global average is 114 years. Howev-
er, despite the considerable reserves of coal, which are
much larger than those of gas and oil, its extraction
and use in economic activities causes substantial envi-
ronmental damage. Coal-fired power plants emit high
levels of CO,, and technologies to reduce emissions are
too expensive to be used. Furthermore, coal mining has
a substantial impact on the landscape and spatial in-
frastructure.

The exhaustion of global coal, oil, and gas reserves
is driving up their prices, forcing developed countries to
actively seek alternative solutions. In this environment,
there is an increased focus on transforming the basic
principles of business operations, with an emphasis on
replacing fossil fuels with low-carbon energy sources,
as the abandonment of fossil fuels will help minimise
destructive global environmental impacts. Environmen-
tal problems can be overcome through the use of accu-
mulated organic industrial and household waste in eco-
nomic activities as an additional source of energy (Fig. 6).
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Figure 6. Global accumulation of organic industrial
and municipal waste
Source: developed by the authors of this study based on
data from the World Bioenergy Association (2023)

According to the World Bioenergy Association
(2023), the energy supply from organic waste is 2.65 EJ,
with municipal organic waste accounting for 55% of the
total as of 2020, i.e., the majority, while industrial waste
accounts for 45% of the total organic waste. Within 20
years, their volume doubled (by 98% and 138%, respec-
tively). At the same time, the perception of household
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and business residues as raw materials for further con-
sumption in production allows for additional savings,
minimising the consumption of fossil fuels and reduc-
ing the destructive impact on the environment.

The understanding of the feasibility of promoting
organic waste conversion initiatives and bioeconomic
activities has led to the creation of international focal
points for the exchange of knowledge and practices.
Thus, the key programme to support the European bio-
economy is Horizon 2020 (H2020) and, specifically, its
aspect related to overcoming global challenges “Food
security, sustainable agriculture and forestry, marine
and inland water research, and bioeconomy” with a
budget of EUR 3.8 billion for 2014-2020. At the initia-
tive of the European programme, a major joint technol-
ogy initiative, the BBI JTI, referred to in EU regulation
as the BBI Initiative (public-private partnership) worth
EUR 3.7 billion between the EU and the Biotechnol-
ogy Industry Consortium (BIC) was launched in 2014,
with mobilised contributions in 2020 reaching almost
EUR 1 billion during 2014-2015, leveraging an ex-
pected EUR 2.7 billion in private funding. Established
in 2014, the BBI JU joint venture aims to support the
development of renewable resource-based industries
by providing grants for research and innovation pro-
jects until 2024. Alongside grants and other initiatives
(e.g., InnovFin) under H2020, programmes such as the
European Fund for Strategic Investments (EFSI) and
the European Structural and Investment Funds (ESIF)
are helping to promote the bioeconomy. European pro-
grammes are complemented by national funding and
various instruments offered by regional and/or local de-
velopment agencies (e.g., Tekes in Finland, Invitalia in
Italy, Netherlands Enterprise Agency in the Netherlands,
Innovate in the UK, etc.).

For a long time, the bioeconomic model of sustain-
able development of society was only abstract, without
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understanding of mass implementation in practice. The
implementation of bioeconomic theory in the business
environment took place only in the mid-20th century.
Today, the bioeconomy is actively developing in the vast
majority of developed countries. For instance, a compa-
ny from Lower Saxony (Germany) uses milk that is not
suitable for food consumption, colostrum from calving
cows, or milk filtrate left over from cheese production
to make protein and casein, and then forms it into fi-
bres (the whey is dried, mixed with liquid and pressed
through a fine sieve), which produces an antibacterial
biopolymer that is easy to paint and has the advantage
of saving water. Bioplastics are mainly used for vehicle
interiors, including body parts and car seats. Car rub-
ber tyres are made from dandelion and rubber tree.
The advantage is natural rubber, which stays flexible
even at low temperatures, and the disadvantage is the
high price of natural rubber. The German company Bi-
owert produces bioplastics and natural fertilisers from
perennial grass plants. In the United States, a team of
researchers from Yale University (2021) has developed
and successfully introduced into production a saw-
dust-based bioplastic that can fully decompose within
three months. The Netherlands is processing sugar beet
waste into personal care products, detergents, paints,
fibres, and biogas.

As the practices of foreign countries show, the key
to the development of a sustainable bioeconomy is the
availability of intellectual potential and the ability to im-
plement scientific developments in practice. According
to the World Intellectual Property Organisation (2022),
Ukraine ranked 57th out of 132 countries in the Global
Innovation Index, which has been calculated annually
since 2007, in 2022, down 8 positions from 2021. This
fact is associated with a weakening of human resources,
a decline in the quality of education and science, and a
deactivation of research and development (Fig. 7).

y=-0.016x+0.496
R?=0.7805

2018 2019 2020

Year

Figure 7. Share of R&D expenditure in Ukraine’s GDP
Source: calculated by the authors of this study based on data from the State Statistics Service of Ukraine (2022)
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The educational and scientific component plays
a leading role in shaping the bioeconomic environ-
ment. Thus, according to the State Statistics Service of
Ukraine (2022), in 2020, there were 619 higher educa-
tion institutions in Ukraine with 1.4 million students,
including 22 institutions that train specialists in bio-
technology and bioengineering. In 2020, as a result of
the activities of scientific organisations, the Ukrainian
National Office of Intellectual Property and Innovation
(UKIPI) granted 29 patents for inventions to national
applicants and 190 to foreign applicants among appli-
cations for the issuance of industrial property rights in
technical areas, including bio- and ecotechnology, and
registered 221 utility models, which is evidence of the
growth of scientific personnel capable of developing
innovative ideas in Ukraine.

The main industries in Ukraine where modern bio-
technological production methods are actively used in-
clude agriculture, food, woodworking, textile, chemical
industries, and the energy sector. The innovative busi-
ness environment is represented by technologies for the
production of tableware (plates, cups, cutlery) consisting
of 80% corn starch and additional non-chemical ingre-
dients. The project of Valentyn Frechko, who proposed
to make paper from fallen leaves and initiated testing
of his technologies at the Zhytomyr Cardboard Facto-
ry, is well-known internationally. A Ukrainian startup
(Tolstykh, 2021) by the team of Daryna and Ilya Kichuk
and Kostiantyn Shcherbyna signed a contract to produce
Effa toothbrushes made of paper and corn starch that
decompose in 2 months. The experimental experience
of Yuriy Tostanovsky and Dmytro Bidyuk, who localised
the Rekava business in Lviv to produce disposable ta-
bleware and flower pots from coffee grounds, is gain-
ing popularity in Ukraine (Economic support of Eastern
Ukraine, 2022). Tana company is known for its attempts
to produce biodegradable tableware made from wheat,
corn, and potatoes (Hnyp, 2021).

An example of sustainable management is the
agro-industrial  holding Myronivsky Khliboprodukt
(MKhP), which produces biogas for internal use from
plant biomass, including sunflower husks, as well as an-
imal by-products and wastewater; it also produces fuel
briquettes from grain waste, which reduces the load on
the local landfill. The Poultry Complex branch of Vin-
nytsia Poultry Farm operates on a full closed cycle ba-
sis, with the by-products from poultry processing being
sent to the animal by-products processing shop, where
they are used to make feed ingredients for the farm’s
own animals. The holding’s enterprises regularly con-
duct laboratory tests, which also helps to control the
quality of production (MKhP, 2022). Therewith, due to
the adoption of the Law “On Restricting the Circulation
of Plastic Bags in Ukraine” (Law of Ukraine No. 1489-1X,
2021), the production of corn and potato starch bags
has intensified, specifically, Novis company (Dnipro),
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Biosphere Corporation (Dnipro), GoGreen line of Freken
Bok TM, Chystopes TM (Kyiv). An example of waste-free
production on a biological basis is JSC Kokhavynska
Paper Mill, which makes products from wastepaper
exported to Ukraine from Moldova, Slovakia, Romania,
Poland, etc.

This practice shows that the country’s geographi-
cal location, favourable natural and climatic conditions
for agriculture, the availability of fertile agricultural
land and a considerable amount of forest and water
bioresources contribute to the prospective develop-
ment of bioeconomic activities in Ukraine. Over 40%
of the territory is covered by high-quality soils, which
makes it possible to develop agriculture and grow var-
ious crops. According to the State Statistics Service of
Ukraine (2022), as of 1 January 2021, the total area of
arable land in the country was 31.6 million hectares.
The largest areas of arable land are in the Polissia, For-
est-Steppe, and Steppe regions. The largest regions in
terms of arable land are Chernihiv, Poltava, Kherson,
Kharkiv, and Dnipro. Notably, between 2016 and 2020,
the amount of arable land in Ukraine halved because
of the ban on its sale and other transactions with it.
According to the Ministry of Economy (2020), in 2020,
only 0.1% of arable land was sold out of its total area.
Ukraine’s forest resources cover more than 15% of the
country’s territory, which makes it possible to meet the
demand for timber and other forest resources. Thus,
Ukraine has every opportunity to use its own biological
renewable resources, i.e., plant and animal raw mate-
rials that are easily renewed to transform innovative
ideas into new products, as well as to use accumulated
residues of agricultural production, processing industry
and household organic waste as a secondary raw mate-
rial resource in economic activities.

Industrial and household waste in Ukraine is con-
trolled by the State Environmental Inspectorate. At the
regional level, waste management is coordinated by
the local state administration, city and village coun-
cils, and public environmental inspectors. Activities to
prevent and reduce the amount of waste generated are
regulated following the Law of Ukraine “On Waste Man-
agement” No. 2320-1X dated 20 June 2022 (2023). The
official waste coding system according to the current
legislation is effective from 9 July 2023 (National Waste
List and Waste Classification Procedure). Before the cur-
rent list was adopted, Ukraine had the State Classifier of
Waste (DK 005-96), which was approved by the Order of
the Ministry of Ecology and Natural Resources No.1201
“On Approval of the State Classifier of Waste” (2013).
The State Classifier contains a hierarchical structure
with 21 sections, 83 groups and more than 600 sub-
sections describing different types of waste, including
waste from industry, construction, medicine, household,
and other areas of activity, etc. The structure of the gen-
erated waste is presented in Figure 8.
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Figure 8. Structuring of household waste and economic activity, %
Source: calculated by the authors of this study based on data from the State Statistics Service of Ukraine (2022)

The total amount of waste generated in 2020 in-
creased by 56% compared to 2016. The focus is on
waste from economic activity, as their share is 98.7% of
the total waste generated. Considering that the volume
of waste increased by 58% in 2016-2020, the need for
efficient and conscious waste management is becoming
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increasingly urgent. Therewith, the share of waste used
as a secondary material or energy resource increased
by 18% in 2020 compared to 2016. At the same time,
the volume of disposed waste is still a negative phe-
nomenon, which increased by 64% in 2020 compared
to 2016 (Fig. 9).
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Figure 9. Management of waste generated from economic activities
Source: calculated by the authors of this study based on data from the State Statistics Service of Ukraine (2022)

In the context of sustainable growth, there is a
need to find ways to minimise the amount of waste re-
moved in favour of further recycling. Specifically, the
development of the bioeconomic sector involves con-
sidering the uniqueness of organic residues processing,
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which leads to their separation by material categories.
Thus, agriculture, forestry, and fisheries (sector A ac-
cording to NACE) account for a considerable share of
waste generation, including 5,315.4 thousand tonnes
in 2020 (Fig. 10).

= Paper and cardboard waste
Wood waste
= Animal and mixed food waste
= Animal excrement, urine and manure

= Plant waste

Figure 10. Organic waste generated by material category (2020)
Source: calculated by the authors of this study based on data from the State Statistics Service of Ukraine (2022)
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The organic waste presented is mainly of plant or-
igin, which accounts for 57% of the total organic waste
generation by material category. The specific features
of organic waste management from economic sectors
in 2020 are visualised in Figure 11.
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Figure 11. Waste management by material
category in 2020
Source: calculated by the authors of this study based on
data from the State Statistics Service of Ukraine (2022)
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The study found that Ukraine has the potential to
recycle vegetable waste, given the considerable share
of its generation. Furthermore, food industry residues
are actively exported to countries such as India, Italy,
Turkey, Spain, etc. In 2020, the company exported waste
worth USD 1,576,498 thsd, which is 3.2% of the total
export structure, while commodity producers in oth-
er countries see such waste as raw materials for the
production of goods, considering that residues such
as sunflower oil cake, beet pulp, meat industry offal,
and other waste have significant potential for further
consumption in economic activities. This indicates the
prospects of Ukraine in promoting sustainable bioeco-
nomic activities, which will allow the development of
the bioenergy sector to compensate for the shortage
of natural gas in the production of heat and electrici-
ty, and the development of the bioindustrial sector will
make it possible to consume waste as a raw material,
while minimising production costs and reducing the
area of land allocated for landfills, which is relevant in
the context of expanded producer responsibility in the
product life cycle. Considering the existing advantages
in the development of a sustainable bioeconomy, it is
important to outline promising areas for its develop-
ment, which can be executed using the SWOT analysis
method, as presented in Table 1.

Table 1. Matrix of SWOT analysis of sustainable bioeconomy development

STRENGTHS

WEAKNESSES

Favourable climatic conditions for agriculture

Lack of approved long-term goals and action plan for the
development of a sustainable bioeconomy

Natural resource reserves provide high biomass potential

Weak effectiveness of state institutions and local governments in

implementing regional waste management plans

High demand for alternative energy sources, including
biofuels

Inferior quality of waste flow accounting and data analysis on the

management of production residues

Globalised, fast-growing industry

Insufficient awareness of civil society of the separate collection

system and the need to develop a culture of waste sorting

High intellectual potential, which allows involving
educational institutions in the implementation of
bioeconomic policy

The ineffective waste management system creates conditions

for the expansion of landfills and the lack of monitoring of their

environmental impact

Possible financing under government programmes

Weak ability of local governments to effectively cooperate and

interact with scientific communities

Attracting external grant assistance under EU programmes
(Norizon 2020, EU Life, EU4Business) and other available to
Ukraine

Low level of innovation activity (Ukraine ranks 57th out of 143
countries according to the Global Innovation Index) due to weak

opportunities for commercialisation of intellectual property

Specialisation in high-tech areas in education

Low level of awareness of opportunities to produce new products

from organic waste and the benefits of treating or reusing it

Transition from globalism to national protectionism

Weak innovation ecosystems lead to the absence of a regional

biomass market

OPPORTUNITIES

THREATS

Government support for innovative projects

Lack of a regional organisational and economic mechanism for

industrial waste management

Positive institutional changes

Demographic crisis and low purchasing power of the population

Establishing cooperation (scientific, technological) with
European bioeconomic platforms for academic transfer of
ecobiotechnologies

Military escalation and high risks of political instability affecting

the overall investment climate

Saving natural resources

Unattractive design of innovative bioproducts is possible
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Table 1. Continued

OPPORTUNITIES

THREATS

Ability to quickly promote the development of sustainable
business ecosystems

Imbalance in the economy - the country’s transformation into a raw

material appendage continues

Strengthening the competitiveness of the national economy
(Ukraine ranks 85th out of 141 countries according to the
Global Competitiveness Index)

Low consumer confidence in the quality of innovative bioproducts
due to insufficient understanding of the principles of bioproduction

and lack of awareness of sustainable consumption

Expediency of using agricultural land withdrawn from
circulation

Low investment attractiveness of the biotechnology sector

Increasing the level of social responsibility through
enhanced educational activities

Business distrust of government programmes is growing (due to the

slow pace of reforms)

Streamlining the certification system for eco- and
bioproducts

Outflow of qualified personnel abroad

Source: compiled by the authors of this study

The active use of own capabilities to transform
innovative ideas by transforming renewable energy
sources into food and industrial products requires the
creation of a favourable investment climate to attract
additional financial resources and introduce modern in-
novative technologies into production. As of 2020, the
share of enterprises implementing innovations was 12-
14% of the total number of operating enterprises, which
is 3-4 times less than in the business communities of

developed countries. Innovation processes in Ukraine
are not popularised, as almost a third of the funds allo-
cated for innovative developments are spent by produc-
ers on updating material and technical support, while
less is spent on acquiring intellectual property rights.
About half of the enterprises do not finance innovation
activities at all, despite the existence of effective state
support programmes that could be used for their own
development (Table 2).

Table 2. Innovation support programmes in Ukraine

Programme name Subject

Areas

State Support Program “Affordable
Loans 5-7-9%”

Entrepreneurship
Development Fund

Development of entrepreneurship, including promotion of
business entities, increase in production, exports, import
substitution, high-tech production, energy efficiency,
introduction of innovations, as well as promotion of creation of
new jobs and enterprises, return of labour migrants to Ukraine

The European Bank
for Reconstruction
and Development in
cooperation with the
Global Environment
Facility (GEF)

Programme “Ukraine: sustainable
innovations in the bioenergy value
chain”

Promotion of investment in innovative bioenergy technologies
and practices related to the use of agricultural residues and
waste by facilitating and developing sustainable bioenergy

value chains

Pilot project to provide financial
support to start-ups in Ukraine on a

competitive basis Fund

Innovation Development

Financial support for start-ups in Ukraine, including in the field
of information technology

Source: developed by the authors based on data from the Ministry of Economy of Ukraine (2023)

Considering the realities of the national economy,
it is necessary to consider the complementary nature
of the interconnection of constraints to the develop-
ment of a sustainable bioeconomy, as their chain reac-
tion significantly hinders the effective establishment of
circular production processes at the enterprise and the
functioning of the entire bioeconomic sector. Overcom-
ing the barriers to the development of bioeconomic ac-
tivities requires consolidation of joint efforts of public
authorities, economic entities, and the scientific com-
munity, as the ability to interact effectively will mini-
mise the impact of destructive factors.

The production process of business entities may
be disrupted by limited access to bioresources, name-
ly, the low level of organisation of bioresource supply
and problems with its procurement, which encourages

Scientific Horizons, 2024, Vol. 27, No. 3

producers to reorient and diversify their enterprises to
achieve a closed cycle of their own production. This can
be a challenging task for small producers, as it requires
considerable capital investment. The resource depend-
ence of suppliers and consumers of biomass can be re-
duced through the development of local competitive
biomass markets and the launch of biomass auctioning
in Ukraine.

The key barriers to the development of the circular
bioeconomy at the national level are insufficient state
support for business entities in the form of a taxation
system and economic incentives for the development
of the bioeconomic sector. The solution to this problem
is to introduce additional economic methods of direct
regulation, including additional targeted funding, tar-
geted subsidies, setting state standards, regulatory




requirements for quality and certification of products,
which will create additional material incentives for the
development of a sustainable bioeconomy. Indirect reg-
ulation methods include preferential taxation of bio-
products producers or differentiation of their taxes, pro-
vision of long-term and medium-term loan privileges,
etc. All this will help create a favourable economic envi-
ronment for the development of the bioeconomic sector.

The implementation of the bioeconomy goals is
associated with the development of appropriate legis-
lative and institutional frameworks that ensure sustain-
able growth and address a range of social, industrial,
environmental, and demographic issues. The lack of
regulatory framework for the bioeconomic system is a
major obstacle that requires the transformation of ex-
isting environmental, civil, and administrative legisla-
tion in the field of waste management. Therewith, the
system of extended liability of commodity producers
and their capacity to reuse residues of economic ac-
tivity is not sufficiently established, which substantially
hinders the development of bioeconomic activity. The
imperfect regulation of waste flow accounting and data
analysis on the management of residues from econom-
ic activities underlies international disagreements in
the formation of bioeconomic policy, which requires
joint efforts and the search for ways to reach political
consensus in this area.

CONCLUSIONS

Thus, the growing global environmental challenges ne-
cessitate the transformation of conventional business
models with the reorientation of production to alterna-
tive energy sources that are low-carbon and low-cost.
Therewith, considering the significant amount of or-
ganic industrial and household waste accumulated, the
key to overcoming these problems is to operate on a bi-
ological basis, which minimises the destructive impact
on the environment on the way towards sustainable

Yaremova et al.

growth. In Ukraine, the geographical location, favoura-
ble natural and climatic conditions for agriculture, the
availability of fertile agricultural land, and a significant
amount of forest and water bioresources contribute to
the prospective development of a sustainable bioec-
onomy. The main industries in Ukraine where modern
biotechnological production methods are actively used
include agriculture, food, woodworking, textile, chemi-
cal industries, and the energy sector.

A detailed review of the current state of develop-
ment of the sustainable bioeconomy in Ukraine is pro-
posed to be carried out using the SWOT analysis ma-
trix, which helped to identify promising opportunities
for the development of the bioindustry, considering
strengths and weaknesses, as well as key threats, to find
ways to minimise their destructive impact. Therefore, it
is necessary to intensify innovation activities, expand
research and initiate the implementation of eco-pro-
jects through state support, attracting external grant
assistance, and strengthening the role of state institu-
tions and local governments in implementing national
and regional plans for the development of a sustaina-
ble bioeconomy. At the same time, the introduction of
waste-free technologies into practice is hampered by
a lack of awareness of the possibilities of producing
innovative bioproducts, as well as the benefits of pro-
cessing or reuse, which requires increased promotion
of the idea of closed-loop bioeconomy among business
entities, as well as raising consumer awareness of the
importance of implementing sustainable consumption
principles and enhancing environmental awareness
through intensified educational activities.
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AHoTauis. HapolweHHs rnobanbHUX ekonoriyHnx npobnem 3MyLLye MOACTBO 3aMUCIMTUCS Hah TpaHcpopMmauiero
6a30BMX 3acaf BedeHHS roCnoAapCbKoi AiIbHOCTI, OCKiNbKM TPAAULiAHUIA €KOHOMIYHWMIA NOopsaaoK NPU3BOAMTD
[0 36inbweHHs obcary BUKMAIB 3aOpyaHIOIOUYMX PEYOBUMH | MAPHMKOBUKX rasiB y aTMochepHe NoBIiTPS, HAAMIPHOIO
BMCHAXXE€HHS OCHOBHMX BWAIB BUKOMHOIO MajanBa, 3Ha4YHOr0 HaKoMMYeHHs NPOMMCIOBUX Ta NobyToBuMX Biaxoais. B
OKpeC/IeHMX YMOBAxX afNbTepHaTMBOK BOAYAETbCS 3aCTOCYBAHHS AXKEPen eHeprii 3 HU3bKMM BMICTOM BYreLo, Lo
[aCTb MOX/IMBICTb MiHiMi3yBaTW OeCTPyKTUBHI BNAMBK Ha AOBKiNNS. ToMy MeTO foCNigKeHHS 6yno obrpyHTyBaHHS
TEOPEeTUKO-METOA0/IONYHMX 3aCal BeLeHHS Gi0EKOHOMIYHOI [iSNbHOCTI Ta MPAKTUYHMX pEeKOMeHZALiW LWoao
po3BUTKY CTanoi 6ioekoHoMikM B YkpaiHi. [lng peanisauii noctaBneHoi MeTW 3aCTOCOBAHO 3araflbHOHAYKOBI Ta
cnewianbHi METOAM TEOPETUKO-EMMIPUYHOIO PiBHS AOCNIAXKEHHS, 30KpEMa Ha TEOPETUYHOMY PiBHI BUKOPUCTOBYHOTHCS
MeTOAM TEOPETUYHOrO Y3arasibHeHHsl, abCTPAKTHO-MOriYHI, FiMNOTETUYHI, ICTOPUYHI, METOAM CXOMXKEHHS BiA
abCTPaKTHOro A0 KOHKPETHOro Towo. EMNipuyHMin piBeHb OXOMNOE NOPIBHANBbHUI, ONMUCOBUI, METOLA CTPATEriYHOro
aHanizy SWOT, cknagaHHs rpadikie Ta Tabnuub. 33 LONOMOrol0 OKPEeCNeHWX METOAIB Yy Mpoueci A0CHiAKEeHHS
iCTOPUYHOI PeTPOCNEKTUBM 34iMCHEHO MOHITOPUHI 06CAry BUKMAIB NAaPHUMKOBMX ra3iB Ta 3aOPyAHIOYMX PEYOBUH
y atmocdepHe noBiTPS Yepes 3HauyHe BMKOPUCTAHHA BUKOMHWX BWUAIB ManuBa, WO MNPOBOKYE HAPOLLYBAHHS
rnobanbHMX eKoNOoriYHMX NMpobneM y cycninbCTei. Y 3a3HaYeHUX yMoBax HabyBae monynspu3alii rocnogapcbka
LiSNbHICTb HA CTanMx 3acafjax, gka LO3BONSE BUPOONATM BiLHOBMIOBANIbHY EHEPril0 3 MOHOB/IOBANBHUX PECYPCiB,
3a/IMLLKIB CiNbCbKOTO, 1iCOBOr0 Ta pUOHOIO rocnofapCTBa, @ TAKOX OpraHiuHMX NPOMUCIOBMX Ta NOOYTOBMX BiAXOAIB.
Y pocnigxXeHHi okpecneHo 3apybixXHWIA OOCBIA Ta YKPATHCbKI iHILiaTMBKM MpoCyBaHHsA 6i0EKOHOMIYHOI AiSNbHOCTI
3 ypaxyBaHHAM MPUPOAO-PECYPCHONO Ta IHTENEKTYaNbHOrO NoTeHLiany KpaiHW, a Takox GiHaHCOBOI HaLliOHANbHOT
niaTpUMKK BioiHaycTpii. bepyun [0 yBaru pesynsbtaTv 4oCNiAXeHHS, 3a sonoMoroto SWOT-aHani3sy, cucteMaTM30BaHo
CUIIbHI Ta cnabki CTOpOHM cTanoi 6ioeKOHOMIKK, MepenbadeHo KIYOoBi 3arpo3u ii GopMyBaHHS B yMOBax YKpaiHu
Ta BU3HAYEHO KOHCTPYKTUBHI MOXAMBOCTI AN151 ii po3BUTKY. [TpakTMUYHA LiHHICTb SOCAIAKEHHS NONArAaE YHAYKOBOMY
0OrpyHTYBaHHI MPOMO3MLIMA WOAO NEpPCNeKTUBHUX CTPaTeriYHMX OpPIEHTUPIB PO3BWUTKY CTanoi H6ioeKOHOMikM 3
NOCUNEHHSM il MOXIUBOCTEN Ta MOLUYKY LWAAXIB MiHiMi3aLii 4eCTPYKTUBHOIO BMNMBY K/IHOYOBMX 3arpos
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the application of economic and statistical (time series, index, and factor analysis) and dialectical (induction and
deduction, analysis, and synthesis) methods of scientific cognition. It was found that the universal features of wars
include the ability to influence the global economy, create new geopolitical and economic uncertainty, rapidly
increase prices for critical resources (energy), and ensure destabilisation of global value chains. As a result, the
disruption of sustainable trade flows caused by military conflicts is an important source of changes in the global
economy and the situation of individual countries and regions. It was proved that military operations on the
territory of Ukraine led to restrictions in agriculture and forced adaptation of agribusiness to the factors of critical
vulnerability. There are trends towards a reduction in production and the breakdown of conventional supply chains
for agri-food products due to the destruction of the logistics infrastructure, which, together with a reduction in
exports of agricultural products and fertilisers from Russia, has led to a rise in world food prices. As a result, the
“price” of the Russian-Ukrainian war for the global economy is being formed, with growing hunger and poverty,
as well as the environmental footprint of military operations. The practical significance of the findings of this
study lies in the possibility of their application in strategic planning and substantiation of the areas of post-war
reconstruction of the national economy in general and its agricultural sector specifically, as well as the restoration

and strengthening of Ukraine’s role in global food chains and combating hunger

Keywords: globalisation; international trade; world food market; food market conditions; food security

INTRODUCTION

Globalisation processes, which have been developing
rapidly for several decades, despite their many benefits,
pose existential risks to the global community. One of
these risks is the growing interdependence of countries
and the spread of negative trends and phenomena be-
yond national borders, becoming global. Military con-
flicts are becoming critical in the context of escalating
international tensions in some regions of the world.
Russia’s armed aggression against Ukraine has become
an indicator of the impact of local events on the sta-
bility of the global economic system. Uncertainty, as a
primary consequence of the military conflict, provoked
a rapid reaction of the global economic community in
the context of globalisation, which was indicated by
amplified fluctuations in the commodity and financial
asset markets. The most vulnerable markets turned out
to be energy and food.

The destruction of global food value chains, cou-
pled with rising energy prices, has led to a crisis in the
global agricultural market. The crisis was marked by a
sharp rise in food prices and demand, temporary short-
ages of certain goods, intensified speculation, and the
reformatting of agricultural value chains by actors and
geographic location. The impact of the Russian-Ukrain-
ian war on the global food trade is not only economic,
but also socio-humanitarian in nature, with a critical
consequence being the exacerbation of poverty, hunger,
and global food security.

Despite the economic and social consequences
caused by Russia’s military aggression against Ukraine,
the global economic system has been substantially af-
fected by the reactions of both governments around
the world aimed at mitigating real and potential risks
to national economies and food consumers. Irration-
al demand due to inflationary expectations and con-
sumer deficits, as well as an increased burden on the
state budget due to increased spending to support

Ukraine and refugees, have led to an increase in eco-
nomic nationalism to support the population. Policy of
some countries (restrictions on exports of agricultural
products and fertilisers, limitation of food imports) has
somewhat stabilised the situation at the national level,
but has exacerbated the imbalance in global food trade,
the price pressure from which is a critical factor for the
food security of developing countries. Therewith, the
crisis in international food trade is a potential source of
new opportunities for some countries, such as expand-
ing their niche in the global market. Their trade expan-
sion policy allows redressing the imbalance of supply
and demand, but it takes time and mutual agreement
with other influential members of market relations.
Considering the magnitude of the effects of global food
trade volatility, the problem of identifying the factors of
its development and developing mechanisms for mutu-
al coordination of national food trade policies within
a sustainable global food security system is becoming
increasingly relevant.

The development of international trade is influ-
enced by a multitude of interrelated hyper- macro-,
meso-, and micro-level factors, ranging from growing
globalisation, cultural and linguistic differences, tar-
iffs, trade barriers, and agreements to logistics solu-
tions and competitive advantages. This list is subject
to permanent additions and reductions because of
changes in the global commodity markets and struc-
tural transformations in the global economy. Thus,
J. Mehtiyev et al. (2021) develop the idea of causal
links between the dynamics of international trade and
indicators of the “financial health” of the global and
national economies (inflation, devaluation, exchange
rate, price volatility). Among the above factors affect-
ing international trade, war occupies a special place.
The principal idea of research on war and its impact
on international trade from the perspective of the
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historical and evolutionary approach is the assertion
that the widespread use of political power and mili-
tary force leads to the creation of a specific form of the
world trading system, which in a basic sense consists
of two types of actors - industrial countries and ex-
porters of goods (Krpec & Hodulak, 2019).

G. Zachmann et al. (2022) emphasise that modern
wars are distinguished by the fact that they are accom-
panied by profound humanitarian consequences for
the world, as they provoke a rise in prices not only for
energy resources but also for food. D. Kleimann (2022)
noted that fluctuations in global food prices and supply
in times of war are largely conditioned by the decisive
actions of governments trying to protect their popula-
tions. Along with investigating the impact of the war
on the global agricultural market and food security,
T. Sigaeva et al. (2023) addressed the complications of
logistics for international trade. Military operations on
the territory of Ukraine have led to the blocking of sea-
ports, closure of airspace, instability of delivery costs,
and vulnerability of logistics systems in the frontline
regions, which necessitates the development of new
logistics models and strategies. Developing this opin-
ion, Yu. Kushnir et al. (2023) emphasise the micro-level
context of this impact: difficulties with freight transpor-
tation prompted manufacturers and exporters to imme-
diately transform and optimise business processes.

Despite the existence of many multidisciplinary
studies of the system of international trade relations
and its transformations under the influence of armed
conflicts, the hybrid nature of the Russian-Ukrainian
war and the complexity of its consequences for interna-
tional trade in general and agri-food products specifi-
cally keep this issue relevant and motivate further de-
velopments in this area. Considering this, the purpose of
this study was to identify the factors and consequences
of the impact of the Russian-Ukrainian war on world
agricultural trade and food security at the national and
global levels. The working hypothesis of the study was
the assumption that the volatility of global agricultural
trade indicators is the result of the complex impact of
changes in the markets for food, fertilisers, and energy
resources as a result of the Russian-Ukrainian war, spe-
cifically, the destruction of Ukraine’s agricultural, export
and logistics potential caused by it, and the sanctions
pressure on the Russian Federation and Belarus.

MATERIALS AND METHODS

The research methodology was formed according to
the objectives and research hypothesis. The following
methods were employed in this study: time series (to
determine trends in the value of commodity exports
from Ukraine in general and agricultural products spe-
cifically; to investigate fluctuations in the aggregate
price index for food and certain types of agricultural
products); index method (to compare changes in the
value of agricultural exports from Ukraine and world
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exports in general); induction and deduction (to deter-
mine indicators of the elasticity of the world agricultural
market to fluctuations in export supplies from Ukraine);
analysis and synthesis, factor analysis (to identify the
factors of volatility of world prices for agricultural prod-
ucts (specifically, grain); graphical and tabular methods
(for visual presentation and systematisation of statis-
tical and analytical data, research results). To establish
the causal relationship between the processes in the
chain “military actions in Ukraine - world food trade -
global food security”, the study used indicators that are
tested by international organisations to monitor the
world food market and food security at the national and
global levels:

1) food price index — World Bank (2023) and Food
Agriculture Organisation (2023) databases;

2) Global Hunger Index - Global Hunger Index
(2023) database;

3) Global Food Security Index (Economist impact,
2022).

The reliability of scientific results is ensured by a
step-by-step analysis of: 1) transformations of the pro-
duction and export potential of the agricultural sec-
tor of Ukraine under the influence of military actions;
2) cause-and-effect relationships between the factors
of influence and indicators of the development of
world food trade with further identification of the key
trends; 3) challenges to global food security under the
influence of volatility in the world food trade. Consist-
ent application of the methodological tools helped to
fulfil the objectives of the study, namely: to assess the
economic losses of the agricultural sector of Ukraine’s
economy and their impact on export potential; to iden-
tify manifestations, trends, and principal factors of vol-
atility in world trade in agri-food products; to investi-
gate the level of global food security as a critical result
of the impact of the Russian-Ukrainian war on world
food trade.

The information basis for the theoretical part of
the study included the findings of Ukrainian and for-
eign economists, expert opinions of the World trade
organisation (2024), International Food Policy Research
Institute (2023), International monetary fund (2022;
2023), World economic forum (2022), Organisation for
economic cooperation and development (Trade and en-
vironment working papers, 2017). The empirical study
was based on the processing of analytical information
from the State Statistics Service of Ukraine (2023) and
expert studies of the Kyiv School of Economics (2023)
(data on the destruction of agricultural infrastructure,
losses of production and export potential of Ukraine),
and other information resources from international da-
tabases Food Agriculture Organisation (2023), World
Bank (2023), Trade map (2023), ResourceTrade.Earth
(2023), Economist Intelligence Unit (2024) (data on the
global agricultural market conditions, food security at
the national and global levels).




RESULTS AND DISCUSSION

For a long time, Ukraine has been actively compet-
ing with the United States, Canada, and the EU in the
global agricultural market. The annual growth of the
agricultural sector was over 5%, while the share of ag-
ricultural production in GDP was over 10% and 16% to-
gether with processing (Cabinet of Ministers of Ukraine,
2022); the agricultural sector employed over 14% of
the population. However, the full-scale armed aggres-
sion of the Russian Federation has caused significant
civilian casualties, critical destruction, and damage to
production facilities and infrastructure, and has also
caused enormous economic and natural losses to the
agricultural sector: risks of sowing and harvesting due
to mined fields and shelling, logistical problems, labour
shortages, etc.

According to the Kyiv School of Economics (2023), as
of the beginning of the second quarter of 2023, direct
losses to agriculture as a result of the war amounted to
USD 8.7 billion.Agribusinesses suffered the largest losses
due to the destruction of agricultural machinery, the de-
struction of grain storage facilities, theft, export outside
Ukraine, or destruction of finished products. In total, as a
result of Russia’s armed aggression, over 110,000 units of
agricultural machinery were destroyed, including the loss
of major tillage equipment (tractors, seeders, harrows)
worth more than USD 4.5 billion. Perennial plantations
(fruit and berry crops — worth a total of USD 490 million),
inputs and farm animals were also considerably dam-
aged, and a significant loss of life was recorded.

Assessing the losses incurred by the agricultural
sector in the field of animal husbandry (cattle, poultry,
pig,aquaculture and fisheries, beekeeping, etc.), experts
have found that the amount of such losses from the re-
duction in the number of cattle and pigs, bee colonies,
etc., reaches USD 280 million. In the Kharkiv region,
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the cowsheds of the Agromol farm and the production
facilities of the leading dairy producer Kharkiv Dairy
Plant LLC were destroyed. Over 4 million chickens died
at Europe’s largest poultry farm in Chornobaivka, Kher-
son region (LATIFUNDIST, 2023a). In part of the tem-
porarily occupied Zaporizhzhia region, the premises of
a dairy farm and 4 buildings of the pig farm of PJSC
Stepnoy Breeding Farm were destroyed, killing more
than 6,000 pigs and about 1,000 heifers. Overall, during
the war in Ukraine, the number of cattle decreased by
15.6%, or 2.4 million, including cows by 15%, or 1.3 mil-
lion (LATIFUNDIST, 2023b).

The agricultural business suffered significant loss-
es due to damage, theft, or destruction of goods and
means of production. It is difficult to estimate the to-
tal number and amount of losses in this category, but
the approximate amounts of losses have been estab-
lished: fertilisers (over USD 68 million), fuel and plant
protection products (about USD 28 million), and grain
and sunflower seeds (about USD 2 billion) (Kyiv School
of Economics, 2023). Most fertilisers for grain crops
were used before the war, with high application rates
to guarantee yields. However, in 2023, due to the high
cost of imported logistics, the fertiliser application rate
dropped substantially (15-20%).

The occupation of the southern regions of Ukraine
and the mining of agricultural land also caused signifi-
cant damage to agribusiness (Fig. 1). The area of mined
agricultural land is about 471 thsd ha, which, apart
from demining, also requires additional cultivation in
the form of reclamation and levelling of the surface. To
saturate the internal market with agricultural products
and adjust prices, agricultural land for growing vegeta-
bles is being demined first, followed by grain and leg-
umes, and land for other agricultural needs.

1,969.5
2,418.6
2,008.5
1,664.2
1,500 2,000 2,500 3,000
thsd ha

W Mined, thousand ha

Figure 1. Areas of agricultural land mined as a result of the war, 2023
Source: calculated by the authors of this study according to data from the State Statistics Service of Ukraine (2023)
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Apart from direct costs, Ukraine also suffered con-
siderable indirect losses (over USD 30 billion) as a re-
sult of the war (Kyiv School of Economics, 2023), which
include lower internal prices for export-oriented crops
and disruption of export logistics corridors; losses due
to reduced crop production; losses from reduced winter
crop production; losses from higher prices for inputs
and labour; losses from reduced livestock production.

The largest indirect losses — USD 14.3 billion — were
recorded in the crop sector, with substantial damage
caused by the inability to fully conduct the sowing sea-
son in the southern and eastern regions of Ukraine. Thus,
the highest level of losses is accounted for by wheat
(USD 2.9 billion), sunflower (USD 2.5 billion), and maize
(USD 1.7 billion) (Kyiv School of Economics, 2023). As of
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the beginning of the second quarter of 2023, the live-
stock sector recorded losses of USD 1.7 billion due to a
decrease in livestock, with production of milk and eggs,
beeswax and honey, cattle and pig meat falling. There-
with, despite rising feed costs (produced in-house) and
the rise in the price of premixes and other components
of animal feed rations, producers benefited from low
prices for their own grain products, which made livestock
production profitable. The warehouse infrastructure has
also suffered considerable losses, with facilities total-
ling 8 million tonnes of simultaneous storage capacity
destroyed or damaged as a result of hostilities. Elevator
complexes in 3 southern regions were the most affected
(Elevatorist, 2023) (Fig. 2), with losses estimated at over
USD 1.3 billion (Kyiv School of Economics, 2023).

General losses
of capacities

65

40 50 60 70

M of them broken or destroyed

Figure 2. Number of lost warehouse infrastructure (granaries) as a result of the war, 2023
Source: calculated by the authors of this study according to data from the State Statistics Service of Ukraine (2023)

The following agricultural companies lost the most
grain storage facilities as a result of the Russian mili-
tary aggression and temporary occupation: OptimusA-
gro Trade (lost 50% of capacities, 16 out of 27 eleva-
tors are in operation), TESSLAGROUP(7 elevators are
under occupation, 2 are de-occupied, of which 1 was
destroyed by shelling), Bunge Ukraine (over 30% of ca-
pacities have been lost, 3 elevators are currently oper-
ating), NIBULON LLC (25% of capacities have been lost),
State Food and Grain Corporation of Ukraine (control
over 9 elevators has been lost) (Elevatorist, 2023).

Considering the overall losses in agriculture, eco-
nomic and trade decline during the full-scale military
invasion of Russia, Ukraine did not lose its foreign trade
potential, and increased its export and import perfor-
mance. This result was mainly achieved due to temporary
trade liberalisation and a forced change in the institu-
tional ‘rules of the game” in the market. To support agri-
cultural producers as much as possible, the government
temporarily suspended a range of import duties in the
first months of the war, imposed restrictions on critical
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imports, simplified registration procedures for the im-
port of agricultural machinery, and expanded credit sup-
port and grant programmes for agricultural producers.
The export capacity of the state and international busi-
ness activity of Ukrainian exporters were considerably
strengthened by the EU’s launch of logistics “solidarity
routes”, the development of customs infrastructure, and
temporary measures to eliminate anti-dumping duties
and tariff quotas for Ukrainian products and goods.
Over the past decade, Ukraine’s economy has sta-
bilised its growth rate as a result of systemic reforms
and optimisation of its sectoral structure, as well as
steadfast adherence to the course of integration into
the European economic space. As a result of consolidat-
ed efforts by the state to promote economic interests
in the international community and by private business
to produce high-quality products, Ukraine has gradu-
ally increased its export potential, strengthening its
position in the global market for goods and services.
Agricultural products became the country’s defining ex-
port item with a share of around 40%. Steady demand



https://latifundist.com/kompanii/2205-tesslagroup

for food products ensured that the agricultural sector
was able to maintain exports even during the crisis
(in 2021, the value of exports exceeded the pre-crisis
level after the COVID-19 pandemic by more than 25%).
The Russian-Ukrainian war became a critical factor in
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preserving the country’s agricultural export potential.
The destruction of production facilities and the disrup-
tion of logistics routes for the sale of products and the
supply of fertilisers and seeds led to a sharp decline in
exports (Fig. 3).

2017

2018 2019 2020 2021 2022

Export of agrifood products

Figure 3. Dynamics of the value of Ukraine’s exports, USD million
Source: calculated by the authors of this study according to data from the State Statistics Service of Ukraine (2023)

In 2022, the value of merchandise exports in gen-
eral and agricultural products specifically decreased by
35.2% and 15.6%, respectively. The key factor behind
this trend was the closure of the principal sales chan-
nel through the Black Sea ports. At the same time, al-
ternative routes through the land corridors of Poland,
Romania, Slovakia, and Hungary were not institutional-
ly agreed upon and insufficiently tested for large-scale
exports.

The Russian-Ukrainian war has transcended na-
tional boundaries and become a critical factor for the
global commodity market, specifically its agricultural
and energy segments. The indicators of food market

development turned out to be the most elastic, as both
countries of the military conflict are significant food
exporters (in 2020, Ukraine’s share of the world mar-
ket for maize was 13.1%, barley - 11.8%, wheat - 8.3%,
and vegetable fats — 6.6%) (World Bank, 2022). The rise
in food prices was a complementary result of national
trends of declining production and the destruction of
logistics infrastructure and chains in Ukraine, as well
as a reduction in exports of agricultural products and
fertilisers from Russia. Therewith, the volatility of world
prices, rather than capacity, became a manifestation of
the elasticity of the world food market to changes in
export flows from Ukraine (Table 1).
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Table 1. Agricultural export value index, 2022

Export value index, 2022 to 2021

Product type .
Ukraine World as a whole
Wheat 0.53 1.17
Barley 0.35 0.91
Maize 1.02 1.21
Sunflower oil 0.86 1.22

Source: developed by the authors of this study based on data from Trade Map (2023)

Specifically, the deficit in the wheat market was
offset by the release and sale of stocks from India
and China. In response to the threat to food security,
Argentina, Brazil, and the United States have consid-
erably increased their maize plantings. The problem
of shortages of certain types of products was solved
by countries with a prominent level of development
by finding alternative sources of supply. At the same

time, underdeveloped countries were more vulnerable
due to the lack of their own reserves and alternative
regional suppliers. The problem was most acute in the
countries that were the primary importers of Ukrainian
grain - Lebanon, Moldova, Qatar, Pakistan, Egypt, and
Turkey. The principal indicator of the elasticity of the
global agricultural market to fluctuations in exports
from Ukraine was the price. The largest increase in
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food prices was recorded from February to June 2022,
when it reached its maximum of 59% (Fig. 4). This was
conditioned by the highest level of uncertainty about

the duration and consequences of the Russian-Ukrain-
ian war. A considerable number of contracts expired or
were suspended due to force majeure.
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Figure 4. World Bank Commodity Price Index
Source: developed by the authors of this study based on World Bank data (2023)

According to analysts, this was the biggest jump in
agricultural prices since 1974 and 2008. The high am-
plitude of price growth is conditioned by the volatility
of the global agricultural market, which has not yet re-
covered from the 2019 crisis caused by the COVID-19
pandemic. For comparison, at the end of 2020, the ag-
gregate food price index reached 107.3; in 2021, the in-
dex ranged within 115-127; in 2022, it was within 133-
159 (World Bank, 2022). Prices rose for all commodities,
with Ukraine and the Russian Federation playing a
significant role in supplying them. However, prices for
vegetable fats stabilised at a faster pace than grain.
Specifically, in March 2022, the fat price index reached
172.8,with a downward trend since July 2022, when the
index stopped at 111.3. At the same time, the aggregate
grain price index did not fall below 133 in 2022-2023,
reaching a peak of 169 in May 2022.

These trends are driven by the fact that the deficit in
the global sunflower oil market was quickly compensated
by other types of vegetable fats, such as palm, soybean,
and other oils. At the same time, the high and steady de-
mand for grain on the world market cannot be quickly
met by other substitute commodities. The high volatility
of global grain prices is the result of a range of factors:

1. Fertiliser shortages and rising prices. the Rus-
sian Federation and Belarus accounted for about 30%
of global fertiliser exports. Although Russia’s fertiliser
exports are not subject to Western sanctions, supplies
have been reduced due to disruptions in logistics, in-
surance, and banking. Carriers, insurers, and financial
institutions have raised prices for their services due
to reputational risks. Another factor was China’s impo-
sition of restrictions on fertiliser exports to stabilise
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prices in the internal market. Taken together, this led to
sharp price fluctuations for minerals. The rise in miner-
al fertiliser prices started in mid-2021, peaking in April
2022 (the global price index was 293.7). Between Octo-
ber 2021 and November 2022, the price index did not
fall below 200 (World Bank, 2022).

2.Decreased grain yields due to reduced use of fer-
tilisers by farmers in the EU and deteriorating weather
conditions in Argentina, Brazil, and the US.

3. Increased energy prices, which led to higher fer-
tiliser production costs, and higher prices for all parts
of the food value chain, including storage, processing,
delivery, and sales.

4. Sharp increase in the number of forward and
futures transactions in agricultural markets, which are
inherently speculative. This was the result of prolonged
and acute uncertainty about the outcome and duration
of the Russian-Ukrainian war and stimulated a rise in
agricultural commodity prices. In February 2022, grain
futures prices on the Chicago Mercantile Exchange rose
by 50%. The share of non-commercial traders (specula-
tors) holding long positions in durum wheat and maize
increased to 50% in early 2022 (United Nations con-
ference on trade and development, 2022). In general,
futures and forward contracts are classic exchange
instruments that have a positive impact on commod-
ity liquidity. However, excessive use of long-term in-
struments leads to distortions in the price situation. To
minimise this effect, some countries, including the EU,
introduced controls on financial speculation in com-
modity futures contracts after the 2008 financial crisis.
However, such state regulation measures have not been
practised since then.




To compensate for the food shortage and avoid
sharp price fluctuations, in 2022, some EU countries
began to impose restrictions on exports and imports
of agricultural products and increase regional imports,
which had a short-term effect on the national market
but increased the impact on global price fluctuations.
In these conditions, an effective method of diversify-
ing price risks is for countries to build up stocks of
agricultural raw materials and increase plantings of
a wide range of crops, which will ensure long-term
market stability.

Russia’s aggressive intervention and armed ac-
tions on the territory of Ukraine, following the logic of
the war’s destructive impact, were not limited to the
national economy, but also caused a shock to global
food markets and updated the world’s food price indi-
ces (Food Agriculture Organisation, 2023). The situation
with food security in the world has also deteriorated
considerably: according to international organisations,
the number of people suffering from hunger during the
war has increased to 349 million people (compared to
~200 million people recorded during the COVID-19
pandemic) (International Monetary Fund, 2023). The
reason for this is not only the reduction in food exports
from Ukraine, but also the entire range of factors that
logically follow from the growing role of the Black Sea
region in ensuring global food security,on the one hand,
and changes in market rules under sanctions pressure,
on the other hand (Glauber & Debucquet, 2023). This
includes restrictions on the supply of not only Russian
agri-food products, but also energy, fertilisers from Be-
larus, etc., which has a complex impact on food produc-
tion and availability.
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Even though Ukraine was among the leaders in the
global grain market in the pre-war period (USD 10.9 bil-
lion with a 7.2% increase in the value of this export item
in 2015-2020) and oilseeds (USD 9.3 billion in 2020,
which is 9.1% more than in 2015 (ResourceTrade.Earth,
2023), the reduction in its export opportunities has af-
fected the availability of a wider range of food prod-
ucts. It is noted that the cost of a food basket in East
Africa increased by 55% in the first year of the war in
Ukraine (World food programme, 2022a). The impact of
the Russian-Ukrainian war has been most pronounced
in food-insecure countries:

- against the backdrop of a general decline in the
Global Hunger Index (GHI) (from 28.0 in 2000 to 18.2
in 2022), countries with moderate, severe, or alarming
levels of hunger have higher GHI scores in 2022 than
in 2014;

- 44 countries are once again in the group of coun-
tries with alarming levels of hunger;

- 46 countries will not be able to achieve low lev-
els of hunger by 2030 (Global Hunger Index, 2023).

In general, Jordan, Israel, Lebanon, and Yemen are
the most vulnerable to the effects of the war on their
food security, having imported a key share of agri-food
products from Ukraine (4.6%, 3.7%, 15.0%,and 5.2%, re-
spectively) and Russia (5.3%, 1.5%, 5.2%, and 5.8%, re-
spectively) in the pre-war period, including cereals from
the two countries in total - 26.0%,12.0%,47%,and 24%
each (ResourceTrade.Earth, 2023). In terms of changes
in global food security indicators, the Russian-Ukraini-
an hybrid war has had a greater impact on local food
availability than on the overall picture of food security
in the world as a whole (Fig. 5).

\
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2020 2021 2022

Figure 5. Trends in food security: global and national profiles
Source: developed by the authors of this study based on Economist Impact data (2022)

For Ukraine, in 2022, food security indicators plum-
meted to their lowest level since 2020, with the food
security index falling to 58.4, which is only % of the
European average (74.8) (Economist impact, 2022).
Despite the existing endogenous potential to produce
enough food to meet the needs of 400 million people,

about 45% of the population of Ukraine, according to
the United Nations World Food Programme, is con-
cerned about the problem of sufficient food, and every
fifth resident is forced to reduce the frequency of meals
or portion size, and to give up meat consumption in
favour of children (World food programme, 2022c).
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In the current context of geopolitical and security
transformations in the architecture of the global econ-
omy, conflicts have been identified as a key driver of
food insecurity due to their comprehensive impact on
the food supply system — from agricultural production
and processing, transportation, and supply of inputs,
to marketing and consumption, financing, and supply
chain infrastructure (Economist impact, 2022). At the
same time, M. Chepeliev et al. (2023) shows the differ-
ential impact of war on different countries of the world.
Thus, high-income countries (as a group) are much less
negatively affected than most low- and middle-income
countries. While direct shocks to agriculture have a
negative impact on high-income economies, rising en-
ergy prices benefit energy-exporting countries in this
group (the United States, Qatar, Saudi Arabia, Norway,
Australia, Canada, Kuwait, and the United Arab Emir-
ates), leading to an increase in purchasing power and
calorie consumption by consumers.

The study of the impact of the war in Ukraine also
shows changes in the positions of players in global
markets. S. Jagtap et al. (2022) note that the interna-
tional market demonstrates the significance of goods
exported from Ukraine - wheat, maize, sunflower seeds,
and oil. With the supply of these products shrinking and
demand for them constantly rising, buyers in European
countries are looking for alternative suppliers, which
opens new opportunities for such important global pro-
ducers of these products as Argentina, Australia, Brazil,
Canada, China, India, Mexico, and the United States.

The war in Ukraine has triggered a so-called “three-di-
mensional” crisis - food, energy, and financial - that has a
devastating impact on the most vulnerable people, econ-
omies, and countries (World Food Programme, 2022b).
Exacerbated by the adverse effects of the COVID-19 pan-
demic, it has led to the largest increase in the number of
people suffering from poverty and hunger since the Sec-
ond World War (1.7 million people). Considering the high
concentration of the global grain market, where Ukraine
and Russia’s share of wheat and barley exports together
accounted for more than 30%, 36 countries — the most
import-dependent and food-vulnerable ones - experi-
enced problems with grain supplies. The overall impact
of the Russian-Ukrainian war, including the destruction
of the food supply system, has resulted in hunger and
malnutrition for 222 million people in 53 countries
(Lin et al., 2023). In contrast, EU countries with a high
level of food self-sufficiency and, at the same time, de-
pendence on imports of specific goods (e.g., sunflower
oil, seafood, etc.) face the problem of their prompt sub-
stitution. Furthermore, as the war continues, the depend-
ence of EU agri-food production on imports of key inputs
such as energy, feed, and animal nutrition supplements,
and fertilisers has become more pronounced (European
Parliamentary Research Service, 2022).

The crisis of globalisation and the emergence of
its post-industrial paradigm, combined with social
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centrism, have affected the understanding of the factors
influencing international trade. These ideas have been
echoed in studies that distinguish among other factors
a category related to human well-being (Guo, 2023).
In this context, the relationship between international
trade and climate change has also been rethought - the
traditional notion that the scale of international trade
operations leads to an increase in the ecological foot-
print and an aggravation of the climate issue (Trade and
environment working papers, 2017; Yamaguchi, 2021)
has been replaced by arguments in favour of the oppo-
site. Specifically, the impact of climate change on trade
is substantiated both in a negative sense - through the
destruction of infrastructure (due to extreme weather
events such as tornadoes, tropical cyclones, convective
storms, floods, etc, forest fires, etc.) and reduced fac-
tor productivity (due to impacts on labour productivity
and biological effects such as insect infestations or the
spread of viruses), and in a positive sense - through
the opening of new supply chains (global warming may
facilitate the opening of new routes for maritime trans-
port) (Martinez-Martinez et al., 2023).

Recent research contributes to expanding the scope
of factors influencing international trade, strengthen-
ing the geopolitical (specifically, the growing control of
global supply chains by Asian countries) (Elion, 2022)
and technological aspects of the impact on interna-
tional trade (the continued growth of logistics costs).
They also focus on global challenges (such as the
pandemic, the war in Eastern Europe, etc.). Research is
being actively conducted to investigate the interests
and capabilities of international trade stakeholders as
a separate driving force for its development. Specifi-
cally, some researchers argue that trade communities
strengthen their power in international trade by stabi-
lising resource flows (Huang et al., 2017) and improv-
ing their international position through cooperation
with other countries (Dong et al., 2018). Despite the
differences between individual wars in terms of their
duration, scale, causes of outbreak, and methods of set-
tlement, they all have a common feature - the ability
to influence the global economy, creating new geopo-
litical and economic uncertainty, skyrocketing energy
prices, and disrupting global value chains. Under these
conditions, disruption of sustainable trade flows caused
by military conflicts is an important source of changes
in the global economy and the situation of individual
countries and entire regions. These violations are un-
derstood as a side effect of achieving concrete political
and military goals that are achieved militarily (Krpec &
Hodulak, 2019).

Price shocks and supply fluctuations in the global
food trade are exacerbated by active measures taken
by governments (from guaranteed price ceilings for
consumers to export restrictions) to protect their pop-
ulations. Despite the emotional component and varia-
bility of such policies, their effect is the same - while




protecting the interests of the population of some
countries, they have a detrimental impact on all others,
exacerbating agricultural trade deficits, and creating
pressure for higher prices (Kleimann, 2022).

Considering Russia’s unprecedented armed aggres-
sion against Ukraine, it has become an object of study
for many researchers and is in the focus of attention
of many international organisations and institutions.
Thus, the World Bank has identified five of the most
vulnerable areas of international trade and investment
attraction for which the war in Ukraine has caused
radical changes: the commodity market, logistics net-
works, supply chains, foreign direct investment, and
other specific sectors (Ruta, 2023). The World Trade Or-
ganisation (WTO) notes that the conflict in Ukraine will
affect global trade in commercial services, especially
those related to the transport sector, such as container
shipping and passenger air travel. Experts of the World
Economic Forum primarily note that the war in Ukraine
is causing food and fuel crises (World economic forum,
2022). In this context, some researchers note that the
war and, as a result, the surge in prices for basic goods
will make it difficult for policymakers in some countries
to strike a delicate balance between curbing inflation
and supporting the economy and its recovery from the
pandemic (International Monetary Fund, 2022). In this
regard, armed conflict, together with climate change
and poverty, are factors that combine to create endemic
and pervasive risks to global food security, a new reality
with rising food prices and the expectation of problems
with securing sufficient food.

CONCLUSIONS

The invasion of Russia provoked the largest civilian
casualties in the history of Ukraine’s independence,
temporary occupation of territories and restrictions
on agriculture, destruction of infrastructure, a decline
in GDP and trade turnover (over 30%), which slowed
economic development. The total losses of the agricul-
tural sector of the economy amounted to USD 40 bil-
lion. Ukraine has suffered considerable losses due to
the temporary occupation of territories and hostilities
on agricultural land; over 2,600 agricultural businesses
suffered critical losses during the military invasion of
Russia, with sown areas decreasing by 1.9 million hec-
tares.More than 500 thsd t of grain were exported from
Ukraine to Russia, and over 20% of livestock and poul-
try were lost due to shelling.

Agribusinesses are forced to build an adaptive sys-
tem of functioning that will help to mitigate the de-
terminants of the critical level of vulnerability. These
include the need to demine agricultural land; restore
the destroyed warehouse infrastructure; establish im-
port logistics for seeds, feed, and fertilisers, and vet-
erinary products; increase agricultural export potential
and provide food to the population of frontline ar-
eas and combat zones. The revitalisation of Ukraine’s
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agricultural sector in the post-war period should be
aimed at implementing a highly efficient export poli-
cy to support the trade balance and contribute to the
country’s macroeconomic stability.

The agricultural market has proven to be more
resilient to fluctuations in external factors than other
sectors of the global market. Its resilience is manifested
in the ability to recover more quickly (in 2022, global
exports of wheat, maize, and sunflower oil increased
by an average of 20% compared to 2021). An indicator
of elasticity is the price, the amplitude of which var-
ies by commodity item and is higher for cereals (the
aggregate price index for cereals in 2022-2023 did
not fall below 133) compared to oilseeds (in 2022, the
price index for vegetable fats was 111.3). Solving the
problem of maintaining equilibrium in the agri-food
market requires consolidation of efforts by the interna-
tional community with the dominance of global social
priorities, as countries’ implementation of protectionist
policies ensures short-term local effects at the national
level but increases the impact on global price volatility.

Building a resilient global food security system in
turbulent times is a key task for ensuring sustainable
development, the anti-trends of which are growing
hunger and poverty and the environmental footprint
of military operations. The global hunger rate in 2023
did not change significantly (the index value was 18.1),
but the proportion of undernourished people actually
increased from 7.5% in 2017 to 9.2% in 2022, reaching
approximately 735 million. The duration of Russia’s ag-
gression causes the world’s reactions to its consequenc-
es and ways of resolving it to be chaotic. On the one
hand, they are manifested in uncoordinated attempts to
regulate exports through trade restrictions or specula-
tive measures. On the other hand, countries that have
experienced restrictions in access to food or resources
for agricultural production are trying to mitigate po-
tential risks or attract the world’s attention to resolve
the preconditions of the food crisis. The war’s further
impact on global food security may be exacerbated by
the aggravation of the problem of hunger due to the
reduction in production by the countries involved in the
armed conflict and the effect of sanctions imposed on
Russia, or by a surge in prices on the global food and in-
put markets; and by an international response that may
either exacerbate the crisis (through trade regulation
instruments) or mitigate it (based on the experience of
the previous global crisis).

The unpredictability of the timing and outcome of
the end of the armed conflict in Ukraine makes it im-
portant to continue research in this area. Priority will be
given to developments focused on assessing the loss
of the country’s economic (including export) potential
and arguing for the possibility of restoring it, finding
ways to restore positions in international commodity
markets, and developing multidimensional and multi-
lateral efforts to build a sustainable food system.
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AHoTauif. KoHIOHKTYpa Ta TeHAeHLii pO3BUTKY CBITOBOrO PUHKY arponpoAoBOAbY0i NPOAYKLii € eNacTu4HUMKU Ao
KPU30BMX Ta KOHGMAIKTHUX CUTYaLiM 3@ Yy4aCcTHO OCHOBHMX PUHKOBMX MPaBLiB, LLO CTaBUTb Mifg, 3arpo3y MOX/MBICTb
3abe3neyeHHs NpoA0BObYOI He3mnekn 3aBAsKM HNOKYBAHHI CTaIMX MOX/IMBOCTEN MiXXHAapPOAHOI TOPriBAi BHACNIA0K
pYVMHYBaHHS BMPOOHWMYOro MOTEHLiaNy Ta NaHUOrB CTBOPEHHS BapTOCTi, KaHaNiB MOCTa4aHHS MNpOAYKLii Ao
KpaiH-cnoxwuBa4iB. MeTow CTaTTi ByNno AOCNIIKEHHIO 0COBNMBOCTENM Ta HACNiAKIB BMIMBY POCIMCbKO-YKPAiHCbKOI
30poiiHoro KoH®NiKTy Ha CBiTOBY TOPriBAO arpapHOK NPOAYKLIE Ta NpoAoBofbYy 6e3neky Ha HauioHanbHOMY
1 cBiToBOMY piBHAX. OTPUMaHi HayKOBi BUCHOBKM € pe3ynbTaTOM 3aCTOCYBAaHHS €KOHOMIKO-CTaTUCTUYHOTO (psian
OMHAMIKK, iHOEKCHUI Ta GaKTOPHUI aHani3) Ta AianekTMYyHoro (MpUMoMK iHAYKLIT Ta AeAyKLii, aHanisy Ta CUHTe3y)
METOAIB HAyKOBOro Mi3HaHHS. BctaHOBNEHO, WO YHIBEpPCAaNbHMMM O3HAKAMW BiMH € CMPOMOXHICTb BMAMBATU HA
CBIiTOBY EKOHOMIKY, pOpPMYyBaTU HOBY reonofiTUYHY Ta E€KOHOMIYHY HEBWM3HAYEHICTb, CTPIMKE 3pOCTaHHS LiH Ha
KPUTUYHI pecypcu (eHeproHocii) Ta 3abe3nedyBaTy Aectabinizauito rmobanbHUX NaHUOrB CTBOPEHHS BapTOCTi. SK
HaCNifoK, MOPYLEHHS CTaNMX TOPrOBUX NOTOKIB, 3yMOBJ/IEHE BiMCbKOBMMU KOHMAIKTaMU, € BaXXIMBUM OKEPeoM
3MiH Yy CBITOBI/i €KOHOMILi Ta CTAHOBMLLI OKpeMWMX KpaiH i perioHiB. [loBegeHo, Wo BiMCbKOBI Aii Ha TepuTopii
YkpaiHu npu3Benn 0o obMexeHb Yy BeAEHHI CiflbCbKOro rocnofapCrBa Ta BUMYyLIEHOi aganTauii arpobisHecy fo
(aKTOpiB KPUTUYHOIO PiBHA BPa3nmnBOCTi. DiKCyOTbCS TEHAEHLLT L0 CKOPOUYEHHS BUPOOHULITBA Ta 3/1aM TPAAMLLIAHUX
NAHLIOriB NOCTa4YaHHA arponpoaoBOAbYOT MPOAYKLIT BHACNIAOK PYMHYBAHHS NOMiCTUYHOT iHDPACTPYKTYpH, LLO pa3oM
3i CKOPOYEHHAM eKCMOPTHUX MOCTABOK arponpoaykLii Ta Jo6pMB 3 pocii 06YyMOBWMIO 3pOCTaHHS CBITOBMX LiH Ha
NpoAoBObLCTBO. B pe3ynbtati Lboro hopMyeTbCs «LiHa» POCIMCbKO-YKPAiHCbKOT BiMHWM A9 CBITOBOI €KOHOMIKM,
efeMeHTaMu SIKOi € 3poCTatodi ronog Ta GifHICTb, @ TAKOX E€KONOTiYHMIA CNif BiiCbKOBMX onepaLii. MMpakTuyxe
3HaYEeHHS pe3ynbTaTiB AOCAIAXKEHHS NOASrAE Y MOXMBOCTI X 3aCTOCYBaHHS B MpOLECi CTPATeriyHoro naaHyBaHHS
Ta 06rpYHTYBaHHA HANpPAMIiB NOBOEHHOI BifOYLOBM HaLiOHANbHOI €KOHOMIKM B LiNOMY Ta ii arpapHoOro cekropa
30KpeMa, a TaKoX BIAHOBNEHHS M NOCUNEHHS poni YKpaiHW Yy rnobanbHWX NPOAOBONbYMX NAHLIOrax Ta NpoTuaii
ronogy

KniouoBi cnoBa: rnobanisauis; MixHapogHa TOPriBns; CBiTOBMIA PWHOK MNpPOAOBOMLCTBA; KOHIOHKTYpa PUHKY
NpOAOBONLCTBA; NPOAOBO/bYA Be3neka
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technologies to adapt to climate change. The practical application of this study lies in the possibility of using the
results and recommendations developed on their basis to improve the economic security systems of agricultural

enterprises

Keywords: financial risks; resource optimisation; innovative strategies; market challenges; adaptation to changes

INTRODUCTION

In the modern world, the agricultural sector is a crucial
component of the economic structure. The relevance of
studying the economic security systems of agricultural
enterprises is extremely important in the face of grow-
ing challenges caused by market instability and the im-
pact of external factors. Agrarian enterprises, performing
an economic function, are a key element of the global
economy and are inextricably linked to food security
and rural development. Despite these important roles,
agricultural enterprises face numerous challenges and
economic risks arising from unforeseen circumstances.
Climate change, geopolitical turbulence and rapid tech-
nological change pose serious challenges to their suc-
cessful operation. In Ukraine, the main challenge facing
agricultural enterprises is the war. Studying and opti-
mising the economic security systems of agricultural
enterprises in wartime is a strategically important task.
This is necessary to ensure their sustainability and de-
velopment in a changing economic environment, which
is determined not only by economic instability but also
by geopolitical and climate change. Issues related to
economic security in the agricultural sector are becom-
ing increasingly urgent, as global competition and the
growth of new challenges, such as urbanisation and
changing consumer trends, require careful study and de-
velopment of appropriate management strategies. This
approach opens up prospects for improving effective
management strategies of agricultural enterprises, con-
tributing not only to their stability but also to restoring
the balance in the global agricultural sector.

N.Volkova et al. (2023), analysing the key aspects of
economic security of agricultural enterprises, system-
atically revealed the impact of factors that determine
the sustainability of these enterprises in a changing
market environment. Their research focuses on the
mechanisms of adaptation of enterprises to econom-
ic fluctuations, considering effective resource and risk
management strategies. Determining the importance
of economic security research for the successful func-
tioning of agricultural enterprises, V.S. Lesyuk (2021)
focuses on the development of methods for effective
risk management. His work proposes specific strate-
gies and approaches to ensure financial stability and
competitiveness in a volatile market. The study by
O. Pravdyvets (2023), in turn, aims to study innovative
approaches to modelling the economic security of en-
terprises. It provides sound modelling methods that
consider current trends and challenges, such as cli-
mate change and technological progress. N.Y. Drabchuk
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(2023) determined optimisation strategies for the use
of economic resources of agricultural enterprises by
considering the issues of resource management. His re-
search examines the practical aspects of balanced use
of resources, which affects the overall sustainability
and efficiency of management. The study by O. Kubai
and O. Zastavniuk (2022) also examines the econom-
ic security of agricultural enterprises through the lens
of global trends. Their work thoroughly analyses the
impact of climate change and geopolitical factors on
the sustainability and development of the agricultural
sector, contributing to an understanding of how these
larger trends may shape the future of the industry.

In general, the results of these studies form a com-
prehensive approach to understanding the economic
security of agricultural enterprises, providing valuable
scientific grounds for further research and implemen-
tation of effective management strategies in this sec-
tor. However, the development of specific strategies for
improving the economic security of agricultural enter-
prises was not sufficiently presented. The study aims to
provide a comprehensive analysis to improve the eco-
nomic security systems of agricultural enterprises to
ensure the sustainability and efficiency of the industry
in the current economic environment.

MATERIALS AND METHODS

The study is based on a comprehensive analysis of sev-
eral materials, including theoretical sources, financial
reports of agricultural enterprises, documentation on
yields, sown areas, operational indicators, and statistical
reports. For a detailed review of the economic situation
in the selected sector, the financial reports of the agri-
cultural enterprise Kernel for the last 4 years (FY2023
Annual Report, 2023) were used. Thus, trends and key
financial indicators of the industry were identified.

The analysis of documentation covering aspects of
yields, sown areas and operational indicators provid-
ed an opportunity to understand production efficien-
cy and factors affecting the profitability of agricultural
enterprises (Kernel - The profitability..., 2023; Kernel -
Everything about..., 2023). The active use of open data
and statistical reports related to the agricultural sec-
tor helped to contextualise the results and determine
the place of the industry in the economic environment.
Consideration and analysis of academic articles and re-
search in the field of agricultural economics and the
security of agricultural enterprises play an important
role in expanding the theoretical basis of the study.




The analytical method was primarily used to study
the financial performance of agricultural enterprises
in recent years. The statistical method used to study
data on yields, revenues and other agricultural indica-
tors was useful. This method was employed to identify
trends that define agriculture and to establish correla-
tions between different variables, which contributed to
a deeper understanding of the factors that affect the
efficiency of the industry and improved the understand-
ing of the dynamics of the agricultural sector. The func-
tional method was used to identify key aspects of re-
source and risk management in agricultural enterprises.
This approach was employed to focus on the efficiency
of business processes and identify opportunities for
further improvements.

The study of the interrelationships of the agricul-
tural system using the system analysis method provid-
ed a comprehensive view of the factors that determine
economic security. This method was used to connect
various elements, such as production, financial man-
agement and risk management, to create a holistic pic-
ture of the industry. The identification of general princi-
ples for managing the economic security of agricultural
enterprises based on the deduction method involved
the study of specific cases and facts. This approach was
used to identify fundamental principles that can be ap-
plied in a broader context.

The synthesis method was used to create a holis-
tic view of the economic security system of agricultural
enterprises. This method was employed to overcome
limitations and to consider the sector as a single com-
plex. The comparative method was used to compare
management strategies, risks, and resources of agricul-
tural enterprises, which helps to select effective tools
for applying the optimal approach. This method was
employed to identify best practices that can be used
for adaptation to improve the efficiency of the sector.
As a result, these measures were used to assess the
effectiveness of resource and risk management in ag-
ricultural enterprises and to consider the feasibility of
implementing specific recommendations to improve
the system.

RESULTS

Economic security is a key aspect of modern enterprise
management, as it determines their sustainability, via-
bility, and ability to adapt to changes in the economic
environment. This concept encompasses a comprehen-
sive set of factors that ensure the efficiency of econom-
ic activity and protect against the negative impact of
external and internal threats. When defining the eco-
nomic security of enterprises, it should be seen as a sys-
tematic approach to risk management and sustainabili-
ty (Kahler, 2004). One of the key aspects of this concept
is the ability to respond adequately to changes in the
external environment, such as fluctuations in commod-
ity prices, climate anomalies and global market trends.

Kuzmenko & Chyzhevska

Effective economic security involves a deep under-
standing and management of the financial, production
and market aspects of an enterprise.

The aspect of economic security covers the defini-
tion of the basic principles and models that define its
essence. The systemic approach involves considering
economic security as an integral part of strategic plan-
ning, where resource endowment, financial sustainabil-
ity and risk management interact to ensure long-term
stability. The internal and external environment is an
important aspect of understanding economic secu-
rity. Businesses should be prepared for the impact of
various factors, identify them, and develop adaptation
strategies. However, in addition to measures, it is also
important to consider proactive approaches, such as in-
novation and the use of industry best practices.

Several key theoretical models define different as-
pects of economic security. The first of these is the risk
system model, which recognises economic security as
a complex system with a variety of risks. This approach
provides an opportunity to identify and manage risks
through reactive, proactive, and strategic strategies. Re-
active strategies are aimed at solving problems after
they arise, proactive strategies involve preventing risks,
and strategic strategies integrate risk management
into strategic management, creating a comprehensive
system of protection. This approach allows business-
es not only to respond to challenges and dangers but
also to actively work on their prevention and strategic
management, ensuring full protection in all aspects of
their activities. The integration of risk management into
strategic management makes the system more efficient
and flexible, allowing businesses to adapt to changes in
the environment and achieve sustainability in a dynam-
ic market environment (Settembre-Blundo et al., 2021).

The second model, focusing on effective resource
management, aims to optimise the use of finance, la-
bour, and other assets to ensure the efficiency of the
enterprise. It incorporates the rationalisation of produc-
tion processes, efficient inventory management and op-
timisation of financial flows as key strategies to achieve
this goal. The introduction of efficient production pro-
cesses is aimed at increasing productivity and optimis-
ing the use of resources. Efficient inventory manage-
ment helps to avoid storage overruns and ensures that
the necessary materials are available for continuous
production. Optimisation of financial flows includes
rational allocation of funds, effective budget man-
agement, and minimisation of financial risks (Pandey
etal.,2022).

The third model, focused on innovative develop-
ment, focuses on the importance of innovation in en-
suring competitiveness and adapting to changes in the
economic environment. This approach is determined by
the introduction of the latest technologies, stimulation
of creativity and development of innovative thinking.
The introduction of the latest technologies includes the
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use of advanced scientific and technical developments
to optimise production processes and improve product
quality. This may include the automation of production,
the use of artificial intelligence and other innovative
tools. Stimulating creativity involves activating the cre-
ative potential of the company’s staff. This may include
providing creative training, creating a favourable envi-
ronment for ideas and innovation, and recognising and
rewarding creative achievements (Xu, 2021).

Last but not least, the global competitiveness mod-
el analyses economic security in the context of global
market conditions. This model involves a systematic re-
view of international trends and the competitive situa-
tion, and research on global supply and demand, which
allows businesses to adapt to international standards
and requirements. The analysis of international trends
and competition involves an assessment of economic
processes and business strategies on a global scale.
The study of global supply and demand is aimed at un-
derstanding how an enterprise can meet the needs of
the international market and ensure an efficient supply
chain system (Bakator et al., 2019).

These theoretical models, using different ap-
proaches and strategies, identify the main directions
for ensuring the economic security of agricultural en-
terprises. Given the complexity of the current economic
environment, a combination of these models can be ef-
fective in achieving stability and successful adaptation
to change. The role of economic security in the agricul-
tural sector is to ensure sustainability, protect against
financial difficulties and maintain the competitiveness
of agricultural enterprises in changing market condi-
tions. In the following, the economic security models
will be considered in the context of the Ukrainian agri-
cultural enterprise Kernel.

A review of the financial position of the agricul-
tural enterprise Kernel can provide important insights
into the efficiency and sustainability of the agricultur-
al sector, as well as reflect the practical aspects of the
role of economic security. The company specialises in
the cultivation and processing of agricultural products
holds a leading position in Ukraine and is known on the
global market. Table 1 shows the financial position of
the company.

Table 1. Financial position of Kernel company, USD million

Indicator 2020 2021 2022 2023
Revenue 4,107 5,595 5,331 3,455
EBITDA 443 806 220 544
Net profit 123 506 -41 299
Assets 3,165 3,996 4,185 3,885
Main items 1,634 1,713 1,662 1,443
Current assets 1,531 2,284 2,523 2,442
Inventories 555 709 1,116 489
Available funds 369 574 448 1,077
Owned assets 1,494 1,948 1,686 1,744
Debt 966 1,085 1,696 1,474
Operating cash flow 269 461 -305 716
Financial cash flow 226 -48 476 -216
Investments cash flow -203 -205 -294 10

Source: compiled by the authors based on FY2023 Annual Report (2023)

Kernel’s financial position proved to be dynamic
and mixed during 2020-2023. During this period, the
company saw an increase in revenue and net profit un-
til 2021, which indicated its successful financial per-
formance. However, in 2022, a decline was recorded in
both revenue and net profit,and the latter even became
negative. This is due to various factors, including the
impact of geopolitical events and economic instability
caused by the war. A further analysis of the financial
indicators shows an increase in the company’s debt
and a loss in operating cash flow in 2022. This indi-
cates increasing financial difficulties and the need for
risk management. On the positive side, the company’s
cash flow is expected to increase in 2023, which could
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be a positive signal for overcoming financial difficul-
ties in the future. Overall, the company may need to
strategically manage risks and adapt to market changes
to ensure sustainability and competitiveness in a chal-
lenging economic environment.

In the area of economic security, Kernel has a high
level of research and analysis of potential risks that
may affect its operations. The company identifies key
factors such as fluctuations in agricultural commodity
prices, changes in foreign exchange rates, political and
regulatory changes, and uncertainty in production con-
ditions. Market conditions in agriculture are highly vul-
nerable to external factors such as weather conditions
and global production trends. In the context of the war




in Ukraine, this risk is exacerbated by uncertainty and
possible changes in the production and transportation
of agricultural products. The volatile environment may
result in unpredictable currency fluctuations, which has
a direct impact on the company’s financial liabilities
and production costs. Agricultural business conditions,
such as yields and technical aspects, may be significant-
ly affected in the conflict zone, leading to uncertainty in
production volumes and prices.

Kernel has implemented and actively uses a risk
management model. This system includes the use
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of various financial instruments designed to protect
against the negative impact of fluctuations in foreign
exchange rates. For example, in the face of changes
in exchange rates, the company may use derivatives
or other instruments to minimise financial losses. The
company employs advanced agricultural technologies
and monitoring systems to respond to weather anom-
alies promptly and minimise crop losses, as inclement
weather or extreme weather conditions can result in
reduced production potential. Table 2 shows the com-
pany’s acreage and yield data.

Table 2. Kernel sown areas and yields

Production 2020/2021 2021/2022 2022/2023
Corn
Sown areas, ha 255,000 255,000 150,000
Yield, t/ha 8 9.3 8.5
Wheat
Sown areas, ha 73,000 64,000 35,000
Yield, t/ha 4.9 6.1 4.5
Sunflower
Sown areas, ha 149,000 154,000 130,600
Yield, t/ha 3 3 25
Overall land assets, ha 510,000 500,000 363,000

Source: Kernel - The profitability of sunflower processing remains high (2023)

These data show a decrease in the company’s to-
tal land bank, as well as fluctuations in the yields of
different crops during the period. The yields of corn,
wheat and sunflower are lower in the 2022/2023 sea-
son compared to previous seasons. The decrease in
the total land bank may indicate potential challenges
related to resource constraints and land management.
Fluctuations in the yields of different crops also have a
direct impact on the financial performance of the en-
terprise, as yields determine the volume of production
and, therefore, income. In the context of the economic
security system, this information indicates the need to
improve risk management strategies, adapt to chang-
es in climate conditions and improve crop cultivation
methods to ensure the stability and resilience of the
enterprise in a changing environment.

Kernel is successfully implementing a global com-
petitiveness model based on several key aspects: ex-
port page, flexibility and adaptability, innovations in
production and marketing, quality system and consum-
er confidence, diversification, and vertical integration
strategies. The company is actively expanding its ex-
port activities in Ukraine and internationally thanks to
its high-quality products and innovative approaches. In
the 2022/23 season, Ukraine’s grain exports totalled
approximately 49 million tonnes, up 1 million tonnes
compared to the 2021/22 season. A significant portion
of Ukrainian grain was shipped abroad via alternative
routes, with only 55% exported through Ukrainian
deepwater ports. This resulted in significant changes in
the structure of exporters compared to previous years.
Table 3 shows Kernel’s operating performance.

Table 3. Kernel’s operational performance

2019 2020 2021 2022 2023

Sunflower processing, thousand tonnes 3,164 3,436 3,183 2,187 2,502
Sunflower oil sales, thousand tonnes 1,619 1,518 1,367 967 1,012
Grain exports, thousand tonnes 6,094 7,902 8,013 7,969 3,707

Source: Kernel - Everything about the company, history, production, profits (2023)

The indicators indicate fluctuations in the compa-
ny’s operations, which may be due to various factors,
such as war, economic conditions, production circum-
stances and external factors. An important aspect is

flexibility and adaptability, which allow Kernel to re-
spond effectively to changes in market conditions and
global challenges.A key element of global competitive-
ness is the innovations that the company implements
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both in agricultural production and in product market-
ing. Technologies for growing and processing agricul-
tural products improve the quality and competitiveness
of goods on the global market. The company devotes
much effort to the production quality system, compli-
ance with international standards (1SO) and building
consumer confidence. Strict adherence to safety and
quality standards creates the basis for success in the
global market. In addition, the company successfully
uses diversification and vertical integration strategies
to ensure stability and competitiveness. A wide range
of products, from grains to oilseeds, makes Kernel less
dependent on fluctuations in individual market seg-
ments.

In summary, all these measures allow Kernel to
compete successfully in the global market, maintaining
high global competitiveness and ensuring resilience in
the face of complex challenges, such as global changes

in market conditions or geopolitical factors. The kernel
takes a comprehensive approach to ensuring economic
security,using models such as the risk system to identify
and manage risks, the efficient resource management
model to optimise the use of finance and resources,
the innovation development model to maintain com-
petitiveness, and the global competitiveness model
to adapt to international standards. To constantly con-
trol and monitor the situation, Kernel uses systems for
analysing financial statements, performance indicators
and risk reports. This allows the company to respond
to potential threats promptly and make informed de-
cisions to ensure business stability and sustainability.
To improve the economic security system of agricul-
tural companies, a specific strategy can be proposed
that covers various aspects of the enterprise. Figure 1
shows several steps that can contribute to improving
the effectiveness of the economic security system.

Expansion of production diversification

v

Improvement of risk management

v

Employment of innovative technologies

v

Adaptation to climate change

v

Partership and cooperation with stakeholders

Figure 1. Strategies for improving the economic security of agricultural enterprises

Source: compiled by the authors

The strategy of expanding production diversifi-
cation is key for companies. This includes developing
organic production and expanding the range of crops
grown. Organic products are becoming an important
trend in agriculture, and companies can actively invest
in this sector to ensure diversity and high demand for
their products. For example, the development of organic
production allows them to respond to the growing con-
sumer demand for environmentally friendly products. In
addition, expanding the range of crops grown reduces
dependence on a particular type of agricultural product
and allows for easier adaptation to changes in seasonal
and market conditions. This strategy has a double ef-
fect: it not only broadens the company’s market reach
but also reduces its exposure to risks associated with
changes in demand for specific agricultural products.
The diversity of the product portfolio allows companies
to manage risks more effectively and ensure stability in
changing market conditions (Waha et al., 2018).

Risk management is the second key strategy for ag-
ricultural companies. In particular, they can use a variety
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of financial instruments, such as options or futures, to
actively protect themselves from the negative impact
of fluctuations in agricultural commodity prices. For
example, the use of options and futures allows them
to effectively minimise and control currency and price
fluctuation risks. In the event of changes in exchange
rates or agricultural commodity prices, companies
can take timely action to protect their financial posi-
tion. This makes them less vulnerable to unforeseen
market conditions and ensures financial stability in
changing economic circumstances. Employing innova-
tive technologies to improve agricultural production
is the third key strategy for companies. They can ac-
tively implement modern technologies, such as arti-
ficial intelligence systems, to accurately analyse cli-
mate conditions and predict risks in agriculture. For
example, the use of artificial intelligence systems al-
lows for detailed climate analysis and prediction of
possible risks, such as adverse weather conditions or
pests. This enables companies to respond to poten-
tial threats promptly and adapt their crop production




strategies. The introduction of innovative technolo-
gies contributes not only to risk reduction but also to
increasing the efficiency and productivity of agricul-
ture, which is an important element in ensuring the
economic security of enterprises in a rapidly changing
market environment (Emerick et al., 2016).

Creating climate change adaptation strategies is the
fourth important strategy for agricultural enterprises.
As part of this strategy, companies can actively develop
new plant varieties that are more resistant to extreme
weather conditions. New varieties can be adapted to
changing climatic conditions, which will help increase
yields and reduce the impact of negative factors. In ad-
dition, innovative irrigation systems and other technol-
ogies can be introduced to ensure efficient crop pro-
duction even in difficult climatic conditions. Ensuring
high yields in extreme weather conditions is a key as-
pect of ensuring the economic security of companies,
as it allows them to maintain production stability and
respond to environmental challenges promptly. The
last key strategy is to develop partnerships and stake-
holder engagement. Businesses can actively cooperate
with agricultural cooperatives, research institutions
and other industry players to share resources, and ex-
perience and jointly develop new technologies. Cooper-
ation with agricultural cooperatives can help improve
production processes and optimise resource manage-
ment. Scientific institutions can be valuable partners
for the research and development of new technologies
aimed at increasing the productivity and sustainability
of crop production. In general, these strategies will help
agricultural enterprises to ensure the sustainability and
resilience of their economic condition in a changing
business environment, increasing efficiency and reduc-
ing risks of their operations.

DISCUSSION

The results of the presented study of the economic se-
curity of agricultural enterprises reveal important as-
pects of the functioning of companies in the current
economic environment. The main emphasis is placed
on identifying and analysing the key aspects of eco-
nomic security that determine the stability and viability
of an enterprise. The research considers current trends
and challenges in the economy and develops innova-
tive methods for modelling economic security. This is
an important aspect, as it allows us to adapt strategies
to climate change, global market trends and technolog-
ical progress in agriculture. Further analysis of key the-
oretical models, such as the risk system model, resource
management, innovation development, and global
competitiveness, reveals various aspects of economic
security. The combination of these models creates a
comprehensive approach to ensuring the sustainability
of an agricultural enterprise in the face of change.

It is important to note the impact of the conflict
in Ukraine on agriculture, in particular on harvests and
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production conditions. In addition, an important ele-
ment is the active use of risk management by business-
es, including the use of financial instruments to protect
against the impact of exchange rate fluctuations and
the use of advanced technologies to respond to weath-
er anomalies and minimise crop losses. Strategies for
improving the economic security system proposed for
companies are identified as key components for ensur-
ing sustainability and competitiveness. In particular,
strategies to increase production diversification, im-
prove risk management, use innovative technologies,
and adapt to climate change are critical for the effec-
tive functioning of a company in a changing economic
environment (Sahachko et al., 2023).

B. Derevyanko et al. (2021) analysed the role of eco-
nomic security in modern enterprise management, high-
lighting its key impact on the stability and viability of
enterprises. The results of the analysis covered various
aspects of economic security aimed at ensuring efficient
operation and considering possible risks, such as fluctua-
tions in product prices, the impact of climate change and
global market trends. The authors’ conclusions relate to
the importance of systematic risk analysis and manage-
ment to ensure the efficiency of an enterprise in a chang-
ing market environment. The study provides information
that can serve as a basis for developing risk management
strategies and improving the efficiency of the economic
security of enterprises. The results of the authors, as well
as the present study, focus on the role of risk manage-
ment and the use of innovative technologies to ensure
the sustainability of enterprises in a changing econom-
ic environment. All of the authors’ approaches identify
specific strategies aimed at improving the efficiency of
management processes and ensuring the sustainability
of enterprises, but a full analysis of their interactions and
possible limitations is required.

M.K. Shad et al. (2019) highlighted a systemat-
ic approach to risk management and sustainability in
enterprise management. The authors note an impor-
tant aspect of the study, which is to consider changes
in the global economic environment and the ability of
an enterprise to effectively adapt to them. The cover-
age of such phenomena as price fluctuations and mar-
ket trends indicates the need not only for a reactive
response to changes but also for the introduction of
systemic planning and strategic management to ensure
the sustainability and successful adaptation of the en-
terprise to new conditions (Musayeva et al., 2024). The
results of the study emphasise the relevance of imple-
menting an integrated management approach to ensure
the effective operation of an enterprise in a changing
economic environment. Compared to the present study,
it is possible to note that the authors have effectively
focused on risk management and the use of financial
instruments to protect against negative impacts in the
agricultural sector. However, the authors’ study could be
even more detailed, including specific examples and
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strategies for using advanced technologies to improve
quality and productivity.

J. Clapp (2019) in his study examined in detail the
basic principles and models of economic security, draw-
ing attention to their importance in the context of stra-
tegic planning, in particular in the agricultural sector.
He emphasised the importance of the interaction of
three key components: resources, financial stability, and
risk management to achieve long-term sustainability.
The interaction of resources in the context of agricul-
tural business may include optimising the use of land,
labour and other assets. Financial stability is seen as a
key element in ensuring the sustainability of an enter-
prise, while risk management is defined as a strategic
approach to avoiding and mitigating potential threats
(Cheremisina & Salo, 2023). The author’s conclusions
emphasise the importance of taking these components
into account in strategic planning in the agricultural
sector to achieve long-term sustainability, which makes
his research relevant and useful for practical applica-
tion in enterprise management. This approach was also
considered in the present study, where the importance
of these components in strategic planning was pointed
out. However, innovative development and global com-
petitiveness should also be considered, which can sig-
nificantly affect the economic security of an enterprise.

D. Ciuriak and P. Goff (2021) analysed theoretical
models of economic security and identified their key
aspects and strategies. Focusing on theoretical aspects,
they reveal the importance of innovative development,
effective risk management, and global competitiveness.
One of the key topics of the authors’ research is inno-
vative development. They view innovation as an impor-
tant factor in ensuring economic security and competi-
tiveness. The researchers show how innovations affect
economic sustainability and how their implementation
can reduce risks. Given the importance of concrete ap-
plications, especially in the current economic environ-
ment, it is important to combine theoretical models
with concrete examples and analysis of real enterprises.

R.Vavrek et al. (2021) analysed the financial condi-
tion of agricultural enterprises in their study. The lev-
el of analysis and justification of potential risks that
may affect the economic security of the enterprise un-
der consideration is revealed. Key factors include fluc-
tuations in agricultural commodity prices, changes in
foreign exchange rates, political and regulatory devel-
opments, and uncertainty in the production environ-
ment. The volatility of the agricultural business, such
as weather conditions and global production trends,
can lead to unpredictable fluctuations in foreign ex-
change rates and commodity prices (Buka et al., 2023).
The authors should explore and consider aspects of risk
management, identify specific financial instruments to
protect against negative impacts and improve the con-
sideration of advanced technologies to improve quality
and productivity in the agricultural sector.
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T.T. Duong et al. (2019) considered the practical
experience of implementing a risk management sys-
tem and using modern agricultural technologies to
ensure economic security. The main focus of the study
is practical examples of the use of financial instru-
ments and monitoring systems to effectively respond
to unforeseen circumstances. Financial instruments,
such as financial derivatives, futures contracts, and
monitoring of the company’s financial position, can be
used to effectively manage risks and ensure the eco-
nomic security of agricultural enterprises (ismayilov
et al., 2022). This approach allows for a better un-
derstanding of which tools and strategies can be ap-
plied in real agricultural business. The presentation of
practical examples provides concreteness and helps
to replicate successful risk management experiences
to ensure economic resilience. However, it should be
added that, in addition to identifying specific tools
and strategies, an important aspect is to adapt these
approaches to the specific conditions of each agricul-
tural enterprise. Considering unique factors such as
farm size, crop types, market conditions and regional
peculiarities is crucial for the successful implementa-
tion of a risk management system (Oleksandrenko &
Valchyshyna, 2023).

In general, the results indicate that effective eco-
nomic security of agricultural enterprises requires a
comprehensive approach that combines theoretical
models, risk management strategies and practical ex-
perience in the use of modern technologies. Consider-
ation of the changing market environment, as well as
flexibility and innovation, are key factors for ensuring
the sustainability and competitiveness of agricultural
enterprises in the current economic landscape.

CONCLUSIONS

This study shows the key role of economic security in
modern enterprise management, emphasising its im-
pact on stability, viability, and adaptability to economic
change. Several theoretical models defining economic
security have been identified, each offering unique ap-
proaches and strategies. The risk system model consid-
ers economic security as a complex system that allows
for the identification and management of risks through
reactive, predictive, and strategic strategies. The re-
source management model optimises finances, labour,
and assets, emphasising the rationalisation of produc-
tion processes and efficient inventory management.
Innovative development emphasises the importance of
innovation for competitiveness, while global competi-
tiveness considers economic security in the context of
global market conditions.

Applying these models to agricultural enterprises,
as in the case of Kernel, revealed a dynamic and mixed
financial position during 2020-2023. External factors,
including geopolitical events and economic instabili-
ty due to the war, affected revenue and net profit. The




study highlighted Kernel's proactive approach to risk
management, using financial instruments and advanced
agricultural technologies to respond to market and
environmental uncertainties. Kernel's global competi-
tiveness model demonstrated effective strategies such
as export diversification, innovation, quality assurance
and vertical integration. In general, the company takes
a comprehensive approach to ensuring economic secu-
rity, using models such as the risk system, the efficient
resource management model, the innovative develop-
ment model, and the global competitiveness model to
ensure that the company can meet its objectives.

To improve the economic security of agricultural
enterprises, a strategy has been proposed that includes
expanding production diversification, improving risk
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management, introducing innovative technologies,
developing climate change adaptation strategies, and
developing partnerships. These strategies are aimed at
increasing the company’s resilience to market fluctua-
tions, climate risks and geopolitical instability. Further
research could focus on improving the risk assessment
methodology and developing innovative adaptation
strategies for agricultural enterprises in a changing
economic environment.
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MapuHa bopuciBHa YnkeBcbka
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AHoTauif. AKTyanbHiCTb MPOBeLEeHHS A0CTIAXKEHHS NONSrae BTOMY, L0 B CY4aCHUX YMOBaX EKOHOMIYHOI HeCTabiNbHOCTI
Ta 3pOCTAlYOro BMIMBY 30BHILLHIX GAKTOPiB Ha rOCNOAAPCHKY AiNIbHICTb NiANPUEMCTB, PO3YMiHHS Ta edeKkTUBHE
YNpaBiHHSA MUTAHHIMM eKOHOMIYHOI Be3nekn CTae Haa3BUYANMHO BXKIMBUM A1 3a6e3neyeHHs CTiKOCTi arpapHUX
niaNpueMCTB. MeTol [LOCNiIKEHHS OYB KOMMIEKCHMI aHani3 eKoOHOMIYHOi Ge3neku arpapHoro niAnpueEMCTBa,
30CepelKeHUI Ha BUSIBNEHHI KIKOUYOBMX aCcMeKTiB, iX BMIMBY HA CTiMKiCTb Ta XXMTTE3LATHICTb Nignpuemctea. Cepen
BMKOPUCTAHUX METOLIB BYN10 3aCTOCOBAHO aHANITUYHMIA METOL, CTAaTUCTUYHUI MeTOoA, DYHKLiOHANbHMIA MEeTOA, METOA,
CMCTEMHOrO aHanisy, MetTon AeayKuii, MeTof CMHTE3y Ta MeToA MopiBHAHHA. JaHe pocnipkeHHs doKycyBanocs
Ha eKOHOMIiYHil Be3newi arpapHux MiANPUEMCTB, PO3rNALAOYM KOMMIEKCHI acnekTn epekTUBHOCTI, 3aXMCTy Bif
PY3MKIB Ta 34aTHOCTi aAanTyBaTMCS A0 3MiH Y eKOHOMIYHOMY cepefoBMuLLi. Po6oTa BU3HaUYae eKkOHOMIYHY Be3neky sk
CUCTEMHMI NiAXih, 0O YNpaBfiHHA pU3KMKamMu Ta 3abe3neveHHs cTirikocTi. OcobnuBy yBary NpuaingeTbcs pearyBaHH
Ha 3MiHM 30BHILUHBbOrO CEpefoBMLLA, TAKi K KOMMBAHHS LiH, KNiMaTUYHI aHOManii Ta rnobanbHi TEHAEHLT pUHKY.
bynu po3rnsHyTi TeopeTuyHi Mopeni, Taki K MoAenb CUCTEMU PU3NKIB, ePEeKTUBHOIO PecypCHOro ynpasniHHS,
iHHOBALIMHOrO PO3BUTKY, FN106aNbHOI KOHKYPEHTOCMPOMOXHOCTI, L0 BW3HAYaKTb Pi3Hi aCNeKTM EKOHOMIYHOI
6e3nekun. JocnifKeHHs1 CTOCYETbCS iHAHCOBOro CTaHy arpapHoi komnadii Kernel, aSKui BUSBMBCS AMHAMIYHUM Ta
HeofHO3HayYHMM y 2020-2023 pokax. AHani3 BKIOYa€E HaKTopu, TaKi SK BMIMB reononiTMYHUX NOAIN Ta EKOHOMIYHOT
HecTabinbHOCTI BHACNIAOK BiiHW. KoMNaHis peanisye ctpaterii robanbHOi KOHKYPEHTOCNPOMOXHOCTI, AEMOHCTPYHOUM
FHYYKiCTb, iHHOBAUii Ta AuBepcudikauito ang 3abesneveHHs CTiMKOCTI. [pONOHYOTLCS CcTpaTerii po3WMUPEHHS
amBepcudikauii BUpoOHULTBA, BAOCKOHANEHHS YNPaBAiHHA PU3MKaMM Ta BUKOPUCTAHHS iHHOBALIMHMX TEXHONOTIN
Ang ajantauii 4o 3MiH KniMaTy. [pakTryHe 3acToCyBaHHS AAHOMO AOCAIAXKEHHS NONATAE Y MOXK/MBOCTI 3aCTOCYBAHHS
OTPUMAHUX PE3YNbTaTiB Ta PO3pOBJEHUX Ha X OCHOBI pekOMeHAauin AN YAOCKOHANEHHS CMCTEM eKOHOMIYHOI
6e3nekn arpapHux NianpueMcTs

Kntouosi cnoBa: ¢iHaHCOBI pu3uKKM; pecypcHa ONTMMI3aLis; iIHHOBALIVMHI CTpaTerii; pUHKOBI BUKAUKKM; ajanTauis Ao
3MiH

Scientific Horizons, 2024, Vol. 27, No. 3

153


https://orcid.org/0000-0002-0660-1953
https://orcid.org/0000-0003-1637-9564

SCIENTIFIC HORIZONS

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 27(3), 154-163

UDC631.1:332.3
DOI: 10.48077/scihor3.2024.154

Innovative approaches to improving the agricultural sector
in the era of digitalization of the economy

Svitlana Stender’
PhD in Economics, Associate Professor
Higher Educational Institution “Podillia State University”
32316,12 Shevchenko Str., Kamianets-Podilskyi, Ukraine
https://orcid.org/0000-0002-6234-1877
Inna Tsvihun
Doctor of Economics, Professor
Higher Educational Institution “Podillia State University”
32316, 12 Shevchenko Str., Kamianets-Podilskyi, Ukraine
https://orcid.org/0000-0003-2752-267X
Inna Balla
PhD in Economics, Assistant
Higher Educational Institution “Podillia State University”
32316,12 Shevchenko Str., Kamianets-Podilskyi, Ukraine
https://orcid.org/0000-0001-5041-9801
Valentyna Borkovska
PhD in Economics, Associate Professor
Higher Educational Institution “Podillia State University”
32316,12 Shevchenko Str., Kamianets-Podilskyi, Ukraine
https://orcid.org/0000-0002-2983-2973
Yuliia Haibura
PhD in Economics, Associate Professor
Higher Educational Institution “Podillia State University”
32316,12 Shevchenko Str., Kamianets-Podilskyi, Ukraine
https://orcid.org/0000-0002-2267-4968

Article’s History: Abstract. Conducting a study on this topic is becoming relevant due to the rapid
Received: 1.09.2023 introduction of digital technologies in the agricultural sector, which requires urgent
Revised: 2.02.2024 study to effectively address current challenges in agriculture. The purpose of this
Accepted: 28.02.2024 paper is to analyse innovative approaches to improving the efficiency of economic

activity in the agri-food sector. The methods used include the analytical method,
classification method, functional method, statistical method, synthesis method, and

Suggested Citation:
Stender, S., Tsvihun, 1., Balla, I., Borkovska, V., & Haibura, Yu. (2024). Innovative approaches to improving the
agricultural sector in the era of digitalization of the economy. Scientific Horizons, 27(3), 154-163. doi: 10.48077/
scihor3.2024.154.

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

*Corresponding author



https://orcid.org/0000-0002-6234-1877
https://orcid.org/0000-0003-2752-267X
https://orcid.org/0000-0001-5041-9801
https://orcid.org/0000-0002-2983-2973
https://orcid.org/0000-0002-2267-4968

Stender et al.

others. The study found that the use of innovative approaches has significantly improved the productivity and
sustainability of the agricultural sector. The use of blockchain technologies has increased trust in the supply chain
by providing verified and transparent information on product quality. The analysis of large volumes of data has
made it possible to develop specialized solutions and strategies tailored to specific business conditions in different
regions. The results show an increase in the resilience of the agricultural sector to changes in economic and
climate conditions. The findings of the study highlight the potential of digital transformation as a strategic tool for
innovative and sustainable development of the agricultural sector. The study identified key strategies for the future
implementation of digital technologies, taking into account the needs of the agricultural sector. The conclusion
emphasizes the importance of introducing digital technologies to increase efficiency, improve management and
ensure the sustainability of the industry in today’s digital economy. The practical significance of the paper is to
analyse and highlight the factors that affect productivity and resource management in agriculture, which serves as
a basis for further research and development of specific strategies and recommendations to improve the efficiency

of the sector

Keywords: productivity improvement; implementation strategies; industry; resource management; efficiency

INTRODUCTION

In an era of rapidly developing digital transformation
of the economy, the agricultural sector is recognized as
one of the key industries that can benefit from innova-
tive approaches and the introduction of digital technol-
ogies.This topicis important due to the need to increase
productivity, adapt to climate change, ensure food se-
curity and competitiveness of the agricultural sector.
Digital technologies will optimize production process-
es, make farms less vulnerable to extreme weather con-
ditions, and contribute to sustainable development. In
addition, they will allow farmers to be competitive on
the global market and contribute to the development
of new markets and jobs. The study is driven by existing
and potential problems in the agricultural sector. These
challenges include uneven adoption of digital technol-
ogies, data security and privacy issues, financial barriers
to innovation on certain farms, the need to train quali-
fied personnel, and ethical issues related to the use of
digital technologies. Failure to study these aspects can
lead to serious challenges for the development of the
agricultural sector in the new digital economy.

In their work, VV. Havrylyshyn et al. (2022) ana-
lyse the prospects and identify strategies for the dig-
ital transformation of cooperative entrepreneurship in
Ukraine to promote sustainable economic recovery.As a
result, the study uncovered and identified specific areas
where digital transformation is most effective in pro-
moting the development of cooperative entrepreneur-
ship. However, it lacked an additional detailed over-
view of current digital technologies and their potential
for application in the cooperative sector to allow for
a more precise identification of specific opportunities
and challenges. The aim of the study by B. Khakhula
(2022) was to identify and analyse the economic fac-
tors that influence the development of innovation in
agricultural enterprises in Ukraine, focusing on aspects
of food resource use. As a result, a deep understand-
ing of the economic problems that hinder innovation
in Ukrainian agriculture, focusing on the use of food

resources, was obtained. The recommendations and
strategies developed on the basis of the results con-
tributed to increasing the competitiveness and sustain-
ability of the sector in a challenging economic envi-
ronment. However, the author did not take into account
the impact of the external environment, such as climate
change, geopolitical factors, national and international
economic policies on the development of innovations
in agriculture.

M. Rudenko’s (2020) study aims to reveal the im-
pact of digitalization on the functioning of agricultural
enterprises, in particular, to identify the benefits, chal-
lenges, and specific aspects of this process. The results
serve as a basis for further research and strategic plan-
ning in the field of agricultural digitalization. However,
there was a lack of analysis and recommendations on
cybersecurity measures to protect agricultural systems
in the context of digital transformation. In their work,
L. Kononenko and D. Prykhodko (2023) analyse the pro-
cess of forming strategies for agricultural enterprises
in the context of digitalization, identify key aspects and
define strategic directions that will contribute to sus-
tainable development in the digital environment. As
a result, the advantages provided by digital transfor-
mation for the development of competitive strategies
were identified. However, the authors did not take into
account global trends and challenges affecting the ag-
ricultural sector in the context of digitalization, such as
international standards, market competition and inter-
national cooperation.

The paper by A.Shestakova et al. (2022) assesses the
potential of digital technologies to support Ukraine’s
agricultural economy during the military conflict, iden-
tifies opportunities and develops strategies to increase
resilience and productivity. As a result, strategies were
created that contributed to increasing the resilience of
the agricultural sector and reducing the impact of the
conflict. However, the study lacked a detailed analysis
of the military conflict and its possible impact on the
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agricultural sector, including supply disruptions, chang-
es in operating conditions, and access to technical solu-
tions. The aim of the research by A. Cherep and L. Sarbey
(2023) was to study and identify key aspects of digi-
tal transformation as a means of rebuilding Ukraine’s
economy, to identify the benefits and ways to optimally
use digital innovations. As a result, the paper focuses
on the role of digitalization in rebuilding Ukraine’s
economy, in particular, on identifying ways to optimal-
ly use digital innovations for sustainable and effective
economic development in the post-war period. Howev-
er, it does not address the issues of inclusiveness and
ensuring that the benefits of digitalization are enjoyed
by all segments of society (Matsybora, 2023).

The purpose of the paper was to identify and an-
alyse innovative approaches aimed at improving the
efficiency of agriculture in the digital economy.

MATERIALS AND METHODS

This study was carried out using methods that reveal
the theoretical and practical content of the object, pro-
viding a comprehensive view of innovative approaches
to improving the agricultural sector in the context of
the digital transformation of the economy. The analyti-
cal method helped to structure the economic and tech-
nological aspects of introducing digital innovations in
agriculture, and identified effective strategies to im-
prove productivity, efficiency, and competitiveness. This
method identified how digital technologies affect do-
mestic and foreign agricultural markets and the com-
petitiveness of agricultural businesses.

The classification method allowed for the identi-
fication of groups of innovative approaches based on
their impact on aspects of production, resource man-
agement, and market interaction, providing a more
structured approach to formulating strategies for im-
proving the agricultural sector in the digital age. It
helped to identify different categories of innovations,
their importance, and interrelationships, which opens
up opportunities for accurate prioritization and im-
provement of strategies for implementing digital solu-
tions in the agricultural sector. The functional method
allowed considering in detail the interaction of various
practical elements of the agricultural sector with dig-
ital technologies, identifying their interaction and de-
termining the best strategies for achieving the goals
of digital transformation in the economy. This method
took into account the various functional aspects of the
agricultural sector, systemizing them to better under-
stand the impact of digital transformation on produc-
tion and management processes, which contributes to
the development of effective strategies to increase the
productivity and competitiveness of the industry.

The statistical method allowed quantifying key in-
dicators of the agricultural sector, identifying trends and
relationships between digital transformation factors
and business performance, contributing to an objective

Scientific Horizons, 2024, Vol. 27, No. 3

study of the impact of digital innovations on agriculture.
The method also made it possible to identify structur-
al changes and resource allocation in the agricultural
sector, to establish correlations between the introduc-
tion of digital technologies and changes in productivity
and profitability, which contributes to informed strategic
decision-making in the context of the digital economy.
The synthesis method in this study was used to com-
prehensively combine information from various sources,
analyse the interaction of various aspects of the digital
transformation of the agricultural sector, in order to de-
velop a holistic view of innovative approaches and their
consequences in the digital economy.

To evaluate the effectiveness and usability of
innovative approaches, surveys were conducted for
target groups, including agricultural professionals,
technology experts, farmers, and other industry stake-
holders. The surveys were conducted at agricultural
enterprises and research centres that have modern in-
frastructure for implementing digital innovations. The
survey involved 40 representatives of the agricultural
sector, including farmers, technical staff and manage-
ment, aged 36 to 57 years. They were asked to answer
the following questions:

1. Do you perceive digital transformation as neces-
sary to improve agricultural efficiency?

2. Have you noticed any improvement in productiv-
ity as a result of digital innovations?

3. Do you intend to expand the use of digital tech-
nologies in your business?

4. Do you use digital technologies in your agribusi-
ness?

The research was conducted in accordance with the
rules of the Declaration of Helsinki (2013).

RESULTS

Digital innovations in agriculture have proven to be a key
factor in eliminating gaps and inconsistencies in produc-
tion. The introduction of modern data monitoring and
analysis systems allows producers to effectively interact
with business processes and identify potential problems
at an early stage (Pavlishyna & Kharin, 2023). One of the
key aspects of digital transformation is the use of auto-
mated monitoring systems that continuously collect data
on production parameters (Verbivska et al., 2022).

This data includes information on soil quality,
moisture, yield, and other parameters. This allows farm-
ers and agronomists to have regular updates on the
state of their farmland. Data analytics technologies are
used to identify and predict potential problems, such as
plant diseases or inefficient use of resources. Analytical
tools allow for an in-depth analysis of the data and the
development of optimal strategies for solving prob-
lems. In addition, digital technologies help to improve
the management of resources such as water, fertilizer,
and energy (Wrzecinska et al., 2023). Thanks to precise
control and automation, farmers are able to optimize




the use of these resources, ensuring optimal conditions
for plant growth and development.

The introduction of loT devices in the agricultur-
al sector is a promising area for effective monitoring
and optimization of production processes (Umarov
et al., 2022). This innovative approach is important
and powerful for ensuring a high level of efficiency in
agriculture. The loT system involves the interconnec-
tion and exchange of data between physical objects
equipped with sensors, data collection tools, and other
devices via the Internet. In the context of agriculture,
this means the possibility of real-time monitoring of
various parameters of production processes. One of
the key aspects of implementing loT in the agricultural
sector is real-time monitoring of production processes.
Sensors located on equipment, machinery, and infra-
structure collect and transmit data on the operation of
facilities. This data can relate to temperature, humidity,
resource levels (such as water or fuel),and the condition
of machinery and equipment. Thanks to the loT system,
farmers are able to monitor production processes in
real time. This not only allows them to respond quickly
to changes in the production environment, but also cre-
ates opportunities to optimize equipment performance
and resource use.

The integration of artificial intelligence (Al) into
agriculture has proven to be very effective as a tool
for accurately predicting crop yields and adapting to
changes in the environment (MacPherson et al., 2022).
The results of this innovative approach provide infor-
mation on its significance and power in the context of
optimal agricultural management. Al is used to process
a large amount of data related to soil, weather condi-
tions, plants, and other factors that affect crop produc-
tion (Mondejar et al., 2021). Analysing this data using
artificial intelligence algorithms allows for accurate
and reliable forecasts of expected yields. One of the key
elements is the interaction with data from sensors lo-
cated in different parts of the agricultural area. These
sensors collect data on humidity, temperature, soil
agrochemical composition, and other indicators that
affect plant growth. The collected data is used to train
Al models, which allows taking into account a variety of
factors and their interrelationships. The introduction of
Al allows accurately predicting yields based on the real
conditions prevailing in a particular agricultural area.
Such an accurate forecast allows farmers not only to
ensure an optimal agricultural process, but also to re-
spond quickly to any changes in the environment.

The introduction of blockchain technology in the
agricultural sector has proved to be an effective means
of ensuring the reliability of data in the supply chain.
The results of this innovative approach reveal in detail
the advantages and opportunities of using blockchain
technology to ensure the reliability and integrity of in-
formation in agricultural production. The Blockchain is
atechnology that uses cryptographic methods to ensure
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the integrity and security of data (Gunay et al., 2023).
Each block in this data system has its own unique iden-
tifier, which is formed using a hash function. The hash
includes information from the previous block, forming
an insurmountable link between them. One of the key
features of the blockchain is the formation of a chain of
blocks, where each block is linked to the previous one.
Each block contains its own data and the hash code of
the previous block, making any attempt to change the
information in the blocks extremely difficult. This ap-
proach ensures that if the data in one block is changed,
it will change the hash code that includes that data,
and therefore break the chain. Such a system provides
a reliable and insurmountable structure for storing and
transmitting data in a decentralized environment. This
means that data about every stage of the supply chain
(from growing plants to delivering products) is record-
ed and stored in blocks that cannot be manipulated or
removed. The advantages of using blockchain to ensure
data integrity include: irresistibility, reliability, decen-
tralization, accuracy, and unity of data.

In a blockchain, data is validated by the entire net-
work, making it extremely accountable and reliable.
Every node in the network can check the history of the
data stored in the blocks. The confirmation process en-
sures the reliability and inevitability of the information,
as any attempt to change the data in a particular block
will lead to incompatibility of the hash codes and trig-
ger a warning to the entire network. The information in
it is distributed and stored on different network nodes,
which makes the system less vulnerable to attacks and
unforeseen situations. This structure creates a robust
system that can withstand explosions or data loss
due to problems in specific parts of the network. In a
blockchain, all network participants have equal access
to data, which eliminates the possibility of informa-
tion discrepancies and makes the data more accurate
and unified. The use of drones and satellite sensing
in agriculture has proven to be an effective tool for
high-precision field monitoring, which helps to identify
problems early and use resources efficiently (Taishykov
et al.,2024). They allow for regular monitoring of fields,
detecting signs of disease, plant stress or other prob-
lems in real time. This approach allows agricultural
producers to respond quickly and take measures to pre-
serve their crops. Data collected from drones and satel-
lites provides detailed information on plant health, soil
moisture and other parameters. This helps to optimize
the use of resources such as water, fertilizers and pes-
ticides, reducing costs and minimizing environmental
impact. Drones and satellites provide high accuracy and
granularity of data, enabling differential application of
inputs and accurate field mapping for production plan-
ning. Receiving regular and accurate data enables agri-
cultural producers to make informed management de-
cisions, leading to increased production efficiency and
sustainable development.
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Automation and robotisation of processes in the
agricultural sector have brought about significant pos-
itive changes aimed at optimizing and improving pro-
duction efficiency (Baierle et al.,2022). The introduction
of robots and automated systems has been a key factor
in simplifying and accelerating various aspects of the
agricultural process, leading to increased productivity
(Abbasi et al., 2022). One of the main benefits of auto-
mation is the increased efficiency of production pro-
cesses. Robots and automated systems allow tasks to
be performed faster and more accurately, which in turn
reduces the time required for production cycles and
contributes to an increase in overall farm productivity.
In addition, automation ensures the stability and relia-
bility of processes. Robots can work continuously and
without losing productivity, which is especially impor-
tant in the agricultural sector where time is a critical
factor, especially during crop rotation and processing.
An additional advantage is the reduced dependence on
manual labour and the human factor. Robots can per-
form routine and time-consuming tasks, eliminating
the possibility of human error. This increases the accu-
racy and consistency of tasks, reducing the likelihood of
losses and improving product quality.

The use of 5G technologies in the agricultural
sector opens up new perspectives and significant op-
portunities, especially in remote areas, where a stable
Internet connection is identified as a key factor for the
implementation of precision technologies (Tomble &
Smuts, 2023). One of the key benefits of 5G is the provi-
sion of a stable and fast Internet connection anywhere,
including remote agricultural areas, opening up access
to a large amount of data and resources critical to the
implementation of a number of precision technologies
in agricultural production. The use of 5G technologies
facilitates the implementation of precision agriculture.
Fast and stable Internet connections enable the use of
drones and sensors to collect data from fields in real
time. These capabilities make it possible to analyse the
condition of crops, identify problems and make prompt
decisions to optimize production processes.

The introduction of 5G also helps to develop auto-
mation and loT systems in the agricultural sector. A sta-
ble and high-speed connection allows for the connec-
tion of numerous devices and sensors, which enables

30
20
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Do you see digital
transformation as
necessary to improve the
efficiency of agriculture?

Have you seen any
productivity
improvements as a result
of digital innovation?

Do you intend to expand
the use of digital
technologies in your
business activities?

monitoring and control of various aspects of agricultur-
al activities. For example, automated irrigation systems
or monitoring the condition of machinery. Additionally,
5G expands the possibilities for implementing artifi-
cial intelligence technologies in the agricultural sector.
By providing high data transfer speeds, 5G creates the
conditions for the implementation of advanced analyt-
ical systems, predictive models and other Al solutions
that contribute to more accurate and efficient manage-
ment of agricultural production. The use of precision
farming systems, in particular the Global Positioning
System (GPS) and related technologies, opens up great
opportunities for optimizing the allocation and use of
resources in the agricultural sector (Sridhar et al., 2023).
Technology has become a key tool for improving the
efficiency and sustainability of agriculture.

The use of GPS allows accurately determining the
geographical coordinates of each point on the field,
which allows creating detailed mapping materials, in-
cluding maps of soil and planted crops. This approach
provides farmers with important information for mak-
ing field management decisions. Precision farming sys-
tems allow adjusting the supply of resources, such as
water, fertilizers and pesticides, depending on the ac-
tual needs of the plants. Optimizing the use of resourc-
es, reducing costs and increasing production efficien-
cy. Using GPS, farmers can precisely control irrigation
and spraying systems, directing them to where they are
needed. This approach allows for efficient use of wa-
ter and chemicals, providing an optimal environment
for plant growth. GPS and precision farming systems
allow for the creation of automated navigation sys-
tems for agricultural machinery. Tractors, combines and
other machines can automatically control their move-
ment on the field, ensuring precision and uniformity of
work. Precision farming systems provide the ability to
collect a large amount of field data in real time. This
includes data on soil moisture, plant health, uniformity
of resource distribution, and much more. This data is
important for analysing and making detailed manage-
ment decisions.

A survey was conducted among target groups to as-
sess the usability of innovative approaches. Based on
the results, a histogram was drawn up and the results
of the survey are shown in Figure 1.

 Yes
Average
mNo

Do you use digital
technologies in your
agribusiness?

Figure 1. The results of the survey on target groups

Source: compiled by the authors
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The results confirm that there is a diversity of views
on digital transformation in the agricultural sector. While
a large proportion of participants recognize the impor-
tance of digital innovations for improving farm efficien-
cy, there are also those who are cautious or reticent to
use digital technologies. In particular, almost half of the
respondents confirmed that productivity improvements
have been achieved through digital innovation. It is
worth noting that most of them express their intention
to expand the use of digital technologies in the future.
However, there are also those who remain cautious and
even reject digital solutions. These findings point to the
need to develop flexible strategies for the introduction
of digital technologies that take into account the diver-
sity of approaches and readiness of different groups of
rural entrepreneurs for digital transformation.

As a result, it was found that the introduction of
digital innovations has significantly improved the effi-
ciency and competitiveness of agriculture in the mod-
ern digital economy. In particular, automation, robotics,
and the use of precision farming systems contribute to
increased productivity and optimized resource use. This
allows for efficient cultivation and processing of agri-
cultural products, reducing costs and increasing yields.

DISCUSSION

This research work was focused on analysing and stud-
ying innovative approaches aimed at increasing the ef-
ficiency and improvement of agriculture in the digital
economy. The study highlighted the importance of us-
ing digital tools to optimize business processes and its
positive impact on the productivity and sustainability
of agricultural enterprises. The analysis of the results
showed that the introduction of modern technologies
has the potential to solve a number of problems and
improve the overall state of agricultural production in
the digital economy.

One of the key advantages of this study is the in-
depth consideration of innovative approaches to im-
proving the agricultural sector. The study analyses in
detail the impact of digital technologies such as artifi-
cial intelligence, data analytics, the Internet of Things,
and others on all aspects of agriculture. The focus is
on specific tools and methods, such as the use of Al for
data analysis, the use of loT and sensors to collect in-
formation, process automation in precision farming, and
others. This allowed understanding how these technol-
ogies can be used by farmers to improve farm manage-
ment, increase yields and reduce costs. In addition, the
study took into account important aspects such as val-
ue chain interactions and environmental sustainability,
which demonstrates a comprehensive approach to the
topic. The inclusion of environmental aspects and the
participation of all links in the value chain underlines
the importance of sustainable development and inter-
action in the agricultural sector. The study also identi-
fied the challenges faced by agriculture in the process
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of digital transformation, which helped to identify pos-
sible limitations and ways to overcome them, making
the work practically applicable to farmers whose solu-
tions may include the integration of digital innovations
to improve the efficiency and sustainability of their
farms. The paper emphasizes its practical approach and
relevance to the agricultural sector in the digital age.

In their study, Y.E.L. Doukas et al. (2022) identified
the current level of digitalization in the EU agricultural
sector, key trends, and identified European policy re-
sponses to these challenges. The results of this work
serve as a basis for further discussions and the devel-
opment of strategies to improve the digital transfor-
mation of agriculture in the European Union. They are
also useful for decision-making at the European and
national level. The study by these authors analysed spe-
cific technological and policy initiatives in the context
of the EU and its members. The work on innovation ap-
proaches focused on the overall picture of innovation
and technology in agriculture. Both studies are impor-
tant for understanding and supporting digital transfor-
mation in the agricultural sector.

The study by A. Devaux et al. (2018) was aimed at
examining the role of agricultural innovation in creat-
ing an inclusive value chain that takes into account the
needs of all actors and promotes sustainable develop-
ment.As a result,recommendations were formulated for
governmental and non-profit organizations, agricultur-
al enterprises and other stakeholders on further actions
for inclusive agricultural value chain development. This
paper aims to explore the relationship between agri-
cultural innovation and inclusive value chain develop-
ment, with a focus on the inclusion of all actors. This
study focuses on a general approach to improving the
agricultural sector in the digital economy, incorporating
a wide range of digital technologies. Both studies re-
flect different aspects and approaches to the problem,
but together they aim to contribute to the sustainable
and inclusive development of the agricultural sector.

In their study, M.H. Ehlers et al. (2022) identified
and analysed possible scenarios for the development
of agricultural policy in Europe in the context of ac-
tive digitalization, taking into account current trends,
technological innovations and challenges facing ag-
riculture. The study provides sound recommendations
for shaping European agricultural policy in the digital
economy, contributing to the sustainable development
and competitiveness of the agricultural sector. As a re-
sult, the findings of the study identified optimal scenar-
ios for the introduction of digital technologies in the
European agricultural sector, which contributed to the
further development and modernization of this indus-
try in the digital age. This work was aimed at develop-
ing recommendations for the formation of agricultur-
al policy in the context of digital transformation. The
study focused on innovative approaches, with a focus
on specific practical recommendations and strategies
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for the effective implementation of innovations in the
sector. Both studies include a state-of-the-art review,
technology study, identification of key challenges, sce-
nario development, and performance evaluation. Both
aim to provide evidence-based recommendations for
improving the agricultural sector in the digital age.

The aim of the study by S. Abbate et al. (2023) was
to unlock the potential of digital and sustainable tran-
sitions in the agri-food sector, as well as to identify the
best strategies for their successful implementation. The
study provided and identified insights on how digital-
ization has contributed to the achievement of sustain-
able development goals in the agri-food sector. The
research findings are useful for developing strategies
aimed at ensuring the sustainable development of the
agri-food sector in the context of digital transforma-
tion and will contribute to the understanding and im-
plementation of innovations in this area. Both studies
make an important contribution to understanding the
interaction between the agri-food sector and digital
transformation. The Digital and Sustainable Transition
additionally addresses sustainability issues, providing
more comprehensive information on the transition to
digital agriculture in the context of sustainable devel-
opment, and additionally uses trend analysis, Strengths
Weaknesses Opportunities Threats (SWOT) analysis and
scenario modelling. This study focuses on general inno-
vation approaches.

The study by V. Farace and A. Tarabella (2024) aims
to study the role of digitalization as a driving force for
the implementation of circular economy principles in
the agri-food sector of small and medium-sized enter-
prises (SMEs). The study aimed to determine how these
two trends can interact to promote sustainable devel-
opment and optimize resources in the agricultural sec-
tor. The study found that digitalization and the circular
economy can interact synergistically to provide agri-
food SMEs with more efficient, resilient and sustainable
production. Considering the interaction of these two
approaches provides opportunities for further research
and innovation in agriculture in the digital economy.
This paper focuses on the interplay between digitaliza-
tion and the circular economy to improve sustainabil-
ity and efficiency in agri-food production. It emphasiz-
es the opportunities and challenges of implementing
digital and circular approaches at the level of agricul-
tural SMEs. And this study presents specific tools and
methods that can be used in practice by farmers. Both
studies have made a valuable contribution to under-
standing how to improve the agricultural sector in the
context of digital transformation.

An analysis of various studies on innovative ap-
proaches to improving the agricultural sector points to
several key findings and trends. The use of innovative
technologies, such as artificial intelligence and data an-
alytics, is an important factor in improving the agricul-
tural sector (Radchenko et al., 2023). Intensive analysis
of large amounts of data has allowed farmers to make
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more accurate and informed decisions to optimize pro-
duction and resources. The use of precision farming
technologies has made it possible to use land resources
more efficiently and reduce environmental impact. Digi-
tal technologies allow for more efficient management of
water, fertilizers, and other agricultural resources (Yatsiv
etal.,2022). Interaction in the value chain is also becom-
ing important, where the introduction of digital tech-
nologies has facilitated cooperation between different
participants. The importance of innovations in the ag-
ricultural sector is also underlined by their positive im-
pact on the environmental sustainability of the industry.
Digital innovations help reduce negative environmental
impacts and promote sustainable production.

CONCLUSIONS

The study found that the introduction of digital tech-
nologies in the agricultural sector has great potential
for transforming and optimizing production processes.
One of the key trends was the active use of artificial in-
telligence and data analytics to process large amounts
of information. This has enabled farmers to conduct de-
tailed analysis, make informed decisions and optimize
production. In particular, automated systems based on
data analysis have enabled accurate decision-making
in real time. This is important for the effective manage-
ment of various aspects of agriculture, such as irriga-
tion, fertilization, and machinery management.

The study also highlighted the importance of using
loT and sensors to collect real data from fields and live-
stock farms. This made it possible to monitor the condi-
tion of crops, track growing parameters and ensure op-
timal conditions for crop development. However, along
with the benefits of digitalization, challenges have also
been identified. Cybersecurity is becoming an increas-
ingly important issue as the amount of digital data and
its importance for agricultural production grows.

In summary, the study underlined that digital
technologies have played a key role in increasing the
efficiency, resilience, and competitiveness of the agri-
cultural sector in the digital economy. The transition
to digital production has become a strategic step for
farmers and agricultural enterprises to achieve optimal
results. The findings suggest that digital transformation
in the agricultural sector has great potential to improve
farm management, increase production efficiency, and
create more resilient and sustainable agricultural pro-
duction systems. Future research in the area of innova-
tive approaches in agriculture could focus on the devel-
opment of integrated digital platforms. These platforms
could be designed to bring together different technolo-
gies to ensure efficient and coordinated use by farmers.
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AHoTauis. [MpoBefeHHs LOCNIMKEHHS Ha L0 TeMy CTa€ akTyaslbHUM 4Yepes CTpiMKe BNpOBaLXKeHHS UMbpoBUX
TEXHOMOrM B arpapHUi CeKkTop, WO BMMArae TEPMIHOBOrO BMBYEHHS 419 eheKTMBHOrO pO3B’3aHHS CY4aCHMX
BMK/IMKIB y cdepi Cinbcbkoro rocnogapctea. MeTta gaHoi poboTu nongrana B aHanisi iHHOBALiMHMX MiAXOMiB ANS
BAOCKOHANIEHHS e(eKTUBHOCTI roCnoAapCbKOi AiNbHOCTI B arponpoaoBonbyoMy cektopi. Cepep, BUKOPUCTAHUX
METOZIB CNif 3a3HAYUTM aHANITUYHMI MeTod, MeToa Knacudikauii, GyHKLIOHaNbHWIA MeTo4, CTAaTUCTUYHUI METOL,
MEeTO[ CMHTEe3y Ta iHWi. Y npoueci AoCNiAKeHHS BUABAEHO, WO poboTa i3 3aCTOCYBAHHAM iHHOBALIMHMX MiAXOL4iB
3HaYHO MOKpaLWMia MPOAYKTMBHICTb Ta CTiWKiCTb arpapHoOro cektopy. BuKopuCTaHHS O1n0KYeNH-TEXHONMOTIN
NiABULLMAO AOBipy B NaHLUIOry MoCTayaHHs, 3abe3neyvBLlIM MepeBipeHy Ta Mpo30py iHpopMaLil Npo fKiCTb
npoaykuii. AHani3 BenukuMx o6CAriB OaHMX [LaB MOX/IMBICTb po3pobuTM cneuianizoBaHi pileHHs Ta cTparerii,
nigNawWwToBaHi A0 KOHKPETHMX YMOB rOCMOAAPHOBAHHA B pi3HMX perioHax. OTpuMMaHi pe3ynbTaTu CBig4atb npo
30iNblUEHHS CTIMKOCTI arpapHOro CekTopy A0 3MiH €KOHOMIYHMX Ta KNiMaTUYHMX YMOB. BUCHOBKM AOCHiAKEHHS
niaKpecntoTb noTeHuian undposoi TpaHcdopmaLii SK CTpaTeriyHOro iHCTPYMEHTY AN iIHHOBALLIMHOMO Ta CTanoro
PO3BUTKY CiNbCbKOrOCNoAapcbkoro cektopy. PoboTa BM3HauMna K4voBi cTpaterii ag MaibyTHbOro BNPOBAAXKEHHS
LMdPOBUX TEXHONOTi M, BpPaXoBYytUM NOTPebym arpapHOro cektopy. BUCHOBOK aKLLEHTY€E Ha BaXKMBOCTi BNPOBAaAXKEHHS
LUMdPOBUX TEXHONMOTIN ANg NiABULLEHHS edeKTUBHOCTI, YAOCKOHANEHHS ynpaBniHHA Ta 3abe3neyeHHs CTIMKOCTI
ranysi B yMoBax Cy4acHOi UMPPOBOi eKOHOMIiKK. paKTUUHe 3HAYeHHs poBOTM MONFraEe B aHani3i Ta BUCBITNEHHI
(akTopiB, WO BMNIMBAKTb HA NPOAYKTUBHICTb Ta YNpPaBAiHHA pecypcamu B CinbCbKOMY roCnOAapCTBi, WO CNYXWUTb
OCHOBOK NS MOAANbWMX AOCNIIKEHb Ta PO3POOKM KOHKPETHMX CTpaTerin Ta pekoMeHAaui Ang nioBULLEHHS
edeKTMBHOCTI ranysi

KniouoBi cnoBa: nigBuLLEHHS NPOAYKTUBHOCTI; CTpaTerii BMPOBAMKEHHSA; ranysb; YMNpPaBAiHHA pecypcamy;
epeKTUBHICTb
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