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Use of contraceptives in cats with ovarian and uterine pathology

palpation),laboratory (haematological,biochemical,hormonal),morphological (examination of the genital organs of
cats amputated during ovariohysterectomy) methods. A decrease in ovarian size in hypotrophic cats by 11.3x9.05%
was_found'compared to the ovaries of healthy cats. The dependence of megestrol acetate administration on the
occurrence of cystic formations in the ovaries was found, with an increase in ovaries in the experimental group by
1.7x2.47 times in‘follicular cysts and by 1.9x3.1 and 2.5x3.9 times in luteal cysts and polycystic cysts, respectively.
It was foundithat the uterus in cats with megestrol acetate was increased by 3.16x1.93 times in the right horn and
2.84x2.1 times in the left horn compared to the uterus of healthy cats. The dynamics of progesterone (increase by
37.85%), follicle-stimulating hormone (decrease by 43.75%) and oestradiol (increase by 72.15%) were determined
in comparison with intact animals. The increase in serum glucose levels in cats after megestrol administration
by 34.31%, total protein/by 25.0% and creatinine by 11.10%, aspartate aminotransferase by 43.84% (1.78 times)
and alanine aminotransferasé by 49.84% (1.99 times), and serum urea by 58.71% was substantiated. At the same
time, haemoglobin levels decreased by 16.5%. The findings of this study can be used in the development of new
methods and regimens of ‘medical contraception with minimisation of risks of complications of the reproductive

system, regulation of reproductiVécapacity, and prevention of infertility in cats

Keywords: contraceptives; gestagens; megestrol acetate; cysts; pyometra; endometritis

INTRODUCTION

The use of megestrol acetate-based_dfugs to correct
sexual cyclicity in cats is widely uSed byspethowners.
This leads to an increase in the number/of gynaecolog-
ical pathologies due to an imbalance ofi sex hormones.
Uncontrolled use of megestrol acetate to intérrupt sex-
ual desire in cats causes both functional disorders of
the reproductive system (hypotrophy and ovarian ¢ysts)
and inflammatory processes (metritis and pyometra). The
scientific and practical substantiation of the negative
impact of megestrol acetate will make it possible to pre-
vent the occurrence of gynaecological pathology in cats/

The use of progestogenic contraceptives to prevent
heat in cats with a 1-year interval leads to destructive
changes in the genitals. S.S. Goericke-Pesch (2017)
claims that after discontinuation of megestrol ace-
tate-based preparations, fertility is restored. However,
O.l. Shkromada and A.V. Rokochyi (2023) obtained data
that the manifestation of gynaecological pathology in
cats occurs due to the improper use of megestrol ac-
etate-based preparations. This is what initially leads
to disruption of the sexual cycles of cats, as noted by
0. Burlakova and V. Stefanyk (2021), and subsequently
to pathological inflammatory processes in the organs of
the reproductive system: pyometra, endometritis. Fur-
thermore, Z. Niewiadomska et al. (2023) point to the de-
velopment of histological endometrial hyperplasia after
the use of a megestrol acetate-based preparation, which
further interferes with the physiological development
of the placenta and contributes to early and subclini-
cal abortions caused by impaired embryo implantation.
G. Martini et al. (2023) point to the development of py-
ometra as a consequence of the increase in oestradiol
17-B content provoked by the use of megestrol acetate.

Therewith, R. Hagman (2022) notes the develop-
ment of pyometra in cats as a consequence of hormone
levels, specifically oestrogen and progesterone, during
4 months, which, according to C\V. Lindsay et al. (2023),
is the cause of infertility in cats and is caused by
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the prolonged use of megestrol acetate. In addition,
C. Binder et al. (2021) pointed out the key role of pro-
gesterone block in the early stages of pregnancy in cats,
noting that when progesterone levels decrease, either a
habitual abortion or partial or complete foetal resorp-
tion occurs. S. Romagnoli and L. Ferre-Dolcet (2022)
claim that the use of megestrol acetate-based prepara-
tions every 13 weeks can prevent ovulation,and longer-
term use provokes the development of hypersecretory
lobules and neoplastic areas in the mammary gland. In
addition, S. Chotimanukul et al. (2023) notes that ovu-
lation occurs at a 2:1 ratio of follicle-stimulating to lu-
teinisingsthormone.

According to J. Liang et al. (2023), pathology of the
ovaries anduterus in cats is quite common. As noted by
A.Fontbonne et al. (2020), the most common pathologi-
cal conditions.are ovarian hypotrophy, ovarian cysts,and
uterine inflammation. H. Moosavian et al. (2022) point
out that the problem of feline reproduction has many
issues that require.a thorough analysis, namely: how
to safely use medical contraceptives to prevent ovula-
tion with the subsequent restoration of the fertility of
cats, e.g., when'resting between pregnancies in pedi-
gree cats; what consequénces can be expected when
using megestrol acetate-based gestational agents and
how to prevent them. E.A. M€Glade et al. (2022) state
that increased progesterone contributes to a decrease
in local (tissue) defence responses and a decrease in
the count of saprophytic (lactobacilli) bacteria in the
vagina of cats, which contributes to anfincrease in the
count of opportunistic pathogens<such as\streptococci
and staphylococci, which subsequently provoke the de-
velopment of endometritis.

Despite the considerable numbersf publications,
theissue of using oestrus inhibitors in cats stays relevant
for many areas of veterinary medicine, hamelya€pro-
ductive medicine - for the development of téchnolog-
ical schemes in the professional breeding of purebred




animals, surgery - for the creation of surgery protocols
in case of detected pathologies and risk reduction after
surgery. This issue is also relevant in wartime. After all,
in the“current conditions in Ukraine, there is an acute
problem’ of uncontrolled reproduction of abandoned
and stray anifals, hence the spread of dangerous infec-
tions in the'absence of veterinary services for neutering
dogs and cats and vae€ination. Therefore, in dangerous
and uncontrolleddreas, alternative schemes should be
sought to control’animal reproduction with medicated
contraception with/minimalstisk to animal health. That
is why the purpose'of this study was to establish and
scientifically substantiate changes in the organs of the
reproductive system of cats whehusing megestrol ace-
tate-based preparations.

MATERIALS AND'METHODS

The study was conducted in thé clinical @and diagnostic
advisory centre “Vet camp” of the Faculty of. Veterinary
Medicine of Sumy National Agrarian<University dur-
ing 2023. The study was conductedin 2 stages. At the
first stage, 2 groups of cats were formed: 1) control (no
megestrol acetate was used), 2) experimental {mege-
strol acetate was used according to the guidelin€s).
There were 15 animals in each group. Therewithypreva-
lence of gynaecological pathology, morphological char-
acteristics of the ovaries and uterus, and the dynamics
of progesterone, oestradiol, and follicle-stimulating
hormone were determined. Morphometric parameters
and cysts of the ovaries and uterus were examined af+
ter ovariectomy according to the generally accepted
method of S. Bowen et al. (2007), according to which
the normal size of the ovaries in cats is 10x6x4 mm.
The concentration of progesterone, follicle-stimulating
hormone and progesterone was determined using an
ImmunoChem-2100 analyser (USA) according to the in-
structions. The obtained digital material was processed
according to the methods of variation statistics using
SPSS Data editor 17.0 version.
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At the second stage, 30 experimental animals were
divided into 2 groups based on the principle of ana-
logues, with 15 cats in each group. The cats were di-
vided according to the history of contraceptive use; the
first group did not use such preparations, and the sec-
ond group used preparations with the active ingredient
megestrol acetate. Therewith, Group 1 was control (cats
without signs of inflammatory processes in the repro-
ductive system) and Group 2 was experimental (cats
with signs of endometritis). Upon the study of blood
serum of both groups of cats, the content of basic bi-
ochemical parameters such as glucose, haemoglobin,
total protein, creatinine, aspartate aminotransferase,
alanine aminotransferase, and urea were determined.

For the study of haematological parameters (num-
ber of red blood cells and white blood cells) and de-
termination of hormonal status, blood was taken from
the saphenous veins of the forearm or thigh, depend-
ing on the degree of their filling, using tubes with a
blood clotting activator for biochemical studies and an
anticoagulant ethylenediaminetetraacetate (EDTA K3)
for clinical studies. Blood tests were performed using
a semi-automatic analyser Mindray BA-88 (biochem-
ical analysis) (China) and an automatic haematological
analyser H360 (clinical analysis) (Erba Lachema s.r.o.,
Czech Republic). Animals were kept and all manipula-
tions were carried out according to the Law of Ukraine
No. 249 “Procedure for Conducting Research and Ex-
periments on Animals by Scientific Institutions” (2012),
European Convention for the Protection of Vertebrate
Animals (1986).

RESULTS AND DISCUSSION

Analysing the prevalence of ovarian pathologies, it was
found that in the group where megestrol acetate was
not used, ovarian hypotrophy was diagnosed 3 times
less frequently, which is associated with a violation of
the rhythmicity of the cyclic peaks of the main sex hor-
mones (Table.1).

Table 1. Prevalence of ovarian and uterine pathologies in cats depen(g on l use of contraceptives

Indicator Group 1 - control (n=15) Group 2= with the uSe of megestrol acetate (n=15)
Ovarian hypotrophy 1 3
Follicular cyst - 2
Luteal cyst - 1
Polycystic disease - 5
Pyometra 2 2
Endometritis 1 2

Source: compiled by the authors of this study

Follicular (n=2), luteal (n=1) and polycystic (n=1) cysts
in cats were diagnosed only in the group treated with
megestrol acetate, which emerged on the background
of systematic disorders of sexual cycles, which led to a
violation of the hormonal status of sex hormones and

the transformation of follicles into cysts. The ‘morpho-
logical characteristics of the ovaries and uterus in cats
of the experimental groups differ and cah serve.as dif-
ferential parameters in the diagnosis and development
of preventive measures (Table 2).
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Table 2. Morphological characteristics of the ovaries and uterus

Group 2 - with the use of megestrol

Indicator Group 1 - control (n=15) acetate (n=15)
ovary, hypotrophy
X right left right left
Longitudinal diameter, cm - 041 0.43+0.03 0.42+0.04
Transverse diameter, cm - 0.22 0.21%£0.02 0.25%£0.03

ovary, follicular cyst

Longitudinalidiametercm - - 0.91+0.01 0.93+0.02

Transverse diameter, cm - - 0.52%+0.03 0.56+0.01
ovary, luteal cyst

Longitudinal diameter, ¢m - - 1.1£0.05 1.2+0.03

Transverse diameter, cm - - 0.61+£0.04 0.65%0.06

ovary, polycystic disease

Longitudinal diameter, cm - - 1.4%0.07 1.6+0.08

Transverse diameter, cm - - 0.82%0.09 0.73%0.07
uterus, pyometra

right horn left horn right horn left horn

Length, cm 6.0£036 7.0£0.47 11.36+1.2 10.5¢1.1

Transverse diameter, cm 2.6+0.02 2.7¥0.5 3.1%0.1 3.3x0.1
uterus, endometritis
Length, cm 5.5 5.0 6.3£1.2 6.1£0.94
Transverse diameter,cm 11 1.2 0.97+0.06 0.87+0.12

Source: compiled by the authors of this study

In hypotrophy, the ovaries of cats of both groups
were reduced, and therefore, the size of the ovary in
the first group was 0.41x0.21 cm, while in cats of the
Group 2 the size ranged from 0.42%0.04x0.25+0.03 -
left to 0.43%£0.03x0.21£0.02 cm - right. This is caused
by excessively high levels of progestogen in the blood
of cats, which blocks the formation of follicle-stimulat-
ing and luteinising hormones by blocking the release
of releasing hormone. The conclusions coincide with
those drawn by E.R.S. Maylem and LJ. Spicer (2022).

It was found that the occurrence of such pathol-
ogies as follicular and Lluteal cysts and polycystic
ovaries is more correlated with the use of megestrol
acetate. Thus, the development of cystic degenera-
tion in cats that did not take megestrol acetate was
not found. At the same time, in cats of the Group 2,
the size of the ovaries in follicular cysts ranged from
0.91+0.01x0.52%0.03 to 0.93%*0.02x0.56*0.01 cm,
which is 1.7x2.47 times larger than in healthy cats
(p<0.05). A comparable trend was observed in ani-
mals with luteal cysts and polycystic disease. The
size of the ovary in cats with luteal cysts was 1.9x3.1
times (p<0.001) and in polycystic cysts - 2.5x3.9
times (p<0.001) greater than in healthy animals. The
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farmation of cysts is triggered by an imbalance of fol-
licle-stimulating and luteinising hormones.

Under the_influence of megestrol acetate, the re-
lease hormone is inhibited, which stimulates the forma-
tion of follicle-stimulating and luteinising hormones. In
this case, releasing hormone has an a-isomer that pro-
motes the formation of follicle-stimulating hormone and
a B-isomer that affects|the amount of luteinising hor-
mone formation. Therefore, inhibition of the a-isomer of
releasing hormone creates conditions for the develop-
ment of luteal cysts,and reduction of the B-isomer cre-
ates conditions for the development of follicular cysts.

Pyometra is characterised by purulent inflamma-
tion of all layers of the feline uterus. Therewith, the
size of the uterus increases significantly, it becomes
pain-inducing and blood-filled. . The uterus was found
to be enlarged during pyometry infcats of Group 1 by
1.7x1.7 times (p<0.001) in the right horn'(Fig. 1a) and
1.94x1.69 (p<0.001) in the left horn,and catS\of Group
2 - by 3.16x1.93 times (p<0.001) in"thefright ‘hern and
2.84x2.1 (p<0.001) times in the left horn (Fig.2b).

The use of contraceptives, specifically ‘megestrol
acetate, is based on changes in the content of sex hor-
mones and their ratios (Table 3)




a)

Notes: a) Uterus of a Gro

Table 3.
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Figure 1. Feline uterus with pyometry
pyometry; b) Uterus of a Group 2 cat with pyometry

e, oestradiol, and follicle-stimulating hormone levels (M*m)

Indicator

oup 1 - control (n=15)

Group 2 - with the use of megestrol acetate (n=15)

Progesterone, ng/ml

Oestradiol, pg/ml

Follicle-stimulating hormone, Ul/L

13.5%0.26 21.72*0.16
61.115.37 105.2£1.97
0.09+0.008

Source: compiled by the authors of this s

It was found that the progesterone co
the blood serum of cats treated with meg
tate increased by 37.85% (1.61 times), oestradio
72.15% (1.72 times), and follicle-stimulating h

decreased by 43.75% (1.78 times). Therewith, 2 cases

of follicular cysts formation were diagnosed in cats of
Group 2, which was caused by an imbalance of sex hor
mones, namely, high (0.16x0.05 Ul/l) follicle-stimulat-
ing hormone. This is also confirmed by an increase in
the ratio of progesterone to oestradiol. Thus, the ratio

Table 4. Dynamics of the main biochemical

of progesterone to oestradiol in Group 1 was 4.5, while
in Group 2, where megestrol acetate was used, this ratio
was 4.84, which is 6.54% (1.07 times higher). Changes
in the main biochemical parameters that are markers
homeostasis disorders, specifically the development
clinical or chronic inflammatory processes, which
Jjuently lead to endometritis or pyometra, which
ad to persistent infertility of cats and the
of various pathologies of the reproductive
Table 4).

rameters

Indicator

Group 1 - control group

Group 2 - with the use of megestrol

(n=15) acetate (n=15)
Glucose, mmol/L 4.48+0.12 6.82%0.16

Haemoglobin, g/l 90.25+3.47 75.36%0.32

Total protein, g/l 62.97+3.57 83.97+5.67

Creatinine, umol/L 154.36%6.78 173.64%9.59
Aspartate aminotransferase, 1U/L 18.91#1.37
Alate aminotransferase, Ul/L 41.33+2.61
Urea, umol/L 7.65%0.64

Source: compiled by the authors of this study

An increase in serum glucose levels in the mege-
strol-treated group by 34.31% (1.52 times) was found,
which may indicate a compensated insufficiency of in-
sulin content. At the same time, there was a decrease
in haemoglobin levels by 16.5% (1.2 times). Therewith,
the amount of total protein and creatinine increased by
25.0% (1.33 times) and 11.10% (1.12 times), indicating
the development of subclinical inflammatory processes.

There was also an increase in
aminotransferase (AST) by 43.84% (1.7
alanine aminotransferase (ALT) b
serum urea by 58.71% (1.59 times),
cates the development of inflammat
known that rapid changes in sex hormo
changes in the dynamics of haematological
(Table 5).

s: aspartate
imes) and
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ﬁ‘ Table 5. Dynamics of the main haematological parameters during the use of megestrol acetate

Indicator Group 1 - control (n=15) Group 2 - with the use of megestrol acetate (n=15)
Redblood cells, t/L 7.21%0.33 4.82+0.38
White bléod cells, g/l 17.22+1.92 19.37%#4.21
Banded, % 1.1+0.15 3.22+0.24
Segmeénted, % 43.22+3.29 54.91£4.65
Metamyelocytes, % 0.22%0.01 0.41%0.11

Source: compiled by the authors of this study

A 33.15% (1.5-fold)«decrease in the count of red
blood cells was found with megestrol acetate, while
the count of leukocytes; especiatly different types of
neutrophils, tended to increase and change their ra-
tio. Thus, the total number of leukocytes increased by
12.49% (1.12 times) after megestrol@acetate administra-
tion. Therewith, the percentagerof banded neutrophils

increased by 192.73% (2.93 times), segmented neutro-
phils - by 27.05% (1.27 times), and metamyelocytes - by
86.36% (1.86 times).

The next stage of the study was to determine
changes in the main biochemical parameters of the
blood of cats with endometritis after the use of mege-
strol acetate (Table 6).

Table 6. Dynamics ochhemical parameters of the blood of cats with endometritis

Indicator Group 1, - control (n=15) Group 2 - with the use of megestrol acetate (n=15)
Glucose, mmol/L 4.48+0.12 8.24%0.22%
Haemoglobin, g/l 90.25£3.47 73.64*491
Total protein, g/l 62.97%35.57 81.33%4.29
Creatinine, pmol/L 154/36+6.78 192.61%7.02
AST, IU/L 18.91%1.37 62.27+3.32
ALT, IU/L 41.33%2.61 138.22%5.66
Urea, umol/L 7.65%0.64 22.33+1.48
Source: compiled by the authors of this study
There was a significant increase in glucose to in€rease glucose levels by 20.82% (1.21 times),

by 83.93% (1.84 times), total protein by 29.16%
(1.29 times), creatinine by 24.78% (1.25 times), AST by
229% (3.29 times), ALT by 234% (3.34 times), and urea
by 191% (2.92 times). At the same time, the haemo-
globin level tended to decrease, amounting to 18.40%
(1.23 times). Therewith, comparing analogous biochem-
ical parameters of the blood of animals that did not
have inflammatory processes (endometritis) of the re-
productive system (Table 4), the study found a tendency

cfeatinine by 10.92% (1.11 times) and a significant in-
crease in AST by 85.11% (1.85 times), ALT by 67.76%
(1.68 times), and urea by 363.28% (4.63 times). This
change is gaused by the development of inflammatory
processes against the background of an increase in pro-
gesterone'levels by 37.85% compared to intact animals.
Significant changdes in‘the morphological parameters of
blood in the manifestation of endometritis in cats after
the use of megestrol acetate were found (Table 7).

Table 7. Dynamics of the main haematological parameters of blood irﬂh tﬁdometritis

Indicator Group 1 - control (n=15) Group 2 - with the use of megestrol acetate (n=15)
Red blood cells, t/L 7.21%0.33 4.81%0.53
White blood cells, g/l 17.22+1.92 23.22%2.62
Banded, % 0.22+0.01 9:41£1.02
Segmented, % 43.22+3.29 64.31%£2.57
Metamyelocytes, % 1.1x0.15 0.73%0.11

Source: compiled by the authors of this study

Thus, the count of red blood cells decreased by
33.29% (1.5 times) compared to intact cats. There-
with, the count of leukocytes increased by 34.84%
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(1.35 times), including the count of banded neutrephils
by 755.45% (8.55 times), segmented neutrophils — by
48% (1.49 times) and metamyelocytes — by 231.82%




(3.32 times). It is also important to compare analogous
blood"“parameters in cats treated with megestrol ace-
tate’but without endometritis (Table 5). Thus, the count
of the'red bload\cells was not statistically different, but
the count of leukocytes in the blood of cats with en-
dometritis was 19.88% higher (1.2 times), the count of
banded neutrophils was 192.24% higher (2.92 times),
segmented neutrophils. - 17.12% higher (1.17 times),
and metamyelocytés - 78.05% higher (1.78 times).

The use ofimegestrol acetate in cats to prevent
signs of heat increasesthe incidence of gynaecological
pathology such as ovarian atrophy and cysts, endome-
tritis, and pyometra. Therewith, the content of oestra-
diol and progesterone increases; while follicle-stim-
ulating hormone decreases. /A decrease in glucose,
haemoglobin, and urea,and an increase in total protein,
creatinine, AST, ALT in the bleod sefumhof cats treated
with megestrol acetate were alsé found.

The use of contraceptives that containssubstances
that affect the course of the sexual gycle of cats by
changing the synthesis of both hypothalamie=pituitary
hormones and sex hormones, specifically megestrol
acetate, contributes to the more frequent manifesta-
tion of pathologies such as ovarian hypofungtion, fol-
licular cysts, luteal cysts, and polycystic diseasegWhich
is also confirmed by publications by foreign authors
(Brandli et al., 2021). Particular attention should<be
paid to the manifestation of pyometra and endome-
tritis after megestrol acetate use. An increase in the
number of cases of acute inflammatory processes in
the organs of the reproductive system of cats, such as
endometritis and pyometra, has been established. Thus,
S. Romagnoli et al. (2023) report a more intense uter-
ine inflammatory process in cats and an increase in the
number of complications after systematic use of mege-
strol acetate, noting that short-term and especially long-
term administration of progesterone derivatives disrupts
cell receptors in the endometrial epithelium, allowing
pathogens to break through this first natural barrier and
thus increase the risk of developing pyometra.

The findings of the study by C. Binder et al. (2019)
confirmed a 1.9x3.1 to 2.5x3.9-fold increase in ovarian
size in cystic degeneration, indicating that the incidence
increased with the age of the cats and was complicated
by purulent endometritis and hyperplastic endometrial
lesions. The determining role of persistent corpus luteum
in the development of cystic degeneration was also
noted. Therewith, as noted by L. Schirrer et al. (2021),
cysts occurred when megestrol acetate was used to pre-
vent sexual desire,and polycystic disease occurred when
sexual desire was interrupted, which is fully consistent
with the findings of the present study. Data were also
obtained on the formation of both follicular and luteal
cysts in cats treated with megestrol acetate. The reason
for this phenomenon is the dysfunction of the hypo-
thalamic and pituitary hormones. HJJ. Kim et al. (2023)
indicate that the use of contraceptives disrupts the
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functioning of cannabinoid receptors, which is charac-
terised by changes in their expression in relation to oes-
trogen and progesterone, which coincides with the data
obtained. At the same time, the development of luteal
cysts is triggered by a violation of follicle-stimulating
hormone production or an increase in luteinising hor-
mone secretion (Xia et al., 2020).

Research found destructive changes in the uterine
mucosa, manifested in the form of endometritis and
pyometra in cats previously treated with megestrol
acetate to suppress reproductive capacity. Violation of
oestrogen synthesis is accompanied by pathological
processes in the organs of the reproductive system.
Z. Niewiadomska et al. (2023) note that most cases of
infertility in cats after megestrol acetate administra-
tion are caused by hyperplastic endometrial degener-
ation, which prevents embryo implantation and pla-
cental development.

Data was obtained on the increase in serum glu-
cose by 34.31%, total protein by 11.10%, and creatinine
by 25.0% in cats treated with megestrol acetate, which
coincides with the opinion of R. Hagman (2018), who
notes that pyometra, which develops within 4 months
after oestrus or contraceptive use, is caused by the in-
fluence of microflora, in the development of which high
progesterone levels play a leading role. At the same
time, pyometra and endometritis complications are re-
ported in cats older than 5-7 years. The use of mege-
strol acetate has a negative impact on the reproductive
capacity of cats, creating conditions for the formation
of oyarian cysts, development of endometritis and py-
ometra, accompanied by hypertrophic degeneration of
the endometrium, and disruption of the main indicators
of homeostasis.

CONCLUSIONS

The studySubstantiated the negative effect of mege-
strol acetate on the reproductive system of cats and
revealed morphological changes in the ovaries and
uterus, as well as complications in the form of endo-
metritis and pyometra, which was confirmed by haema-
tological and biochemical blood tests. An increase in
the manifestation of ovarian hypotrophy by 333.33%,
endometritis by 100,0% in cats treated with megestrol
acetate compared to intact animals and the occurrence
of follicular cysts and pyometra by 13.33% of polycystic
disease - 30.0% of the total pumber of affected cats, in-
dicating the systemic nature of the effect of megestrol
acetate on both the organs of the reproductive system
and the body of cats as a whole..The study found an
increase in the size of ovaries with polycystic ovaries
by 2.5x3.9 times, in luteal cysts - by 1.9x3 d¢times, and
in follicular cysts - by 1.7x2.47 times_compared to the
ovaries of healthy cats, which may indicate,destructive
changes in the form of accelerated apoptosis anddcle-
rotic processes in the reproductive system. An‘increase
in the progesterone content in the blood serum/of cats
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treated with'megestrol acetate by 37.85%, oestradiol — by
72.:15%, and/follicle-stimulating hormone - by 43.75%
characterises persistent irreversible changes in the se-
cretory capacity of the feline body, which leads to a vi-
olation of both_the\general reproductive capacity and
the rhythm_of sexual cycles specifically.

Analysing biochémical parameters, the study found
a decrease in haemoglébin levels by 16.5% and an in-
crease in glucosedy 34.31%, total protein — by 25.0%,
creatinine — by 11.10%,AST - by 43.84%, ALT - by
49.84%, and serum/urea —-.by,58.71%, which also in-
dicates the development of inflammatory processes in
cats after prolonged use of ‘megestrol acetate, indicat-
ing a violation of both metabolic processes, inherent
in the onset of oxidative stress, and the toxic effects
of the contraceptive on the'feline body. A decrease in
the count of red blood cells by 33.15% was recorded
with the use of megestrol acetate, whileithe count of

leukocytes increased by 12.49%, the percentage of
banded neutrophils increased by 192.73%, segment-
ed neutrophils - by 27.05%, and metamyelocytes - by
86.36%, which suggests the development of inflam-
matory processes, such as endometritis and pyometra,
specifically, which have an acute course and are accom-
panied by erythropoiesis disorders and an increase in
the white blood cell fraction. In the future, it is planned
to investigate cytological changes in the tissues of the
reproductive system organs and develop methods for
diagnosing and preventing the development of pathol-
ogies of the reproductive organs of cats.
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AHoTauif. Perynsauia penpoAyKTMBHOI 34aTHOCTI KiWOK 3 BUKOPUCTAHHAM Merectpony aueTtaTty (rectareHui
npenapat) CnpusE PO3BWUTKY MATOMOMYHMX MPOLIECIB Y\ MaTLi, SiEYHMKAX, AMCcOanaHCy roHafasbHUX FOPMOHIB.
ToMy BaXIMBUM € AOCNIOXKEHHS Ta HAayKoBe OOrpyHTYBaHHS MAaTOFEHETUYHMX MPOLLECiB B OpraHi3Mi Killok 3a
MeAMKaMEHTO3HOI KoHTpauenuii. MeTolo pobotn 6yno 06rpyHTYBaHHS NaToMOpdONOriYHMX 3MiH Ta AMHaMiKu
OKpeMMX MOKA3HMKIB KPOBI B OpraHi3Mi Kilok, nNpu 3acTOCYyBaHHI Merectpony auetaTy. [lig 4yac npoBedeHHs
[OCNioKeHb BUMKOPWCTaHI KANiHIYHI (ornsag, nanbnauif), nabopaTopHi (remaTonioriyHi, GioxiMiyHi, ropMoHanbHi),
MOpdONOriyHi (OCNiAKEHHS OpPraHiB CTaTeEBOI CUCTEMM KiLLOK, aMNyTOBAHMX MNif YaC OBAPIOriCTEPOKTOMIT) MeToau.
BcTaHoBNEHO 3MEHLIEeHHS BENMYMHM SEYHMKIB Npu rinoTpodii Kiwok Ha 11;3x9,05 % nopiBHAHO i3 S€EYHMKAMM
300pOBMX KilLOK. BUSIBNEHO 3aNeXHiCTb 3aCTOCYBAaHHA MErecTposy aueraty i3] BUHMKHEHHAM KiCTO3HMX YTBOPEHb B
SEYHMKAX i3 30iNbLIEHHAM AEYHMKIB Y KilLOK focnigHOi rpynuny 1,7x2,47 pa3u npu donikynapHin kictitay 1,9x3,1 1a
2,5%3.9 pa3u npu NOTEIHOBIM KiCTi Ta NoAiKicTo3i, BianoBigHO. BcTaHOBNEHOBOIbWEHHS MaTKM 33 NiOMETpI Y KilloK
npu 3aCcTOCyBaHHI Merectpony auetaTy B 3,16x1,93 pasu npasoro pory i 2,84x2,1pa3u NiBOro pory nopiBHsHO i3
MaTKOH 3[40POBMX KilLOK. 3'9COBAHO AMHAMIiKy nporectepoHy (niaBULeHHS Ha. 37,85 %), GonikynocTMMyno4yoro
rOPMOHY (3HMXEHHS Ha 43,75 %) Ta ecTpagiony (NiaBUWEHHS Ha 72,15 %) NOPIBHAHO i3 IHTAKTHMMM TBapMHAMM.
O6rpyHTOBaHO MiABULLEHHS PiBHS FHOKO3M Y CMPOBATLL KPOBI Y KiLLOK Nicas 3aCTOCYBAHHS MerecTpony Ha 34,31 %,
3aranbHoro 6inky Ha 25,0 % Ta KpeatuHiHy Ha 11,10 %, acnaptatamiHoTpaHcdepazu Ha 43,84 % (1,78 pa3a) Ta
anaTamiHoTpaHcdepasu Ha 49,84 % (1,99 pasa), ceyoBMHM cMpOBATKM KpoBi Ha 58,71 %. B. 10/ e 4ac 3HMKEHHS
piBHSA reMornobiHy Ha 16,5 %. Pe3ynbTaTv focnifxeHb MOXYTb OYTU BUKOPUCTaHI Npu pO3po0bLI HOBUX METOAIB Ta
CXeM MeAMKaMEeHTO3HOi KOHTpaLenLii 3 MiHiMi3aLi€l pU3KMKIiB LWOAO YCKNAAHEHb 3 BOKY PenpoayKTUBHOT CUCTEMMU,
perynoBaHHS penpoAyKTMBHOT 343aTHOCTI Ta NpodinakTMLi HenAiAHOCTI Y KilloK

KniouoBi cnoBa: KOHTPALLENTVBU; recTareHun; MerecTposly aLeTat; KicTu; mioMeTpa; eHLOMETPUT
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usually requires lifelong treatment. The purpose of this study was to investigate the therapeutic efficacy of treating
atopy in dogs and cats with the use of triamcinolone-based veterinary medications (oral suspension). Standard
clinical, haematological, biochemical, and immunological methods were used in the study. The increased content
of total immunoglobulin E (Ig E) in the blood of experimental animals before treatment (Group | - 3.4 times, and
Group Il - 3.9 times compared to the control) indicates the presence of an allergic response in the body. It was
found that the tested veterinary medications do not substantially affect the haematological parameters of dogs
and cats when administered orally, and in therapeutic doses do not have a toxic effect on the functional state of
the liver and kidneys. It was proved that on Day 4 of use of oral suspension No. 1 and No. 2 based on triamcinolone
(1%) acetonide and a complex of B vitamins in a therapeutic dosage, an improvement in the general clinical
condition of animals was recorded. On Day 8 of treatment, dogs and cats in experimental Groups | and Il showed
improvement in skin condition: a reduction in the lesion area, absence of redness, scratching, and exfoliation. The
general clinical condition of the skin of the experimental animals stayed unchanged from Day 8 to Day 12. The
developed oral suspensions have a pronounced anti-allergic effect and improve the skin condition of small pets

(dogs and cats) with atopic dermatitis

Keywords: atopy; immunoglobulin; treatment; suspension; blood plasma; research; dogs; cats

INTRODUCTION

The issue of treating dermatological diseases in cats and
dogs is a highly relevant issue in veterinary medicine.
The principal causes of skin diseases in animals are ec-
toparasites (fleas, ticks), insect bites, household chemi-
cals, feed components, plant and tree pollen, and mould
spores. Dermatitis can also be associated with the de-
velopment of autoimmune processes, dysfunction of the
endocrine glands, or a lack of vitamins and minerals.
A.Paliy et al. (2019, 2020) and V.L.Kovalenko et al.(2020)
noted that a vital role in ensuring animal health is
played by the conditions of their keeping, including the
level of sanitation, which must be constantly maintained
at a high level to prevent animal diseases.

Atopic dermatitis is a systemic disease that oc-
curs because of hypersensitivity to specific (allergens)
and non-specific stimuli (Marchegiani et al., 2020;
Franco et al., 2021). Typical clinical manifestations of
atopy are inflammation of the skin, which manifests
itself in the form of eczematous and lichenoid rashes
and is accompanied by itching (Case & Burgess, 2018;
Jaffey et al., 2020). The disease is progressive and
has a recurrent course, which has an extremely neg-
ative impact on the quality of life of the animal and
can be very unpleasant for its owners (Bensignor &
Videmont, 2021). According to S. Segarra et al. (2023),
the development of atopy is the result of a complex
interaction of genetic and environmental factors that
shape the immune response and skin barrier func-
tion. The concept of atopic dermatitis proposed by
L.M. Tomich and J.B. Pieper (2019) explains the hyper-
production of Ig E from the standpoint of congenital
immune deficiency and impaired T-suppressor func-
tion, which is manifested in the weakening of the pre-
dominant effect on the B-cell clone with which Ig E
synthesis is associated.

Recently, in the pathogenesis of atopic dermati-
tis, great importance has been attached to disorders
of fatty acid metabolism in the formative elements,

Scientific Horizons, 2024, Vol. 27, No. 2

blood plasma, and adipose tissue. According to
A.K. Masters et al. (2018), it is the lack of certain fatty
acids that leads to a deficiency of the components
of the prostaglandin cascade, which have regulatory
functions primarily in relation to cellular synthesis of
Ig E and contribute to the reduction of inflammatory
phenomena. According to A.R. Vaughn et al. (2019),
a lack of B vitamins in cats and dogs can contribute
to the development of dermatitis and seborrhoea.
B. Hesselmar et al. (2018) proved the effectiveness
of glucocorticoids in atopic dermatitis due to their
haemodynamic effect: they help to normalise blood
pressure, counteract the development of vasodilation;
have an anti-oedematous effect on cells, including
neurons of the central nervous system (CNS); reduce
the aggregation of polymorphonuclear white blood
cells and prevent the occurrence of leukostasis in the
vascular bed; inhibit the formation of substances that
act on the reticuloendothelial system; and inhibit the
release of histamine. I. Davila et al. (2018) indicate the
effectiveness of synthetic glucocorticoids in the regi-
men of complex therapy for faster and more reliable
control of clinical manifestations of dermatitis on the
skin of animals.

J.Altamirano-Vallejo et al.(2018) and M. Langworthy
et al.(2019) prove the high efficiency of using a medica-
tion based onthe synthetic glucocorticoid triamcinolone
acetonide for the treatment of inflammatory, allergic,
and autoimmune diseases. The authors recommend the
medication as a safer alternative to injections of other
corticosteroid medications. Data from N.K.Y. Gedon and
R.S. Mueller (2018) indicate a high (70-80%) clinical
efficacy of injectable and topical forms of glucocorti-
coids in the general anti-inflammatory and antipru-
ritic therapy of atopic dermatitis in dogs and cats. The
authors note that the addition of essential fatty acids
and vitamins to the diet of sick animals can be bene-
ficial: improving the quality of the coat, strengthening




the skin barrier, reducing transepidermal water loss,
which reduces the doses of glucocorticoids required to
control the disease. The purpose of this study was to
scientifically substantiate the effectiveness of triamci-
nolone-based veterinary medications on cats and dogs
of different breeds and sexes.

MATERIALS AND METHODS

The study was conducted in 2020-2022 at the Labo-
ratory of Veterinary Sanitation, Parasitology, and Bee
Diseases of the National Research Centre “Institute of
Experimental and Clinical Veterinary Medicine”, at an
animal shelter (Balakliia, Kharkiv region) and a multidis-
ciplinary laboratory of Odesa State Agrarian University.
The research programme was reviewed and approved
following the current procedure by the Bioethics Com-
mittee of the National Research Centre “Institute of Ex-
perimental and Clinical Veterinary Medicine”.

Paliy et al.

The following medicinal products (oral suspen-
sions) were used in this study:

* Product No. 1 - a bright yellow suspension with a
specific smell of its components. The product contains
(1 ml): triamcinolone acetonide - 1 mg; vitamin B, -
2 mg; vitamin B, - 4 mg; vitamin B; - 10 mg; vitamin
B¢ — 2 mg; excipients (xanthan gum, potassium sorbate,
bentonite, glycerine, purified water).

¢ Product No. 2 - a light yellow to dark yellow sus-
pension. The product contains (1 ml): triamcinolone -
1 mg; vitamin By - 3 mg; vitamin B, - 5 mg; vitamin
B; — 10 mg; excipients (xanthan gum, potassium sorb-
ate, bentonite, glycerine, purified water).

The medications were administered to animals
individually orally, once a day, in the morning feeding
hours with a small amount of feed or injected into the
root of the tongue using a syringe-dispenser in thera-
peutic doses (Table 1).

Table 1. Dosage of the medications under study

Animal species Animal body weight, kg

Medication dosage per animal, ml

up to 10 0.5

10-20 1.0

Dogs 20-30 1.5
30-40 2.0

over 40 2.0

Cats upto?3 0.25
3 or more 0.5

Source: compiled by the authors of this study

For the first 4 days, the medications were admin-
istered at a therapeutic dose, and for the next 8 days,
the dose was halved. The vials with medications were
thoroughly shaken before use. Clinical studies were
conducted on cats and dogs of different breeds, ages,
and body weights. The study used laboratory glassware,
spectrophotometer, thermostat, dispensers, reagent kits
for haematological and biochemical studies (manufac-
tured by the Scientific and Production Enterprise “Filis-
it-Diagnostics” (Ukraine)); a kit for the quantitative de-
termination of the concentration of immunoglobulin E
(Ig E) in blood serum by enzyme-linked immunosorbent
assay (ELISA) (Monobind (USA)); automatic single- and
multi-channel pipettes of fixed or variable volume of
5-1000 pl. General laboratory equipment. Immunoassay
analyser with a wavelength of 450 nm.

At the first stage of the study, the efficacy of vet-
erinary medications was investigated on outbred cats
of different ages and sexes. To conduct the study, a
control and two experimental groups were formed
based on the principle of analogues, considering the
body weight, age, and type of animal constitution. The
number of animals in each group was 5. Animals of the
control and experimental groups were kept in enclo-
sures on a standard balanced diet with free access to
water, according to physiological needs. Animals in the

control group were clinically healthy outbred cats aged
1 to 5 years, weighing 2.7-4.8 kg, vaccinated against
calicivirus, rhinotracheitis, and panleukopenia. Before
the experiment, the cats were dewormed.

Experimental Group | - cats with clinical signs
of allergic dermatitis, which were administered with
product No. 1. Experimental Group Il - cats with clin-
ical signs of allergic dermatitis, which were adminis-
tered with product No. 2. Clinical studies of cats in the
experimental groups included a detailed anamnesis,
study of skin lesions, considering the course of patho-
logical changes. Animals in the control group received
dry feed (Ukraine) and clean drinking water without
medications. During the experimental period, blood
samples were taken from cats for haematological, bio-
chemical, and immunological studies: before medica-
tion administration, on Day 1, Day 4, and Day 8 of the
experiment. Before and during the experiment, cats
were clinically examined, including inspection, pal-
pation, thermometry, examination of respiratory and
heart rate. The study recorded the nutritional state,
condition of the ears, and visible mucous membranes.
The study was conducted using general and special
diagnostic methods.

At the second stage of experimental research, the
efficacy of veterinary medications was investigated on
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outbred dogs of different ages and sexes. To conduct
the study, a control and two experimental groups were
formed based on the principle of analogues, consider-
ing the body weight, age, and type of animal constitu-
tion. The number of animals in each group was 5. Ani-
mals of the control and experimental groups were kept
in enclosures on a standard balanced diet with free ac-
cess to water, according to physiological needs.

The animals of the control group were clinically
healthy dogs aged 1 to 5 years, weighing 7.5-12 kg, vac-
cinated against canine distemper, adenovirus type I,
canine parvovirus, and canine parainfluenza. Prior to
the experiment, the dogs were dewormed and under-
went coprological tests to rule out the presence of
canine endoparasitic diseases. Experimental Group | -
dogs with clinical signs of atopic dermatitis, which
were administered with product No. 1. Experimental
Group Il - dogs with clinical signs of atopic dermatitis,
which were administered with product No. 2.

Clinical examination of the hair coat of the dogs
in the experimental groups included registration of
alopecia. The skin thickness, elasticity, dryness, and
oiliness were determined. Attention was paid to the
potential sites of primary changes in dermatitis of par-
asitic origin (interdigital area, ventral surface of the
body in the abdomen, skin of the ears and external
auditory meatus, areas of the head, specifically around
the mouth, brow arches, between the auricles; detec-
tion of primary skin lesions (papules, pustules), assess-
ment of their location and number.

Dogs in the control group received dry feed and
clean drinking water without medications. During the
experimental period, blood samples were taken from
dogs for haematological, biochemical, and immuno-
logical studies: before medication administration, on
Day 1, Day 4, and Day 8 of the experiment. Blood for
research in dogs and cats was taken from the vena ce-
phalica antebrachii. Blood was collected following the
rules of asepsis and antisepsis.

To obtain serum, the tubes with blood samples were
incubated in a thermostat for 15 min. To separate the
blood serum from the clot, a stainless metal stick was
used to draw along the inner wall of the tube. The sam-
ple tubes were centrifuged at 3,000 rpm for 15 min. Se-
rum was collected using a pipette dispenser into sterile
Eppendorf tubes. Haematological tests included de-
termination of total haemoglobin (HGB), haematocrit
(HCT), red blood cell (RBC), and white blood cell (WBC)
counts. The study of the functional state of the liver and
kidneys of cats and dogs included the determination
of total protein according to the turbodimetric meth-
od, albumin with bromocresol green, urea according
to the diacetyl monoxide method, and creatinine with
picric acid. The activity levels of the following enzymes
were found in the blood serum of cats and dogs: ala-
nine aminotransferase (ALT; GCF 2.6.1.2) and aspartate
aminotransferase (AST; GCF 2.6.1.1) according to the
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Reitman-Frankel method, gamma-glutamyl transpepti-
dase (GGTP; GCF 2.3.2.2).

Immunological methods included the determina-
tion of the level of total allergen-specific serum Ig E in
the blood serum of cats and dogs using the ELISA test
system “Granum” (Ukraine). The specified test system
uses a sandwich method based on the principle of a
two-site enzyme-Llinked immunosorbent assay. The test
sample was introduced into the well of the plate with
immobilised antigen (specific Ig E antibodies). Ig E to-
tal from the sample binds to antibodies on the surface
of the well. Unbound material is removed by washing.
Conjugate (second anti-lg E antibody labelled with per-
oxidase) is added to the well. Then, the washing was
repeated. The activity of the enzyme (bound on the sur-
face of the plate well) was evaluated after substrate ad-
dition and measurement at 450 nm. The intensity of the
colour reaction was directly proportional to the amount
of total Ig E in the sample.

Statistical processing of the research results was
carried out using statistical methods (STATISTICA 10.0
for Windows). The results obtained were processed using
standard methods of variation statistics with non-para-
metric and parametric criteria. Numerical data were pro-
cessed using one-factor analysis of variance (ANOVA). In
case of a parametric distribution, the quantitative char-
acteristics of the traits were presented in the form of the
arithmetic mean of the sample and the standard devia-
tion (M£m). Differences between samples were consid-
ered significant at P<0.05. Comparison of three or more
groups on a quantitative basis with the correct distribu-
tion of values was carried out using the Tukey test for
subsequent pairwise comparisons of groups, consider-
ing the Bonferroni correction (Xu et al., 2010).

All experimental studies were conducted follow-
ing the modern methodological approaches and cor-
responding requirements and standards that follow
DSTU ISO/IEC 17025:2005 (2006). Animal husbandry
and all manipulations were performed according to 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 Conven-
tion for the protection of vertebrates used for experi-
mental and other scientific purposes (1986).

RESULTS AND DISCUSSION

Results of cats’ treatment. According to the results of ob-
servations, no changes in the clinical condition were
detected in the cats of the control group during the ex-
periment. The cats were active, eagerly consumed feed
and water, and their nutritional state was average. Visi-
ble mucous membranes are pale pink, moderately shiny,
without damage, pigmented. Skin was smooth, medium
thickness, elastic, undamaged. Coat was thick, shiny,
tight against the body. Prior to the experiment, cats in
experimental Groups | and Il showed clinical signs of
allergic dermatitis: the skin on the limbs, neck,and back




was dry, not elastic, the coat was thin, dull, tousled, and
not tight against the body. Animals showed constant
itching, redness, exfoliation, and soreness of the skin.
Two of the cats in the group had cracks, bleeding, and
changes in skin pigmentation. The cats’ appetite dete-
riorated compared to the control group. Animals were
lethargic and apathetic.

On Day 4 of the experiment, after administration of
the experimental medications to cats of Groups | and
[, respectively, an improvement in the general clinical
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condition of the animals was recorded. The area of the
lesion and skin itching decreased in cats. An improve-
ment in appetite was noted. On Day 8, the skin condition
of cats in experimental Groups | and Il improved. No red-
ness, scratching, exfoliation, or cracking of the skin was
observed. Visible mucous membranes were moderately
moist, pale pink. Animals’ activity increased, they eagerly
consumed feed and water. Therewith, a range of morpho-
logical parameters of the blood of cats of the control and
experimental groups were determined (Table 2).

Table 2. Morphological and physiological parameters of cat blood under the influence of veterinary medications (M*m, n=>5)

Experimental

Duration of the study, days

groups before administration Day 1 Day 4 Day 8
Haemoglobin (HGB), g/dm?

Group | 120.18+1.212 121.26%1.482 122.13£2.14° 122.15+1.58°

Group |l 119.15+1.342 120.14+2.07° 121.17+1.26° 122.06+1.47°

control 124.23+1.11° 125.73+1.132 125.06%1.41° 125.26%1.312

Haematocrit (HCT), %

Group | 40.23%1.19° 37.12+0.45° 37.08+1.19° 36.99+1.43°

Group Il 39.32%1.24° 37.96+0.99° 35.87%1.28¢ 38.25%1.71°

control 37.65+1.232 36.25%1.322 37.12#1.11° 38.15+1.18¢°
Erythrocytes (RBC), 10'2/dm?

Group | 8.21+0.68° 8.83+0.452 8.97+0.182 9.11+0.212

Group |1 8.27+0.432 9.11+0.322 8.58+0.12° 8.94%0.572

control 8.16+0.23° 8.16%0.132 8.46+0.98° 9.25%0.67°

White blood cells (WBC), 10°%/dm?

Group | 13.36+0.62° 11.17%0.48° 9.64+0.53¢ 9.27%0.22¢

Group |1 11.97+0.24° 10.36%0.62° 9.98+1.12° 8.76%0.74°

control 9.63+0.54° 9.61£0.212 9.87%0.24° 9.54+0.15?

Notes: different letters indicate values significantly different from each other within one line of Table 3 based on the
results of comparison using the Tukey test (P<0.05) with Bonferroni correction

Source: compiled by the authors of this study

Table 2 shows that the veterinary medications under
study cause significant changes in haematological pa-
rameters in cats when administered orally. A significant
improvement in the level of haemoglobin in the blood of
cats on Day 8 of the experiment was found (in Group | by
2.03 g/dm?, and in Group Il - by 2.91 g/dm?), compared

with this indicator before the administration of medica-
tions. On Day 8 of treatment, the count of white blood
cells decreased to the normalised level: in Group | - by
4.09x10°/dm?, and in Group Il - by 3.21x10°%/dm3. The
study also investigated the dynamics of biochemical pa-
rameters in the blood serum of cats (Table 3).

Table 3. Biochemical parameters in the blood serum of cats under the influence of veterinary medications (M*m, n=5)

Experimental

Duration of the study, days

23

groups before administration Day 1 Day 4 Day 8
Total protein, g/l
| experimental 76.64%1.21° 75.48%0.46° 76.48%0.94° 77.19£1.02°
Il experimental 73.89%0.59° 79.03%0.32° 77.13+0.93° 75.36%1.27°
control 77.65%0.432 78.64%0.87° 77.24%1.032 78.51%1.742
Albumin, g/L
| experimental 37.9%1.07° 37.16+0.52° 38.25%0.17° 39.24%1.44°
Il experimental 36.13%1.21° 38.92+0.37° 38.43%0.5° 39.88+1.72°
control 35.67%1.11° 38.41+0.12° 39.05+0.14° 37.69+0.85°
ALT, lU/L
| experimental 13.48+1.14° 12.94%0.122 13.19+1.117 12.17+0.312
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Table 3. Continued

Experimental

Duration of the study, days

groups before administration Day 1 Day 4 Day 8

Il experimental 13.88+0.27° 14.01£0.24° 13.56+0.15° 13.54+1.05°
control 12.17%0.712 13.92%0.15° 14.17+0.18° 13.25%0.78°

AST, IU/L

| experimental 29.26%1.48° 28.91£1.532 29.15%0.51° 30.78+1.47°

Il experimental 29.94%0.62° 29.17%0.51° 30.92+1.16° 29.78%0.52°
control 28.14*0.232 29.56%0.372 30.24+0.282 31.74+0.45°

Gamma-glutamyl transpeptidase (GGT), IU/L

| experimental 5.42+0.83? 5.73+0.12° 5.37%0.22° 6.67%0.292

Il experimental 5.99+0.17° 6.67%0.182 6.55%0.112 6.15%0.172
Control 4.58+0.312 5.12+0.16° 6.49%0.12° 6.28+0.18°

Creatinine, umol/L

| experimental 74.14%1.05° 74.85%0.17° 75.26%0.21° 76.18+1.09°

Il experimental 74.97%0.5%° 76.01£0.12° 75.17%0.282 75.53%1.42°
control 73.58+1.06° 75.39+1.25° 74.57%0.45° 74.31%0.75°

Urea, mmol/L

| experimental 5.12+0.94° 5.19+0.31° 5.63%0.21° 4.18%0.26°

Il experimental 5.46+0.17° 5.71+0.19° 6.11+0.37° 5.58+0.152
control 4.74+0.29° 4.88+0.12° 5.94%0.18° 6.23%0.15°

Notes: different letters indicate values significantly different from each other within one line of Table 3 based on the

results of comparison using the Tukey test (P<0.05) with Bonferroni correction

Source: compiled by the authors of this study

Table 3 shows that the veterinary medications un-
der study improve the functional state of the liver and
kidneys of experimental animals when administered
orally. The study found a significant improvement in
the level of creatinine in the blood serum of cats on
Day 8 of the experiment (in Group | - by 2.04 pmol/L,
and in Group Il = by 0.56 umol/l) and albumin (in
Group | - by 1.34 g/l, and in Group Il - by 3.75 g/l)
compared with this indicator before the administra-
tion of the medications.

300
250
200

Total Ig E concentration, 1U/ml

Before Day 1
administration

m control

The next step was to conduct immunological stud-
ies to determine the concentration of total Ig E in the
blood serum of cats that had been administered vet-
erinary medications. It was found that the concentra-
tion of total Ig E in the blood serum of cats of Groups |
and Il was significantly higher than the control values
at all study periods: before administration — 3.4 times
and 3.9 times, on Day 1 - 3.8 times and 4.3 times, on
Day 4 - 2.9 times and 3.1 times, on Day 8 - 2.2 times
and 2.1 times, respectively (Fig. 1).
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Figure 1. The content of total Ig E in the blood serum of cats after the use of veterinary medications (M*m, n=5)

Source: compiled by the authors of this study

The increased content of total Ig E in the blood indi-
cates the presence of an allergic reaction in the body of
experimental animals. Notably, on Days 4 and 8 after ad-
ministration of medication No. 1 to cats, the level of Ig E
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in the blood of cats of the experimental groups was sig-

nificantly lower compared to the previous study period.
Results of treatment of dogs. Therewith, clinical tri-

als were conducted on outbred dogs of different ages




and sexes to establish the effectiveness of veterinary
medications. The general clinical condition of dogs was
investigated; haematological, biochemical, and immu-
nological studies of dogs’ blood were performed under
conditions of oral administration of a suspension of ex-
perimental medications. The clinical condition of the
dogs in the control and experimental groups was deter-
mined daily throughout the study. Thermometry, exam-
ination of visible mucous membranes, examination of
the skin and coat were carried out. No changes in clin-
ical condition were observed in the dogs of the control
group during the experiment. The animals were active,
eagerly consumed feed and water, and their nutritional
state was average. Visible mucous membranes are pale
pink, moderately shiny, without damage, pigmented.
Skin was smooth, medium thickness, elastic, undam-
aged. Coat was thick, shiny, tight against the body.

Prior to the experiment, dogs in experimental
Groups | and Il showed clinical signs of atopic derma-
titis: hair loss, scabs, itchy skin, which was manifested
by scratching, licking, and biting their skin, irritability
and changes in habitual behaviour (anorexia, aggres-
siveness). In the dogs of the experimental groups, the
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affected skin areas were recorded in the muzzle, inter-
digital areas, and the outer surface of the elbow joints.
The skin on the limbs, neck, and back was dry, not elas-
tic, the coat was thin, dull, tousled, and not tight against
the body. Animals showed constant itching, redness, ex-
foliation, and soreness of the skin. Two of the dogs in
the group had cracks, bleeding, and changes in skin pig-
mentation. The dogs’ appetite deteriorated compared to
the control. Animals were lethargic and apathetic.

On Day 4 of the experiment, after administration
of the experimental veterinary medications to dogs of
Groups | and Il in a therapeutic dose, an improvement
in the general clinical condition of the animals was
recorded. The area of the lesion and skin itching de-
creased in dogs. There was an improvement in appetite.
On Day 8, the skin condition of dogs in experimental
Groups | and Il improved. No redness, scratching, ex-
foliation, or cracking of the skin was observed. Visible
mucous membranes were moderately moist, pale pink.
Animals’ activity increased, they eagerly consumed feed
and water. In addition, a range of morphological param-
eters of the blood of dogs of the control and experi-
mental groups were determined (Table 4).

Table 4. Morphological and physiological parameters of dog blood under the influence of veterinary medications (M*m, n=5)

Experimental

Duration of the study, days

groups before administration Day 1 Day 4 Day 8
Haemoglobin (HGB), g/dm?

Group | 140.37+3.14° 141.19+3.31° 143.17+£1.36° 150.15%£2.11°

Group Il 139.96%2.312 141.27+3.142 142.65%3.01° 148.44+1.26°

control 149.66%1.182 148.16+4.52° 147.99%2.16? 149.18+1.172

Haematocrit (HCT), %

Group | 58.61+1.85° 57.55+1.24° 50.51+1.49° 50.11£1.21°

Group Il 56.36%2.87° 54.17%2.912 51.91+1.83° 49.67%2.31°

control 49.19+£2.16° 49.16%1.26° 49.56%1.27° 51.24*+1.13°
Erythrocytes (RBC), 10'2/dm?

Group | 8.22+0.24° 8.56%0.24° 8.63+0.26° 7.99+0.252

Group Il 9.01%0.312 8.17%0.2%° 8.42%0.19° 8.51+1.23°

control 8.41%0.52° 8.92%0.16° 7.89%0.76° 7.91+1.12?

White blood cells (WBC), 10%/dm?

Group | 16.28+1.72° 14.83+1.232 12.93+1.52° 10.47+1.65°

Group Il 14.08+1.332 13.32+1.12° 12.43+0.982 11.64+1.22°

control 11.12+0.14° 11.52+1.142 10.15+1.76° 11.33£1.21°

Notes: different letters indicate values significantly different from each other within one line of Table 4 based on the
results of comparison using the Tukey test (P<0.05) with Bonferroni correction

Source: compiled by the authors of this study

Table 4 shows that the veterinary medications under
study, when administered orally, have a positive effect
on the haematological parameters of dogs in the experi-
mental groups. On Days 1 and 4 of the experiment, a sig-
nificant (P<0.05) decrease in haemoglobin content was
recorded. On Days 4 and 8, this indicator did not differ
significantly from the control. In dogs of experimental

Groups | and 11, a significant increase in haematocrit con-
tent was found before the administration of medications
and on Day 1 of the experiment compared to the con-
trol. On Days 4 and 8, a significant (P<0.05) decrease in
this indicator was recorded in dogs of the experimental
groups. The dynamics of biochemical parameters in the
blood serum of dogs was investigated (Table 5).
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Table 5. Biochemical parameters in the blood serum of dogs under the influence of veterinary medications (M*m, n=5)

Experimental

Duration of the study, days

groups before administration Day 1 Day 4 Day 8
Total protein, g/l

| experimental 64.23%1.96° 63.18+0.682 62.94%0.15° 61.30+1.53°

Il experimental 67.75%0.142 67.28%0.432 64.54%1.06° 60.18+1.19°
control 60.22%0.17° 61.69%0.152 61.95%1.03° 59.75%1.162

Albumin, g/L

| experimental 41.57+1.21° 41.99%0.352 37.23%0.18° 36.48+1.05b

Il experimental 39.44£1.52° 37.41+0.44° 37.42%0.21° 36.12+0.31°
control 35.52%1.12° 35.48+0.522 35.06+0.572 36.51+0.16°

ALT, lU/L

| experimental 10.55%1.242 11.57%0.522 10.48+1.27° 10.28+0.332

Il experimental 11.22%0.812 10.83%0.452 11.59%0.132 11.87%1.122
control 11.12%0.172 10.54%0.15° 11.52#0.16° 11.27+0.472

AST, IU/L

| experimental 21.16%1.22° 20.95%1.47° 19.99+0.61° 20.55%1.25°

Il experimental 19.89£0.532 21.74%0.63° 21.91£1.44° 21.44%0.53°
control 20.14%0.13° 19.57%0.292 20.71£0.54° 20.73%0.12°

Gamma-glutamyl transpeptidase (GGT), IU/L

| experimental 9.58%0.532 10.78%0.212 8.69%0.52° 7.32%0.28°

Il experimental 8.18+0.232 9.55%0.422 6.78+0.192 6.96+0.352
control 7.28+0.12° 7.98+0.15° 7.25%0.232 7.28%0.27°

Creatinine, umol/L

| experimental 74.21£1.19° 75.15%0.782 74.78%0.37° 75.46%1.21°

Il experimental 74.98%0.15° 74.21%0.992 75.28%0.69° 74.88%1.62°
control 73.75%1.12° 74.36%1.37° 73.62%0.732 74.16%0.25°

Urea, mmol/L

| experimental 5.19+0.32° 6.12%0.112 6.75%0.212 5.33+0.12°

Il experimental 5.87+0.23° 5.57+0.182 5.78+0.39° 6.05%0.672
control 5.76%0.28? 5.81+0.29° 5.65+0.232 5.44%0.15°

Notes: different letters indicate values significantly different from each other within one line of Table 5 based on the
results of comparison using the Tukey test (P<0.05) with Bonferroni correction

Source: compiled by the authors of this study

Table 5 shows that the administration of the exper-
imental medications to dogs in therapeutic doses does
not have a toxic effect on the functional state of the
liver and kidneys. Thus, before administration and on
Day 1 of the experiment, a significant (P<0.05) increase
in the level of total protein and albumin in the blood
serum of dogs was observed. However, on Days 4 and 8
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of the experiment, a decrease in these indicators to the
control was observed. No significant changes in en-
zyme activity were recorded in dogs of the experimen-
tal groups. Along with this, a study was conducted to
determine the concentration of total Ig E in the blood
serum of dogs that had been administered veterinary
medications (Fig. 2).
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Figure 2. The content of total Ig E in the blood serum of dogs after the use of veterinary medications (M*m, n=5)

Source: compiled by the authors of this study
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Figure 2 shows that the concentration of total Ig E
in the blood serum of dogs of Groups | and Il was sig-
nificantly higher than the control values at all study pe-
riods: before administration - 3.0 times and 3.1 times;
on Day 1 - 3.2 times and 3.3 times; on Day 4 - 2.0 times
and 2.1 times; on Day 8 - 1.7 times and 1.5 times, re-
spectively. On Days 4 and 8 of treatment with medica-
tion No. 1, the level of Ig E in the blood of the exper-
imental animals was significantly lower compared to
the previous study period. Thus, the detection of high
concentrations of total Ig E (up to 240...245 [U/ml) in
the serum of cats and dogs is a vital indicator that al-
lows differentiating atopy from other pathological con-
ditions clinically manifested by dermatitis.

The clinical manifestations of atopic dermatitis
(itching and erythema) can be reliably controlled us-
ing complex topical medications containing corticos-
teroids (triamcinolone acetonide) and B vitamins. As
a result of the studies, it was found that the use of
veterinary medications (oral suspension) in a dose of
1 mg of triamcinolone acetonide (active ingredient)
in cats and dogs has a pronounced anti-allergic ef-
fect and improves the condition of the animals’ skin
already on Day 8 of use.

O. Barili and D. Pekmezci (2019) show that in at-
opic dermatitis in dogs, specific Ig E levels are above
the threshold. They note that genetic factors affect the
level of Ig E in dogs. Based on clinical studies, it was
proved that the concentration of total Ig E in the blood
serum of dogs over 130 IU/ml indicates atopic dermati-
tis.D.T.Morena et al.(2021), in their study to identify the
most relevant environmental allergens in a population
of atopic dogs living in Northern Italy, found that the
concentration of total Ig E in the serum of affected dogs
was more than 186 IU/ml. These data correlate with
the findings obtained in the present study. However, in
the studies conducted, the concentration of total Ig E in
the blood serum of dogs was 230...245 IU/ml, while in
cats - 227...240 IU/mL. It is believed that this is caused
by the prolonged absence of treatment of the animals
under study in the shelter against the background of a
chronic course of the disease.

The publicly available literature data indicate the
effectiveness of corticosteroid medications in the treat-
ment of atopic dermatitis, which is the reason for the
choice of the active ingredient for the proposed oral
suspension. According to P. Chauhan et al. (2017), cor-
ticosteroid medications in small pets (cats and dogs)
have a pronounced local anti-inflammatory and anti-al-
lergic effect, which significantly reduces itching and
helps to accelerate the completion of the pathological
process in the skin. T.H.Yang et al. (2018) shows the ef-
fectiveness of using external dosage forms containing
fluorinated corticosteroids, specifically triamcinolone.
Notably, fluorinated compounds are safer than their
non-fluorinated counterparts due to slower resorption
through the skin surface. TJ. Nuttall et al. (2019) note

Paliy et al.

that triamcinolone can be used orally, by inhalation, in-
jection (intramuscular, intra-articular, intravitreal), and
topically (in the form of ointments, liniments). How-
ever, T. Weitzer and R. Mueller (2023) warn that, when
administered orally, the medication has a stimulating
effect on the secretion of hydrochloric acid and pepsin
in the stomach, which may contribute to the develop-
ment of peptic ulcer disease. In the present study, no
adverse reactions to the use of oral suspension from
the gastrointestinal tract were found.

M. Fuller (2021) notes the high efficacy of topi-
cal use of 0.015% triamcinolone acetonide (GENESIS
Topical Spray, Virbac) in atopic dermatitis in dogs.
Adverse events of polyuria and polyphagia with this
treatment were reported in <6% of dogs. T. Olivry and
R.Mueller (2020) noted the efficacy of triamcinolone ace-
tonide for the treatment of feline atopic skin syndrome
(FASS) at a dose of 0.18 mg/kg once daily for <14 days
to achieve remission. V. Bruet et al. (2022) reported that
topical treatment with a 0.015% triamcinolone aceton-
ide solution applied to the affected skin for 28 days was
efficacious and clinical improvement was observed in
67.3% of treated dogs.D.Z.Telci et al. (2023) also report-
ed that topical application of 0.015% triamcinolone
spray for 28 days was efficacious in the treatment of
canine atopic dermatitis. The findings presented in
the current study correlate with the data of scientists,
however, upon the use of the developed oral suppres-
sants, a stable remission occurs <8 days of treatment. It
is believed that this is achieved by enriching the study
medications (oral suspensions) with B vitamins: vita-
min B; - 2 mg; vitamin B, - 4 mg; vitamin B; - 10 mg,
and vitamin B; - 2 mg were added to the composition
of medication No. 1, and vitamin B, - 3 mg; vitamin B, -
5 mg, and vitamin B; - 10 mg were added to medication
No. 2. N. Suwannasom et al. (2020) have scientifically
proven that a lack of B vitamins in cats and dogs leads
to the development of dermatitis and seborrhoea. The
use of a combination of B vitamins (B4,B,,B;,B¢) in the de-
veloped medications was chosen based on the findings
of scientific research by PH. Kook et al. (2018), who note
that B vitamins affect a range of processes in the body:
they are part of enzymes that catalyse the metabolism
of carbohydrates, lipids, and proteins, contribute to the
normalisation of the metabolism of autonomic centres,
the processes of formation, impulse transmission, and
neurocyte trophism, and improve the functioning of
nerve cells and subcortical centres.

According to scientists, triamcinolone is the main
component of the treatment regimen for chronic
atopy in small pets, which is a moderately potent cor-
ticosteroid according to the European Classification
of Corticosteroids, which does not have a negative
effect on the animal’s body. The developed oral sus-
pension based on triamcinolone (1%) acetonide and
enriched with a complex of B vitamins for the treat-
ment of atopy in dogs (0.5...2.0 ml per day) and cats
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(0.25...0.5 ml per day) contributed to the improvement
of the general clinical condition of animals within a
week (on Day 8 of treatment).

CONCLUSIONS

The findings of morphological and physiological pa-
rameters of the blood of experimental animals before
treatment indicate the presence of an allergic reaction
in the body of experimental animals: the increased con-
tent of total Ig E in the blood of experimental cats by
3.4....3.9 times, and in dogs - by 3.0....3.1 times com-
pared to the control groups. According to the results of
experimental studies of triamcinolone veterinary medi-
cations, they are well tolerated by cats and dogs and do
not cause changes in the clinical condition of animals.
A significant improvement in haemoglobin levels in the
blood of experimental animals on Day 8 of the exper-
iment was found: in cats - by 2.47+0.44 g/dm?, and in
dogs - by 9.13%0.65 g/dm>.

It was found that the administration of the experi-
mental veterinary medications (oral suspension) to cats
and dogs at a dose of 1 mg of triamcinolone acetonide
(active ingredient) does not have a toxic effect on the
functional state of the liver and kidneys: on Day 8 of
treatment, the level of total protein and albumin in the

blood serum decreased to the control level. No signif-
icant changes in enzyme activity were recorded in the
animals of the experimental groups. It was proved that
the medications under study in doses for dogs with-
in 0.5-2.0 ml and for cats within 0.25-0.5 ml per ani-
mal, depending on its body weight, exhibit pronounced
anti-inflammatory, anti-allergic, and desensitising ac-
tivity. The prospect of further research is to investigate
the recurrence of atopy in the follow-up control using
the developed medication.
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AHoTauia. Cepen xBopob ApiOHMX [OMALLIHIX TBAPUH OfHE 3 MPOBIAHMX MiCLb 3aMMaloTb 3aXBOPHOBAHHS LUKipK.
ATONIYHMIA [EpMaTUT € MOWMPEHWM 33aXBOPHOBAHHAM LWKipM ApiGHMX [OOMALHIX TBapwWH, fKe, 3a OLiHKaMu
BETEpPUHApPHMX Nikapis, Bpaxae Bia 10 no 15 % cobak Ta Bifg 7 fo 18 % KoTiB. 3aneXHo Bif 3aNy4eHUX aneprexis,
KNiHIYHI 03HaKM MOXYTb BYTM Ce30HHMMM ab0 HECe30HHUMM, i 3aXBOPIOBAHHS, SK NPaBWIO, BUMArae AOBIYHOIO
NikyBaHHs. MeTol poboTn 6yno BMBYMTM TepaneBTUYHY edeKTMBHICTb NliKyBaHHA aTonii y cobak Ta KOTiB
33 3aCTOCYBaHHSA BeTEpPUHApHWMX MpenapaTiB (MepopasibHa CycrneH3is) Ha OCHOBI TPUMAMUMHOMOHY. B poborTi
BMKOPWCTAHO CTAHAAPTHI KNiHiYHI, reMaTonoriyHi, 6ioxiMiuHi Ta iMyHONMOTiYHI MeToaM AocnigkeHHs. MligBuweHni
BMICT 3aranbHoro iMyHornobynivy E (Ig E) B KpoBi gocnigHuMx TBapuMH A0 novaTtky nikyBaHHs (I rpyna — y 3,4, a
[l rpyna — y 3,9 pa3u y NOPiBHSHHI 3 KOHTPOJIbHOK) CBIAYMTb MPO HANBHICTb aNepriyHoOro Npouecy B OpraHi3mi.
BcTaHoBneHo, wo anpoboBaHi BETepMHAPHI NpenapaT CyTTEBO He BMIMBAIOTb HA reMaToNorivHi MOKA3HUKKM cobak
Ta KOTIiB 33 NepOPasibHOr0 3aCTOCYBAHHSA, Y TEPANEBTUUYHMUX [03aX HE YUNHATb TOKCUMUYHOTO BNIMBY HA QYHKLIOHANbHUIA
CTaH MeyYiHkK Ta HUpOK. [JoBeaeHo, Wwo Ha 4-Ty foby BMKOpUCTaHHS opanbHoi cycrneHsii N2 1 1a N2 2 Ha ocHOBI
TpuaMmumHonoHy (1 %) aLeToHigy Ta KOMNAEKCOM BiTaMiHiB rpynu B y TepaneBTUYHIl 403i peeCTpyBanu NOKPALLEHHS
3arasibHOro KNiHiYHOro CTaHy TBapuH. Ha 8-My noby nikyBaHHa y cobak Ta koTie | Ta |l gocnifgHOi rpynu BCTaHOBUAK
MOKPALLLEHHS CTaHy LWKipU: 3MEHLUEHHS NOWi YPaXKeHHS, BIACYTHICTb MOYEPBOHIHHSA, PO34OCIB Ta NyLLEHHS.
3aranbHui KNiHIYHWIA CTaH WKipy gocnigHux TBapuH 3 8-i o 12-i nobu 3anuwasca 6e3 3miH. Po3pobneHi opanbHi
cycneHsii NposiBNSOTb BUPAXKEHY NPOTMANepriiHy Lil0 Ta MOKPALLylTb CTaH WKipU APiGHMX AOMALLHIX TBapWH
(cobak Ta KOTiB) 3a aTOMIYHOrO AepMaTUTY

KniouoBi cnoBa: atonis; iMyHOrnobyniH; NikyBaHHS; CyCneHsis; nnasmMa KpoBi; AOCNIAKEHHS; CObaku; KOTH
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spectrometric determination of DNA concentration and assessment of its quality were applied. As a result of
this research, it was found that the average concentration of genetic material isolated from animal blood was
146.5+14.98 ng/ul. The main part of samples - more than 93% contained concentration of nucleic acids in the
range from 50 to 200 ng/ul. At the same time, the time interval between DNA extraction and its spectrometric
determination of concentration and quality of genetic material by the ratio of optical density at A260/A280
wavelengths during a year did not have significant changes on its parameters. The used method of nucleic acid
extraction in 94% allowed obtaining samples of good quality suitable for further genetic studies. A correlation
of 43% (P<0.001) was obtained between the concentration of genetic material and its quality. The coefficients
of repetition of intra-laboratory studies of the results of extraction and spectrometric analysis were at the level
of 97% (P<0.001), which indicates that this method of obtaining nucleic acids is adapted for its use in animal
husbandry. The use of this method of DNA extraction allows obtaining quality material from animals with minimal
economic costs for its further use in genetic research

Keywords: genetic material; nucleic acids; optical density of the solution; correlation; repeatability; nucleic acid

extraction

INTRODUCTION

Genetic methods have recently gained popularity in
animal breeding. Being the most informative and ac-
curate diagnostic methods in determining infectious
diseases, they are often used in veterinary practice, as
well as in breeding programmes using genomic selec-
tion. But for this purpose, only high-quality nucleic acid
samples with known concentration are needed, which
allows high accuracy of the research. For most medical
laboratories, the work of quantifying and characterizing
genetic material has already become routine. While in
animal breeding, this direction is just developing and
therefore needs both research of theoretical bases and
practical work on adaptation of this method to physio-
logical parameters of different types of agricultural and
domestic animals.

In Kazakhstan, such studies are conducted mainly
only at the level of nucleic acid extraction from animals
of certain species and determination of concentration
and quality of the obtained DNA. Since these param-
eters determine the further use of such samples for
genotyping (Kulibaba et al., 2023). Thus, A. Ibadullayeva
et al. (2022) conducted experiments to study differ-
ent methods for the isolation of genetic material from
sheep of Kazakhstani Edilbai breed from tissue prepa-
rations (pieces of auricle). The use of classical and com-
mercial methods for DNA extraction showed that the
salt method allowed obtaining the most suitable mate-
rial for further studies.

D.l. Kabylbekova et al. (2023) conducted similar
studies. They analysed the quality and concentration
of nucleic acids suitable for genetic studies of the
equine population in Kazakhstan. Commercial kits
were used in these studies, which proved to be effec-
tive in isolating genetic material from this animal spe-
cies. Similar studies were carried out by V.A. Ulyanov
et al. (2023). The object of the study was a wild saiga
species. In this work, only commercial kits were used
for the isolation of nucleic acids from skin and its de-
rivatives, with subsequent assessment of efficiency by
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electrophoresis. Similar work has also been carried
out by K.B. Adyrbekova and K.B. Isbekov (2022) on iso-
lation of DNA-material of fish for subsequent genetic
study. In this work, a comparative analysis of DNA ob-
tained by two methods adapted for aquaculture was
also carried out.

Considering that in the Republic of Kazakhstan
there is quite a large population of cattle, accordingly,
and with this kind of animals were carried out similar
work. Sh.D. Orkara et al. (2022) investigated the effect
of two commercial foreign kits for DNA extraction from
cow hair follicles and the phenol-chloroform method
for subsequent genotyping by nucleotide polymor-
phisms markers (SNPs). As a result of this study, the
authors concluded that both methods provided genet-
ic material suitable for further work. Unlike the other
method, the use of the PureLink™ Genomic DNA Mini
Kit provided high quality nucleic acids, which contribut-
ed to a more accurate result. The only disadvantage of
this study was the limited number of animals involved
in the study - only 8 animals. Thus, experiments on iso-
lation of genetic material from cattle in Kazakhstan are
rather limited and need further research. This is facil-
itated by significant selection work in cattle breeding,
aimed at studying and evaluating productive qualities
of dairy animals to determine breeding value.

In this work, more in-depth studies were conducted
on the influence of several conditions in the isolation of
DNA from blood cells from cows, covering a significant
population and considering laboratory errors. In this
connection, the aim of the work was the spectropho-
tometric determination of qualitative and quantitative
characteristics of genetic material isolated from the
blood of cattle using the phenol-chloroform method.

LITERATURE REVIEW

Nucleic acid extraction is an important component of
genetic analysis. According to M.N. Emaus et al. (2020),
insufficient purification of nucleic acids during their




extraction inhibits amplification of genetic material
and reduces the sensitivity of the method. Therefore,
numerous methods have been developed to simultane-
ously obtain and purify genetic material. The most com-
monly used chemical methods for extraction of nucleic
acids from tissues in laboratories are the centrifugation
in caesium chloride gradient with ethidium bromide
(Nasir et al., 2017); phenol-chloroform extraction and
its modifications (Piskata et al., 2019; Roy et al., 2020);
cetriltrimethylammonium bromide (CTAB) extraction
(Kouakou et al., 2022), chelate extraction using Chelex
resin (Simon et al, 2020; Gautam, 2022); alkaline ex-
traction (Dairawan & Shetty, 2020), and one of the most
recent developments is the purification method using
cellulose chromatography (Baiersdorfer et al., 2019).
Each of the above methods has advantages and disad-
vantages.

According to the information of A. Ibadullayeva
et al. (2022), the advantage of chemical methods is the
relatively inexpensive price of reagents, but their sig-
nificant toxicity and low efficiency compared to com-
mercial kits gradually reduces their use. To reduce the
negative impact of reagents and to improve the quality
of extracted genetic material, some authors carry out
several modifications. Thus, K.P. Bojang et al. (2021) in-
dicated that of the four modifications of the CTAB pro-
tocol, the simplest method was the most effective. Not
the last factor in using different methods is the labour
intensity of their application.

Almost all the above methods are quite labour-in-
tensive and unsafe for the health of the personnel who
perform them.Therefore, recently, most laboratories and
genetic companies use ready-made commercial kits to
obtain and purify native nucleic acids (Yevstafieva et al.,
2019). But even commercial kits differ in the amount
of DNA isolated from the sample and its quality. Thus,
in the work of C. Butler et al. (2022), authors extract-
ed nucleic acids from milk using four kits, followed by
spectrophotometric control. This work confirmed differ-
ences in DNA amounts between kits. The Norgen Biotek
test kit provided significantly higher DNA concentration
measured at ratios of 260/280 and 260/230. Therefore,
it is better to use kits from reputable genetic compa-
nies to obtain a higher result. Thus, in the work of S.
Tsuji et al. (2019) the DNeasy Blood and Tissue DNA
extraction reagent kits DNeasy Blood and Tissue DNA
extraction Kit and PowerWater DNA Extraction Kit from
the German company Qiagen were the most efficient
for animal DNA extraction.

In addition, commercial kits contain the most
novel and effective approaches that allow obtain-
ing the highest quality samples of genetic material
(Shahsavari et al., 2022). Thus, the use of magnetic
beads in modern kits, according to P. Oberacker et al.
(2019), provide high performance in obtaining plas-
mid, genomic and total DNA and RNA regardless of the
origin of the material. In a study by V. Ooi et al. (2023),
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the authors produced amplification results from low
cellular material comparable to DNA extraction from
skin using a novel eluent “High Volume-Cetyltrimethyl
Ammonium Bromide-Phenol-Chloroform-Isoamyl Al-
cohol” (HV-CTAB-PCI).

Given the considerable variability between meth-
ods in the isolation, sequencing and bioinformatic ap-
proaches to assessing genetic material, K. Greathouse
et al. (2019) found that it was the extraction methods
that made the most noticeable differences. This influ-
enced the work to investigate phenol-chloroform ex-
traction of DNA from ruminant blood and to determine
the laboratory bias in the studies.

MATERIALS AND METHODS

The experimental part of the work was carried out in
2021-2022. For this purpose, laboratory determination
of quality and concentration of DNA isolated by phe-
nol-chloroform extraction method from 137 samples
from cattle blood was performed. Blood samples for
the study were taken from productive dairy cows in
“Baiserke-Agro” LLP, Talgar district, Almaty region, Re-
public of Kazakhstan. Blood was collected from the tail
vein into vacuum tubes ‘Acti-Fine®” with anticoagulant.
Ethylenediamine tetraacetic acid (EDTA), which is rec-
ommended in protocols of work with nucleic acids as a
specific anticoagulant to reduce the error in the quan-
titative determination of DNA and RNA, was used as a
blood clotting agent.

The extraction of genetic material was carried out
using the phenol-chloroform extraction method with
slight modifications. For this purpose, 300 pl of lysing
buffer based on Tris-HCl and proteinase K from Quai-
gen Company were added to a microtube with 100 pl
of whole blood. Subsequently, it was thermostated for 3
hours at 56-58°C. A Thermal Mixer from Thermo Scien-
tific (USA) was used for this purpose. After incubation,
400 ul of phenol-chloroform-isoamyl alcohol mixture
in the ratio of 1:1:1 was added to the solution and
stirred. After 15-20 minutes, centrifugation was carried
out at 6000 rpm for 10 minutes using mySPIN 12 cen-
trifuge from Thermo Scientific (USA). Using a micropi-
pette, the supernatant was collected and transferred
to a new tube. An equal volume of phenol-chloroform
mixture with isoamyl alcohol was added, and the above
procedure was repeated 3-4 times.

Cold (-20°C) 96% ethanol alcohol was added to the
obtained supernatant and the tube was left at-20°C for
20 minutes in the freezer, partial precipitation of DNA
was observed. To accelerate this process, centrifugation
at 6000 rpm for 10 minutes was performed. The super-
natant was removed using a micropipette and the pre-
cipitate was washed several times with 400-500 pl of
70% ethyl alcohol solution. After completion of wash-
ing, ethanol was removed as much as possible using a
micropipette, and its residue in the tube was allowed
to volatilize by thermostating with the lid open at 37°C.
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The resulting genetic material was further diluted us-
ing DNA dilution buffer from Evrogen.

DNA quality and concentration were checked and
evaluated in the laboratory of Green Biotechnology and
Cell Engineering of the Kazakhstan-Japan Innovation
Centre at the Kazakh National Agrarian University. For
this purpose, spectrophotometric method of DNA con-
centration determination by the level of absorption of
certain wavelengths using Nanodrop 2000 spectropho-
tometer according to the instrument operation man-
ual was used (Thermo Fisher Scientific, 2009). Quali-
tative and quantitative evaluation of DNA isolated was
carried out in a 2 ul sample at 20°C at 230, 260 and
280 nm. The studies were carried out on the next day
after the isolation of genetic material, two months later
and one year later. The results of measurements from
the instrument database were transferred to a spread-
sheet format for further statistical processing in Tibco
Statistica 14.0.1 software. For this purpose, using the

methods of mathematical-statistical analysis and de-
scriptive statistics, the influence of the optical density
of samples with the concentration and quality of nucle-
ic acids for further generalization, preparation of con-
clusions and recommendations for subsequent works
were calculated.

RESULTS

For the study, 155 venous blood samples were collected
from clinically healthy, productive dairy cows. As a re-
sult of extraction, nucleic acids were obtained from only
137 samples. Part of samples, through blood coagulation,
which occurred during transport and storage of samples
did not allow extraction of genetic material from them,
so they were excluded from further work. As a result of
this research, an average of 146.5£14.98 ng/ul of total
nucleic acid concentration (DNA and RNA combined)
was extracted from cattle blood. The limits ranged from
31.5to 1114.4 ng/ul (Fig. 1).
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Figure 1. Graph of distribution of blood samples depending on the isolated concentration of nucleic acids

Source: compiled by the authors

The obtained graph, considering the grouping of
sample results by DNA concentration, corresponds to a
normal distribution. Considering that nucleic acids in
blood cells are contained only in leukocytes, and their
content in blood varies widely among animals even
within a species, it is worth expecting certain fluctua-
tions in DNA concentration in samples, which should
correlate with the amount of this fraction of forma-
tional elements in controlled animals. In addition, the
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question of the maximum possible DNAyield and DNA
loss during isolation by different methods remains
open. Most samples had nucleic acid concentrations
between 50 and 250 ng/ul. When the initially non-nat-
ural results were discarded and only averaged values
within three sigma were left, this graph allowed the
determination of the modal class and associated
classes indicating the nucleic acid content of bovine
blood (Fig. 2).
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Figure 2. Graph of the distribution of the number of samples depending on the concentration of nucleic acids

Source: compiled by the authors

The modal class was samples with a concentra-
tion of genetic material between 50 and 100 ng/ul,
which corresponded to 59.5% of the results of all
studies. Furthermore, samples with concentrations of
100 to 150 ng/ul and 150 to 200 ng/ul were classi-
fied as high percentage classes, which accounted for
20.6% and 12.7%, respectively. These three classes to-
talled about 93%. Therefore, it can be stated that for
clinically healthy cattle, the value of natural nucleic
acid concentration will be between 50 and 200 ng/ul.
Measurement of the optical density of solutions with
extracted nucleic acids was carried out in several

steps. The first study was carried out the day after the
extraction of genetic material, for this purpose, only a
minor part of samples was analysed, all the rest were
stored in a freezer at -20°C. Most samples (n=82) were
analysed two months after extraction from biologi-
cal material. This was due to the recommendations of
some researchers to keep the solution with nucleic acids
after extraction for some time. And the third stage of
the analysis was already connected with determining
how long storage affects the preservation of genetic
material. The graphical results of this study are pre-
sented in Figure 3.
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Figure 3. Concentration of nucleic acids in samples depending on storage time after extraction

Source: compiled by the authors
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As follows from the presented graphical material, re-
gardless of storage time, the profile of nucleic acid con-
tent remained practically the same and corresponded to

a normal distribution. It is noteworthy that in all studies,
the bulk of samples contained the concentration of ge-
netic material at the level of 120-150 ng/ul (Table 1).

Table 1. Results of determining DNA concentration depending on sample storage time

Date of the study N, samples Mzm, ng/pl Min, ng/pl Max, ng/pl
22.04.21 28 133.6%36.78 31.5 830
14.06.21 82 154.8+18.15 48 11144
26.06.22 27 134.8+36.92 4473 1019.1

Note: Min - minimum value; Max - maximum value
Source: compiled by the authors

As a result of the work, there was a slight increase
in DNA concentration two months after its isolation, but
this could be the result of a simple increase in the num-
ber of measurements (more than 3 times) due to the
averaging of results. But despite this increase in DNA
values, the difference between the groups was not sig-
nificant (P>0.1). Nevertheless, this nuance needs to be
further investigated and tested on a larger sample. The
conducted studies indicate, during the year, there was
almost no change in the concentration of nucleic acids
during its storage. This insignificant difference between
the results of their measurement in samples allows us-
ing extracted DNA in this interval, without loss of in-
formativeness, for genetic research in animal breeding.

To check the quality of the genetic material ex-
tracted from blood, already proven methods that are
based on the ratio of the optical density of the solu-
tion at wavelengths of 260, 280 and 230 nm were used.
This approach is related to the properties of nucleic

acid molecules to absorb and reflect waves of differ-
ent intensities. The most recommended method is the
difference of indices at wavelengths 260 and 280. The
A260/A280 ratio for pure nucleic acids is in the range
of 1.8-2. The absorption optimums are about 1.8 for
DNA and about 2 for RNA. Values less than 1.8 indicate
incomplete purification of the preparation and residu-
al concentrations of protein molecules. The presence
of samples with a ratio higher than 2 indicates inade-
quacy of the reagents used or excessive physical strain,
which causes DNA degradation and, as a consequence,
the presence of free nucleotides in the solution. Since
in the research the determination of not pure fractions
of nucleic acids, but their mixture was carried out, the
optimal difference was set between 1.7 and 1.9. All
samples with the value of the absorbance difference
falling within this range were considered suitable for
further genetic study. All other values were grouped in
the ratio less than 1.7 and greater than 1.9 (Fig. 4).
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Figure 4. Graphic display of the distribution of nucleic acid samples depending on the difference
in optical density at wavelength A260/A280

Source: compiled by the authors
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As can be seen from the presented graphs, the
amount of nucleic acids varied greatly in samples with
a density difference of less than 1.7 A260/A280, which
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may have been a marker of impaired extraction of ge-
netic material. Whereas in other groups no such varia-
tion was observed (Table 2).

Table 2. Indicators of the concentration of nucleic acids in samples with different optical densities at wavelength A260/A280

g:’ :;aélotjir?sl:)y n, samples, (%) Mzm, ng/pl ::i?;?;ﬂ Mininlll;%\l/alue, Maximum value, ng/pl
Less than 1.7 9 (7%) 334.1+£138.5 415.5 31.5 1114.4
1.7-19 125 (91%) 122.1£10.7 119.8 443 412.3
More than 1.9 3(2%) 603.8%9.6 16.7 588.8 621.8

Source: compiled by the authors

At values of optical density A260/A280 above 1.7,
a direct correlation between optical density and DNA
concentration in the sample was clearly observed, with
the correlation coefficient between these parameters
being 0.43 (P<0.001). Whereas in samples with optical
density lower than 1.7, the variation of the concentra-
tion of genetic material ranged from 31 to 1114 ng/ul,
and these were the borderline values from the array of
all studies conducted. Therefore, samples with optical
density below 1.7 are not recommended for use in fur-
ther genetic studies.

Based on the rather high statistical informativeness
of the A260/A280 ratio indicator in the evaluation sys-
tem of extracted genetic material, analysis of variance
was performed to clarify the strength of the effect of the
amount of nucleic acids in solution on its optical differ-
ence at A260/A280 wavelengths. To obtain a more reli-
able value, samples that, initially, were considered not
logical were also excluded. It is worth noting that this
group did not include all samples with an optical differ-
ence below 1.7.As a result of the single-factor analysis of
variance, a reliable influence of the factor of nucleic acid
concentration and quality on the indicator of its optical
density was found, with an influence power of 24.4%
(P<0.001; F=21.6).Another indicator used in the analysed

literature to characterize the quality of nucleic acids is
also the ratio of the optical density of the solution at
A260/A230 wavelengths. In this study, the variation of
this ratio was between 0.65 and 1.83, while the average
ratio was 1.2%0.02. This result was significantly different
from that reported in the literature, where the value of
this ratio is between 1.8 and 2.2. The analysis of this sit-
uation may be related to the use of a new DNA dilution
buffer from Evrogen. Therefore, it is planned to compare
the difference of solution optical density at A260/A230
using different buffers for nucleic acid dilution at the last
extraction step in the next studies.

One more area of work was to investigate the re-
peatability of nucleic acid concentration results when
extracting nucleic acids from the same sample. This
was made possible through coagulation of blood in
several tubes during transport of samples to the lab-
oratory. Therefore, this portion of the samples was re-
placed with samples from tubes where there was suf-
ficient biological material to duplicate the extraction
process of genetic material. This approach resulted in
the extraction of nucleic acids from 5 samples. The ex-
traction of genetic material was carried out in parallel
at the same time to avoid errors in the procedure. The
results of such work are presented in Table 3.

Table 3. Results of parallel extraction of nucleic acids from samples of biological material

Ind. animal First sample Second sample
Sample number - -
number Concentration of n.a. A260/A280 Concentration of n.a. A260/A280
83 147 50.8 1.79 54.3 1.78
60 723 59.1 1.76 62.2 1.82
107 758 127.2 1.85 80.7 1.83
66 856 125 1.84 723 1.83
81 498 83.4 1.79 152.1 1.81

Note: n.a. - nucleic acids
Source: compiled by the authors

The presented tabular material indicates that
there was no significant difference between the nu-
cleic acid concentration indices. At the same time,
the genetic material, according to the results of op-
tical density difference at A260/A280 wavelengths,

was of very high quality in both variants. Therefore,
the repeatability of results between parallel studies
was determined by correlation analysis. As a result,
a correlation coefficient of 0.97 (P<0.001) was ob-
tained (Fig. 5).
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Figure 5. Results of correlation analysis of repeated studies of nucleic acid extraction from blood samples

Source: compiled by the authors

The above studies indicate that the method of
phenol-chloroform extraction of nucleic acids can be
successfully used to work with biological material from
animals. The obtained material has the necessary con-
centration and quality for subsequent genetic studies.

DISCUSSION

Modern livestock breeding increasingly uses genetic
methods in breeding work and veterinary diagnostics.
And, in this regard, the isolation of genetic material is a
priority task in genetic research. Venous blood was cho-
sen as an object for isolation of nucleic acids. This was
due to the versatility of this body system for carrying
out diagnostics of the animal’s condition. It is used for
clinical diagnostics of the physiological state of the or-
ganism,immunological testing and other examinations.
Any tissues of the organism containing cells are suitable
for DNA isolation. In most of the analysed studies, skin
derivatives (hair follicles, skin biopsy pieces) or tissue
pieces left after breeding manipulations (ear plucking)
were used to isolate genetic material. The use of blood
is associated with a more labour-intensive process of
its collection, but considering that such manipulations
are carried out at least twice a year (according to veter-
inary and sanitary rules of research of productive cows,
whose products are used for food preparation) such
material for genetic research becomes the most uni-
versal object in animal breeding, well, or in dairy cattle
breeding at least (Kroliczewska et al., 2023).
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The phenol-chloroform method for nucleic acid ex-
traction was used in the research because it is reported
by researchers such as S.A. Sakyi et al. (2023) to be much
cheaper than other commercial methods. And in addi-
tion, it allows maximizing the yield of DNA from the
sample. This is especially relevant given the relatively
low concentration of leukocytes in the blood, almost
the only mature cells with nuclei, which are the carriers
of DNA. When nucleic acid extraction was performed
from cow blood, an average of 146.5+14.98 ng/ul DNA
per sample was isolated. This result was significantly
higher than in the study of M. Akinwole and A. Bab-
arinde (2019), A. Ibadullayeva et al. (2022), in which the
amount of genetic material was only 43.4-48.5 ng/ul
when DNA was extracted from ear pluckings by the
same method. This difference is quite significant and
can be related only to the number of cells that contain
nucleic acids. Since in the ear pluck a significant part of
the tissue is represented by cartilaginous base, in which
DNA is practically absent, the concentration of genetic
material was reduced. This could be the explanation for
the different concentration of genetic material extract-
ed using the same method. Moreover, that when nucleic
acids were extracted from ear pluck by other methods,
the concentration of DNA was found to be about the
same level as with the phenol-chloroform method,
namely 50-61.2 ng/ul.

But in the studies of J. Carvajal-Agudelo et al. (2021)
on the extraction of nucleic acids from blood of wild an-




imal species using the phenol-chloroform method and
other commercial kits, lower levels of nucleic acids up
to 25 ng/ul were also obtained. In these studies, dried
blood samples from dogs were used for analysis, which
could significantly affect the number of cells with nu-
clei. By drying the blood, some leukocytes may have
broken down, and this could have affected the isolat-
ed DNA concentration in the dried blood (Mazur et al.,
2022). This assumption was partially confirmed in the
study of H. Mayta et al. (2019) who performed DNA ex-
traction from whole blood and clotted blood samples.
As a result of such work, a greater concentration of ge-
netic material was extracted from blood clotted blood
as the concentration of cells passed in them, but the
cost of extraction also increased significantly. It follows
from this that, regardless of the state of blood tissues,
it can be used for isolation of genetic material, but the
highest yield of nucleic acids with the lowest financial
costs can be obtained from whole or stabilized blood
(Irgashev et al., 2020).

Very different results for DNA extraction from an-
imal blood were obtained in the work of L. Le Clercq
et al. (2023). In their study, using a commercial Extract-
Now™ Blood DNA Mini Kit, the concentration of nucleic
acids from blood was obtained at the level of 4 ng/uL,
which corresponded to 4000 ng/ul, which is an order of
magnitude higher than the results obtained using the
phenol-chloroform method. Therefore, such differences
in the concentration of genetic material obtained from
the studies of the above authors and those obtained
in this article remain unresolved and need to be in-
vestigated more thoroughly. In particular, this will be
facilitated by studying the influence of the leucocyte
content in blood on the concentration of nucleic acids
during its extraction. This direction will be a priority in
future works.

But no less important factor than the quantity of
genetic material obtained from a biological sample is
its quality. In the conducted studies, the only factor that
could testify to the quality of the obtained nucleic acids
was the difference in the optical density of the solu-
tion at wavelengths 260, 280 and 230 nm. As a result
of the analysis, the quality control of the isolated DNA
was carried out by the A260/A280 ratio. In this case,
93% of samples had quality parameters that meet the
requirements for genetic testing. This result indicates
that the method used for DNA extraction from such a
biological object as blood is quite suitable. In similar
studies conducted by Z. Piskata et al. (2019) indicate
that when the phenol-chloroform method was used,
the number of samples having the criterion as qual-
itative by A260/A280 ratio was also more than 90%.
Whereas, when commercial nucleic acid extraction
kits were used, this control method was not effec-
tive for several kits. Therefore, the optical density at
A260/A230 was also used to control the quality of the
extracted genetic material. This method, which is also
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used for spectrometric quality control in the conducted
studies, was at the level of 1.2+0.02, while the norm is
1.8-2 (as an indicator of solution purity without protein
molecules admixture). In the works, where the method
of phenol-chloroform extraction was also used by
G. Koetsier and E. Cantor (2019), A. Sophian (2021) the
optical density ratio at A260/A230 was also below the
recommended level of 1.24 and 0.81-0.87, respectively.
Therefore, it is worth revisiting the compliance rates for
the quality of extracted DNA in spectrometric analysis.

The laboratory reproducibility of the results is also
an important factor. In this work, a correlation analysis
method was applied between adjacent samples from
the same biological sample. Such work resulted in a
very high repeatability coefficient of 0.96 and statisti-
cally significant (P<0.001). Unfortunately, there were no
similar works that studied the reproducibility of DNA ex-
traction results from animal blood, but this assumption
is confirmed in the work of AJ. Sepulveda et al. (2020),
where very high repeatability rates of 91 and 92% were
also obtained for DNA isolation from molluscs using a
commercial Qiagen kit. But in contrast to such optimis-
tic results, D. Burke et al. (2022) point out that when the
same methods and test kits were used in two different
laboratories, the results of quantitative isolation of ge-
netic material differed significantly. Therefore, works on
the unification of methods and their protocols are still
quite relevant in genetic research not only in animal
breeding, but also from the biological perspective in
general.

In conclusion, it should be noted that the use of
phenol-chloroform extraction of nucleic acids from ani-
mal blood is an effective, inexpensive, and reproducible
method within the laboratory, which is reasonable to
use in genetic studies in animal breeding.

CONCLUSIONS

The results of the application of phenol-chloroform
method of extraction of genetic material from cattle
blood and its further spectrometric analysis allow draw-
ing the following conclusions and developing several
directions for further works. The use of phenol-chloro-
form method of extraction of nucleic acids from such
biological object as venous blood of cattle allowed iso-
lating DNA in a concentration 146.5+14.98 ng/ul. At the
same time, 93% of samples had concentration from 50
to 200 ng/ul.

Spectroscopic analysis with such time intervals
as one day, two months and one year after extraction
allowed stating that there were no significant devia-
tions in the concentration of genetic material and its
qualitative characteristics. No significant difference
was observed between the groups. This indicates that
the genetic material can be used for one year without
loss of informativeness. The quality of the isolated ge-
netic material determined by measuring the ratio of
optical absorption density at A260/A280 wavelengths
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indicates that more than 90% of the isolated samples
were qualified as qualitative and suitable for genetic
studies. The correlation between DNA concentration
and quality was 43% (P<0.001). Intra-laboratory repeat-
ability of the results of genetic material extraction and
its spectroscopic study carried out from the same bi-

in blood sample on the results of nucleic acid extraction
and to study the influence of different buffers for DNA
dilution on optical density at wavelengths of 260 and
230 nm for further quality control of genetic material.
These areas of research will increase the informative-
ness and reliability of the method in animal breeding.

ological samples indicated a high correlation of 97%

(P<0.001). Such repeatability of results indicates the ACKNOWLEDGEMENTS
efficiency of the method for its use in animal husbandry ~ None.
when working with blood.
The most promising directions for future work are CONFLICT OF INTEREST
to determine the influence of leukocyte concentration  None.
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AHoTauif. Y TBApUHHULTBI reHETUYHI METOAM CTa/IM OCHOBOK CenekLiiHOT poboTu Ta BETEPUHAPHOI AiarHOCTUKM.
ToMy iX pO3BMTOK Ta YAOCKOHANEHHS aKTyalbHUIA HAaNPSIMOK Cy4acHoi Hayku. MeToto npeactaBneHoi pobotu ctano
BMBYEHHS KOHLEHTpaLlii Ta SKOCTi HYKNEIHOBUX KUCNOT OTPUMAHMX 3 BEHO3HOI KPOBi BENMKOI poraTtoi Xyaobu ans
noAanblUMX reHeTUYHMX JocnigKeHb. [ng uboro 6yno 3actocoBaHO MoaudikoBaHWUi MeTog heHoN-XNopoPOopMHOi
eKcTpakLii,agantoBaHui ans suaineHHs HK i3 Kposi,3 noganbwmM CNEKTPOMETPUYHUM BU3HAYEHHSM KOHLEHTPaL,i|
[HK Ta ouiHkoto ii gKocTi. Y pe3ynbraTi NpoBefeHUX A0CNiaxeHb Oyno BCTaHOBEHO, L0 CepefHs KOHLLeHTpaLis
reHeTUYHOro MaTepiany, BUAINIEHOro 3 KpPoBi TBapwH, cTaHoBuNa 146.5+14.98 Hr/mkn. OCHOBHA YacTMHa 3paskKiB -
noHas 93 % MicTuna KOHLEHTpaLito HykneiHoBMX K1cnot B iHTepsani Big 50 no 200 Hr/mkn. [Mpu LboMy YacoBui
iHTepBan MiX ekctpakuieo OHK Ta ii cnekTpoMeTpuyHUM BM3HAYEHHAM KOHLLEHTpaLii Ta SKOCTi reHeTUYHOro
MaTepiany 3a CniBBIAHOLWEHHAM ONTUYHOI FyCTUHM 33 xBUIb A260/A280 ynpoaoBX poKy He CMPUYMHAB CYTTEBUX
3MiH Ha ii NoKa3HMKK. BUKOpUCTaHUI MeTon BUAINEHHS HYKNEIHOBUX KMCNOT Y 94 % [aB 3Mory ogepyatu 3pasku
[06poi AKOCTI, NpUAATHI A9 NOAANbLIMX TEHETUYHMUX A0CAIAXKEHb. MiXK KOHLLEHTPaLi€ld reHeTUYHOro maTtepiany
Ta MOro sKiCTI0O OTPMMAHO KOpensuiiHMiA 3B930K Ha piBHi 43 % (P<0,001). KoedilieHTM NOBTOPEHHS BHYTPILUHbO
NnabopaTopHMX AOCNIAKEeHb pe3ynbTaTiB eKCTPaKLUii Ta CNeKTpOMETPUYHOro aHanisy BUSBMAMCS Ha piBHI 97 %
(P<0,001), wo BKa3ye Ha afaNTOBAHICTb LbOr0 METOAY OTPUMAHHA HYKJEIHOBMX KMCNOT AN MOr0 BMKOPUCTAHHS
y TBapWMHHUUTBI. 3acToCyBaHHA Lboro cnocoby ekcrpakuii OHK pano 3mory 3 MiHIManbHMMKM €KOHOMiYHWMMMU
BMTpaTaMu OTPUMATU SKICHUI MaTepian Big TBapUH, NPUAATHUIA 419 KOO NOAANbLIOTO BUKOPUCTAHHS B FEHETUUHMUX
[OCTIMKEHHAX

KntouoBi cnoBa: reHeTMYHUI MaTepian; HYKNEeIHOBI KUCIOTH; ONTUYHA NYCTUHA PO3UYMHY; KOPEnsLis; MOBTOPIOBAHICTb;
eKCTPaKLisi HYKNEeIHOBUX KMCNOT
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Steppe of Ukraine from the cotton gene pool. The study used methods of plant variety expertise: phenological
observations, morphological studies, and evaluation of breeding material for valuable traits. Based on the study
results, parental components were selected to expand the process of forming early-ripening forms and productivity
of raw cotton. The ability of cotton plants to grow in extreme conditions of the Southern Steppe of Ukraine
was assessed and its homogeneity or stability, the index of growing conditions, the coefficient of variation - the
difference in the numerical values of the trait duration of the period ‘germination - beginning of flowering” of
plants in varieties with different growing season and their fluctuations around the average value were determined.
It was found that according to the determined plasticity (b)), the variance of stability (S ?), and the coefficient of
variation of the duration of “germination - the beginning of flowering” higher tolerance to environmental factors
was characterised by ultra-early ripening varieties. The average regression coefficient (b) was -0.36; the variation
in the duration of the period by year was 10.1%, which is significantly lower compared to early-ripening varieties -
-0.77% and 12.9%, mid-ripening varieties - -0.80% and 15.0%, and late-ripening varieties — -1.30% and 16.6%,
respectively. The maximum average productivity to frosty raw cotton of 49.4 g/plant was formed by the sample
Pidozerskyi 4 (UF0800003), the duration of the period ‘germination - beginning of flowering” was 47 days, and
‘germination - full ripening” - <103 days. The lowest raw cotton productivity of 21.2 g/plant was demonstrated
by the late-ripening sample Joloten 32 (IU14056549) of Turkmen selection, the duration of the growing season
of which was 145 days on average over the years of research. The findings of this study will be used in further
breeding to create high-yielding cotton varieties with increased environmental plasticity and stability and high-
quality fibre

Keywords: cotton samples; duration of the growing season; ripeness groups; plasticity; stability; coefficient of

variation; productivity

INTRODUCTION

The length of the growing season depends on a range
of properties that affect the formation of the variety’s
yield, its adaptive response to adverse environmental
factors, the manifestation of disease symptoms, pest
damage, and product quality. In this regard, it is nec-
essary to create crop varieties, and cotton specifically,
such that the length of the growing season determines
the area of introduction of the variety and contributes
to its maximum productivity.

The findings of long-term research by V. Borovyk
et al. (2022) of the Institute of Climate-Smart Agricul-
ture of the National Academy of Agrarian Sciences of
Ukraine report that only early-ripening forms of cot-
ton ripen under low temperature conditions. Thus, the
extremely cold year of 1993, with a sum of effective
temperatures above 10°C of 1397°C, had a positive
impact on the differential strict culling of the collec-
tion material. In fact, only 30% of Bulgarian cotton
varieties have been recorded as ripening before frost.
They believe that the lack of heat in cotton cultivation
in the Southern Steppe of Ukraine is one of the fac-
tors that affects the maturation of long-growing cot-
ton. A. Hamid et al. (2020) and S. Majeed et al. (2021)
suggest growing early-ripening varieties in such areas
as well as in mountainous terrain.

The early ripeness of a variety, i.e., its ability to
produce the bulk of the crop in a short time, is con-
sidered to be a valuable feature that determines
the quantity and quality of the raw cotton harvest.
O. Skripka et al. (2021) found that the onset of growth
and development phases and their duration is deter-
mined by the biological characteristics of the variety
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and the agroclimatic conditions of the growing area.
However, I. Njouenwet et al. (2021) note that high rain-
fall prolongs the duration of cotton developmental
stages and shortens them under dry conditions.

J.L. Snider et al. (2022) proved that low temper-
ature during the late growth period not only affects
the time of ripening, but also leads to a decrease in
yield. M. Yasar (2023) points out that the length of the
cotton growing season is an economic trait. Accord-
ing to M. Yan et al. (2021), it determines the degree
to which plants adequately perceive changes in en-
vironmental conditions and depends on both it and
genetic characteristics. One of the principal tasks of
cotton breeding in the Southern Steppe of Ukraine is
to increase the resistance of varieties to extreme envi-
ronmental conditions, the level of genotype response
to changing factors of growing conditions, and the se-
lection of the best combinations of source material.
M. Mubarik et al. (2020) argue that the attention of
scientists is constantly drawn to the genotype-envi-
ronment interaction, which is determined by plasticity
and stability.

Ecological plasticity is the degree to which a trait
responds to changes in environmental conditions,
which is manifested in phenotypic variability; and
ecological stability is the ability to form high pro-
ductivity even under the influence of abiotic and bi-
otic stresses, when environmental conditions change
from optimal. According to S.I. Zandalinas et al. (2018),
the “variety” factor is considered as a constant value,
while abiotic factors can be weather conditions in the
years of research, fertiliser doses, and sowing dates.




According to the findings of N. Leshchuk et al. (2021),
the magnitude of the response of genotypes to changes
in abiotic factors is determined by the coefficient of
ecological plasticity (b), which indicates the devia-
tion of individual sample parameters in relation to
the average long-term indicators. The b, value is pro-
portional to the sensitivity of the variety to changes in
environmental conditions. More often than not, the b;
coefficient is positive, and sometimes it is negative.
Y. Huang et al. (2023) argue that when the regres-
sion coefficient b; is zero or close to it, it indicates
that the variety is weakly or not responsive to abiotic
environmental factors. P. Arnold et al. (2019) report
that the plasticity trait is an independent value and
is controlled by specific genes. Stability variance - S’
demonstrates how exactly the tested variety fits the
plasticity determined by the regression coefficient b;.
Zero and close to zero values of S show that there is
the smallest difference between the empirical value
of the characteristic and the theoretical one.

The simultaneous action of the traits “plasticity”
and “stability” of the samples helps the genetic mech-
anism of plants to maximise the effects of the nega-
tive impact of abiotic factors, i.e., to show resistance
to them. Thus, the purpose of this study was to identify
samples from the cotton collection that are resistant
to abiotic factors for further use in breeding.

MATERIALS AND METHODS

The study was conducted at the Institute of Cli-
mate-Smart Agriculture of the National Academy of
Agrarian Sciences (NAAS) of Ukraine in 2012-2016.
The subject of the study was 282 samples of cot-
ton from the collection nursery of different ripeness
groups. The agrotechnical conditions of the exper-
iments were generally accepted for the Southern
Steppe of Ukraine and were conducted on dark chest-
nut medium loamy slightly saline soils. Its predecessor
is winter wheat. 100 kg/ha of ammonium nitrate was
applied for pre-sowing cultivation. Sowing was carried
out in the first decade of May, when the soil tempera-
ture at a depth of 5 cm reached 18-20°C. The plots of
the collection nursery are single-row, 3 m long, with
a distance of 15 cm in a row between plants. A stand-
ard was placed every 9 samples, which was the zoned
cotton variety Dniprovskyi 5 of the Institute of Cli-
mate-Smart Agriculture of the NAAS of Ukraine. Dur-
ing the growing season, the crop was irrigated twice
at a rate of 400 m? of water per hectare.

The trait assessment was carried out according to
the methodology of Volkodav (2001). The morpholog-
ical description and classification according to eco-
nomic properties were made according to the “Broad
Unified Classifier - Handbook of the genus Gossypium
hirsutum L (Vozhehova et al., 2015). The coefficient
of variation V (%), an indicator of the standard devi-
ation of features, which is given as a percentage of
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the mean value, was calculated using the following
formula:

V =b/m x 100, 1)

where V is the coefficient of variation, %; b is the
standard (square) deviation; m is the arithmetic mean.
If V<10%, the variation is considered weak, if V=11-
25%, it is considered medium, and if V>25%, it is con-
sidered significant.

The weather conditions during the years of the
study were typical for the Southern Steppe zone of
Ukraine, and therefore an objective assessment of the
cotton gene pool was carried out, and valuable sam-
ples were identified for their economic characteristics,
The year 2012 was the warmest on record, driven by
high average monthly temperatures in May (20.8°C),
June (23.4°C), and July (23.6°C). Overall, the summer of
2012 was hot, with a shortage of rainfall and soil and
air drought throughout the season.

The summer of 2015 was moderately hot, and
the summer of 2016 was dry due to lower average
monthly air temperatures than in 2012, by 3.8-4.6°C in
May and by 3.2-2.2°C in July, respectively. Among the
years under study, 2013 saw an extended growing sea-
son for cotton plants due to precipitation in June, which
amounted to 79.1 mm and 64.4 mm, respectively.

According to the length of the growing season from
germination to full ripeness, according to the 9-point
scale of the Broad Unified Classifier-Guide to the ge-
nus Gossypium hirsutum (L.) distinguishes cotton plants:
ultra-early ripening, or with a very short vegetation pe-
riod <110 days (1 point), 111-115 (2 points), early-rip-
ening - short vegetation period 116-120 (3 points),
125-130 (4 points), mid-ripening - medium 131-135
(5 points), 136-140 (6 points), late-ripening - long 140-
145 (7 points), 146-150 (8 points), and very late-ripen-
ing - very long vegetation period >150 days (9 points).
According to the germination-flowering period, cotton
plants are divided into 5 groups: very short - <50 days
(1 point), short - 50-55 days (2 points), medium - 55-60
days (3 points), long - 65-70 days (4 points), very long -
>70 days (5 points) (Vozhehova et al., 2015).

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

RESULTS AND DISCUSSION

The analysis of 282 collection samples by the dura-
tion of the cotton plant vegetation period showed that
29.0% of them were characterised by a very short ripen-
ing period, 25.1% - by a short one, 27.9% - by a medium
one, and 18.0% - by a long one (Table 1).
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Table 1. Distribution of cotton gene pool samples according to the duration of the growing season, days (2012-2016)

Sign and level of its Total weight

expression

Sample name

pieces %
Dniprovskyi 5 (UF0800009), Pidozerskyi 4 (UFO80003), L 417u (UF080002), 500u
(UF080000), 510u (UF0800226), Population 1 (UF0800193), Population 2 (UF0800020),
Very short Population 3 (UF080002), Population 3 opr. (UFO80018), 170/2 (UFO0800039),
(ultra-early ripening)  81.8 29.0 2342u (UF0800032), 0d 4 (UF0800119), K58 (UF0800114, K67 (UF0800036), K103
<110-115 days (UF0800118),K11 (UF0800107,1718u (UF0800239) (UKR); 144F (UF0800105),1135/94
(UF0800204), (UZB); 534 (UF0800535) (RUS); 4521Trakia (UFO80006), Interspecific
hybrid W64 (UF0800165), Avangard 264 (UF0800020), 32-73 (UF0800262) (BGR), etc.
L 191/13 (UF080028), 501 (UF0800221),
2307u (UF0800227), Population 5 (UFO800035), Line 452u opr. (UF0800190) (UKR);
1135/94 (UF0800204) (UKR); Sizhi 2 (UF0800098),
Short 175F (UF0800063), Andijan 5 (UF0800071), Liniya 446 (UF0800086) (UZB); Beli
(early-ripening) 70.8 25.1 Izvor 432 (UF0800015), Chirpan 603 (UF080001), Chirpan 539 (UF0800018), Helius
116-125 days (UF0800277), Ogosta 644 (UFO0800017), Ogosta 644 opr. (UFO800181), Balkan 442
(UF0800178), Garant opr. (UFO800180) (BGR); Zeta 2 (UFO800057) (GRC); Maria
(UF0800056), Makedonka 21 (055UF0800), Siocra 1-4-C (UF0800046), 115P
(UF0800052), Plovdiv 15-81 (UF0800234) (YUG), Zun-Zhong (UFO800003) (CHN), etc.
An-Chillyaki (UFO800012), Andijan 4 (UF0800070), C4727 (UF0800067), C7085
Medium (UF0800127), Namangan 77 (UF0800 064), (UZB); A-2 (UF0800054) (YUG); 611B
(mid-ripening) 78.7 279 (UF0800033) (RUS); Acra 60 (UF08001490), Acala 90 (UF0800159), Tomcot (UF0800157),
126-135 days ' ' Tomcot 1074 (UF0800160), Tomcot 2073 (UF0800158), Tomcot CAMDE (UF0800159),
Deltapine ch5 (UF0800167), Delfos 53 (UF0800172), Cocer 100 (UF0800230) (USA); T 073
(UF0800125) (ROU); Varamin (UF0800053) (IRN); Simbabves (UF0800146) (ZWE), etc.
Long Kyrgyz 6-84 (UF0800082) (KGZ); Tabladilla 16 (UF080014), T 100 (UF080001) (ESP);
(late-ripening) 507 18.0 Nazili 84 (UFO800058) (TUR); Cotton (UF0800279),Joloten 32 (IU14056549) (TKM);
136-145 days ’ ’ Argentina 1 (UF0800147), Argentina 2 (UFO800009), Argentina 3 (UF0800148),
Fizinerdo (UFO800007) (ARG); S9 (UF0800024) (SYR), etc.
Total: 282 100

Source: compiled by the authors of this study

When studying the trait “duration of the growing
season” of cotton gene pool samples, not only ‘germi-
nation-full ripeness”, but also ‘germination-beginning
of flowering” were considered - the phase of active
growth and development of the plant, formation of
fruiting organs, since, according to U. Khan (2003), it is
in this phase that the value of the future yield is de-
termined. The shortest germination - flowering pe-
riod, which lasted from 47 to 50 days, was observed
in ultra-early ripening samples in 2012, and slightly

longer - in 2015 (49-52 days) and 2016 (48-51 days).
A longer growing season was observed in 2013 (48-
52 days) and 2014 (49-53 days). Based on the results of
the observations, the environmental plasticity and sta-
bility, the index of growing conditions, and the coeffi-
cient of variation of the traits of the collection samples
by the duration of the period ‘germination-flowering”
of plants in varieties with different growing seasons:
ultra-early ripening, early-ripening, mid-ripening, and
late-ripening (Table 2).

Table 2. The influence of biotic factors of the year on samples of the cotton gene pool in terms of ecological plasticity
(b), stability (S7), the index of growing conditions (), and the coefficient of variation (V)

Duration of the period “germination - beginning of flowering”,days Indicators
Sample name V, %
2012 2013 2014 2015 2016 b* S?
Ultra early-ripening - <110-115 days

PidozerSky({J‘;’(g;FOBOOO” 46 47 48 48 47 47 54 007 194
'”tersf’lféé‘l%g{%g? wed 49 51 52 49 50 50 91 035 5.12

L 417u (UF080002) UKR 46 49 49 48 47 48 10.5 -0.31 5.20
4521Trakia (UFO80006) BGR 48 51 50 51 48 50 10.2 -0.38 499
1135/94 (UF0800204) UZB 48 51 51 49 49 50 154 -0.65 8.75
X 47 50 50 49 48 49 10.1 -0.36 5.20
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Table 2. Continued

Duration of the period ‘germination - beginning of flowering”, days Indicators
Sample name V, %
2012 2013 2014 2015 2016 b* 5?2
| _ _ _
Early-ripening - 116-125 days
Beli Izvor 432 (UF0800015) 51 56 55 54 54 54 91 043 454
(BGR)
(ucéggsot&%t‘; i 51 55 57 55 52 54 103 -051 049
501 (UF0800221) (UKR) 53 53 55 53 53 53 137 -064 213
(Ogaukfgggg)‘"(%@ 50 55 58 54 51 54 169 109 112
175F (UF0800063) (UZB) 52 58 58 55 55 56 147 116 102
X 52 56 57 55 53 54 129 077 186
Mid-ripening - 126-135 days
7085 (UF0800127) (UZB) 55 55 58 56 55 56 113 -0.52 450
T 073 (UF0800125) (ROU) 56 63 62 62 59 60 189  -117 181
An-Chillaki (UF0800012) 57 56 63 59 57 58 147  -070 205
(UZB)
X 56 60 61 59 57 59 150 080 279
| - - -
Late-ripening - 136-145 days
Tabladilla é%g’moo“) 66 69 71 68 66 68 129 068 575
Cotton (UF0800279) (TKM) 67 70 71 69 67 69 185  -159 362
Joloten 32 (IU14056549) 70 73 76 72 72 73 162 -128 430
(TKM)
Nazili 84 (UF0800058) 69 72 73 71 71 72 187 153 572
(TUR)
X 68 71 73 70 69 70 166  -1.30 485
| - - -
LSD 05 6.4

Note:* b; is the coefficient of regression (plasticity), S ? is the stability variance; I is the index of environmental conditions;
X Is the average duration of the period; V is the coefficient of variation

Source: calculated by the authors of this study

The results of the study presented in Table 2 show
that according to the obtained data of plasticity (b)), var-
iances of stability (S?) and coefficient of variation, cot-
ton plants of the ultra-early ripening group in the phase
‘germination - the beginning of flowering” were less
sensitive to abiotic factors. The average regression co-
efficient (b)) was -0.36; the variation in the length of the
growing season by year was 10.1%, which is significantly
less compared to early-ripening varieties — -0.77% and
12.9%, mid-ripening varieties - -0.80% and 15.0%, and
late-ripening varieties - -1.30% and 16.6%, respectively.

Among the varieties of the ultra-precocious
group, the sample Pidozerskyi 4 (UF080003) (UKR)
was more adapted to growing conditions (b=-0.07;
S’=1.94; V=5.4%), among the early-ripening - Beli Iz-
vor (UF0800015) (BLG) (bi=-0.43; S52=4.54; V=9.1%),

among the mid-ripening - C7085 (UF0800127) (UZB)
(b=-0.52; §2=4.50; V=11.3%), late-ripening - Tabladil-
la 16 (UF080014) (ESP) (b=-0.68; 52=5.75; V=12.9%).
Sample of 1135/94 (UF0800204) (UZB) (b=-0.65;
§7=8.75; V=15.4%) was the most sensitive to growing
conditions among the ultra-early ripening varieties, the
early-ripening - Makedonka 21 (055UF0800) (YUG))
(b=-1.09; §2=1.12; V=16.9%); mid-ripening - T 073
(UF0800125) (ROU) (b=-1.17; 52=1.81; V=18.9%), and
late-ripening - Cotton (UF0800279) (TKM) (b=-1.59;
§7=3.62;V=18.5%).

The maximum average productivity to frosty raw
cotton of 49.4 g/plant was formed by Pidozerskyi 4
(UF0800003) (UKR), whose duration of the period “ger-
mination-beginning of flowering” was 47 days, and
‘germination-full ripening” - <103 days. The lowest raw

Scientific Horizons, 2024, Vol. 27, No. 2



48

Ecological plasticity and sustainability of cotton...

cotton productivity of 21.2 g/plant was demonstrated
by the sample of the late-ripening group Joloten 32
(lU14056549) (TKM), the duration of the growing sea-
son of which was 145 days on average over the years
of research. Particular attention was paid to samples
of ultra-early and early-ripening groups, as the main
obstacle to the introduction of cotton in the Southern
Steppe of Ukraine is the limit of temperature condi-
tions, as mentioned earlier.

Among the ultra-early ripening group, there were
some varieties with shorter or equal vegetation periods

than the standard variety Dniprovskyi 5, which contrib-
uted to the formation of high productivity, these are
Pidozerskyi 4 (UF080003) (UKR), 144 F (UF0800062)
(UZB), L 417u (UF080002), 500u (UF080000), 510u
(UF0800226), Population 1 (UF0800193), Popula-
tion 2 (UF0800020), Population 3 opr. (UF080018),
Population 9 (UF0800241), 3737u (UF0800228) (UKR);
4521Trakia (UF080006), Interspecific hybrid W64
(UF0800165), Avangard 264 (UF0800020) (BGR), etc.,
that were used in hybridisation as the mother form in
most cases in both direct and back crosses (Table 3).

Table 3. Duration of the growing season of parental forms involved in hybridisation
for early ripening and productivity (2012-2016)

Duration of the growing

Sample name, No. in the National Catalogue Co;:;?r" of season, days Productivity
days V, % g/plant V, %
Ultra-early ripeness group (<110-115 days)
Dniprovskyi 5 (UFO800009) St UKR 107 8.2 426 26.9
Pidozerskyi 4 (UF0800003) UKR 103 5.7 494 228
144 F (UF0800062) UzB 102 5.2 39.6 24.8
L 417u (UF080002) UKR 104 6.9 46.8 26.0
500u (UF080000), UKR 104 6.9 46.9 20.1
510u (UF0800226) UKR 105 5.4 47.1 26.2
Population 1 (UF0800193) UKR 105 5.1 46.2 26.8
Population 2 (UF0800020) UKR 103 6.9 46.9 223
Population 3 opr. (UF080018) UKR 104 44 451 20.1
Population 9 (UF0800241) UKR 105 3.0 38.9 224
3737u (UF0800228) UKR 105 2.5 39.8 18.8
4521Trakia (UFO80006) BGR 103 4.5 39.5 30.5
Interspecific hybrid W64 (UF0800165) BGR 103 6.9 41.1 37.5
Avangard 264 (UF0800020) BGR 104 6.8 38.9 36.7
OD 4 (UF0800119) UKR 114 4.5 39.7 224
K58 (UF0800114) UKR 115 3.5 39.9 35.2
K67 (UF0800036) UKR 114 4.6 39.1 36.4
K103 (UF0800118) UKR 113 5.1 39.8 31.0
K11 (UF0800107) UKR 115 5.8 38.9 24.5
Early-ripening group (116-125 days)
1135/94 (UF0800204) uzB 116 5.3 379 238
Line 452u opr. (UF0800190) UKR 116 3.1 39.2 371
501u (UF0800221) UKR 117 2.2 471 39.9
Beli XXXlzvor 432 (UF0800015) BGR 117 4.2 36.8 30.6
Chirpan 603 (UF080001) BGR 116 3.6 371 424
Chirpan 539 (UF0800018) BGR 116 3.4 36.7 324
Population 5 (UFO800035) UKR 116 4.5 36.8 35.6
L 191/13 (UF0800283) UKR 116 5.1 37.5 231
Maria (UFO800056) YUG 118 4.6 41.1 311
Garant opr. (UF0800180) BGR 118 47 35.9 33.6
Ogosta 644 (UF0800017) BGR 117 3.7 35.8 321
Balkan 442 opr. (UF0800178) BGR 116 3.5 36.7 37.8
Helius (UF08000277) BGR 117 5.4 374 39.1
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Table 3. Continued

Duration of the growing

Sample name, No. in the National Catalogue Co:rr;;ri)rl‘ of season, days Productivity
days V, % g/plant V, %
Zong Zhong (UF0800003) CAN 123 6.1 35.8 32.8
2307u (UF0800227) YUG 125 2.6 36.2 26.6
Line 446 (UF0800086) uzB 125 3.6 37.8 31.0
175F (UF0800063) uzB 125 5.1 36.1 27.5
Population 3 (UF080002) UKR 125 4.3 478 33.8
Siocra 1-4-C (UF0800046) AUS 125 4.6 354 32.1
Plovdiv 15-81 (UF0800234) BGR 125 3.7 35.7 31.0
Zong Zhong (UF0800003) CHN 125 4.8 25.6 31.7
Makedonka 21 (055UF0800) YUG 125 5.7 431 38.3
Mid-ripening group (125-135 days)
Acala 90 (UF0800159) USA 128 54 30.7 31.5
Tomcot 1074 (UF0800160) USA 135 6.2 29.2 36.8
Cocer 100 (UF0800230) USA 132 9.1 31.1 22.1
611b (UFO800033) RUS 132 3.5 31.8 35.0
An-Chillaki (UFO0800012) uzB 131 3.8 31.5 12.0
A-2 (UFO800054) YUG 134 6.3 25.5 222
Andijan 4 (UF0800070) uzB 134 5.2 25.2 221
Delfos 53 (UF0800172) USA 137 6.2 26.0 21.8
Simbabves (UF0800146) ZWE 135 5.9 25.1 22.8
T100 (UF0800014) ESP 132 6.2 25.2 40.1
Late-ripening group (136-145 days)
Nazili 84 (UFO800058) TUR 144 4.3 25.0 22.5
Cotton (UF0800279) TKM 145 4.5 24.1 36.7
Joloten 32 (1U14056549) TKM 145 4.8 21.2 221
Argentina 1 (UF0800147) ARG 142 10.1 24.8 21.0
Fizinerdo (UFO800007) ARG 144 5.2 24.8 12.1
Kyrgyz 6-84 (UF0800082) KGZ 141 4.8 24.7 32.1
LSD 0.25 1.8

05

Source: compiled by the authors of this study

Samples of the collection with a vegetation period of
more than 131 days, which were distinguished by lower
plant productivity, but had a large boll, high-quality fibre,
and were characterised by a lower coefficient of varia-
tion over the years than early-ripening varieties, were
used as parents, including Tomcot 1074 (UF0800160),
Acala 90 (UF0800159), Cocer 100 (UF0800230) (USA),
611b (UF0800033) (UKR), An-Chillaki (UF0800012)
(UZB), A-2 (UF0800054) (YUG), Andijan 4 (UF0800070),
Delfos 53 (UF0800172), Simbabves (UF0800146), T100
(UF0800014), Nazili 84 (UF0800058) (TUR), Cotton
(UF0800279), Joloten 32 (IU14056549) (TKM), Argenti-
na 1 (UF0800147), Fizinerdo (UFO800007) (ARG), Kyrgyz
6-84 (UF0800082) KGZ, etc. Thus,when creating new cot-
ton varieties, samples with the traits “ultra-early ripeness”
and “early ripeness” with high productivity were used as
the mother form, and samples of mid- and late-ripening
groups, but with a large boll and high-quality fibre, were
used as the father form.

Among the local breeding samples, Dniprovskyi 5
and Pidozerskyi 4 are noteworthy - these are varieties
developed at the Institute of Climate-Smart Agricul-
ture of the NAAS of Ukraine for the Southern Steppe
of Ukraine. They are characterised by a short ripening
period and high yield potential of up to 3.2 t/ha. Their
short ripening period allows them to be used even as a
precursor for sowing winter crops. These two varieties
are listed in the Catalogue of Crop Varieties and Hy-
brids of the Institute of Irrigated Agriculture (now the
Institute of Climate-Smart Agriculture) (2019).

The average duration of the period ‘germina-
tion-full ripeness” of the samples of the early ripeness
group was 9-8 days longer than that of the ultra-early
ripeness group, but the variation during the study was
much smaller and the coefficient of variation was 2.2-
6.1% versus 2.5-8.2%. As for the years of the study, in
2013 and 2014,the longest ‘germination-flowering” pe-
riod was observed in plants, regardless of the ripeness
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group, including 47-50 days in ultra-early ripening
samples, 56-57 days - in early-ripening samples, 60-
61 days - in mid-ripening and 71-73 days in late-ripen-
ing samples, respectively. The “‘germination-flowering”
period was the shortest in all samples of the cotton
gene poolin 2012 -47,52,56,and 68 days, respectively,
in the ripeness groups.

Summarising the results of determining the duration
of vegetation periods over the years of research (2012-
2016),it can be noted that the ‘germination-beginning of
flowering” period of samples of the late-ripening group
was 21 days longer than that of the ultra-early ripening
group. In addition, samples of this ripeness group were
characterised by a higher coefficient of variation over the
years - 16.6% versus 10.1%. The “germination-full ripe-
ness” phase in late-ripening samples occurred 38 days
later than in ultra-early ripening samples.

To create new varieties, ultra-early ripening sam-
ples from Bulgaria were used for crossing - 4521Tra-
kia (UF080006), Interspecific hybrid W64 (UFO800165),
Avangard 264 (UF0800020), which were 3-4 days ahead
of Dniprovskyi 5 in terms of the total growing season
with a lower coefficient of variation - V=4.5-6.9%, com-
pared to 8.2% for Dniprovskyi 5 (UFO800009). In terms
of productivity, they had the same value as the stand-
ard, but differed by a higher coefficient of variation
over the years - from 30.5% to 37.5%, which is almost
one and a half times lower than the adaptability of the
standard variety.

Among the early-ripening group of gene pool sam-
ples,the best was the promising line 501u (UF0800221)
of Ukrainian selection, which flowered, on average over
the years of research, in 53 days with a coefficient of
variation of 13.7%, which is 6 days later than the av-
erage performance of ultra-early ripening samples.
The total vegetation period of the sample was 10 days
longer, but it stood out for the highest productivity
(47.1 g/plant), compared to the standard Dniprovskyi 5
(UFO800009) - 42.6 g/plant. Therefore, this sample was
actively used in backcrosses.

Table 3 shows samples of the gene pool used in
crosses to develop more productive ultra-early and
early ripening varieties. As a result of the hybridisa-
tion, more than 24 promising cotton lines were cre-
ated, characterised by a short ripening period and high
yields of home-grown medium-fibre raw cotton - 2.4-
3.2 t/ha - and meeting the quality indicators of type V
fibre. The cotton gene pool is a valuable source for de-
veloping varieties adapted to the extreme conditions
of the Southern Steppe of Ukraine. Climate change to-
wards warming is helping it to take a leading position
in the risky farming zone among conventional crops.

For the introduction of cotton in the Southern
Steppe of Ukraine, early-ripening varieties are needed.
Cotton production in this zone is closely linked to me-
teorological conditions. Manufacturers in other coun-
tries face similar problems. C. Li et al. (2021) argue that
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weather conditions are region-specific, and with regard
to climate change over the past 50 years and frequent
extreme events, they advise that, after assessing their
impact on cotton production in different locations, re-
gionally adaptive varieties should be used.

R. Baumhardt et al. (2018) emphasise that air tem-
perature is a crucial factor affecting the development
of cotton. They have shown through research that low
temperatures (<12°C) at an early stage lead to stunted
growth and development, while hot temperatures
(>35°C) at the mid-growth stage can negatively affect
the fertilisation process and lead to bud drop. Low tem-
peratures during the late growth period prolong the
ripening period, which leads to a decrease in yield.

Cotton is a perennial indeterminate crop, and cul-
tivated species are generally not sensitive to photo-
periodicity. Therefore, S. Minoli et al. (2019) and Y. Jans
et al. (2021) argue that higher temperatures will in-
crease the rate of plant development, but not neces-
sarily shorten the length of the growing season, if tem-
perature seasonality is the limiting factor and sufficient
water and nutrients are available. Although the plant
is widely adapted to a variety of environments, the
growth and demand for water for cotton irrigation may
be challenged by future climate change.

The data obtained from the study showed that in the
Southern Steppe of Ukraine, hot temperature conditions
not only accelerate plant development, but also affect
the reduction of plant maturation. Characteristic of this
zone is that early ripening forms of the collection mate-
rial generate higher productivity than plants with a long
growing season. This is caused by a higher number of
open prefrost bolls. Samples of the late-ripening ripe-
ness group form a high total yield of cheese, i.e., home-
grown and post-frost, but they are inferior to early-ripen-
ing forms in terms of home-grown cheese yield.

Other conclusions based on the study results were
made by C.i. Cevheri (2021), who states that higher
yields were obtained by introducing varieties with a
long growing season. Ensuring crop ripeness is essen-
tial for yield maximisation, quality,and economic return.
According to L-M. Chevin and A.A. Hoffmann (2017),
plasticity may be non-adaptive to extreme conditions
if there are no strong genetic correlations between ex-
treme and non-extreme environmental conditions and
the optimal phenotype changes smoothly under its in-
fluence. When phenotypic plasticity is adaptive, it can
withstand the harmful effects of extreme conditions.

Organismal plasticity can be considered as the
response of cotton to environmental conditions or to
biological and developmental traits. It helps plants
maintain homeostasis in response to changing climatic
conditions. According to F.A. Dar et al. (2022), the action
of biotic factors that cause plastic reactions can to some
extent affect the development and timing of the for-
mation of reproductive organs. In the Southern Steppe
zone of Ukraine,where the sum of positive temperatures




above 10°C can drop to 1397°C, with a norm of 1492°C,
it is necessary to introduce cotton varieties charac-
terised by functional plasticity - the ability of the or-
ganism to move functions from one tissue to another
as a result of paralogous genes. Y. Huang et al. (2023)
share a similar opinion. Studies have shown that the
samples of the collection of ultra-early ripeness group
have greater plasticity and stability compared to early-,
mid-, and late-ripening varieties. The same samples were
more productive.

However, analysing the findings of this study, it can
be stated that the authors do not have a consensus on
the influence of environmental factors on the forma-
tion of the duration of the cotton growing season for a
particular region, and therefore the research conducted
on Ukrainian modern varieties in the agroclimatic zone
of the South of Ukraine is relevant and deserves further
investigation to create new adaptive, plastic varieties
that will be characterised by resistance to environmen-
tal changes.

CONCLUSIONS

As a result of the study, the ecological plasticity, stabil-
ity, index of growing conditions, coefficient of variation
of samples from the cotton collection on the basis of
the duration of the period “‘germination-beginning of
flowering” of plants in varieties with different growing
seasons were determined.To increase the genetic poten-
tial of the variety trait, samples were selected that were
characterised by high values of b, and low S ?, which will
contribute to the creation of new source material for va-
rieties with increased ecological plasticity and stability.
It was found that according to plasticity indicators
(b),stability variance (S ?) and the coefficient of variation
of the duration of the “germination-beginning of flower-
ing” period, ultra-early ripening varieties were less sen-
sitive to growing conditions. Pidozerskyi 4 (UFO80003)
(UKR) was characterised by greater plasticity to growing
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conditions among the studied samples of the ultra-early
ripeness group, Beli Izvor (UF0800015) (BLG) among the
early-ripening group, C7085 (UF0800127) (UZB) among
the mid-ripening group, and Tabladilla 16 (UF080014)
(ESP) among the late-ripening group.

To extend the process of forming early ripening forms
and productivity of raw cotton, parental components
with shorter vegetation periods by years were selected
from the cotton gene pool, than that of the standard va-
riety Dniprovskyi 5 or on the same level, these include
Pidozerskyi 4 (UF080003) (UKR), 144 F (UF0800062)
(UZB), L 417u (UF080002), 500u (UF080000), 510u
(UF0800226), Population 1 (UF0800193), Population 2
(UF0800020), Population 3 opr. (UF080018), Popula-
tion 9 (UF0800241),3737u (UF0800228) (UKR); 4521Tra-
kia (UFO80006), Interspecific hybrid W64 (UF0800165),
Avangard 264 (UF0800020) (BGR), etc. The average dura-
tion of the “‘germination-full ripeness” vegetation period
in the samples of the early ripeness group was 8-9 days
longer than in the ultra-early ripeness group, but the co-
efficient of variation over the years was much lower -
2.2-6.1% versus 2.5-8.2%.

A promising area for further research is the enrich-
ment of the genetic diversity of the cotton gene pool to
create valuable source material with high productivity,
increased environmental plasticity and stability.
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EKonoriyHa niacTUYHICTb Ta CTiMKiICTb 6aBOBHUKY B yMoBaXx lMiBgeHHoro Creny YKpaiHu
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Opecbka aepxaBHa CiNbCbKOroCnoAapcbka A0CNIAHA CTaHLs
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[HCTUTYTY KNiIMaTUYHO OPIEHTOBAHOIO CiIbCbKOrO roCnoaapCTaa
HauioHanbHoi AkageMmii ArpapHux Hayk Ykpainu
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AHoTauif. 3anexHo Bif TPMBANOCTI nepioay BereTaLii 6aBOBHMKY, BU3HAYAETLCS 30HA BNPOBALKEHHSI COPTY Ta MOro
HaMBWLLI NMOKA3HWKM NOTEHLiaNy NPOAYKTUBHOCTI, @ CBOEYACHE [03piBaHHS 6HaBOBHWU-CUPLIO J03BOJISE NPOBECTM 36ip
[LOMOPO3HOro BPOXato, AKiCHO MiAroTyBaTW IPyHT. MeTa JOCNIIKEHHS — BUAIAUTK 3 reHOdoHAY BABOBHMKY 3pasku
apanTtoBaHi oo ymoB [liBgeHHoro Creny Ykpainw. [Npu [0CAIAXKEHHI BMKOPUCTOBYBAIMCS METOAMKM MPOBEAEHHS
eKCnepTU3n CopTiB POCIMH: PEHONOTiYHI CNOCTePeXeHHS, MOPONOriYHi JOCNIIKEHHS, OLLIHKY CEeNeKLiiMHOro Matepiany
3a LiHHMMKM 03HAKaMU. 3@ pe3ynbTaTaMu AOCNIAKEHb BifibpaHi 6aTbKiBCbKi KOMMOHEHTM A1 PO3LWMPEHHS NpoLiecy
(hOpPMYBAHHSA CKOPOCTUIMX POPM i NPOAYKTUBHOCTI 6aBOBHU-CcUpL0. [TpoBefeHa OLiHKA 343aTHOCTI pOC/IMH HAaBOBHMKY
[0 BMPOLLYBaHHA B eKcTpeManbHux ymoBax [liBaeHHoro Creny YKpaiHW Ta BM3HayeHa WOro oAHOpiAHICTb abo
CTabinbHICTb, iHAEKC YMOB BMPOLLYBAHHS, KoediLieHT BapiaLii — pi3HULO Y YUCNOBUX 3HAUYEHHSIX O3HAKM TPUBANICTb
nepiogy «CX0Au — NOYATOK LBITIHHS» POC/IMH Y COPTaXx 3 Pi3HWM NepiofoM BereTaLii Ta iX KOIMBAaHHS HAaBKOJO CEpeAHbOI
BE/IMYMHM. YCTAHOBNEHO, LLO 33 BM3HAYEHOI MNACTUUHICTIO (b)), BapiaHcoto cTabinbHOCTi (S7) Ta koedilieHToM Bapiauii
TPMBANOCTi «KCXOAM — NMOYATOK LIBITIHHSA» BiNbLLOK TONEPAHTHICTIO A0 (PaKTOPiB CEpeaoBULL, XapakTepuayBainch yabTpa
paHHbocTUMi copTu. CepenHin koediuieHT perpecii (b)) cknagas —-0,36; BapitoBaHHS TPUBANOCTI NePioay 3a poKamu —
10,1 %, wo 3HaYHO MeHLUe, y NOpiBHAHI 3i ckopocturnummn copTamu - -0,77 i 12,9 %, cepeaHbocturnnmm — -0,80 i
15,0 % Ta nisHboHbOCTMIIMMK — -1,30 i 16,6 %, BiaNoBiAHO. MakcMManbHy cepeaHto NPOLYKTMBHICTb 4O MOPO3HOIO
6aBoBHO-cuputo 49,4 r/pocnunHy chopMyBaB 3pa3ok lligo3epcobkuii 4 (UFO800003) TpuBanicTb nepiogy «Cxoau —
MoYaTOK LBITIHHA» SIKOr0 CKnanae 47 OHIB, @ «CXOAM — MOBHe JoCTUraHHa» — <103 aHs. HaiMeHWwy npooyKTUMBHICTb
6aBoBHU-cHpLto 21,2 r/poCcinHy NPOAEMOHCTPYBAB 3pa3oK Ni3HbOCTUIIOI rpynu cturnocTi Joloten 32 (IU14056549)
TYPKMEHCbKOI cenekuii, TpMBanicTb nepiody Beretauii SKoro B cepefHbOMy 33 pPOKM AOCNimxeHb AOpiBHIOBana 145
[HiB. Pe3ynbtati pocnipkeHb 6yayTb BUKOPUCTaHI Y NOAANbLUIN cenekuii Npyu CTBOPEHHI BUCOKONPOLYKTUBHUX COPTIB
6aBOBHMKY 3 MiABULLEHO €KOMOMYHOK NAACTUYHICTIO | CTabiNbHICTIO Ta AKICHUM BONOKHOM

KniouoBi cnoBa: 3pasky 6aBOBHMKY; TPMBaNiCTb Nepiofy BereTalii; rpynu CTUIIOCTI; NAACTUYHICTb; CTABINbHICTD;
KoediuieHT BapiaLii; NpOAYKTUBHICTb
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the early-ripening samples, the share of such genotypes was 33.3%, and in the group of late-ripening varieties -
13.3%. High yield stability (S?d;i=0.0) was inherent in 66.7% of the samples of the early-ripening group, 60% of the
mid-ripening group, and 26.7% of the late-ripening group. The identified sources are valuable starting material for
the development of new and highly promising winter soft wheat varieties adapted to the growing conditions in the

eastern part of the Forest-Steppe of Ukraine

Keywords: yield; plasticity; stability; limiting factors; reaction rate; source; variety

INTRODUCTION

Identification of new short-stemmed winter bread
wheat genotypes with high adaptability to changing
agroecological conditions is an urgent task on the path
to successful intensification of agricultural product di-
versity and food security. For a long time, the devel-
opment of high-intensity, short-stemmed winter soft
wheat varieties has been the main focus of breeding
to increase yield potential. As a result, a considerable
number of varieties in the State Register of Plant Vari-
eties of Ukraine (n.d.) have a genetic potential of more
than 10 t/ha. However, there is a substantial decrease in
its stability and, accordingly, a loss of adaptive potential,
which is a considerable obstacle to the successful intro-
duction of varieties into production, which requires the
early identification of short-stemmed sources of winter
soft wheat with the necessary adaptive properties for
the selection improvement of the created gene pool.

In many countries of the world, there is an urgent
need to address the impact of various stress factors
that can limit the yield and adaptability of various
food crops, including winter wheat. A. Raza et al. (2019)
note that abiotic stresses are the main limiting fac-
tors that affect soft winter wheat plants in the envi-
ronment. According to the scientists, genomic selec-
tion (GS) with phenotyping of high-yielding samples
is a prominent area in identifying drought resistance
genes. D. Soto-Gémez and P. Pérez-Rodriguez (2022)
emphasise the significance of perennial wheat as a do-
nor of water scarcity resilience, which can help reduce
soil erosion and prevent carbon waste in agriculture.
Ukrainian scientists M. Ilchuk et al. (2019) note that due
to its nutritional value and the existing variety of tech-
nological uses, soft winter wheat (Triticum aestivum L.)
plays a major role in ensuring food security of Ukraine,
which is the basis for its economic development.

To ensure the effective introduction of new and
promising varieties into production, significant breed-
ing work is being carried out to increase yields and
adaptability in certain agro-ecological zones. When
investigating the adaptability parameters of modern
winter wheat varieties in six agro-ecological regions
of Poland, M. Studnicki et al. (2019) found that yield
variability was determined mainly by the influence of
the agro-ecological region of cultivation on the studied
varieties, and to a lesser extent by the genotype. Re-
searchers have identified the Sailor and Linus varieties,
which are highly adaptable to all the agro-ecological

regions under study at different cultivation intensities.
Ukrainian scientists N. Zamlila et al. (2019) identified
breeding lines of soft winter wheat characterised by the
necessary parameters of adaptability and a combination
of high yield in the central Forest-Steppe of Ukraine -
Lutescens 54360 and Lutescens 35232.A lot of research
is being done to improve cultivation technologies to
increase gross grain yields. Thus, Ukrainian scientists
S. Poltoretskyi et al. (2020) argue that the choice of sow-
ing dates was accompanied by changes in other ele-
ments of winter wheat cultivation technology - selection
of varieties according to ripeness groups, determination
of seeding rates, and sowing methods. Chinese scien-
tists W-G. Li et al. (2022) emphasise the significance of
nitrogen application and irrigation as the principal fac-
tors in the formation of high yields of soft winter wheat.
According to the findings of the study, the highest yields
without substantial lodging of crops were obtained
with nitrogen application of 240 kg/ha and irrigation of
600 m*/ha. Indian scientists N. Suresh et al. (2020) note
that to maximise the yield potential of a genotype, it is
necessary to sow at the optimum time.

Ukrainian scientists S. Lyfenko et al. (2021) note
that in the Steppe zone, early-ripening varieties have
greater yield advantages over varieties of other ripe-
ness groups, which almost always fall under the influ-
ence of fires and summer drought. The findings also
suggest that varieties of high-intensity, short-stemmed
type considerably outperform varieties of semi-inten-
sive, medium-stemmed type in terms of potential yield,
but the stability of medium-stemmed genotypes is of-
ten higher than that of short-stemmed ones.

E. Filip et al. (2021) notes that the genetic yield
potential of a variety is limited by various biotic and
abiotic factors, which, accordingly, negatively affects
its stability. Polish scientists M. Rozewicz et al. (2021)
note that among biotic factors, fungal diseases cause
the most damage, with yields decreasing mainly by 15-
20%, and in epiphytoties, losses can reach 60%. The
main factors that determine the emergence and spread
of epiphytoties include the level of genetic protection
against pathogens (Kang et al., 2020), weather condi-
tions during the growing season, crop rotation, and soil
cultivation system (Iwanska et al., 2019).

The purpose of this study was to determine the
adaptive potential of short-stemmed winter wheat
genotypes of different ripeness groups in terms of yield
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plasticity and stability, to identify sources of high yield
potential adapted to the conditions of the eastern part
of the Forest-Steppe of Ukraine.

MATERIALS AND METHODS

The research material included 45 short-stemmed sam-
ples of soft winter wheat (Triticum aestivum L.) of different
ripeness groups: early- mid- and late-ripening varieties
from nine countries, including 11 samples from Ukraine,
10 from Germany, 8 from France, 5 each from Romania
and China, 2 each from Austria and the United States
of America, and 1 each from Slovakia and Hungary. The
early-ripening group included Manera Odeska, Orzhytsia
Nova, Soborna (Ukraine); MV Sed (Hungary), Centurion, Re-
tezat,F11208G2,F10222G5-11,F 08034G1-01 (Romania);
CA 13014,KN 41,KN 40,T 51 (China); OK 10126, Bentley
(United States of America); mid-ripening - Blahodarka
Odeska, Svitohliad, Zoloto Ukrainy, Zoreslava, Rodzynka
Odeska, Kruhozir, Shpalivka, MIP Feieriia (Ukraine); Ilona
(Slovakia); Aspekt (Germany); Urbanus, Tacitus (Austria);
Evklid, Bardotka (France); Flourish (Canada), and late-rip-
ening - Fagus, Achim, Dromos, Bonanza, Nordkap, Rotax,
KWS Malibu, Akratos, Mattus (Germany); RGT Reform,
Matchball, Praktik, Sailor, Boomer, Memory (France). Each
ripeness group consisted of 15 samples. The study of
samples of different ecological and geographical origin
is necessary to determine the adapted genotypes of dif-
ferent ripeness groups to the conditions of the eastern
part of the Forest-Steppe of Ukraine.

The study was conducted in 2018-2021 in the lab-
oratory of cereal genetic resources of the National Cen-
tre for Plant Genetic Resources of Ukraine (NCPGRU) of
the V.Y.Yuriev Plant Production Institute of the National
Academy of Agrarian Sciences of Ukraine. The exper-
iments were designed following the requirements of
selection field experiments (Dospekhoy, 1985). Sowing
was carried out in pairs at the optimum time with a
seeding rate of 4.5 million grains per 1 ha using a Klen-
1.5SPseeder (a selection seeder with a portioned sowing
unit, made in Ukraine) on plots of 5 m? in threefold rep-
lication. In spring, the crops were fertilised with ammo-
nium nitrate (N,). The standard for the short-stemmed
samples was the Bunchuk variety, which was sown
through 20 numbers. The samples were studied accord-
ing to the methodology (Merezhko et al., 1999) and the
classifier of the genus Triticum L. (CMEA's extended har-
monised classifier of the genus Triticum L., 1989). The
study of plasticity and stability of plant genotypes was
carried out according to the method of S.A. Eberhart and

W.A. Russel (1966). The linear regression coefficient (b;)
characterises the average response of the genotype to
changes in growing conditions, indicates the level of its
plasticity and allows predicting changes in a particular
trait within the conditions under study. The fluctuation
of the factual yield in relation to the regression line is
determined by the standard deviation from the regres-
sion line. The variance of the stability of the trait (S*d)
indicates how reliably the variety corresponds to the
plasticity estimated by the regression coefficient. The
smaller the quadratic deviation, at which S2d; accord-
ingly approaches zero, the more stable the genotype.
Parameters and combinations of these traits indicate
the level of adaptability of the genotypes under study
to growing conditions. Statistical processing of the re-
sults was carried out according to the methodology
(Dospekhov, 1985).

To fulfil the purpose of this study, the research
methods were employed as follows: general scientific
(analysis and synthesis) - to differentiate and gener-
alise the results, field - to determine yield, and disper-
sion - to determine the levels of plasticity and stability
of yield,as well as to assess the reliability of experimen-
tal data. Experimental studies of plants (both cultivat-
ed and wild), including the collection of plant material,
were following the institutional, national, or interna-
tional guidelines. The authors adhered to the standards
of the Convention on Biological Diversity (1992) and
the Convention on Trade in Endangered Species of Wild
Fauna and Flora (1979).

RESULTS

Analysing the weather conditions of the study in 2018-
2021 by the growing season, it was found that differ-
ent values of the hydrothermal coefficient (HTC) con-
tributed to the differentiation of winter bread wheat
samples by plasticity and yield stability, as well as by
the duration of the growing season. The autumn period
was very dry in 2018 (HTC=0.49) and 2020 (HTC=0.46),
and quite wet in 2019 (HTC=1.46). The meteorolog-
ical conditions of the vegetative spring and summer
periods of the study differed significantly in terms of
moisture availability and temperature: the spring pe-
riods of 2019 (HTC=1.26) and 2021 (HTC=1.46) were
sufficiently moist, and the spring period of 2020
(HTC=2.05) was excessively moist. In addition, the sum-
mer months of 2020 were characterised by sufficient
moisture (HTC=1.27), while in 2019 (HTC=0.62) and
2021 (HTC=0.64) they were dry (Fig. 1).
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Figure 1. Hydrothermal coefficient of the vegetation periods of the study, 2018-2021

Source: compiled by the authors of this study
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The length of the growing season was shortest in
2021 and longest in 2020 was the most favourable
year for high yields. In 2019 and 2021, its levels were
mostly lower. Notably, moisture deficit and high tem-
perature in July 2021 (HTC=0.09) caused grain inflam-
mation, which had a more negative impact on yield for-
mation compared to previous years of the study, which
was caused by a decrease in the breeding value of the
structural elements of ear productivity. Thus, the con-
trast of weather conditions in the growing seasons of
2018-2021 contributed to the identification of sources
of high yields adapted to the growing conditions in the
eastern part of the Forest-Steppe of Ukraine.

During 2018-2020, the duration of the vegetation
period (germination-ripening) in short-stemmed winter
wheat samples ranged from 275 to 290 days,which made
it possible to distinguish sources according to three ripe-
ness groups: early- mid- and late-ripening. The group
of early-ripening genotypes with a vegetation period
ranging from 276 to 279 days included Manera Odeska,
Orzhytsia Nova, Soborna (UKR); MV Sed (HUN); Centurion,
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Retezat,F 11208G2,F 10222G5-11,F 08034G1-01 (ROU);
CA 13014, KN 41,KN 40, T 51 (CHN); OK 10126, Bentley
(USA). The vegetation period of the Bunchuk standard
was 282 days, and that of the early-ripening standard
Aurora Myronivska was 279 days.

In the early maturing group, six sources of high
yields (over 16% of the standard) were identified,
namely: Manera Odeska (UKR), Centurion (ROU), Rete-
zat (ROU), CA 13014 (CHN), OK 10126 (USA), and Bent-
ley (USA), with a share of 40%; the standard is Bunchuk
(UKR) - 5.38 t/ha. As a result of the research, the linear
regression coefficient (b) determined that the plasticity
of the samples under study ranged within 0.50-1.71 in
terms of yield in the group of early-ripening samples.
High plasticity (b;>1.0), i.e., a wide ecological norm of
reaction, was characterised by six genotypes, which
accounted for 40.0% of the total number of samples
under study, including Orzhytsia Nova (b;=1.71), Sobor-
na (b;=1.69), Manera Odeska (b;=1.32) (UKR); F11208G2
(b;=1.08) (ROU); CA 13014 (b;=1.22), KN 40 (b=1.07)
(CHN); standard - Bunchuk (b;=1.41) (UKR) (Table 1).
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Table 1. Parameters of plasticity and stability of the best early-ripening and short-stemmed samples
of soft winter wheat by yield, 2018-2021

Sample name  Country of origin Vegetag:;spermd’ Xmax Ylel)((j;:,/ha Xoned coR:?ﬁrceises,::,nbi Stability variance, S*d;
E;z;haﬂg’ UKR 282 720 430 538 141 0.73
Manera Odeska UKR 279 780 550 6.68 1.32 0.01
Orzhytsia Nova UKR 278 735 445 6.18 171 0.26
Soborna UKR 277 6.53 365 534 1.69 0.16
MV Sed HUN 278 6.80 540 6.22 0.82 0.05
Centurion ROU 279 6.70 582 6.58 0.50 0.00
Retezat ROU 278 7.15 585 645 0.73 0.04
F11208G2 ROU 279 6.50 4.62 559 1.08 0.00
F10222G5-11 ROU 278 6.24 485 553 0.79 0.02
F 08034G1-01 ROU 278 583 455 523 0.72 0.00
CA 13014 CHN 276 722 520 6.59 1.22 0.64
KN 41 CHN 277 6.85 565 6.21 0.68 0.03
KN 40 CHN 277 6.85 495 580 1.07 0.13
T51 CHN 276 645 480 5.62 0.94 0.02
0K 10126 USA 278 7.80 6.87 737 0.58 0.01
Bentley USA 278 6.61 571 6.26 0.53 0.03

LSD, - - - 034 - -

min 276 583 365 523 0.50 0.00
max 279 780 687 737 171 0.64
Average in the experiment 278 6.87 513 6.06 1.00 0.00

Source: compiled by the authors of this study

Genotypes with best response to changes in grow-
ing conditions (b;=1.0) were not observed in the group
of early-ripening samples. Low plasticity (bi<1.0), i.e.,
a weak response to changes in growing conditions,

was inherent in nine genotypes, which accounted for
60%. The following samples were included: Centurion
(b;=0.50), F 08034G1-01 (b=0.72), Retezat (b;=0.73)
(ROU); MV Sed (b;=0.82) (HUN); KN 41 (b=0.68), T 51

Scientific Horizons, 2024, Vol. 27, No. 2



58

Adaptive potential of short-stemmed winter bread wheat genotypes...

(6;i=0.94) (CHN); Bentley (b=0.53) and OK 10126
(b;=0.58).

Ten genotypes (66.7%) were characterised by
high productivity stability with the lowest numeri-
cal value of the stability variance (S?d;=0.0). These in-
clude the following varieties and lines: Manera Odeska
(S%di=0.01) (UKR); Centurion (S2d;=0.00), F11208G2
(5%d;=0.00), F10222G5-11 (S*d;=0.00), F 08034G1-01
(5?d.=0.00), Retezat (S°d;=0.04) (ROU); T 51 (5°d=0.02),
KH 41 (S2d;=0.03) (CHN); OK 10126 (S*d;=0.01), Bentley
(S*d;=0.03) (USA); the standard is Bunchuk (52di=0.73)
(UKR). The most unstable samples were Orzhyt-
sia Nova (52di=0.26), Soborna (52d;=0.16) (UKR); MV
Sed (S2di=0.05) (HUN); CA 13014 (S%*d;=0.64), KN 40
(5%d;=0.13) (CHN).

Thus, in the group of early-ripening and short-
stemmed samples, genotypes that combine a low
level of plasticity and high yield stability (b;<1.0) and
(S*d;=0.0) prevail, the share of which is 53.3%. These
include Centurion, Retezat, F10222G5-11, F 08034G1-
01 (ROU); KN 41,T 51 (CHN); OK 10126, Bentley (USA).A
prominent level of plasticity and unstable productivity
(b,>v1.0) and (S?d;>0.0) were inherent in four samples
(26.7%) - Orzhytsia Nova, Soborna (UKR); CA 13014,
KN 40 (CHN). In addition, two genotypes were selected
that combine high plasticity with a stable manifestation
of yield (b;>1.0) and (S*d;=0.0) - Manera Odeska (UKR)
and F11208G2 (ROU), the share of which is 13.3%. Ac-
cording to the calculation model by S.A. Eberhartand
and W.A. Russell (1966), such genotypes are the most
valuable because they effectively use favourable fac-
tors of growing conditions and are characterised by
stable yields. The variety MV Sed (HUN) combined low
plasticity and unstable yield (b;<1.0) and (S2d;>0.0).

As a result of the study of plasticity and stability pa-
rameters of the best early-ripening and short-stemmed
winter wheat genotypes, it was found that in the eastern

part of the Forest-Steppe of Ukraine, five varieties (33.3%)
have the highest adaptive potential in combination with
high yield (more than 16% above the standard): Manera
Odeska (UKR), Centurion, Retezat (ROU), OK 10126, and
Bentley (USA). The group of mid-ripening genotypes with
a growing season varying from 283 to 286 days included
the following varieties: Blahodarka Odeska, Svitohliad,
Zoloto Ukrainy, Zoreslava, Rodzynka Odeska, Kruhozir,
Shpalivka, MIP Feieriia (UKR); Ilona (SVK); Aspekt (DEU);
Urbanus, Tacitus (AUT); Evklid, Bardotka (FRA); Flourish
(CAN). The growing season of the Podolianka mid-ripen-
ing standard was 284 days.

In the mid-ripening group, 12 sources of high yields
(more than 16% above the standard) were found, in-
cluding the following samples: Blahodarka Odeska,
Svitohliad, Zoloto Ukrainy, Zoreslava, Rodzynka Odeska,
Kruhozir, Shpalivka (UKR); Ilona (SVK); Urbanus (AUT);
Evklid, Bardotka (FRA); Flourish (CAN), with a share of
80%. It was found that in the mid-ripening group of
short-stemmed samples, plasticity (b;) ranged within
0.27-2.07. The proportion of genotypes with high plas-
ticity (b;i>1.0) was 40.0% of the total number of sam-
ples. These include the varieties Kruhozir (b,=1.52),
Rodzynka Odeska (b;=1.18), Shpalivka (b;=1.10) (UKR);
Aspekt (b;=1.54) (DEU); Tacitus (b;=2.07) (AUT); Flourish
(bi=1.83) (CAN).

The mid-ripening samples Zoloto Ukrainy (b;=0.97)
(UKR) and Evklid (b;=0.98) (FRA) were distinguished
by the best response to changes in growing condi-
tions (b;=1.0), with a share of 13.3%. A weak response
to changes in growing conditions and, accordingly, a
low level of plasticity (bj<1.0) was inherent in seven
samples, the share of which was 46.7%. These include
the following varieties: Blahodarka Odeska (b;=0.36),
Svitohliad (b;=0.59), Zoreslava (b;=0.59), MIP Feieriia
(b;=0.72) (UKR); Ilona (bi=0.43) (SVK); Urbanus (b=0.27)
(AUT); Bardotka (b;=0.35) (FRA) (Table 2).

Table 2. Parameters of plasticity and stability of the best mid-ripening and short-stemmed varieties
of soft winter wheat by yield, 2018-2021

Sample name Countryof  Vegetation Yield, t/ha Regression Stability variance,
origin period, days imax omin Xined coefficient, b; Sd;
Bunchuk, standard UKR 282 7.20 4.30 5.38 141 0.73
Blahodarka Odeska UKR 284 7.85 7.15 751 0.36 0.01
Svitohliad UKR 284 8.70 6.00 740 0.59 3.06
Zoloto Ukrainy UKR 285 7.85 6.14 6.78 0.97 0.10
Zoreslava UKR 285 7.30 6.24 6.68 0.59 0.01
Rodzynka Odeska UKR 284 7.82 5.62 6.67 1.18 0.02
Kruhozir UKR 283 8.10 5.32 6.54 1.52 0.01
Shpalivka UKR 283 740 5.40 6.27 1.10 0.01
MIP Feieriia UKR 285 6.80 5.45 6.08 0.72 0.00
Ilona SVK 285 7.18 6.35 6.78 0.43 0.02
Aspekt DEU 285 763 4.90 5.94 1.54 0.20
Urbanus AUT 286 7.00 6.50 6.67 0.27 0.03
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Table 2. Continued

Sample name Countryof  Vegetation Yield, t/ha Regression Stabilityzvariance,
origin period, days Xomax Xonin Ximed coefficient, b; S*d;
Tacitus AUT 285 7.87 4.26 5.54 2.07 0.69
Evklid FRA 283 773 5.88 6.79 0.98 0.03
Bardotka FRA 286 7.07 6.15 6.58 0.35 0.21
Flourish CAN 285 7.58 3.95 6.40 1.83 1.22

LSD, s - - - 0.31 - -

min 283 6.80 3.95 5.54 0.27 0.00
max 286 8.70 7.15 751 2.07 3.06
Average in the experiment 285 7.57 5.60 6.50 1.00 0.00

Source: compiled by the authors of this study

Nine genotypes (60%) were characterized by high
stability with the lowest numerical value of the sta-
bility variance (S*d;=0.0). These included the following
varieties: MIP Feieriia (52d;=0.00), Blahodarka Odeska
(S*d;=0.01), Zoreslava (S*d;=0.01), Kruhozir (5*d;=0.01),
Shpalivka (S?d;=0.01), Rodzynka Odeska (S2d;=0.02)
(UKR); Ilona (S*d;=0.02) (SVK); Urbanus (S*di=0.03)
(AUT); Evklid (S*d;=0.03) (FRA). The most unstable sam-
ples (S2d;>0) included Svitohliad (S2di=3.06), Zoloto
Ukrainy (52di=0.10) (UKR); Aspect (S2d;=0.20) (DEU);
Tacitus (52di=0.69) (AUT); Bardotka (S?d;=0.21) (FRA),
and Flourish (S*d;=1.21) (CAN).

Therefore, the group of mid-ripening and short-
stemmed samples is dominated by genotypes that
combine a low level of plasticity and high yield stabil-
ity (b;<1.0) and (S2div=0.0), the share of which is 33.3%.
These include the varieties MIP Feieriia, Blahodarka
Odeska, Zoreslava (UKR); Ilona (SVK); Urbanus (AUT).
Three genotypes (20%) were identified, which combine
high plasticity with a stable manifestation of produc-
tivity (b;>1.0) and (S%*d;=0.0), namely: Rodzynka Odeska,
Kruhozir, Shpalivka (UKR). Aspekt (DEU), Tacitus (AUT),
and Flourish (CAN) varieties were characterised by high
sensitivity to growing conditions with unstable produc-
tivity (b;>v1.0) and (S%*d;>0.0), the share of which is 20%.
Less adapted to growing conditions were Svitohliad
(UKR) and Bardotka (FRA), which combined a low level
of plasticity with unstable productivity (b;<1.0) and
(S*d;>0.0), the share of which was 13.3%. It is worth
noting the variety Evklid (FRA), which combined best
response to changes in growing conditions with sta-
ble productivity (b;=1.0) and (52d;=0.0). The sample of
Zoloto Ukrainy (UKR) also combined the best response
to changes in growing conditions, but the yield was less
stable (bi=1.0) and (S*d;>0.0).

It was found that among the best mid-ripening
and short-stemmed winter bread wheat genotypes in
the eastern part of the Forest-Steppe of Ukraine, eight
varieties (53.3%) have the highest adaptive potential
in combination with high yield (more than 16% above
the standard): Blahodarka Odeska, Zoreslava, Rodzynka
Odeska, Kruhozir, Shpalivka (UKR); Ilona (SVK); Urbanus
(AUT); Evklid (FRA). The group of late-ripening geno-
types with a vegetation period ranging from 287 to 290
days included Fagus, Achim, Dromos, Bonanza, Nordkap,
Rotax, KWS Malibu, Akratos, Mattus (DEU); RGT Reform,
Matchball, Praktik, Sailor, Boomer, Memory (FRA). The
growing season of the late-ripening standard Yuviva-
ta 60 (UKR) was 288 days. In the late-ripening group of
short-stemmed genotypes, five sources of high yields
(more than 16% above the standard) were identified, in-
cluding Fagus, Achim, Dromos, Bonanza (DEU); RGT Re-
form (FRA), whose share was 33.3%.

It was found that in this group of the varieties un-
der study, plasticity (b) ranged from 0.13 to 2.18. The
proportion of genotypes with high plasticity (b;>1.0)
was 53.3% of the total number of samples. These in-
clude Akratos (b;=2.18), Mattus (b;=1.38), KWS Malibu
(b=1.21), Achim (b=1.15), Dromos (b,=1.15), Nordkap
(bi=1.11) (DEU); Sailor (b;=1.17), RGT Reform (b;=1.12)
(FRA). Medium plastic genotypes with the best re-
sponse to changes in growing conditions (b;=1.0) were
not observed in the group of late-ripening and short-
stemmed samples. A low level of plasticity (b;<1.0) was
inherent in seven varieties, which accounted for 46.7%
of the total number of samples under study. These in-
cluded the following varieties: Rotax (b;=0.58), Bonanza
(b;=0.64), Fagus (b;=0.66) (DEU); Praktik (b;=0.13), Mem-
ory (b,=0.73), Boomer (bi=0.78), Matchball (b=0.91)
(FRA) (Table 3).
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Table 3. Parameters of plasticity and stability of the best late-ripening and short-stemmed varieties
of soft winter wheat by yield, 2018-2021

Countryof  Vegetation Yield, t/ha Regression Stability variance,
Sample name . > . )
origin period, days Xomax omin Xined coefficient, b; S’d;
Bunchuk, standard UKR 282 7.20 4.30 5.38 1.41 0.73
Fagus DEU 288 8.33 6.30 7.30 0.66 0.35
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Table 3. Continued

Sample name Countryof ~ Vegetation Yield, t/ha Regression Stability variance,
origin period, days Xomax Xonin Xined coefficient, b; Sd;
Achim DEU 287 8.70 5.80 6.83 1.15 0.00
Dromos DEU 287 8.33 4.11 6.56 1.15 4.36
Bonanza DEU 287 7.53 5.00 6.43 0.64 1.73
Nordkap DEU 288 7.80 5.00 6.00 111 0.00
Rotax DEU 290 6.53 4.63 5.55 0.58 0.47
KWS Malibu DEU 290 747 432 5.48 1.21 0.14
Akratos DEU 287 8.40 492 5.84 2.18 3.59
Mattus DEU 288 6.58 2.13 4.40 1.38 2.29
RGT Reform FRA 288 8.80 6.00 6.97 1.12 0.04
Matchball FRA 287 773 4.75 6.19 0.91 1.15
Praktik FRA 288 6.05 5.67 5.84 0.13 0.01
Sailor FRA 290 7.62 3.45 5.81 1.17 3.67
Boomer FRA 288 7.05 4.37 5.73 0.78 1.19
Memory FRA 290 6.50 3.76 5.25 0.73 1.74

LSD, s - - - 0.40 - -

min 287 6.05 2.13 4.40 0.13 0.00
max 290 8.80 6.30 7.30 2.18 4.36
Average in the experiment 288 7.54 4.53 591 1.00 0.00

Source: compiled by the authors of this study

A low level of plasticity (b,<1.0) was inherent in
seven varieties, which accounted for 46.7% of the total
number of samples under study. These include the fol-
lowing varieties: Rotax (b;=0.58), Bonanza (b;=0.64), Fa-
gus (b;=0.66) (DEU); Praktik (b;=0.13), Memory (b;=0.73),
Boomer (b;=0.78), Matchball (b;=0.91) (FRA). Four gen-
otypes (26.7%) were characterised by high productivity
stability (S?d;=0.0). These included the following va-
rieties: Achim (52d;=0.00), Nordkap (S*d;=0.00) (DEU);
Praktik (S2d;=0.01), RGT Reform (S*d;=0.04) (FRA). In
the sample of late-ripening samples, the share of the
most unstable samples (Sd;>0.0) was 73.3%, which in-
cluded Dromos (S*d, = 4.36), Akratos (5’di=3.59), Mat-
tus (S*di=2.29), Bonanza (S*d;=1.73), Rotax (S*d;=0.47),
Fagus (5di=0.35), KWS Malibu (5*d.=0.14) (DEU); Sailor
(S*di=3.67), Memory (S*d;=1.74), Boomer (S*d;=1.19),
Matchball (S2d; =1.15) (FRA).

Thus,the group of late-ripening and short-stemmed
samples is dominated by genotypes that combine a
low level of plasticity with yield instability (b;<1.0) and
(S*d;>0.0), the share of which is 40%. These include the
Fagus, Bonanza, Rotax (DEU); Matchball, Boomer, Mem-
ory (FRA) varieties. Varieties Achim, Nordkap (DEU) and
RGT Reform (FRA) were distinguished by a combina-
tion of high plasticity and yield stability (b;>1.0) and
(S*d=0.0), their share is 20% of the total number of the
late-ripening varieties under study. Varieties Dromos,
KWS Malibu, Akratos, Mattus (DEU); Sailor (FRA) were
characterised by high sensitivity to growing conditions
with unstable productivity (b;>1.0) and (S*d;>0.0), the
share of which is also 33.3%. Variety Praktik (FRA) was
characterised by low sensitivity to growing conditions
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with stable productivity (b;>1.0) and (5°d,=0.0). Based
on the conducted study, it was found that among the
best late-ripening and short-stemmed winter bread
wheat genotypes, the highest adaptive potential in
combination with high yields (more than 16% above
the standard) was achieved by Achim (DEU) and RGT Re-
form (FRA), with a share of 13.3%.

Proceeding from the above findings, it can be ar-
gued that among short-stemmed winter bread wheat
genotypes there are sources characterised by a combi-
nation of high levels of adaptive potential and yield in
the eastern part of the Forest-Steppe of Ukraine, which
are mostly represented in the group of mid-ripening
samples. The in-depth search for such genotypes al-
lows thoroughly differentiating the genetic diversity of
winter soft wheat by adaptive properties and to identify
the best varieties and breeding lines of the Ukrainian
plant gene pool to meet the needs of humanity.

DISCUSSION

Due to the abnormally high air temperatures and
droughts observed in Ukraine in recent decades,as noted
by Yu. Kolupaev et al. (2023), there are prerequisites for
an in-depth investigation of the adaptive properties of
plants and the selection of the best gene pool for breed-
ing. Varieties of different ecological and geographical
origins are being introduced into production, which dif-
fer in their physiological and morphological-biological
characteristics, specifically: winter hardiness, length of
the growing season, height, structural elements of yield,
etc., and therefore it is quite significant and relevant,
especially with climate change, to differentiate the




source material by yield and adaptive properties in re-
lation to the region of their cultivation (Bondarenko &
Nazarenko, 2020). Generally, the level of genotype-en-
vironment interaction (Studnicki et al., 2019), weather
conditions (Harkness et al., 2020), and sowing dates
(Petrychenko et al., 2021) have the greatest influence
on the formation of a variety’s yield.

According to many scientists, namely J. Laugerotte
et al. (2022), the stress resistance of winter wheat va-
rieties to biotic and abiotic factors is crucial for the
stabilisation and development of agriculture. Ukrainian
researchers M. Sydorenko and S. Chebotar (2020) note
that among abiotic factors, as environmental stressors
affecting plant homeostasis, the problems of water
deficit caused by drought, usually accompanied by hot
temperatures, which is widely predicted with climate
change, are becoming increasingly important. Chinese
scientists W-G. Li et al. (2022) note that under condi-
tions of dehydration, there are considerable disruptions
in metabolic processes, protein breakdown, changes in
the chemical state of the cytoplasm, and a decrease in
the amount of organic matter accumulated by plants,
which often leads to a significant decrease in gross
grain yields and yield instability.

The problem of high and stable yields by a geno-
type, due to the intensification of cultivation technolo-
gies and the creation of high-intensity short-stemmed
varieties, does not cause consensus among scientists
on the possibility of solving this problem. Ukrainian sci-
entists S. Lyfenko et al. (2021) note that semi-intensive,
medium-sized varieties mostly have horizontal leaves,
which better protects the soil surface from drying out
and overheating, and yield formation becomes more sta-
ble compared to high-intensive varieties. During the for-
mation of a productive stem stand of 600-800 pcs./m?,
high-intensity, short-stem varieties are quite significant
for them to have an erectoid leaf position, which con-
tributes to better illumination of the leaves of different
tiers. A. Zviahin et al. (2008) argue that there are no soft
winter wheat varieties that can combine high resistance
to stress factors, including drought, and high yield stabil-
ity. However, T. Yurchenko et al. (2020), researchers at the
the V.M. Remeslo Myronivka Institute of Wheat under the
National Academy of Agrarian Sciences of Ukraine, note
that the negative correlation between stress resistance
and yield is not absolute, and therefore there are pros-
pects for the best combination of these traits in one gen-
otype. It was found that the variety Oberih Myronivskyi
combines a high level of yield and is characterised by
high drought tolerance according to a range of drought
tolerance indices (DSI - drought susceptibility index;
TOL - drought tolerance index; MP - mean productivity;
YSI - yield stability index; YI - yield index; STI - stress
tolerance index; GMP - geometric mean productivity).

A range of scientists, including K. Dhiwar et al.
(2020), N. Suresh et al. (2020) note that highly plastic
plant genotypes, characterised by high yields under
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improved growing conditions, but with their deteriora-
tion or reduction of the agrophysical background, are
most often characterised by a considerable decrease in
yield levels. Samples with low plasticity show less var-
iability in yield under different growing conditions and
are characterised by the formation of low, but mostly
stable yields even under stressful growing conditions.
UK scientists J. Pennacchi et al. (2019) identified four
modern British soft winter wheat varieties - Gladiator,
Humber, Mercato, and Zebedee - which combine rela-
tively high yield potential with stable yields over three
years of contrasting growing conditions in the UK.

According to Yu. Lavrynenko et al. (2020), a neces-
sary step towards the development of highly promising
and adaptive winter wheat varieties is to assess not
only the potential yield, but also the parameters of its
plasticity and stability, which reflect the adaptive prop-
erties of genotypes. In a breeding process aimed only
at increasing yields, the adaptive potential of varieties
decreases over time. Thus, the findings of the study on
the adaptability of high-yielding varieties and breeding
lines of winter bread wheat in the eastern part of the
Forest-Steppe of Ukraine are unique, and the identified
sources require further research, including biochemical
studies. Summarising the above, it is believed that with
a targeted search for the necessary highly adaptive
and productive winter bread wheat genotypes among
different ripeness groups, according to the parameters
of plasticity and yield stability, it is quite possible to
identify varieties that are the most adapted to certain
growing conditions.

CONCLUSIONS

The highest genetic potential for adaptability among
short-stemmed soft winter wheat genotypes in the
conditions of the eastern part of the Forest-Steppe of
Ukraine in combination with high yield are mid-ripening
varieties, namely: Blahodarka Odeska (b;=0.36; S*d;=0.01),
Zoreslava (b=0.59; S*d;=0.01), Rodzynka Odeska (b;=1.18;
$2di=0.02), Kruhozir (b=1.52; S$2d=0.01), Shpalivka
(b=1.10; S*d=0.01) (UKR); llona (b=0.43; S?di=0.02)
(SVK), Urbanus (b=0.27; S2d=0.03) (AUT), and Evklid
(b=0.98; S*d;=0.03) (FRA), the share of which is 53.3%.
Early-ripening varieties were slightly inferior to them
in quantitative composition — Manera Odeska (b=1.32;
$%d;=0.01) (UKR), Centurion (b=0.50; S2d;=0.00), Retezat
(b=0.73; S2di=0.04) (ROU), OK 10126 (b=0.58; S?d=0.01),
and Bentley (b=0.53; S*d;=0.03) (USA), which made up
33.3% of the total sample of the group of samples under
study. The smallest share of well-adapted and high-yield-
ing varieties (13.3%) was in the group of late-ripening
varieties, which included Achim (b;=1.15; S*d;=0.00) (DEU)
and RGT Reform (bi=1.12; S?di=0.04) (FRA).

It was found that plasticity (b) with increas-
ing duration of the vegetation period increased from
1.71 - the maximum Llevel of its manifestation in the
early-ripening group to 2.18 in the late-ripening group.
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Therewith, the stability parameters had the opposite
nature, which according to the variance of stability
(S*d) in the early-ripening group within 0.00-0.64, in
the mid-ripening group - within 0.00-3.06, and in the
late-ripening group - within 0.00-4.36. The proportion
of samples with high plasticity (b;>1.0) in the early-
and mid-ripening groups was 40.0% each, and 53.3%
in the late-season group. Genotypes with the best re-
sponse to changes in growing conditions (b;=1.0) were
observed only in the group of mid-ripening samples,
which included Zoloto Ukrainy (b;=0.97) (UKR) and

potential are valuable source material for the develop-
ment of new and highly promising winter bread wheat
varieties adapted to stressful growing conditions in
the eastern part of the Forest-Steppe of Ukraine. The
prospect of further research is to investigate the mor-
phological, physiological, and anatomical features of
the architectonics of plants with different adaptive
properties of the material. The study of the anatomical
structure of the stem and ear, the structure of the leaf
apparatus will open more opportunities for systematis-
ing the research findings.

Evklid (b;=0.98) (FRA), with a share of 13.3%. High sta-

bility (S2d;=0.0) was observed in 66.7% of the samples ACKNOWLEDGEMENTS
in the early-ripening group, 60% in the medium-ripen-  None.
ing group, and 26.7% in the late-ripening group.
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AHortauis. Cepen HeBUpilLEHWX MUTaHb CeNnekLii KOpOTKOCTEDAMX FeHOTUMIB MLWeHULi MSKOi 03MMOI pi3HUX rpyn
CTUINOCTI 3a/IMILAETBCS aKTyaNbHOK MNpobneMa OTPUMAHHS BUCOKMX Ta CTabiNbHMX BPOXAIB, 63 3HMKEHHS
a[anTMBHOrO MOTEHLiany B yMOBax MposiBY NiMIiTyruUMX (aKTOpiB 30BHIWHLOMO CepenoBMLLA, SKi MepioguyHO
BMHUKAKOTb Y PI3HMX arpoeKkonoriYyHMX yMOBaX BMpoulyBaHHA. [lonepedHe BuAiNeHHS BIANOBIAHUX [Xepen
3 MOELHAHHAM HeoOXiAHMX aJANTMBHMUX BMACTMBOCTEN € [OCUTb BAXIMBMM ETANOM HA LWAAXY CTBOPEHHS
BMCOKOMEPCMNEKTUBHUX COPTIB Ta MNOKPALLEHHS reHOPOHAY pocauH YkpaiHu. MeTa focnigkeHb — BU3HAUYEHHS PiBHS
afanTUBHOIO MOTEHLLiaNy B KOPOTKOCTEDBAMX reHOTMNIB NLEHML MSIKOi 03MMOI Pi3HUX 3a TPUBANICTIO BereTaLiiMHOro
nepioay, BUBYEHHS NAACTUYHOCTI Ta CTabiNbHOCTI BPOXAMHOCTI, @ TAKOX BUAINEHHS BUCOKOAAANTUBHOMO BUXIAHOIO
MaTepiany Ansg ymoB cxigHoi yactuHu Jlicocteny Ykpainu. [Ing fOCArHeHHs NOCTaBAEHOT METU BMKOPUCTOBYBANU
3arafibHOHAyKOBWIA, MONbOBUI Ta OUCNEPCIMHWUIA METOAM AOCAiAXeHb. BU3HAUeHo, Wwo B yMOBaX CXiAHOI YaCTUHM
Nicocteny YkpaiHu, cepen KOpoTKOCTEOAMX FEHOTUMIB MIUEHULI MAKOI 03MMOI, YacTKa 3 HaMBULLMM FEHETUYHUM
NnoTeHLiaIoM afanTUBHOCTI Yy MOEAHAHHI 3 BMCOKOK BPOXAWHICTIO (NOHag 16 % [0 CTaHAapTy) Hanbinbliow € y
rpyni cepeaHbOCTUIANX COPTIB i cknagae 53,3 %. [1o HWMX BiAHOCATLCA NMepeBaXKHO BITYM3HSAHI FEHOTUMNM, A CaMe:
bnarogapka opecbka, 3opecnasa, PoasunHka opecbka, Kpyrosip, Wnaniska (UKR); Ilona (SVK) Urbanus (AUT) Ta
Evklid (FRA). Cepen paHHbOCTMIAMX 3pa3KiB YaCcTKa TaKMX FeHOTUNIB cknagana 33,3 %, a y rpyni NisHbOCTUIMX
coptis - 13,3 %. Bucoka ctabinbHicTb ypoxaitHocTi (S%d.=0,0) byna xapaktepHoto ans 66,7 % 3paskis paHHbOCTUMNOI
rpynu, 60 % - cepeaHbocTUrNOi Ta 26,7 % — Ni3HbOCTUINOI. BuaineHi opxepena € UiHHMM BUXiAHMM MaTepianom Ans
CTBOPEHHS HOBMX Ta BUCOKONEPCNEKTUBHMX COPTIB MNWeEHMULiI MGKOi 03MMOI, afanTOBaHUX A0 YMOB BUPOLLYBaHHS Y
CXigHin yacTuhi Jlicocteny Ykpainu

KniouoBi cnoBa: ypoxarHicTb; NIACTUYHICTb; CTABINbHICTb; NiMITYOUi YUHHMKM; HOpMa peakLii; Axepeno; copT
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respectively. Soil penetration resistance, soil porosity, and soil texture are determining factors because they can
improve indicator conditions and soil physical health values. Efforts can be made to improve soil physical health
status by applying organic fertilisers and biochar to paddy fields. Having established the relationship between soil
physical health values and rice yield productivity, it is anticipated that farmers and stakeholders will be able to
increase crop productivity through improving soil physical condition

Keywords: determinant factors; farming system; organic carbon; rice yield; soil penetration; soil porosity

INTRODUCTION

Soil health is essential in maintaining biodiversity and
sustainable agricultural production. Soil health can be
defined as the ability of soil to function sustainably in
maintaining soil productivity, air, and water quality in
the environment, and improving plant, animal, and hu-
man health. Soil with good physical conditions such as
crumb structure, optimal porosity, and efficient drain-
age will help maximise the absorption of nutrients
and water by plant roots, as well as making soil and
plants integrated with each other in adapting to micro
and macro climate changes in rice fields, thereby min-
imising land degradation and the risk of farmer losses
(Pahalvi et al., 2021). To achieve agricultural productiv-
ity, food security, and environmental sustainability, the
physical health of the soil is a crucial aspect that needs
to be studied because of its fundamental impact.

The assessment of soil health is investigated in
various aspects, including soil physical properties
(Simarmata et al., 2020). Poor physical soil health has re-
sulted in various problems in Indonesia. Low soil physical
health leads to poor soil structure conditions, such as
low percentage of pore space, limited drainage, and wa-
ter infiltration. This affects plant health and productiv-
ity by restricting plant root growth and nutrient uptake.
The inundation of rice fields makes the soil aggregate
characteristics of rice fields different from those of dry
land. The findings of H. Tang et al. (2020) show that soil
and land processing factors greatly influence soil aggre-
gates in rice fields. Soil health research has developed
various methods such as assessment using VSA (Visual
Soil Assessment) and vertical soil physical health as-
sessment methods using VNIR, ECa data,and penetration
resistance sensors. Research conducted by M. That et al.
(2020) produced data that soil health on organic land
can reduce NO3-, P, K, Mg2+, and increase Ca2+ com-
pared to conventional cultivation systems, while si-
multaneously increasing soil respiration significantly by
20 times. H. Williams et al. (2020) stated that soil health
on agricultural land with intensive management is lower
than on land without tillage or with minimal tillage.
Conservation farming systems and the addition of or-
ganic matter can improve the physical health of the soil.

The continuous use of chemical fertilisers will in-
crease the accumulation of chemical residues in the
soil, polluting the soil ecosystem (Rabot et al., 2018).
Inorganic farming practices are still quite common in
Indonesia, one of which is in the Tirtomoyo District,
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Wonogiri Regency, Central Java Province. In 2018,
Tirtomoyo District became the 4™ highest rice-produc-
ing area in the Wonogiri Regency and supports the val-
ue of rice production in Central Java province (Central
Bureau of Statistics, 2022). However, in the last 2 years,
in 2021 and 2022, the harvested area and rice produc-
tion have decreased, with the harvested area decreasing
from 1.70 million hectares (in 2021) to 1.69 million hec-
tares (in 2022), and rice production decreasing from
9.62 million tonnes (in 2021) to 9.36 million tonnes (in
2022).This condition necessitates the assessment of the
physical health of the soil on rice fields in Tirtomoyo
District. Evaluation of the physical health of the soil is
expected to maintain and increase rice production in
Tirtomoyo District. The study suggests that maintaining
soil health is a crucial factor in achieving sustainability
goals and should be considered as an ongoing process.
Research conducted by J. Lehmann et al. (2020) on
soil health highlights the significance of soil health to
strike an environmentally and economically sustainable
balance. The role of technology and data analysis in ad-
vancing soil health is also important. M. That et al. (2020)
found that soil health in the organic field has an im-
provement compared to inorganic fields and can eco-
nomically address global food demands. These research-
ers assume that the soil farming system will influence
the level or status of the soil physical health and impact
the productivity of rice crops in rice fields (case study
in Tirtomoyo District, Wonogiri, Indonesia). Generally, the
physical health of the soil, such as water retention and
the structure of rice fields, will be different from other
land uses. The other objectives of the study are to find
the relationship between the farming system, the phys-
ical health of the soil, and the productivity of rice yields,
and innovative approaches to establishing the determin-
ing factors of the soil physical health. This purpose of
this study was to examine how paddy field management
affects soil health, identify its determinants, and develop
strategies to enhance soil physical well-being.

MATERIALS AND METHODS

Study area description. This study was conducted in
Tirtomoyo District, Wonogiri Regency, Central Java
Province rice fields. Geographically, Tirtomoyo Dis-
trict is located at 111°0'14.32” - 111°8'57.39” E and
7°54°31.45" - 8°0'54.03”S with an altitude of 150
to 1,100 m above sea level. Hilly areas surround the




Tirtomoyo District, which is divided into two by the
Wiroko River (Mujiyo et al., 2018).

Pre-survey. The unit of analysis is based on the
Land Map Unit (LMU) overlay results from maps of soil
type, slope, rainfall, and rice field farming systems in
the Tirtomoyo District using ArcGIS 10.3 software. The
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soil type found in the area der study is Inceptisols. The
slope is categorised into flat (0-8%), sloping (8-15%),
slightly steep (15-25%), steep (25-45%), and very steep
(>45%) (Fig. 2). Rice field farming systems in Tirtomoyo
District consists of organic, semi-organic, and inorganic
rice fields (Fig. 1).
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Figure 1. Map of rice fields farming system
Source: Indonesian Seamless Digital Elevation Model (DEM)
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Figure 2. Map of slope
Source: Indonesian Seamless Digital Elevation Model (DEM)

Purposive sampling methods were arranged to de-
termine the sample points for each LMU. It is propor-
tional and in a representative area. This study inves-
tigated 30 sample points from the results of 10 LMU
with 3 replicates (Fig. 3). Land characteristics for each
LMU are presented in Table 1. Soil samples were taken
at rooting depth (1-20 cm) for each point, which were

then used for laboratory analysis. Parameters of soil
effective depth, soil penetration resistance, and crop
productivity were carried out directly in the field. Soil
effective depth was measured using the soil drill
method, penetration resistance - using the penetrom-
eter method, and crop productivity - using the 1x1 m
ubinan method (Arinta & Lubis, 2018).
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Table 1. Characteristics of LMU in the area under study

Soil Type Farming Systems Rainfall (mm year?) The degree of Slope (%)
Inceptisols Inorganic 2,119.9 0-8%
Inceptisols Inorganic 2,119.9 8-15%
Inceptisols Inorganic 2,119.9 15-25%
Inceptisols Inorganic 2,1199 25-45%
Inceptisols Inorganic 2,1199 >45%
Inceptisols Organic 2,1199 0-8%
Inceptisols Organic 2,1199 8-15%
Inceptisols Semi organic 2,119.9 0-8%
Inceptisols Semi organic 2,119.9 8-15%
Inceptisols Semi organic 2,119.9 15-25%

Source: secondary data (Digital map and field survey)
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Figure 3. Field observation and sampling point of the study

Source: secondary data

Laboratory analysis. Soil samples taken from the
field were then dried for laboratory analysis. Analysis of
research parameters refers to the technical guidelines
of the Soil Research Institute (2006). The parameters
observed were texture (by pipette method), moisture
content (by gravimetric method), porosity (by pycnom-
eter method), permeability (by permeameter method),
and organic carbon (according to the method suggested
by A. Walkley and C.A. Black (1934).

Soil physical health status determination. Soil phys-
ical health analysis using the method suggested by
B.N. Moebius-Clune et al. (2017) was modified according
to concrete research conditions. This study used 6 indi-
cators of soil physical health: soil texture, permeability,
penetration resistance, effective depth, moisture content,
and porosity. Indicators in each replicate at each LMU
were entered into a scoring table (Table 2), calculated,
and categorised according to soil health values (Table 3).

Table 2. Scores of the soil physical health indicator

. Very Low Low Medium High Very High
No. Indicators Score 1 Score 2 Score 3 Score 4 Score 5
1. Soil texture® S, G, Si SiC SiL, SC LS, SiCL, SCL L,SL, CL
2. Permeability (cm/h)@ <0.025-0.125 0.125-0.5 0.5-2.0and>25 2.0-6.25and 12.5-25 6.25-12.5
3. Soil Penetration Resistance (kg/cm?)® >1.5 14-15 1.2-13 1-1.1 <1
4. Soil Effective Depth (cm)® <10 10-25 25-50 50-90 >90
5. Moisture Content (%)® 31-41 1-3 4-10 11-18 19-30
6. Total Porosity (%)® <5 5-10 10-25 25-40 >40

Note: S=Sand, C=Clay, Si=Silt, SiC=Silty Clay, SC=Sandy Clay, LS=Loamy Sand, SiCL=Silty Clay Loam, SCL=Sandy Clay

Loam, L=Loam, SL=Sandy Loam, CL=Clay Loam

Sources: L. Puspitasari (2018); M. Aliero et al. (2018), L. Rachman (2019)
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Table 3. Classification of soil physical health status

Soil Physical Health Value Status
0-20 Very Low
20-40 Low
40-60 Medium
60-80 High
80-100 Very High

Source: B.N. Moebius-Clune et al. (2017)

The score results were then included in the calcu-
lation of soil health status using the formula 1 accord-
ing to B.N. Moebius-Clune et al. (2017) as follows:

Score Summary

Soil Physical Health Value = x100. (1)

Maximum Score

Rice yield productivity. Observations of rice plant
productivity were carried out at harvest time using the
tile technique and calculating the yield of harvested dry
grain (GKP) at the research location. The tile method is
a technique that aims to determine the productivity or
crop yield per hectare of rice field (Agoes et al., 2018).
The tiling method is carried out by making sampling
plots of 1x1 m area on the planted land and the re-
sulting data is converted into t/ha units (Arinta &
Lubis, 2018). Ubinan calculation was performed accord-
ing to formula 2.

10,000 m?
Ubinan total area

Rice productivity = x weight of dry grain. (2)

Statistical analysis. In this study, researchers used a
determining factor approach. Determining factors are
those considered to accurately determine the physi-
cal health of the soil based on the results of statistical
tests. The statistical tests conducted in this study were
one-way ANOVA, DMRT, and Pearson’s correlation test.
One-way ANOVA was used to determine the effect
of rice field farming system (organic, semi-organic,
and inorganic) on the soil physical health indexes
and properties. Furthermore, the relationship between
the physical health of the soil and the productivity of
rice plants, as well as the determinants of soil physical

health (relationships between indicators and the phys-
ical health status of the soil) were analysed using
Pearson’s correlation. Crop productivity sampling was
conducted using the method suggested by the Indone-
sian Central Bureau of Statistics in 2020. Data from the
ANOVA analysis and Pearson’s correlation were then
used as the basis for determining suitable and efficient
recommendations for land management in an effort
to maintain the health of rice fields’ soil. The materi-
als and methods used in this study have followed na-
tional guidelines in Indonesia. In addition, researchers
referred to the standards requirements and provisions
of Convention on Biological Diversity (1992) and the
Convention on International Trade in Endangered Spe-
cies of Wild Fauna and Flora (1979).

RESULTS AND DISCUSSION

Data and information of soil health status is essential
in supporting the growth of plant. Soil physical health
contributes to the decomposition of organic matter and
the recycling of nutrients. A healthy soil with good phys-
ical properties is essential for maintaining a balanced
and functioning ecosystem (Guo, 2021). The higher the
value of the soil health, the healthier the soil physical
condition. Soil physical properties such as texture, per-
meability, penetration resistance, effective depth, soil
moisture content, and porosity influence soil physical
health condition. The study results showed that rice
fields in the area under study are classified into 2 cate-
gories — medium and high. Rice fields with medium cat-
egory are found in LMU 1 and LMU 2. Other LMUs of the
rice fields were classified into high category (Table 4).

Table 4. Data results of soil physical health in each LMU

Replication No. Indicators Score Accusr::rl:tlon Status Rice (tP;‘/j::;'V'ty

LMU T PE PR ED MC PO
(cm/h) (kg/cm) (cm) (%) (%)

1 1 1 2 3 3 4 5 60 Medium 6.75

2 1 2 4 3 4 5 63.33 High 6.86

3 5 2 4 3 4 5 76.67 High 7.59

2 1 1 2 3 3 4 5 60 Medium 6.80

2 1 2 3 3 5 5 63.33 High 6.86

3 5 2 3 3 5 5 76.67 High 744

3 1 5 2 3 3 4 5 73.33 High 7.28

Scientific Horizons, 2024, Vol. 27, No. 2
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Table 4. Continued

Replication No. Indicators Score Accusr::::tlon Status Rice (:’;«:‘j:;;lwty
LMU T PE PR ED MC PO
(cm/h)  (kg/em) (cm) (%) (%)
2 4 2 3 3 4 5 70 High 7.03
3 5 2 3 3 5 4 73.33 High 7.34
4 1 5 2 2 3 4 4 66.67 High 6.88
2 5 2 3 3 5 5 76.67 High 745
3 5 2 2 3 4 5 70 High 7.10
5 1 4 2 2 3 5 4 66.67 High 6.89
2 5 2 3 3 4 5 73.33 High 7.32
3 4 2 2 3 4 5 66.67 High 6.98
6 1 4 2 4 4 4 5 76.67 High 7.56
2 3 2 5 3 5 5 76.67 High 7.58
3 3 2 4 4 5 5 76.67 High 7.65
7 1 1 2 5 4 4 5 70 High 714
2 4 2 5 4 5 5 83.33 High 7.59
3 4 2 4 4 4 5 76.67 High 761
8 1 1 2 5 3 4 5 66.67 High 6.98
2 3 2 5 3 5 5 76.67 High 8.02
3 1 2 4 3 4 5 63.33 High 6.95
9 1 4 2 4 3 4 5 73.33 High 7.96
2 4 2 3 3 4 5 70 High 717
3 4 2 3 3 5 5 73.33 High 7.88
10 1 4 2 4 3 4 5 73.33 High 7.38
2 4 2 3 3 4 5 70 High 723
3 4 2 5 3 4 5 76.67 High 8.23

Notes: T - Texture, PE - Permeability; PR - Penetration Resistance; ED - Effective Depth; MC - Moisture Content; PO - Porosity

Source: compiled by the authors of this study

The analysis results (Fig. 4) suggest that soil phys-
ical health significantly correlates with rice productiv-
ity (r=0.465; P-value=0.010; n=30). The higher the soil
physical health value, the higher the yield productivity
of the rice crop. Good soil health will increase crop pro-
ductivity.
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Figure 4. Correlation of soil physical health index with
rice yield productivity
Source: compiled by the authors of this study

The analysis of variance showed that the rice field
farming system significantly affects soil physical health
status (F=4.569; P-value=0.02; n=30). Organic rice
fields have the highest average soil health with 76.69,
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while inorganic and semi-organic rice fields have an av-
erage of 69.11 and 71.48 (Fig. 5).
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Figure 5. Effect of rice field farming system
on soil physical health
Note: different letters on the chart are significantly
different values in the 5% level of DMRT

The differences in average values of soil physi-
cal indicators are presented in Table 5. Another factor
that can directly or indirectly affect soil and physical
health indicators is the organic carbon content in the
soil. Organic carbon is important in supporting sus-
tainable agriculture since it can improve the physical




properties of the soil. Based on the analysis of variance,
the farming system significantly influenced organic car-
bon in the soil and several physical characteristics such

Herdiansyah et al.

as penetration resistance (F=12.765, P-value=0.000,
n=30), effective depth (F=42.528, P-value=0.000, n=30),
and porosity (F=18.071, P-value=0.000, n=30).

Table 5. Effect of rice field farming system on soil physical health properties

Rice field System

Parameter

Organic Semi-organic Inorganic

Organic carbon 1.53a 1.32b 1.19¢

Soil penetration resistance 0.88b 0.97b 1.28a

Soil effective depth 56.67a 39.44b 38.67b

Soil porosity 46.39a 44.36b 42.43c

Soil permeability 0.34a 0.34a 0.37a

Soil moisture content 19.59a 17.39a 18.79a

Note: numbers followed by the same letter are not significantly different at the 5% of Duncan’s test

Source: compiled by the authors of this study

Correlation tests between soil physical health indi-
cators and soil physical health values were conducted
to establish the determinants of soil physical health
(Table 6). The correlation test results showed that in-
dicators of penetration resistance, porosity, and texture

determine soil physical health. Soil physical health was
significantly correlated with penetration resistance
(r=-0.424; P-value=0.019; n=30), porosity (r=0.473;
P-value=0.046; n=30), and soil texture (r=0.627; P-Val-
ue=0.000; n=30).

Table 6. Correlation between soil physical health indicators and soil physical health (as determinant factors)

e z L g s B
E = = 0 s o =2 L2 e Fe
3 g 3 3 £ = °7 3
Soil Texture 1
Permeability 0.261 1
Soil Penetration Resistance 0.330 0.205 1
Soil Effective Depth -0.055 -0.330 -0.330 1
Moisture Content -0.078 -0.083 -0.083 0.044 1
Porosity 0.032 -0.147 -0.471* 0.589* -0.266 1
Organic Carbon 0.387* -0.052 -0.380" 0.507** 0.240 0.046 1
Soil Physical Health 0.627** 0.047 -0.424* 0.336 0.181 0.473** 1

Source: compiled by the authors of this study based on data analysis

Efforts to improve soil physical health are focused
on improving the conditions of determinant factors,
including penetration resistance, porosity, and texture.
Based on the study results presented in Table 4, soil
physical properties are distributed in various values.
Soil texture in each replication at each LMU provides a
variety of values. Soil texture with the lowest value was
found at LMUs 1, 2, 7, and 8, namely clay with a value
of 1. Soil texture with the highest value was found at
LMUs 1, 2, 3, 4, and 5, namely sandy loam and loamy
sand with a value of 5. The effects of farming systems
on soil texture in fields are complex and depend on fac-
tors such as the presence of plants, soil texture, and the

addition of organic matter (Bacg-Labreuil et al., 2018).

These factors interact to influence the diversity of pore

sizes, porosity, and pore connectivity, ultimately affect-
ing water availability, nutrient uptake, and overall soil
health.

Soil permeability in all LMUs under study had
the same values, categorised as 2. Permeability in
paddy fields in Tirtomoyo District ranges within 0.26-
0.44 cm/h (Table 4).Soil permeability with a value range
within 0.0125-0.5 cm/h is included in the slow cate-
gory. Permeability is related to soil texture. Soil perme-
ability is classified as very slow, and in some LMUs, the
soil is classified as clay. This is in line with the findings
of F. Louati et al. (2018), which explain that soil per-
meability is at a very slow level with a high proportion
of clay. Soil penetration resistance values tend to vary
from 0.5 to 1.5 kg/cm. Soil penetration resistance with
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a score of 2 was found at LMUs 4 and 5. Penetration re-
sistance with the highest score of 5 was found at LMUs
6,7, 8,and 10 (Table 4). Soil penetration resistance in-
dicates whether or not the soil is easy for plant roots
to penetrate. The easier it is to penetrate the soil, the
smaller the penetration resistance value.

The highest effective soil depth was found in LMUs
6 and 7 at 60 cm with a score of 4, while effective soil
depth with a score of 3 was found in all LMUs except
LMU 7 (Table 4). Soil moisture content in the Tirtomoyo
District ranges within 12.04-26.01%. Soil moisture con-
tent with a score of 4 was found in all LMUs, while soil
moisture content with a score of 5 was found in LMUs
2,3,4,5,6,7,8,and 9 (Table 4). Soil moisture content is
better in soil with high organic matter than soil with low
organic matter. Organic matter in the soil enables bet-
ter infiltration and retention. It acts as a sponge, hold-
ing water and making it available to plants. This results
in higher soil moisture content (Tokova et al., 2020).
Soil porosity in Tirtomoyo District ranges within 40.97-
47.27%. Soil porosity with a score of 4 was found at
LMUs 3, 4, and 5, while the rest of LMUs porosity had
the highest score of 5 (Table 4).

Rice productivity in the area under study had vari-
ous values, ranging within 6.75-8.23 t. The highest rice
productivity was at LMU 10 with 8.23 t, while the low-
est was at LMU 1 with 6.75 t (Table 4). Rice field sys-
tem affects rice productivity. Using organic fertilisers
positively affects rice productivity since it improves soil
properties. According to M. Salam et al. (2021), using or-
ganic fertilisers can increase rice plant production by
16.67%. The study results showed that organic farming
and semi-organic farming of rice fields have higher pro-
ductivity than inorganic fields. Organic rice fields have
a productivity of 7.52 t/ha and semi-organic - 7.53 t/ha,
higher than inorganic rice fields with 7.1 t/ha. According
to P. Gao et al. (2023), combining organic and inorganic
fertilisers is better for maintaining and increasing crop
yields. Semi-organic rice fields have high productivity
because it gets inputs from organic and inorganic fer-
tilisers, and therefore rice plants’macro and micronutri-
ent needs can be satisfied.

An analogous study was conducted by I. Chahal
et al. (2021), where soil health indicators were pos-
itively correlated with crop productivity. Proper soil
structure and aeration are essential for root develop-
ment and nutrient uptake, ultimately contributing to
higher yields. Additionally, well-structured soil helps
in water infiltration and retention, reducing the risk of
waterlogging or drought stress (Goswami et al., 2020).
On the other hand, compacted or poorly drained soil
can hinder root growth, nutrient availability, and wa-
ter movement, leading to lower rice yields. There-
fore, maintaining favourable soil physical conditions
through residue incorporation and reduced tillage can
enhance rice productivity. Index values in organic farm-
ing are the highest. Soil physics indicators in organic
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farming have better conditions than in semi-organic
and inorganic farming. Soil physical health properties
are essential for improving soil health to achieve max-
imum productivity. Increased values of soil properties
in organic rice fields are due to the provision of organic
matter in higher fertilisers than in semi-organic and in-
organic rice fields.

Farming systems in the area under study signifi-
cantly differ in soil physical health values and properties
such as organic carbon content, penetration resistance,
effective depth, and porosity (Table 5). Organic rice fields
had the highest organic carbon content, with an average
of 1.53%, while inorganic rice fields had the lowest av-
erage organic carbon content with 1.19%. Semi-organic
rice fields have a moderate organic carbon content of
1.32% (Table 5). Organic farmers promote the growth of
diverse plant species and encourage the accumulation
of organic matter in the soil. This organic matter, such as
plant residues and animal manure, the decomposition
process is influenced by the presence of soil fauna. The
activity of soil fauna in organic farming systems can en-
hance the decomposition process,releasing nutrients es-
sential for plant growth (Frouz, 2018). This is in line with
the earlier study conducted by Supriyadi et al. (2020),
which found that different treatments on organic and
inorganic rice fields affect the organic carbon content.
According to J. Gerke (2022), providing organic matter
in the soil positively affects the organic carbon content.
Organic rice fields have the highest organic carbon con-
tent compared to semi-organic and inorganic rice fields
due to the application of higher organic fertilisers dur-
ing management.

The rice field farming system has a significant
effect on soil penetration resistance. Inorganic farm-
ing had the highest average penetration resistance
of 1.28 kg/cm?, while semi-organic fields had a lower
average of 0.97 kg/cm?. Organic fields had the lowest
average of penetration resistance at about 0.88 kg/cm?
(Table 5). According to J. Zemke et al. (2020), soil pen-
etration resistance is a critical property that supports
plant root growth and is influenced by the soil’s or-
ganic matter content. In line with research conducted
by J. Filho et al. (2022), soil organic matter content af-
fects soil penetration resistance. especially when the
soil is in a dry condition.

Organic rice fields have the highest average ef-
fective depth of 56.67 cm, significantly different from
inorganic and semi-organic rice fields with an average
effective depth of 38.67 cm and 39.44 cm, respectively
(Table 5). This is because rice plants’ roots in organic
fields are stronger than in semi- and inorganic fields.
The root system of rice crops on organic farming can
reach deeper areas due to longer and stronger roots.
This condition has a positive impact on plant growth
and productivity, as it allows for the absorption of nu-
trients. High availability of nutrients in organic-rich al-
lowing for better root penetration and exploration of




the soil profile. According to A. Jayasekara et al. (2022),
organic matter input in rice fields can increase the
depth of plant roots. That proves organic rice fields
have a greater effective soil depth than inorganic and
semi-organic rice fields. Deeper effective soil depth
is explained by higher organic matter in organic rice
fields. Providing organic materials in solid and liquid
organic fertilisers can increase the effective depth of
the soil. According to |. Wedhana et al. (2018), soil with
a shallow effective depth will inhibit the development
of plant roots. The deeper effective depth of the soil
will positively affect the movement of rice plant roots.
Soil that is easily penetrated will provide best growing
space for plants. The combination of fertiliser applica-
tion increased soil organic carbon (SOC), leading to im-
proved soil aggregate and decreased soil bulk density.
Organic rice fields have the highest soil porosity
value, averaging 46.39%. Inorganic rice fields have
the lowest soil porosity value, with an average of
42.43%, while semi-organic rice fields have an aver-
age of 44.36% (Table 5). The three rice field farming
systems have significantly different soil porosity val-
ues when compared to each other. The difference in
porosity value is caused by applying organic fertiliser
on organic and semi-organic paddy fields. According to
D. Holthusen et al. (2018), soil porosity is influenced by
differences in farming system. The study results proved
that the rice field farming systems have significantly
different soil porosity values when compared to each
other. Organic rice fields have higher total porosity
than semi-organic and inorganic rice fields. According
to H. Fang et al. (2021), the provision of organic matter
can affect soil porosity through several aspects, such as
increasing soil aggregate stability, reducing soil com-
paction, and improving soil structural conditions. The
difference in porosity value is caused by the provision
of organic materials in solid and liquid fertilisers, which
are higher in organic rice fields. Using organic fertilisers
can increase the total porosity in the soil because de-
composed organic matter in the soil will produce ag-
gregates that are beneficial to soil porosity.
Determinant factors of soil physical health include
soil texture, penetration, and porosity (Table 7). The
higher the penetration resistance value, the lower the
soil’s physical health status. Low penetration resistance
indicates that it is easier for roots to penetrate the soil
to obtain nutrients, and therefore it can improve the
physical health status of the soil. High values of soil
penetration resistance are commonly found in soil with
compact condition. A low compaction indicates better
water holding capacity and lesser soil erosion poten-
tial. However, many factors determine soil physical
health, such as particle size distribution, pore volume,
hydrophobicity, and pore connectivity (He et al., 2021).
Therefore, it is essential to consider other indicators
and factors when evaluating soil health, rather than
relying solely on soil bulk density. Soil compaction
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relates to soil porosity. Low value of soil compaction
indicates a high soil porosity. The higher the porosity
value, the higher the soil physical health. This condition
causes good soil porosity conditions to correlate with
improved soil physical health status. Soil texture was
significantly correlated with soil physical health status
(Table 7). According to B.N. Moebius-Clune et al. (2017),
texture is essential for various processes in the soil. Soil
texture affects other soil health indicators. Soils with
higher clay content generally have a higher ability to
retain nutrients and accumulate soil organic matter.
Good soil texture conditions will affect other physical
indicators and improve soil physical health status.

The factors are enhanced by increasing the organic
carbon content in the soil. The efforts to improve soil
physical health will be focused on increasing the or-
ganic carbon content in the soil. That is because or-
ganic carbon content is significantly correlated with
the determinants of soil physical health, namely soil
penetration resistance and soil porosity. According
to K. Kakar et al. (2020), applying organic fertilisers
to the soil can improve soil physical properties. That
will increase the ability of the soil to hold water and
nutrients needed for crop production. According to
B. Lei et al. (2022), providing organic matter as manure
will improve soil health and organic carbon content. Im-
proved soil physical health will indirectly increase the
productivity of rice plants. The organic carbon content in
rice fields can be increased by applying organic fertiliser
from livestock manure or crop residues. An increase in
organic carbon content in the soil causes an increase in
total soil porosity. The organic carbon content in paddy
fields can be increased by applying organic fertilisers
from animal manure and crop residues. Organic mat-
ter in the form of composted straw and animal manure
applied to the soil can increase the organic carbon con-
tent in the soil (Yuniarti et al., 2019). Using compost and
manure can boost the organic carbon content in the
soil. The more organic fertiliser is added to the soil, the
more organic carbon content is released.

Another effort to increase organic carbon content
in the soil can be made by applying biochar. Accord-
ing to A. Mohammadi et al. (2020), biochar application
can be used to improve the condition of soil properties.
Biochar is organic material burned at temperatures be-
tween 300°Cand 700°Cwith low oxygen concentration.
Biochar can improve soil physical health through sev-
eral mechanisms. Biochar has a high porosity and large
surface area, which can improve soil water retention
and reduce water evaporation. This enhances soil mois-
ture availability for plant growth. Additionally, biochar
can improve soil structure and aggregation, leading
to better soil aeration and drainage. This can enhance
plant root penetration and nutrient uptake. Introducing
biochar such as rice husks can increase the organic car-
bon content in the soil. Increasing the dose of biochar
positively correlates with the organic carbon content
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(Ebido et al., 2021). Therefore, it is best to use biochar
at the beginning and post-harvest of tillage. Previous
research has shown that biochar can significantly im-
prove the physical health of the soil by increasing or-
ganic carbon content, soil water retention, soil struc-
ture and aggregates, and plant root penetration and
nutrient uptake.

CONCLUSIONS

Rice fields managed by flooding affect the physical
characteristics of rice fields and have an impact on the
soil’s ability to support plant growth. Low soil physi-
cal health conditions will inhibit plants’ absorption of
water and soil nutrients. Based on the findings of this
study, the physical health status of organic, semi-or-
ganic, and inorganic rice fields is classified as medium
and high (index range within 60.00-83.33). Organic rice
fields have the highest physical soil health compared
to semi-organic and inorganic rice fields, with respec-
tive values for organic rice fields 76.69b, semi-organic
rice fields 71.48a, and inorganic rice fields 69.11a. The
findings of the study on rice fields suggest that the in-
dicators of soil penetration resistance (r=0.424), soil
porosity (r=0.473), and soil texture (r=0.627) greatly
determine the soil physical health. Soil health is posi-
tively correlated with soil porosity and soil texture that
has a high clay content. However, conversely, the lower
the soil penetration, the higher the soil physical health.
The physical health of the soil is significantly related to

determining rice production results r=465). This means
that the physical health of the soil determines rice yield
production in the area under study. The higher the soil
physical health index, the greater the yield. Recom-
mended farming system efforts to overcome the deter-
minants of physical soil health found include expand-
ing the coverage of rice fields with an organic system,
or by providing organic fertiliser and biochar during
tillage in preparation for planting. Future research in
soil physical health, with a focus on sustainable agri-
culture and environmental protection, has the potential
to enhance soil resilience to climate change impacts,
such as extreme temperatures, prolonged droughts,
and increased flooding. Developing practical tools to
assess soil physical health can aid in understanding the
complex interactions between physical properties, soil
health levels, and optimising crop production through
water availability for plant growth.
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®di3nUYHMI CTaH I'PYHTY 3a Pi3HUX CUCTEM 3eM/lepo6CcTBa Ha PUCOBUX MONAX
Ta Moro BrJIMB Ha NPoAYKTUBHICTb pucy (Oryza sativa L.)
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AHoTauif. Ha @i3nyHMit CTaH IpyHTY BNAMBAOTL AeKifbka (akTopiB, Yy TOMY YMCNi CUCTEMM 3eMepobCTBa, WO
6e3nocepefHbO BMIMBAE Ha PICT POCAMH i MPOAYKTUBHICTb FPYHTY. BUBUYEHHS (Di3MUYHOrO CTaHy IPYyHTY B Pi3HMX
cucTemMax 3emnepobCTBa LOMOMOXE YNPaBAsTM MNpoLecamMy BUKOPUCTAHHSA [PYHTY Ta BoAM. MeTow LbOro
[OCNIAKEHHA € BU3HAYEHHS BMUBY CUCTEMM YMPABAIHHSA PUCOBUMMU NONSIMU HA Di3UYHUIA CTaH FPYHTY, BUSABNEHHS
[eTepMiHaHT Qi3nYHOro CTaHy rpyHTY Ta po3pobka BiAMOBIAHMX 3aX0AiB 419 NOKPALLEHHS (Di3UYHOrO CTaHy IPyHTY.
Y UubOMy AOCNIgKEHHI By BUKOPUCTAHI OMUCOBUIA, AOCNIAHWULBKUI Ta ONUTYBANbHUIA MiAXOAM i3 3aCTOCYBAHHAM
METOAIB LinecnpsaMoBaHOro Bifbopy 3paskiB I'pyHTy. Pe3ynbTaTv nokasanu, wo i3auyHuin CTaH rpyHTY Ha pUCOBUX
nonsx y nigpanoHi TipToMoio 6yB knacudikoBaHWi K MOMIPHO 340pOBMIA i 300pOBMIA. BigMiHHOCTI B cucTemi
yNpaBniHHS PUCOBMMU MONSIMU BMAMBAIOTb HA i3WYHMIA cTaH rpyHTY. OpraHiyHO KepoBaHi PUCOBI NOAS MaloTb
HaMBULWMIA MOKA3HMK (Pi3UYHOro 340poB’a rpyHTY — 76,69. HaniBopraHiyHi Ta HeopraHiyHi pucoBi nons MawTb
HWXYi MOKasHMKM 380poB’'s — 71,48 1a 69,11. CTiliKicTb FPYHTY A0 NPOHUKHEHHS, MOPUCTICTb i TEKCTYpa IPYHTY €
BM3HaYanbHUMK PAKTOPAMM, OCKiNbKM BOHM MOXKYTb MOKPALLMTU IHAMKATOPHI YMOBM i Qi3UUHMI CTaH IpYHTY. MOXHa
[OKNACTU 3ycunb AN MOKpalweHHs (i3MYHOro CTaHy FPYHTY LWASXOM BHECEHHS OpraHiuyHMx Aobpve Ta Giomacu
Ha pMCOBI NOAS. 3HaUM B3aEMO3B 30K MiXK MOKA3HMKAMM QI3UYHOrO CTaHY IPYHTY Ta BPOXAWHICTIO pMUCY, MOXHA
cnopisatucs, wo depmepu Ta iHWI 3aLiKaBNeHi CTOPOHM 3MOXYTb NiABULWMUTA BPOXAMHICTb KYNbTYPH 33 PaxyHOK
NOKpaLLeHHs i3MYHOro CTaHy rpyHTY

KniouoBi cnoBa: Bu3HauanbHi (GakTopu; cucTeMa 3eMNepobCTBA; OPraHiyHMIA BYrNelb; BPOXAMHICTb pucy;
NPOHUKHEHHS B IPYHT; MOPUCTICTb I'PYHTY
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countries were analysed for Aflatoxin M1 toxin content using the enzyme-linked immunosorbent assay technique.
The results of the research indicate that several countries have exceeded the concentration of 0.05 ug/kg for
Aflatoxin M1, set as the maximum tolerable limit for milk and milk products in many countries. Notable, cheese
samples from Albania exhibited substantially (p=0.000) higher levels of Aflatoxin M1 compared to other nations.
The results showed that the Aflatoxin M1 concentration did not exhibit statistically significant variations based
on the regulated total fat content (p=0.902), carbohydrate content (p=0.741), protein concentration (p=0.298), or
salt content (p=0.122) within the cheese. The results demonstrated that Aflatoxin M1 levels were not significantly
(p=0.926) affected by cheese consistency. While different starter cultures were associated with varying Aflatoxin
M1 concentrations, these differences were not statistically significant (p=0.472). Similarly, ageing time did not
exert a significant (p=0.691) impact on AFM1 levels, as concentrations remained relatively consistent across
different ageing periods. These findings provide valuable insights into the variations in Aflatoxin M1 levels in
cheese samples among different countries. They highlight the importance of regulatory measures and continuous

monitoring to ensure food safety and adherence to maximum allowable limits

Keywords: cheese types; ELISA; Aflatoxin M1 contamination; dairy product safety

INTRODUCTION

Aflatoxins, toxic by-products created predominantly by
the fungi Aspergillus flavus and Aspergillus parasiticus,
are a type of mycotoxin. These toxins frequently contam-
inate food and are especially prevalent in the basic foods
of numerous developing nations. Aflatoxins are generat-
ed through fungal activity at various stages, including
production, harvesting, storage, and processing of food.
The US Food and Drug Administration (FDA) (2022) re-
gards these toxins as unavoidable food contaminants. Of
all the various aflatoxins, Aflatoxin B1 (AFB1), poses a
distinct risk to the dairy industry. When ruminants con-
sume feed contaminated with AFB1, their bodies metab-
olize it, leading to the secretion of aflatoxin M1 (AFM1)
in their milk. Aflatoxins are known to cause liver toxicity,
cancerous effects, and suppression of the immune sys-
tem (Ferrari et al, 2023). As noted by the World Health
Organization (2018) also, AFM1 is associated with liver
and kidney cancers and may potentially compromise the
immune system, weakening its disease-fighting capacity.

These substances can be present in numerous cru-
cial agricultural and food items, predominantly influ-
enced by factors such as product moisture content, wa-
ter activity, relative air humidity, temperature, pH value,
composition of the food matrix, the extent of physical
damage, and the existence of mould spores (Pleadin
et al., 2019). The resilience of AFM1 across various tem-
peratures and pH levels, which enables it to remain sta-
ble through different phases of dairy processing, is very
concerning. Consequently, conventional heat methods
like pasteurization and sterilization are unable to elim-
inate it effectively. Existing and developing physical
techniques, including pulsed electric fields and various
nonthermal processes, along with the use of chemical
substances like acids, enzymes, gases, and absorbents
in livestock management, have proven to be successful
in diminishing the levels of mycotoxins in both feed
and food products (Sipos et al., 2021). Although AFM1 is
less toxic than its precursor AFB1, it is still considered a
potential human liver carcinogen and is categorized as

Group 2B by the International Agency for Research on
Cancer (IARC, 2002).

The European Commission (2006), enforces strict
regulations on AFM1 levels, given its ubiquitous pres-
ence and serious health consequences. Continuous
monitoring and effective control measures are crucial
for managing AFM1 contamination in dairy products, en-
suring food safety and public health, as AFM1 could be
passed from milk into milk products. N. Salari et al. (2020)
conducted a systematic review and meta-analysis to as-
sess the global occurrence of AFM1 in milk. They exam-
ined 122 articles, encompassing a total of 18,921 sam-
ples from January 1988 to February 2020, and found that
79.1% of the milk samples contained AFM1, indicating
a widespread presence of this toxin in milk around the
world. According to a study done by J. Kos et al. (2023),
as the climate conditions in Europe continue to provide
increasingly favourable conditions for the proliferation
of Aspergillus flavus, there is an escalating likelihood of
cereals being exposed to elevated risks of contamination
by highly hazardous aflatoxins in the future.

The transfer of AFM1 from milk to cheese is un-
avoidable, considering that this toxin is not removed
through conventional treatment methods. Neverthe-
less, the concentration of AFM1 in various types of
cheese and other dairy products has been found to vary.
Kosovo, a Balkan region with substantial dairy produc-
tion and consumption, is no exception to this challenge.
Yet, comprehensive, and systematic data on AFM1 con-
tamination in the region is scant. This issue becomes
even more critical considering the local population’s di-
etary habits, with milk and dairy products playing a key
role (FAQ, 2013). As per a study done by A. Camaj et al.
(2018), high percentage of milk samples which were
non-compliant with AFM1 maximum levels. However, a
subsequent study by A. Camaj et al. (2023) concluded
that the prevalence of AFM1 contamination of raw milk
in Peja, Kosovo, was lower than previously reported. All
samples complied with European Union regulations for
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AFM1, indicating increased farmer awareness regard-
ing feed storage and regular AFM1 monitoring. How-
ever, the study emphasized the need for regular insti-
tutional monitoring of imported UHT milk samples. Yet,
published data on AFM1 levels in cheese consumed
in Kosovo, particularly those imported, is lacking. This
study is crucial as a variety of foreign cheese types are
available in Kosovo's markets.

Accordingly, this study aimed to assess the presence
and distribution of AFM1 in various cheese types avail-
able in Kosovo's markets during 2022, including both
locally produced and imported cheeses, and to assess if
there is a correlation between cheese types, processing
conditions, and nutritional parameters, to the aflatoxin
M1 level in cheese. This study is the first article of this
context done in Kosovo.

MATERIALS AND METHODS

Sample Collection. In the latter half of 2022, a total of
93 different types of manufactured cheese samples
were procured from the largest food suppliers across
Kosovo for the analysis of the AFM1 toxin content. The
chemical analysis of the toxin AFM1 was conducted in
the laboratories of the Food and Veterinary Agency of
Kosovo.Additionally, other parameters like, the cheese’s
nutritional parameters including fat total (g/100g), car-
bohydrates total (g/100g), protein (g/100g), and salt
(9/100q); parameters such as, consistency (hard, semi-
hard, semi-soft, semi-soft creamy, soft, and soft-creamy);
starter cultures (bacterial cultures, bacterial-rennet, bac-
terial-rennet-fungal, rennet, bacterial-rennet-processed,
rennet-processed); and ageing time (none, 1-3 months,
4-6 months, 7-12 months, <13 months) are considered
for the comparative analysis. These data were gathered
from the producers’ declarations on labels as well as
internet sources. These samples originated from fifteen
distinct countries, including: Kosovo (6 samples), North
Macedonia (6), Albania (3), Slovenia (3), Greece (5), Italy
(27), Germany (7), France (5), Croatia (5), Netherlands
(3), Turkey (3), Hungary (5), Lithuania (3), Austria (9), and
Denmark (3). To ensure optimal preservation and accu-
rate analysis, these samples were stored in deep freeze
conditions at-18°C. They were then brought up to room
temperature prior to the execution of the analyses.
Laboratory analyses. The procedure for quantitatively
analysing AFM1 in the cheese samples was carried out
using the enzyme-linked immunosorbent assay (ELISA)
technique. The assessment of AFM1 was conducted uti-
lizing the MEIZHENG Bio-Tech Co. Aflatoxin M1 ELISA
Test Kit, strictly adhering to the protocol provided by the
manufacturer,briefly outlined below.Each testing reagent

Kit offered a certificate with the validation results. All
the samples were brought to room temperature before
analysis. The dilution factor was 9.For testing, 1 g of each
sample and 4 mL of methanol were mixed into a centri-
fuge tube and put to vortex to mix well. Then the mixture
was put into the centrifuge at 4000 rpm for 5 minutes.
From the mixture, 1 mL of the supernatant was trans-
ferred into a centrifuge tube and blow dry under 50-60°C
Termovap Sample Concentrator. In each tube was added
1 mL of Sample Diluting Buffer Il and vortexed to mix
well.For the assay was taken 50 pL of the sample dilution.

The Aflatoxin M1 ELISA Test Kit operates on the
principle of an indirect competitive enzyme-labelled im-
munoassay. The Aflatoxin M1 antigen is pre-embedded
in the wells. Within the sample, the aflatoxin M1 vies
for binding with the aflatoxin M1 antibody against the
aflatoxin M1 antigen already present on the well. Mean-
while, the M1 antibody associates with the enzyme con-
jugate. Subsequently, the substrate solution is added to
the wells, which prompts a colour change. The colour
intensity of the unknown samples is compared to that
of the standards, enabling the determination of Aflatoxin
M1 concentration. Using a plate reader set to 450 nm,
absorbance values were recorded. The AFM1 level was
then calculated from a logarithmic standard curve, and
the mean value of the duplicates was recorded as results.

Based on the information provided in the manu-
facturer’s certificate, the sensitivity was 0.015 pg/kg,
equivalent to the Kit's Limit of Detection (LOD) for raw
milk determination. This implies that the Kit might de-
tect aflatoxin M1 at concentrations even lower than the
LOD. Typically, sensitivity aligns with the concentration
of the second standard (Table 1). The percent recovery
was within the range of 100%+30%, and the intra-lab
assay precision was denoted with a Coefficient of Var-
iation (CV%) less than 10%. In this study, it’s crucial to
note that the kit's LOD for cheese determination was
0.06 pg/kg, which is slightly above the maximum per-
missible limit of aflatoxin M1 in cheese as adapted by
regulatory standards in Kosovo. (0.05 ug/kg). The ob-
servations included results that fell below the Kit’s
stated LOD. This suggests that some cheese samples
contained extremely low, or potentially even undetect-
able, levels of aflatoxin M1.

Aflatoxin M1 ELISA Test Kit standard summary. The
ELISAtestkitvalidation certificate of analysis bythe man-
ufacturer provides reference points for comparing the
results obtained from samples tested with the Aflatoxin
M1 ELISA Test Kit. Table 1 shows the absorbance values
A450, B/BO ratios, and CV% values for different concen-
trations of Aflatoxin M1 standards used in the validation.

Table 1. Aflatoxin M1 ELISA test Kit validation results

Aflatoxin M; (ng/kg) Asso B/Bo V%
Negative control
0 1.836 100.0 2.1
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Table 1. Continued

15 1.410 76.2 4.2
45 0.901 49.1 3.7
150 0.356 194 0.4
500 0.090 49 3.1

Notes: A;so =Average absorbance using 450 nm primary filter and 630 nm differential filter

Source: developed by the authors

CV% (Coefficient of Variation) is calculated as:
CV=(SD/p) x 100%, 1)

where SD is the standard deviation of the replicates
(two replicates for each concentration of the standard),
and p is the average of replicates.

Statistical analysis. Statistical analyses were con-
ducted using the Statistical Package for the Social
Sciences (SPSS). The data were categorized into fifteen
groups based on the origin of the cheese. The AFM1
content was reported as mean values with standard
deviation (SD), median, minimum, and maximum con-
centration.To determine if there were significant differ-
ences between groups, statistical tests were employed.
To explore variations in AFM1 levels between different
groups, the dataset was categorized based on the con-
centration of AFM1. These classifications were estab-
lished according to their adherence to a designated
threshold value falling within the range of >0.050 and
<0.051 pg/kg. For comparisons between two groups, an

Independent Sample t test was employed to assess dif-
ferences in AFM1 levels within this defined range. One-
way Analysis of Variance (ANOVA) was used to assess
the influence of AFM1 levels on the consistency, starter
cultures, and ageing time of different types of cheeses.
The grouping of cheese samples into three or more cat-
egories was based on relevant factors such as cheese
variety, production methods, and geographical origin. A
significance level of p<0.05 was used for the test.

RESULTS AND DISCUSSION

Comparative analysis of cheese production among coun-
tries. In relation to the presence of Aflatoxin M1 in a
total of 93 cheese samples, the outcomes (Table 2) re-
vealed noteworthy findings. The mean concentration of
Aflatoxin M1 detected in Italian cheese samples was
recorded as 0.061%0.072 pg/kg, with the range span-
ning from 0.01 to 0.34 pg/kg. Out of these samples,
4 (14.81%) exceeded the LOD (Limit of Detection) and
12 (44.4%) exceeded the maximum level of 0.05 ug/kg.

Table 2. Overview of cheese sample characteristics: a general analysis

No. (%) of
Origin of % of total xto Median Min Max Ns:.n(ﬁl)egf excseaenc}?r:gsthe
Cheese samples Hg/kg Hg/kg Hg/kg exceeding LOD**  maximum level
of 0.05 pg/kg”
Italy 27 29.0% 0.061+0.072 0.048 0.01 0.34 4(14.81%) 12(44.4%)
France 5 5.4% 0.191+0.334 0.334 0.02 0.79 2(40%) 2(40%)
Croatia 5 5.4% 0.036%0.016 0.016 0.02 0.06 0(0%) 1(20%)
Netherlands 3 3.2% 0.066%0.011 0.011 0.06 0.08 1(33.33%) 3(100%)
Germany 7 7.5% 0.063%0.022 0.022 0.03 0.09 4(57.14%) 4(57.14%)
Slovenia 3 3.2% 0.023+0.020 0.020 0.00 0.04 0(0%) 0(0%)
Turkey 3 3.2% 0.056%0.005 0.005 0.05 0.06 0(0%) 2(66.66%)
Greece 5 5.4% 0.152%0.195 0.195 0.04 0.50 2(40%) 3(60%)
Albania 3 3.2% 0.597%0.342 0.342 0.20 0.83 3(100%) 3(100%)
Ma'\clg;tohma 6 6.5% 0.072%0.036 0.036 0.04 0.12 3(50%) 5(83.33%)
Hungary 5 5.4% 0.048%0.024 0.024 0.01 0.08 1(20%) 2(40%)
Lithuania 3 3.2% 0.046%0.005 0.005 0.04 0.05 0(0%) 0(0%)
Austria 9 9.7% 0.056%0.045 0.045 0.02 0.16 2(22.22%) 4(44.44%)
Denmark 3 3.2% 0.030+0.016 0.016 0.01 0.04 0(0%) 0(0%)
Kosovo 6 6.5% 0.062%0.007 0.007 0.06 0.07 2(33.33%) 6(100%)
Pulled 93 100% 0.086%0.145 0.145 0.00 0.83 24 47(50.53%)

Notes: *Kosovo regulation; **LOD - Limit of detection (0.06 ug/kg)

Source: developed by the authors
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Conversely, in the case of French cheese samples,
the mean Aflatoxin M1 concentration was determined
to be 0.191%£0.334 pg/kg, and the range of detected val-
ues varied from minimum 0.02 to 0.79 pg/kg. Accord-
ing to the study, 2 (40%) of the French cheese sam-
ples tested exceeded the LOD for AFM1 and 2 (4%)
exceeded the maximum level of 0.05 pg/kg. Croatian
cheese samples exhibited a mean Aflatoxin M1 concen-
tration of 0.036%0.016 pg/kg, with the range observed
between 0.02 and 0.06 for the entire sample set. Out
of the samples tested, none of the samples exceeded
the LOD while, 1 (20%) surpassed the maximum level
of 0.05 ug/kg. In the case of Netherlands cheese sam-
ples, the mean concentration of AFM1 was found to be
0.066%0.011 pg/kg, with a range of 0.06 to 0.08 pg/kg
for the entire sample set. Conversely, for Netherlands
cheese samples, 1 (33.33%) exceeded the LOD and
3 (100%) exceeded the maximum level of 0.05 pg/kg.
Additionally, Dutch cheese samples exhibited a mean
Aflatoxin M1 concentration of 0.063+0.022 pg/kg, with
the range falling between 0.03 and 0.09 pg/kg. Out
of all the samples, 4 (57.14%) exceeded the LOD of
AFM1 and 4 (57.14%) exceeded the maximum Llevel
of 0.05 pg/kg. In the context of additional countries,
Slovenia exhibited Aflatoxin M1 concentrations with
a mean value of 0.023%+0.020 ug/kg. The range of ob-
served values spanned from 0.00 to 0.04 ug/kg. Notably,
none of the samples tested exceeded the LOD and the
maximum level of 0.05 pg/kg. These findings suggest
that the levels of AFM1 in Slovenian cheese samples
are within acceptable Llimits.

Turkish cheese samples had a mean Aflatoxin
M1 concentration of 0.056+0.005 ug/kg, with the
lowest recorded content being 0.05 and the highest
0.06 pg/kg, based on the results (Table 2) none of the
samples tested exceeded the LOD, while 2 (66.66%)
surpassed the maximum level of 0.05 pg/kg. On the
other hand, Greek cheese samples displayed a mean
Aflatoxin M1 content of 0.152%0.195 ug/kg, with the
range varying from 0.04 to 0.50 ug/kg. Out of all the
samples, 2 (40%) exceeded the LOD and 3 (60%) ex-
ceeded the maximum level of 0.05 pg/kg. For Albanian
cheese samples, the mean Aflatoxin M1 concentration
was determined as 0.597+0.342 ug/kg, and the recorded
minimum and maximum values spanned from 0.20 to
0.83 ug/kg. Notably, all the samples tested 3 (100%) ex-
ceeded the Limit of Detection and the maximum level
of 0.05 pg/kg. These findings reveal that the levels of
AFM1 in Albanian, Greece, and France cheese samples
analysed notably exceed acceptable limits.

In relation to cheese samples from North Macedonia,
the analysis revealed a mean Aflatoxin M1 content of
0.072%0.036 ug/kg, with a range spanning from 0.04 to
0.12 pg/kg, from the total sample tested 3 (50%) exceed-
ed the LOD,whereas 5 (83.33%) exceeded the maximum
level of 0.05 pg/kg. Hungarian cheese samples exhibit-
ed a mean Aflatoxin M1 content of 0.048+0.024 pg/kg,
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characterized by a minimum content of 0.01 and a
maximum content of 0.08 ug/kg, while 1 (20%) of the
sample tested exceeded the Limit of Detection, while 2
(40%) surpassed the maximum level of 0.05 pg/kg for
AFM1. In contrast, Lithuanian cheese samples displayed
a mean Aflatoxin M1 content of 0.046+0.005 pg/kg, with
the detected values ranging from 0.04 to 0.05 pg/kg.
The results of the study indicated that none of the sam-
ples tested exceeded the Limit of Detection (LOD) and
exceeded the maximum level of 0.05 pg/kg. However,
Austrian cheese samples indicated a mean Aflatoxin M1
content of 0.056%0.045 pg/kg, and the minimum and
maximum values observed were 0.02 and 0.16 pg/kg,
respectively. Results showed that 2 (22.22%) exceeded
the LOD, whereas 4 (44.44%) exceeded the maximum
level of 0.05 pg/kg. In terms of Danish cheese samples,
the mean Aflatoxin M1 content was determined to be
0.030+0.016 pg/kg, while the range of detected val-
ues varied from 0.01 to 0.04 ug/kg. The results showed
that none of the samples tested exceeded the Limit of
Detection (LOD) and exceeded the maximum level of
0.05 pg/kg. Lastly, the analysis of Kosovo cheese sam-
ples demonstrated a mean Aflatoxin M1 content of
0.062%+0.007 pg/kg, with the range of observed values
falling between 0.06 and 0.07 ug/kg. Resulting that 2
(33.33%) of the Kosovar cheese samples tested exceed-
ed the Limit of Detection (LOD) for AFM1.

The homogeneity of variances was tested using
Levene’s test, which revealed a statistically signifi-
cant result (Levene Statistic=6.677, dfl=14, df2=78,
p=0.000). This indicates that the variances of the de-
pendent variable differed significantly across the
groups.The current study aimed to investigate the varia-
tions in average levels of Aflatoxin M1 (AFM1) in cheese
across fifteen countries included in the study. There is
a significant difference between groups as determined
by one-way ANOVA (F (14.78)=5.26, p=0.000). A Tukey
post hoc test, One Way Anova, revealed that the cheese
with Albania origin content is statistically significant-
ly higher level of AFM1 (0.59£0.34) compared to other
countries as Italy (0.061+0.072), France (0.191+0.334),
Croatia (0.036%0.016), Netherlands (0.066%£0.011),
Germany (0.063+0.022), Slovenia (0.023£0.020), Turkey
(0.056%0.005), Greece (0.152+0.195), North Macedonia
(0.072£0.036),Hungary(0.048+0.024),Lithuania (0.046*
*0.005), Austria (0.056%0.045), Denmark (0.030+0.016),
and Kosovo (0.062+0.007).

However, no significant differences (p>0.05) were
observed among the remaining countries, indicating
comparable levels of AFM1 in cheese samples from
Italy, France, Croatia, Netherlands, Germany, Slove-
nia, Turkey, Greece, North Macedonia, Hungary, Lithu-
ania, Austria, Denmark, and Kosovo. The mean levels
of Aflatoxin M1 (AFM1) in cheese samples collected
from countries compliant with the maximum allow-
able limit set by the European Commission (2006)
(0.05) were as follows: Slovenia (0.023+0.020),




Denmark (0.030%+0.016), Croatia (0.036%0.016), Lith-
uania (0.046%0.005), and Hungary (0.048+0.024) as
illustrated in Figure 1. The results of the research in-
dicate that most of the countries have exceeded the
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permitted Llimit (0.05 pg/kg) of AFM1 in cheese prod-
ucts. These countries include Albania, France, Greece,
North Macedonia, The Netherlands, Germany, Kosovo,
Italy, Austria, and Turkey.
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Figure 1. Mean AFM1 concentration in cheese samples from different countries

Source: developed by the authors

In relation to the Balkans, there are numerous
studies that document the presence of AFM1 in dairy
products. A research project, conducted by G. Ilievska
et al. (2022), studied 974 dairy samples from North
Macedonia’s markets. The samples included 404 ul-
tra-high temperature (UHT) milk, 291 ice cream, 178
yogurts, and 101 cheese, all of which were scrutinized
for Aflatoxin M1 contamination. The study found that
AFM1 concentrations averaged 49.1£68.4, 30.9+30.0,
35.1£40.4, and 40.1+¥90.1 ng/kg for UHT milk, ice
cream, yogurt, and cheese samples, respectively. On
a similar note, a separate study in Albania by D. Topi
et al. (2022), examined 1,200 milk samples from
various Albanian regions over a span of two years.
Their findings indicated that 82.3% of the samples
contained AFM1, with an average concentration of
0.051 pg/kg. Moreover, they found that 10.8% of the
milk samples exceeded the European Union’s maxi-
mum permissible limit of 0.05 ug/kg for AFM1. These
findings underscore the widespread nature of AFM1
contamination in the region and the need for rigor-
ous monitoring and control measures. A global system-
atic review and meta-analysis by T. Mahmudiono et al.
(2023) which included thirty-one scientific papers
with 34 data reports (Sample size=2,277) in their study,
concluded that the lowest and highest prevalence of
AFM1 in cheese was related to El Salvador (12.18%)
and Serbia (100.00%). The pooled prevalence of AFM1

was 49.85%,95% Cl (37.93-61.78%). In our study, there
were not analysed the cheese samples originated
from Serbia. Cheese produced in Serbia, because of
the political issues, it is not common in Kosovo's mar-
kets even though it is a neighbouring country.

Comparative Analysis: Examining AFM1 Levels in
Cheese Alongside Nutritional Parameter. The following
Table 3 presents a comprehensive overview of vari-
ous nutritional parameters intrinsic to cheese. These
parameters include total fat content, complete carbo-
hydrate composition, protein constitution, and sodium
chloride content. The empirical findings evince that,
with regard to the aggregate fat content, the mean at-
tains a value of 24.10 g per 100 g. Notably, the lower
and upper bounds of this continuum manifest at 1.50 g
per 100 g and 35 g per 100 g, respectively. Conversely,
in relation to the composite carbohydrate content en-
compassing the entire cheese sample set, the mean
is ascertained at 1.89 g per 100 g. The minimum and
maximum values are reported 1.00 g per 100 g and
12.50 g per 100 g. Pertaining to the protein profile of
cheese, the total mean registers at 19.87 g per 100 g,
accompanied by an amplitude stretching from 1.50 g
per 100 g to 37 g per 100 g.The ultimate nutritional pa-
rameter, namely sodium chloride content, is reported at
2.11 g per 100 g, characterized by a range from 0.50 g
per 100 g to 5.60 g per 100 g in terms of minimum and
maximum values, respectively.
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Table 3. The characteristics of various nutritional parameters of cheese

Nutritional parameters MeanzSD Min Max
Fat-total (g/100g) 24.10%6.17 1.50 35
Carbohydrates-total(g/100g) 1.89+2.45 1.00 12.50
Protein (g/100g) 19.87%7.46 1.50 37
Salt(g/100g) 2.11£93 0.50 5.60
Other parameters Subcategory N (Percentage)
Hard 9(9.9%)
. Semi hard 24(26.4%)
Consistency Semi soft; semi soft creamy 4(4.4%)
soft; soft-creamy 54(59.3%)

Bacterial cultures
Bacterial-rennet

11(12.5%)
38(43.2%)

Bacterial-rennet-fungal 6(6.8%)
Starter cultures Rennet 17(19.3%)
Bacterial-rennet-processed 4(4.5%)
Rennet-processed 12(13.6%)
None 35(40.2%)
1-3 months 34(39.1%)
Ageing time 4-6 months 4(4.6%)
6-12 months 11(12.6%)
>13 months 3(3.4%)

Source: developed by the authors

Table 3 presents a range of descriptive data re-
garding the complete collection of cheese samples,
concerning diverse factors like texture, starter cultures,
and cheese maturation duration. Drawing from the
outcomes of the entire cheese sample pool, if was
identified 9 samples as hard (constituting 9.9%), 24 as
semi-hard (accounting for 26.4%), 4 as semi-soft/semi-
soft creamy (equivalent to 4.4%), and 54 as soft/soft-
creamy (comprising 59.3%) cheeses. Among the starter
cultures analysed in the total sample size, the distribu-
tion was as follows: 11 samples (12.5%) were identified
as bacterial cultures, 38 samples (43.2%) were cate-
gorized as bacterial-rennet cultures, 6 samples (6.8%)
were classified as bacterial-rennet-fungal cultures,
17 samples (19.3%) were attributed to rennet cultures,

4 samples (4.5%) were characterized as bacterial-ren-
net-processed cultures, and 12 samples (13.6%) were
associated with rennet-processed cultures. Regarding
the duration of ageing, out of the total sample of 93,
40.2% (n=35) were categorized as “none.” In the 1-3
months range, there were 34 samples, accounting for
39.1% of the total. The 4-6 months bracket had 4 sam-
ples, representing 4.6% of the group. For the 6-12
months category, there were 11 samples, making up
12.6%. Additionally, 3 samples (3.4%) were recorded
as having an ageing duration of more than 13 months.
To assess the potential differences of the examined
nutritional parameters on the levels of Aflatoxin M1
(AFM1) in cheese, an Independent Sample T-test was
employed (Table 4).

Table 4. Comparison of nutritional parameters in different concentrations of Aflatoxin M1 in cheese samples

AFM1 concentration >0.050 pg/kg

AFM1 concentration

<0.051 pg/kg Mean Difference  t-value  Sig.

Nutritional parameters Mean Mean
Fat total 24.90 24.75 0.151 0.124  0.902
Carbohydrates 2.14 1.95 0.19 0.331  0.741
Protein 21.65 19.92 1.72 1.04 0.298
Salt 1.90 2.26 -0.35 -1.56  0.122

Source: developed by the authors

The ensuing Table 3 presents the outcomes of a
thorough comparative analysis pertaining to the con-
centrations of AFM1 indiscrete classifications of cheese
samples. These classifications are established accord-
ing to their adherence to a designated threshold value
falling within the range of >0.050 and <0.051 pg/kg.In
relation to the concentration of AFM1 concerning the
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total fat content, the average concentration observed
in cheese samples surpassing the specified threshold
of 0.050 ug/kg is measured at 24.90 pg/kg. In contrast,
samples that fall below the threshold exhibit a slight-
ly lower average concentration of 24.75 pg/kg. Con-
sequently, the results collectively suggest an absence
of statistically significant (p=0.902) differentiation in




AFM1 concentration based on the regulated total fat
content within the cheese. In the case of AFM1 con-
centration of carbohydrate content, the mean concen-
tration variated from 2.14 pg/kg in cheese samples to
the predefined threshold, while a slightly diminished
mean of 1.95 pg/kg characterizes samples situated
below the threshold. The results show no significant
differences (p=0.175) between the two groups in
the concentration of carbohydrate content. In terms
of protein, the mean concentration is 21.65 pg/kg in
samples exceeding the predefined threshold, while a
slightly diminished mean of 19.92 ug/kg characterizes
samples situated below the threshold. The findings
revealed no statistically significant (p=0.298) differ-
ences across AFM1 level for protein concentration.
Turning attention to AFM1 concentration with respect
to salt content, samples surpassing the established
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threshold exhibit a mean concentration of 1.90 pg/kg,
whereas their sub-threshold counterparts display a
marginally higher mean concentration of 2.26 pg/kg.
The results indicate an absence of statistically sig-
nificant (p=0.122) divergence in AFM1 concentration,
predicated upon the regulated salt content within the
cheese.

The current investigation utilized a One-way
ANOVA to aspects compare the consistency, starter cul-
tures and ageing time of cheese in the levels of AFM1
in different types of cheeses. The results represented
in Table 5 indicate that there was no statistically sig-
nificant (p=0.926) difference in the average levels of
AFM1 across consistency for hard (0.077£0.10 pg/kg),
semi-hard (0.078+0.14 ug/kg), semi-soft, semi-soft
cream (0.061+0.019 pg/kg), soft, and soft-creamy
(0.095%0.159 ug/kg) cheese.

Table 5. Comparison of consistency, starter culture and ageing time parameters in Aflatoxin M1 concentration
in Cheese Samples

Variables Level of AFM1
Consistency Mean=SD
Hard 0.077%0.11° 0.02-0.34
Semi hard 0.078+0.15° 0.01-0.76
Semi soft; semi soft creamy 0.061%0.019¢ 0.04-0.08
Soft; soft-creamy 0.095+0.163¢ 0.00-0.83
Starter cultures
Bacterial cultures 0.15%0.24° 0.04-0.83
Bacterial-rennet 0.10%0.16° 0.01-0.79
Bacterial-rennet-fungal 0.16%0.17¢ 0.06-0.50
Rennet 0.04%0.02¢ 0.01-0.08
Bacterial-rennet-processed 0.06%0.01¢ 0.06-0.08
Rennet-processed 0.05%0.03f 0.02-0.16
Ageing time
None 0.09£0.15° 0.00-0.83
1-3 months 0.10£0.17° 0.01-0.79
4-6 months 0.01+0.00¢ 0.01-0.02
7-12 months 0.04%0.01¢ 0.02-0.08
<13 months 0.06+0.00° 0.06-0.07

Notes: means with same superscript letters differ significantly at p<0.05. *Minimum and maximum levels of AFM1 in

cheeses.SD, standard deviation
Source: developed by the authors

According to the results represented in Table 5, the
mean AFM1 concentration was highest in cheeses made
with bacterial-rennet-fungal cultures (0.16 pg/kg), bac-
terial cultures (0.15 ug/kg), followed by those made
with bacterial-rennet cultures (0.10 pg/kg), bacte-
rial-rennet-processed cultures (0.06 pg/kg), rennet
cultures (0.05 pg/kg), and rennet (0.04 ug/kg). The re-
sults also indicate that there were no statistically sig-
nificant (p=0.472) differences in mean AFM1 concen-
tration between the starter culture types. According to

the results, the mean AFM1 concentration was highest
in cheeses aged for 1-3 months (0.10 ug/kg), followed
by those aged for less than 1 month (0.09 ug/kg), those
aged for more than 13 months (0.06 pg/kg), those aged
for 7-12 months (0.04 ug/kg), and those aged for 4-6
months (0.01 pg/kg). The results also indicate that there
were no statistically significant (p=0.691) differences in
mean AFM1 concentration between in the ageing time
categories of cheese. These findings suggest the con-
sistency, starter cultures, and ageing time of cheese do
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not have a significant impact on the levels of AFM1
present within it. These parameters are all important
in determining the final characteristics of cheese and
can be carefully controlled to produce cheeses with
specific qualities.

Compared to other articles published in the last
five years, some studies have identified a relation-
ship between aflatoxin M1, nutritional parameters,
and the manufacturing process of cheese. A study by
D. Costamagna et al. (2019), concluded that the con-
centration levels of AFM1 increased both in curd and in
long maturing cheese, suggesting that AFM1 concentra-
tion in milk could be a good predictor of its fate in milk
products.A.Zinedine et al. (2021) and A.Vaz et al. (2022)
studied the distribution of AFM1 during the production
of two different cheeses, where the amount of the toxin
was monitored on a wet and a dry basis. On the wet
basis, there was a continuous increase in concentration.
The same study on a dry basis concluded that under the
tested conditions, there is no degradation of the toxin,
and the concentration increase observed previously
was in fact due to the loss of humidity. Current study
results imply that the levels of AFM1 in cheese are not
notably affected by factors such as consistency, starter
cultures, and ageing time.

A study by G. Chavarria et al. (2017),aimed to inves-
tigate the distribution and fate of AFM1 in fresh cheese
and whey throughout cheese manufacturing and stor-
age. The research aimed to understand the interaction
of this toxin with various proteins in milk, cheese, and
whey. The findings revealed that during the production
of fresh cheese, up to 70% of AFM1 levels present in
milk spiked with 0.5 and 1.5 pg/L were released into
whey. Additionally, a significant reduction in AFM1
concentration was observed during ripening, showing
an inverse correlation with lactic acid bacteria plate
counts and a direct correlation with the whey-draining
process that occurs during the maturation or storage of
fresh cheese. A study done by E. Sarmast et al. (2021),
found that cheese production increased aflatoxin M1
(AFM1) levels by 77.2% (P<0.001) compared to milk.
The order of increased AFM1 levels in cheese was hard
(168%) > semi-hard (68.7%) >soft (60.6%). Cheese from
milk without a starter culture had a higher increase
than that with a starter culture. Overalls, there was a
significant reduction in AFM1 levels after ripening/stor-
age (-11%, P=0.007), particularly in cheese from milk
with a starter culture (-21.1%, P=0.009). In our study, in
contrast, the findings suggest that the ageing time of
cheese does not have a significant impact on the lev-
els of AFM1 present within it. Also, the findings of this
study revealed no statistically significant (p=0.298)
differences across AFM1 level for protein concentra-
tion. The results of this study also indicate that there
were no statistically significant (p=0.472) differences
in mean AFM1 concentration between the starter
culture types.
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In a recent study done by S. Sabatelli et al. (2023)
in Italy, which aimed to define the enrichment factor
(EFs) of cheese with different moisture content on a fat-
free basis (MFFB). The milk used for cheesemaking was
naturally contaminated with different AFM1 concentra-
tions. This research found that the Enrichment Factor
(EF) values for soft and semisoft cheeses were half of
the suggested EFs established by the Italian Ministry
of Health in 2019. They propose that a comprehensive
examination of EF should also consider technological
aspects and quality parameters that may influence EF
variability. This approach could assist regulatory bod-
ies in establishing an appropriate legal limit, whether
based on EFs or concentration values, to protect public
health and the diverse range of Italian cheese produc-
tions. European Commission (2006) emphasizes the sig-
nificance of determining the enrichment factor (EF), a
crucial parameter that needs to be specified for assess-
ing the permissible level of the toxin in cheese. This
is essential to guarantee that cheese is derived from
milk that adheres to the regulatory standards. Similarly,
I. Pecorelli et al. (2020) suggest that the grouping of
cheeses into two wide categories (hard and soft chees-
es), based on MFFB, and the consequent attribution of
the suggested EF, may not be accurate because the ex-
perimental evidence shows that soft and semi-soft, as
well as semi-hard and very hard cheese categories, may
present different results addressing for different cat-
egorization. In Kosovo, there is a lack of institutional
similar data. The data found in this study could be a
significant aid in determining the Enrichment Factors
(EF) for cheese, taking into consideration the factors
suggested by the above-cited work.

CONCLUSIONS

The findings revealed considerable variations in AFM1
contamination levels among different countries. Nota-
bly, current research found that there were cheese sam-
ples from some countries that exceeded the concentra-
tion of 0.05 ug/kg for AFM1, like, Albania, France, Greece,
North Macedonia, The Netherlands, Germany, Kosovo,
Italy, Austria, and Turkey. This highlights the importance
of continuous monitoring and stringent quality control
measures to ensure the safety of cheese products for
consumers. The countries with the mean levels of Afla-
toxin M1 (AFM1) in cheese samples compliant with the
level of 0.05 ug/kg were as follows: Slovenia, Denmark,
Croatia, Lithuania, and Hungary. The occurrence of
AFM1 in cheese samples was notable, with 47 out of
the total 93 different cheese samples (50.53%) exhib-
iting concentrations higher than 0.05 pg/kg for AFM1.
To evaluate potential variations in Aflatoxin M1
(AFM1) levels in cheese associated with examined
nutritional parameters, an Independent Sample T-test
was applied. The collective results indicate the absence
of statistically significant differentiation (p=0.902) in
AFM1 concentration based on the regulated total fat




content in the cheese. Similarly, no significant differ-
ences (p=0.175) were observed in AFM1 concentration
between two groups regarding carbohydrate content.
The findings further reveal no statistically significant
differences (p=0.298) in AFM1 levels concerning pro-
tein concentration. Moreover, there is no significant
divergence (p=0.122) in AFM1 concentration based
on the regulated salt content in the cheese. In assess-
ing the consistency, starter cultures, and ageing time
of various cheese types in relation to AFM1 levels, a
One-way ANOVA was employed. The results, indicate no
statistically significant difference (p=0.926) in average
AFM1 levels across different consistencies, including
hard (0.077%0.10 ug/kg), semi-hard (0.078+0.14 ug/kg),
semi-soft, semi-soft cream (0.061£0.019 ug/kg), soft,
and soft-creamy (0.095+0.159 pg/kg) cheese. Examin-
ing the mean AFM1 concentration in cheeses produced
with bacterial-rennet-fungal cultures, the results show
the highest level at 0.16 pg/kg. However, no statisti-
cally significant differences (p=0.472) were observed
between different starter culture types. Similarly, no
significant differences (p=0.691) were found in mean
AFM1 concentration across various ageing time cate-
gories of cheese, with the highest mean concentration
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observed in cheeses aged for 1-3 months at 0.10 pg/kg.
Overall, these findings collectively suggest that the
consistency, starter cultures, and ageing time of cheese
do not exert a significant impact on the levels of AFM1
present within it.

Overall, this study underscores the need for ongoing
efforts to address and mitigate AFM1 contamination in
cheese production. Stringent monitoring, adherence to
quality standards, and continuous research into effec-
tive control measures are crucial to ensure the safety
and quality of cheese products consumed worldwide.As
the findings have shown, a collaborative approach be-
tween regulatory bodies, producers, and researchers is
essential to safeguarding public health and maintain-
ing consumer confidence in cheese products.
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AHoTauif. [pUCYTHICTb Ta MNOTY)XXHA KaHUeporeHHa fAisg abnaToKCUHIB, rPynu MIiKOTOKCMHIB, CTaHOBUTb 3HAYHY
3arpo3y rnobanbHii 6e3neui xapyoBWMX MPOLYKTIB, 0COGMMBO B MOJIOYHOMY cekTopi. Lle pocnigkeHHa Mano Ha
MeTi OLiHUTX MOLIMPEHICTb i po3noain apnatokcmHy M1 y pisHux coptax cupy Ha puHkax Kocosa y 2022 poui Ta
BMSABUTU NOTEHLiVHI KOpenaLii 3 TMNaMm cuMpy, yMoBaMu nepepobku Ta NOXMBHUMM NapaMeTpamu, Wob nokpawmTm
pO3yMiHHS Ta 3abe3neunTn 6e3neky MONOYHMX NPOAYKTIB. Y Apyrii nonoBuHi 2022 poky 3aranoM 93 3pasku pisHUX
BMAIB cupiB 3 15 pisHux kpaiH 6ynn npoaHanizoBaHi Ha BMICT TOKCMHY adnaTokcMHy M1 3a gonomorow MeToay
iMyHO(epMeHTHOro aHanily. Pe3ynbtaTv LOCNiOXKEHHS BKA3ylTb Ha Te, WO B KifIbKOX KpaiHax Oyno BUSBIAEHO
nepeBuLLEHHS KOHUEeHTpauii apnatokcnHy M1y 0,05 MKr/Kr, o € MakCMManbHO JOMYCTUMOK MEXer A5 MOJIoKa
Ta MONIOYHMX NPOAYKTIB Y Baratbox KpaiHax CBIiTy. [IpUMITHO, W0 3pa3ku cupy 3 AnbaHii nokasanu 3Ha4Ho (p=0,000)
BMLLi piBHi adnatokcnHy M1 nopiBHAHO 3 iHWMMK KpaiHaMK. Pe3ynbTaTv nokasanu, LWo KOHLEHTPaLis apnaToKCUMHy
M1 He Mana CTaTUCTMYHO 3HAYYLLMX BIAMIHHOCTEW 3aNexHOo Bif 3aranbHoro BMicTy xupy (p=0,902), Byrnesosis
(p=0,741), 6inkis (p=0,298) abo coni (p=0,122) B cMpi. Pe3ynsTaT NpoaeMoHCTpyBanu, Wo piBeHb adnatokcuHy M1
cyTTeBO (p=0,926) He 3anexas Bif KOHCUCTEHL,iT CMpy. Xoua pi3Hi 3aKBacKku Bynn NOBA3aHi 3 pi3HUMM KOHLEHTPaLisSiMK
acdnatokcuHy M1, ui BiAMIHHOCTI He 6ynu cTaTUCTMYHO 3Havywmmu (p=0,472). AHanoriyHo, 4ac BM3piBaHHA He MaB
3HayHoro (p=0,691) BnanBy Ha piBHi AFM1, OCKiNbkM KOHLEHTpaLii 3anMwanuncs BigHOCHO MOCTIMHUMM NPOTArOM
pi3HUX nepioaiB BM3piBaHHS. LLi pe3ynbTaTi fAatoThb LiHHE yABNEHHS Npo BapiaLii piBHIB adnaTtokcMHy M1 y 3pa3skax
CUpY B Pi3HUX KpaiHaxX. BoHM MigKpecnoTb BaX/IMBICTb perynaToOpHUX 3axOAiB i MOCTIMHOrO MOHITOPUHTY A4
3abe3neyeHHs Be3nekn XxapyoBMUX NPOAYKTIB i JOTPUMAHHS MaKCMMaNbHO AOMYCTUMUX MeX

Kniouogi cnoBa: Tunu cupis; IMA; 3abpyaHeHHS adnaTokCMHOM M1; 6e3neyHicTb MONOYHMX NPOAYKTIB
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Varroa mite infestation, Nosema disease, viral pathogens, pesticides, and bacterial infections. Using the stratified
sampling method, 15,493 beekeepers of different ages and experiences participated in the study. Both electronic
and face-to-face surveys were used to collect data on bee family losses, management practices and environmental
factors affecting bee health. In addition, monitoring programmes allowed a detailed assessment of bee family
health and environmental conditions in the apiary, providing valuable information on temporal trends and patterns.
The findings indicate alarming rates of Varroa mite infestation, prevalence of Nosema and a complex interplay of
factors contributing to colony loss, particularly during the summer and winter months. For example, Varroa mite
infestation was found in 61% of the 29,474 bee samples collected during summer sampling, with rates ranging
from 0.5% to 70.2%. Similarly, during autumn sampling, 65% of 43,037 bee samples contained Varroa mites, with
an average infestation rate of 5.3%. Moreover, Nosema disease is also a complex problem, with clinical prevalence
ranging from 0.1% in autumn to 1.3% in summer and spring. These key figures highlight the urgent need to develop
effective strategies to reduce Varroa mite infestation and Nosema disease, thereby maintaining bee populations and
ecosystem health. The results of the study make a valuable contribution to bee management and policy development,

emphasising the importance of holistic approaches to maintaining bee health and resilience in Albania

Keywords: varroatosis; winter losses; Nosema; queen; seasonal diseases

INTRODUCTION

Bees are crucial to pollination, ecosystem health and
food production. Understanding the factors contribut-
ing to bee colony loss is critical to protecting bee popu-
lations and ensuring global food security. The research
problem revolves around the increasing rates of colony
loss observed in Apis mellifera populations, particularly
in Albania, and the complex interplay of factors such as
Varroa mite infestation, Nosema, viral pathogens, pes-
ticides and bacterial infections contributing to these
losses. Understanding the specific dynamics of bee
family health and the cause of deterioration is para-
mount to implementing effective mitigation strategies
and conserving bee populations.

D. Pavlova et al. (2022) concluded that honeybees
pollinate about 35% of the world’s crops. According
to authors plant pollination by honeybees provides
an efficient mechanism for seed formation and hence
for the maintenance of biodiversity. This utility pro-
vided by bees has a cascading effect on the food
chain, ensuring the yield and quality of many crops.
In addition to their role in pollination, S. Lippi and
M. Sanfilippo (2023), identify the production of valu-
able products by honey bees. In her opinion, honey, as
a result of beekeeping, not only serves as a source of
nutrients but also has applications in medical practice
and other human activities.

Beekeeping in Albania is a long-standing and tra-
ditional industry. According to the Food and Agriculture
Organisation,as of 2022, there were about 100,000 bee-
keepers in Albania, managing approximately 1.5 mil-
lion bee families (FAO partners with Albania..., 2023).
These figures reflect the significant spread and impor-
tance of beekeeping in rural and peri-urban areas of
Albania. Beekeeping is not only a source of income for
many families but also plays a key role in maintaining
the ecosystem, pollinating plants, and producing val-
uable bee products such as honey and other products
(Tyliszczak et al., 2017).

M. Kuligi (2021b) notes the significant contribution
of Apis mellifera bees to agricultural production and bio-
diversity conservation in Albania. The studies emphasise
that the activities of these bees contribute to the pollina-
tion process of different crops, which leads to increased
yields of fruits, as well as important crops such as wheat,
maize, and vegetables. The role of bees in maintaining
biodiversity by pollinating wildflowers has also received
special attention. This process not only favours the for-
mation of new generations of plants but also ensures the
preservation of Albania’s natural ecosystem.

The statement of B. Beki¢ Saric¢ et al. (2023) on the
effect of bee population reduction on crop yields is con-
firmed by numerous scientific studies. The researchers
suggest that this problem may lead to higher food pric-
es and lower economic activity in the agricultural sec-
tor. Moreover, studies show that insufficient pollination
can also affect the quality of the crop, affecting the size,
shape and maturity of fruits and seeds. This can nega-
tively affect the profitability and competitiveness of
agricultural production. M. Kuli¢i (2021a) notes the ad-
ditional problem of possible increased production costs
for farmers who depend on bees to pollinate their crops.
This problem becomes relevant when bee populations
are reduced or unavailable for pollination. If bees are not
available for pollination, farmers may be forced to seek
alternative pollination methods such as hand pollination
or the use of other insect pollinators (Kuzbakova et al.,
2022). These methods can be more labour-intensive and
costly than natural pollination by bees.

Despite the rather extensive views of researchers,
their studies lack more specific and relevant informa-
tion on the situation of colony loss risk analysis, sta-
tistical information on this topic, as well as a more de-
tailed assessment of the health and diseases of honey
bee families. Based on the aforementioned, the study
aims to assess the current status of the honey bee pop-
ulation in Albania, to analyse the factors affecting the
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decline in their numbers, and to develop recommenda-
tions to reduce the risks of loss of Apis mellifera colo-
nies in this country.

MATERIALS AND METHODS

In conducting the survey and monitoring of apiaries
across Albania between 2021 and 2023, a stratified
sampling approach was used to ensure representation
of the different beekeeping communities. Working with
the Association of Beekeepers, public institutions and
local communities, efforts were made to recruit 15,493
beekeepers of different ages (22-75 years) and expe-
rience levels (3-58 years). Survey questionnaires were
distributed through both electronic and in-person dis-
tribution channels to gain insight into bee family loss-
es, management practices, and environmental factors
affecting bee health. Face-to-face interviews conduct-
ed by field teams facilitated deeper engagement with
beekeepers, allowing qualitative data and first-hand
observations to be collected on beekeeping practices
and challenges faced in different regions.

In addition, monitoring programmes were estab-
lished in collaboration with local beekeepers’ associa-
tions and extension services to assess bee family health
and environmental conditions at apiaries. Trained staff
made field visits to apiaries four times a year, where
they systematically assessed bee family health, record-
ed bee family counts, and identified potential stressors
affecting bee populations. Data collected during surveys
and monitoring activities were systematically analysed
to identify trends, patterns and correlations related to
family loss and beekeeping practices. Ethical consider-
ations, including informed consent and data confiden-
tiality, were prioritised throughout the research pro-
cess to ensure the integrity and privacy of participants.
Through this integrated approach, the study aimed to
provide science-based insights and recommendations
to promote sustainable beekeeping practices and im-
prove bee family health throughout Albania.

Univariate analyses were performed to assess the
relationship between modifying factors and colony loss-
es in summer/winter. Statistical methods were used to
quantify the effects of Varroa mites, parasites of the genus
Nosema, colony characteristics and queen health on col-
ony losses in different periods. seasons. These analyses
provided detailed information on the relative importance
of different factors affecting colony health dynamics.

Various methods of data collection and analysis
were used, including official reports, surveys, statisti-
cal software, and review of research literature. Base-
line data were obtained from reports of the Albanian
Ministry of Agriculture, European and International
beekeeping organisations, and through questionnaires
distributed to beekeepers to collect information on
management practices, bee diseases and pesticide use.
Statistical software R was used to analyse the collected
data. These methods were selected due to their suita-
bility for the study objectives and to reflect the multi-
faceted nature of bee family health and losses. A longi-
tudinal observational study allowed the examination of
temporal trends and patterns, while univariate analyses
allowed the identification of specific factors contribut-
ing to colony collapse disorder in different seasons.
Survey-based data collection ensured that the diverse
perspectives of beekeepers and stakeholders were con-
sidered, thus enhancing the comprehensiveness and
relevance of the research findings. The research was
conducted in accordance with the rules of The Declara-
tion of Helsinki (2013).

RESULTS

A study conducted with the University of Tirana shows
a marked increase in the number of bee families in Al-
bania between 2021 and 2023. In 2021, 298,000 bee
families were registered, which in itself is a significant
indicator for the country’s agricultural sector, especially
given the importance of bees in pollination and honey
production (Table 1).

Table 1. Number of bee families in Albania from 2021 to 2023

No. Year Bee families
1 2021 298,000
2 2022 320,000
3 2023 360,000

Source: compiled by the authors

By 2022, a growth of 7.38% is observed, reaching
the 320,000 bee families mark. This increase can be
attributed to improved conditions for beekeeping, the
introduction of more advanced technologies and meth-
ods of bee care, and the growing interest in beekeeping
as a sustainable and profitable agricultural activity. A
notable jump occurred in 2023, when the number of
bee families increased to 360,000, up 12.5% from the
previous year. This growth can be attributed not only to
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internal factors, such as improved beekeeping practic-
es and expansion of apiary areas but also to external
factors, such as increased demand for honey and oth-
er bee products in both domestic and foreign markets.
Analyses of colony health show that approximately
60% of colonies tested were of normal size and viabili-
ty. Conversely, only 12% of colonies were categorised as
particularly weak, while 18% were found to be excep-
tionally resilient. Interestingly, among this 12% subset




of weakened colonies, signs of potential collapse were
evident during the autumn season. The main causes of
this dangerous condition are various factors, particu-
larly cases of uterine mortality, the introduction of a
new uterus, the establishment of new families, and
clinical signs of varroosis and nosemosis. Varroosis has
emerged as the predominant parasitic disease, with
42,494 clinical observations recorded during the field
visits. Consequently, the clinical prevalence of varroosis
in the sampled apiaries was an alarming 66%.

Korro et al.

Analyses of families experiencing summer losses
show clear patterns: lack of mothers and Varroa mite
infestation become important risk factors. When closely
examined in July, typical families struggling with sum-
mer losses tended to be either motherless or affected
by varying degrees of Varroa mite infestation, as shown
in Table 2. Despite the infrequency of summer losses,
only 3,600 cases were observed among the 3,600,000
families, the model Consideration of these cases sheds
light on critical risk factors affecting colony health.

Table 2. Bee family losses in Albania by year and season

Period Spring* % Summer* % Autumn*® % Winter* % Overall %!
2021 13,708 20 3,427 5 10,281 15 41,124 60 68,540 23
2022 12,642 18 3,529 5 10,560 15 43,648 62 70,379 22
2023 15,840 22 3,600 5 8,640 12 43,920 61 72,000 20
Overall 42,190 10,556 29,481 128,692 210,919

Note: * - number of dead families at a particular time of year;

Source: compiled by the authors

The relatively low probability of summer losses kept
the modelled probability around 5% for all identified
risk factors. However, the absence of a queen signifi-
cantly increased the probability of summer loss, increas-
ing the probability by a factor of about 54 compared to
families with intact mates. For families equipped with
mates, the probability of summer loss mortality hov-
ered around 0.2% under average conditions. Conversely,
families deprived of mates experienced a significantly
higher probability of summer mortality, as high as 3.2%.
Moreover, colony strength emerged as a key determi-
nant of summer survival: weaker colonies experienced
a staggering 25-fold increase in the probability of sum-
mer mortality compared to their stronger counterparts.
Notably, the size of colonies, both normal and resistant,
showed no significant differences in the probability of
summer mortality.

The effect of Varroa mite infestation on summer
losses requires close attention, as the model predicts
a gradual increase in summer mortality as mite levels
increase. Specifically, for every 2% increase in Varroa
mite infestation, the probability of summer mortality
increased by a factor of 2.37. Notably, the model pre-
dictions identify a summer loss probability of 0.93%
when Varroa mite infestation levels reach 30%, with
all other covariates remaining at average levels. These
results emphasise the complex interplay of factors af-
fecting colony health during the summer months. By
elucidating the subtle relationships between queen
status, bee family vigour, Varroa mite infestation and
summer losses, beekeepers can proactively implement
targeted management strategies to improve bee family
resilience and prevent the detrimental effects of these
risk factors. Through vigilant monitoring and adaptive
intervention, beekeepers can strive to maintain healthy

I - percentage of all bee families in Albania in a particular year

and thriving families, ensuring the long-term sustaina-
bility of bee populations in the face of changing envi-
ronmental challenges.

The number of colony losses increased markedly
during the winter months, especially when colonies
were managed by queens that had reached the year-
ling mark. This observation highlights the disturbing
trend that older queen mothers over a year old de-
velop a range of physiological disorders that have a
detrimental effect on colony development and overall
health. Research suggests that as queens age, they may
be prone to certain physiological abnormalities that
interfere with optimal colony function and sustaina-
bility. Indeed, the presence of older mothers correlates
with a cascade of adverse effects, including reduced
productivity and a propensity for smaller colony sizes,
both of which are often cited as precursors to colony
mortality. The complex relationship between queen
age and family health emphasises the key role that
queen viability plays in maintaining family dynamics
and longevity during the challenging winter season
(Bruckner et al., 2023).

The mechanisms underlying the detrimental effects
of older queen mothers on family health are multifac-
eted. Physiological changes associated with ageing can
compromise a queen’s ability to maintain reproductive
vigour and effectively regulate colony dynamics. As a
result, colonies headed by older queen mothers may
experience reduced brood production, reduced feeding
efficiency and increased susceptibility to environmental
stressors. Moreover, the link between queen senescence
and declining productivity highlights the complex social
dynamics within bee families. Worker bees rely heavily
on signals and pheromonal cues emitted by the queen to
coordinate their activities and maintain family cohesion.
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In the presence of an older queen, these regulatory
mechanisms may be disrupted, leading to suboptimal

colony functioning and increased vulnerability to unfa-
vourable environmental conditions (Table 3).

Table 3. Review of the results of univariate analyses of factors associated with summer and winter losses

Parameter Modifying factor Summer losses Winter losses
. Nosemite parasite -
Summer diseases -
Varroa mite T
Nosemite parasite -
Winter diseases Varroa mite 1
T
Spring nest colony - l
Migrating colony - -
Summer-weakened colony T -
L Winter-weakened colony - T
Bee colony characteristics -
Non-summer-active queen T -
Non-winter-active queen - T
Old-at-summer queen T T
Old-at-winter queen T T

Note: “1” - defines a marked increase in the probability of colony loss when the factor is applied; “l” - defines a

“ 9

significant decrease in the probability of colony loss;
Source: compiled by the authors

The bee families surveyed in Albania remained
healthy throughout the study period. Visible clinical
symptoms of only two diseases were observed in about
12.8% of apiaries. Varroosis became the predominant
disease, consistently occurring in families and correlat-
ing with losses in both summer and winter. The causes
of colony losses in late summer and winter appeared to
be similar, often related to the general weakness of each
colony.Varroosis was one and a half times more frequent
in late summer and autumn than in spring. Nosemosis
was recorded in 15,120 colonies from different apiaries
and confirmed by laboratory analyses at the Laboratory
of Wild Animals and Bees at the Agricultural University
of Tirana. Its clinical prevalence varied from 3% in au-
tumn to 5% in summer and spring. During visits, dead
bees were found in front of the colony, as well as signs of
diarrhoea. The queen is one of the most important fac-
tors in assessing the probability of loss in both summer

- indicates a negligible effect on the probability of colony loss

and winter. A colony has a higher risk of summer loss if it
is left without a queen in July. This indicates that the tim-
ing of queen replacement is a very sensitive phase in col-
ony development. Loss of a queen during mating flight or
hive manipulation, failed mating, introduction of a weak
or sick queen and rejection of the new queen by worker
bees are some of the problems faced by beekeepers.

When analysing the table of family losses by cause,
it is evident that Varroatosis appears to be the main
culprit, highlighting its widespread impact on bee fam-
ilies (Table 4). The ubiquitous presence of Varroa mites,
clinically observed by vigilant beekeepers or veterinary
specialists during routine inspections, emphasises the
severity of the infestation. In addition, confirmation of
Varroa mite infestation through laboratory analyses
performed in local, regional, or national laboratories
confirms its role as a significant factor in bee mortality
in affected families.

Table 4. Percentage of bee family losses by cause of loss

Cause Number of dead bee  Number of bee families Number of bee families  Overall
families in 2021 lost per 2022 lost per 2023 values
Varroatosis 65% 69% 64% 66%
Nosematosis 20% 15% 21% 19%
Pesticides - - - -
Viruses (Wing deformation Virus (WDV)) 10% 10% 12% 10%
Bacterial diseases - - - -
Fungal diseases (A.scos.pher05|s and 2% 2% 2% 2%
Aspergillosis)
Other cauges (damagg from bears, traffic, 3% 49% 51% 3%
landslides, flooding, rainstorms)
Overall 100% 100% 100% 100%

Source: compiled by the authors
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In the study, researchers collected bee samples dur-
ing both the summer and autumn seasons to assess the
prevalence of Varroa mite infestation in families. In sum-
mer sampling, Varroa mites were detected in 61% of the
29,474 bee samples collected, indicating a high rate of
infestation. These rates varied considerably, from 0.5% to
an astounding 70.2%. As the season moved into autumn,
the presence of Varroa mites remained at similar levels,
with 65% of 43,037 bee samples containing these par-
asitic mites. The average infestation rate for this period
was 5.3%, showing a wider range of infestation levels,
from 0.9% to approximately 92.8%. Notably, the highest
recorded infestation level of 92.8% was recorded in an
apiary heavily affected by Varroa infestation, where the
average autumn infestation level reached 22.7%.

The discovery that half of the colonies had already
died of Varroa infestation at the time of sampling and
most of the remaining colonies suffered the same fate
in the following months was of great concern. This
grim reality emphasises the detrimental impact of Var-
roa mites on honey bee families. It is important to note
that the absence of Varroa mites in a sample does not
necessarily guarantee the absence of infestation with-
in a family. Nevertheless, detailed analysis revealed a
clear correlation between the presence of Varroa mites
and colonies diagnosed with varroosis. Colonies affect-
ed by Varroa mites had six times higher rates of Var-
roa infestation than colonies without a diagnosis. For
instance, during summer sampling, families without
varroosis had an average infection rate of 18.4%, while
families diagnosed with varroosis had a much higher
rate of 22.5%. Similarly, during autumn sampling, fam-
ilies without varroosis had an average infection rate of
20.1%, in stark contrast to the 34.6% rate observed in
families diagnosed with varroosis. These results em-
phasise the urgent need for effective strategies to con-
trol Varroa mite infestations and mitigate their devas-
tating effects on honey bee populations.

The presence of Nosema disease is a complex prob-
lem in beekeeping. Clinical prevalence ranged from 0.1%
in autumn to 1.3% in both summer and spring, showing
no significant differences between the four visits. Bee
inspectors documented various symptoms including bee
deaths in front of the family (469 cases), signs of diar-
rhoea (6,983 cases), bee deaths combined with diarrhoea
(996 cases) and non-flying bees near the family (1,352
cases). Analysis was carried out on 2,947 cases using
dead bees as matrix and 7,251 samples included faecal
samples.Among these samples, 5,728 were infested with
Nosematosis. However, the presence of Varroa mites in
almost all cases makes it difficult to determine the pri-
mary cause of bee mortality. This coincidence blurs the
distinction between Varroa and Nosema, emphasising the
interrelated nature of bee health problems.

The lack of diagnostic tools for viral diseases in Al-
bania is a particular problem. Diagnosis, especially of
wing deformity virus-WDV, is based solely on visible
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clinical signs. Unfortunately, the lack of diagnostic fa-
cilities limits a comprehensive understanding of viral
diseases affecting bee families, resulting in many vi-
ral pathogens remaining undiagnosed and their im-
pact underestimated. Although pesticides and bacterial
diseases have deleterious effects on bee populations,
their effects are different in nature. Unlike Varroatosis
and Nosema, which can wipe out entire families, pes-
ticide exposure and bacterial infections usually result
in reduced bee numbers and productivity rather than
total mortality. Consequently, they are not listed in the
loss table, although their impact on colony health and
productivity should not be overlooked. The complex na-
ture of bee losses emphasises the complexities of bee-
keeping and the challenges associated with maintain-
ing healthy and thriving families. Effective mitigation
strategies require a holistic approach that considers the
interactions of Varroa mites, Nosema, viral pathogens,
pesticides, and bacterial infections, protecting bee pop-
ulations and preserving their vital role in both ecosys-
tems and agricultural systems.

DISCUSSION

The results of the present study emphasise the impor-
tance of winter as a critical season for colony mortality
in Albania. In the study, 73% of all family losses occurred
during winter. This trend mirrors observations in other
European countries. A study conducted by V.R. Olate-
Olave et al. (2021), in Norway, found a comparable ra-
tio of losses between summer and winter, with 75.3%
of losses occurring in winter 2020/2023 and 22.7%
in summer 2020. An extensive study by E. Alonso-
Prados et al. (2020), which examined summer and winter
losses in 17 European countries, confirmed these find-
ings, emphasising the highest loss rates in the winter
season. However, in southern European countries, as well
as in studies conducted by L. Insolia et al. (2022), in the
USA, reported similar rates of loss for both winter and
summer seasons. These differences suggest that the rel-
ative importance of winter and summer mortality varies
by country and climatic region. Potential factors contrib-
uting to these differences include, among others, differ-
ences in land use practices, pesticide application rates,
bee family dynamics and beekeeping methodologies.
Extensive beekeeping experience significantly re-
duces the probability of winter losses of bee families, as
evidenced by many years of experience (Dvykaliuk et al.,
2023).A study by S.More et al.(2021) found a remarkable
positive correlation between beekeeper age and winter
losses.Surprisingly, their data set showed that the highest
winter losses occurred among apiaries managed by older
beekeepers with limited families and minimal beekeep-
ing experience. Conversely, the study by the researchers
showed that beekeepers with more experience, i.e. older
beekeepers, tended to control more bee families com-
pared to novice beekeepers. Possession of a significant
number of colonies often reflects an increased level of
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professionalism. Consequently, the results of both stud-
ies emphasise that European beekeepers with a high
level of professionalism, demonstrated by managing nu-
merous bee families and having extensive experience,
suffered fewer losses than their colleagues with a lower
level of professionalism. In the present study, additional
factors such as apiary and enterprise size and a higher
level of beekeeping education were considered when
assessing professionalism. However, these factors either
showed no correlation with losses or failed to increase
the explanatory power of the model, hence excluding
them from the multivariate analysis. The number of bee
families managed by beekeepers often matches their
goals and significantly determines their management
approach. As stated by K.P. Hester et al. (2023), these dif-
ferences may explain seasonal differences in family loss-
es among different types of beekeepers. Similar trends
have been observed in both domestic and international
studies. Homestead beekeepers consistently had higher
winter losses than their commercial counterparts, except
for the 2021-2022 period.

A.Leska et al.(2021) add that many commercial bee-
keepers rely on their bee families as a source of income
and therefore prioritise strong families at the beginning
of the brood-rearing season to ensure efficient pollina-
tion services in the spring. These beekeepers are more in-
clined to use chemical control agents such as acaricides
to control the critical biotic risk factor Varroa. This proac-
tive approach potentially reduces the risk of winter mor-
tality associated with parasite pressure; an idea echoed
in recent studies. Interestingly, beekeepers unanimous-
ly identified Varroa as the main cause of winter losses
across all three years of the study, regardless of the type
of operation. This suggests that homestead beekeepers
are also aware of the risks of Varroa, but their hesitancy to
use synthetic acaricides and the timing of treatment may
affect the effectiveness of their management strategies.
In contrast, commercial beekeepers suffered significantly
higher family losses in summer compared to other types
of beekeeping operations. While they diligently care for
their families in the autumn to ensure strong families in
the spring, the use of in-hive acaricides, which can pro-
mote the emergence of resistant Varroa mites, along with
exposure to agricultural chemicals, may explain the in-
creased summer losses. Losses during the brood-rearing
season are a concern and may be related to what bee-
keepers believe to be the main cause of summer losses -
“partner problems” (Kirimbayeva et al., 2023).

Studies by A. De Carolis et al. (2023) showed that
residues of chemicals used for Varroa control can ad-
versely affect the reproductive health and behaviour of
partners and potential partners. Large-scale beekeep-
ing operations, such as long-distance transport for pol-
lination services, may expose honeybees to significant
stress. However, previous results do not indicate a sig-
nificant negative relationship between these activities
and winter colony mortality rates. These activities likely
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that either such activities are not detrimental to the
family as a whole, or any negative effects are offset
by subsequent hive management practices. Future re-
search should examine the relationship between bee-
keepers’management activities and bee family losses to
improve recommendations for best management prac-
tices. Furthermore, following L. Barascou et al. (2023),
Polish beekeepers actively monitored and applied Var-
roa control practices and reported markedly lower rates
of bee family mortality compared to their colleagues
who did not engage in such practices. This observation
echoes data from the United States, where the use of
barricades, especially amitraz, consistently showed a
positive correlation with reduced winter losses.

Similarly, a study conducted by N. Steinhauer
etal.(2021) in Luxembourg emphasised the importance
of preventive treatment of Varroa, highlighting the effi-
cacy of timely treatment given during both summer and
winter seasons. This strategic approach was associated
with a marked reduction in colony loss. Similarly, study
by K. Naharki and S. Regmi (2020), in Canada highlight-
ed the significant impact of Varroa infestation on bee
health: approximately 79% of winter family mortality
was associated with the presence of Varroa mites. These
collective results confirm the crucial role of Varroa con-
trol measures in mitigating bee family losses in differ-
ent geographical regions. By actively controlling and
applying effective Varroa control strategies, Albanian
beekeepers can increase the resilience of their families
and contribute to the overall health and sustainability
of bee populations.

To mitigate losses and increase the resilience of
bee families, M. Stankovic et al. (2023) recommend sev-
eral preventive measures. Firstly, improving the genetic
quality of mothers is of paramount importance. Select-
ing and breeding mothers with desirable characteris-
tics can enhance colony health and productivity over
subsequent generations. In addition, efforts to reduce
the occurrence of laying workers or laying mothers are
critical. The presence of such individuals can disrupt
colony dynamics and jeopardise overall hive produc-
tivity. Controlling Africanisation by replacing European
queens is another strategy to mitigate losses. By intro-
ducing European queens into hives prone to Africanisa-
tion, beekeepers can help maintain the desired genetic
and temperament traits in their families (Salyuk, 2023).

As noted by N. Capela et al. (2023), minimising pes-
ticide exposure is critical to protecting bee health. This
can be achieved by working with farmers to coordinate
pesticide application schedules and selecting strategic
locations for apiaries that reduce the risks of pesticide
exposure. Moreover, it is vital to improve the diagnosis
and control of varroosis and other diseases and pests.
Regular monitoring, timely intervention and the use
of effective treatment protocols can help mitigate the
detrimental effects of disease outbreaks and pest infes-
tations (Kotacz et al., 2023).




At the national level, it is critical to promote edu-
cational initiatives and training resources for beekeep-
ers. R. Bava et al. (2023) add that providing accessible
and comprehensive educational materials can provide
beekeepers with the knowledge and skills necessary
to identify potential threats to bee family health, take
preventive measures and respond effectively to prob-
lems as they arise. By fostering a culture of continu-
ous learning and equipping beekeepers with the tools
and knowledge necessary to address the multifaceted
challenges faced by bee populations, a sustainable and
productive beekeeping industry can be worked towards.

CONCLUSIONS

A study conducted between 2021 and 2023 in Albania
has revealed serious problems related to the loss of bee
families caused by various factors. Through careful data
collection involving 15,493 beekeepers, the main fac-
tors causing bee family deaths at different times of the
year were observed.

One of the main causes of bee family death is Var-
roatosis, caused by parasitic Varroa mites. This disease
causes bees to become emaciated and reduce their
ability to reproduce, eventually leading to colony col-
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caused by various factors such as lack of a queen, low
numbers or an ageing queen. Weak families are more
susceptible to disease and more likely to die. Inter-
estingly, bee family losses are higher in the winter
months than in summer, which is explained by the fact
that bees are dormant in winter and less able to resist
diseases and stresses. On average, winter losses were
20%, while summer losses were only 5%. Thus, the
study showed that the loss of bee families in Albania
is a serious problem and measures are needed to con-
trol Varroatosis, Nosema and other factors threatening
beekeeping in the region.

Further research on bee family loss in Albania
should focus on several key aspects, including genetic
resistance of bees, development of new parasite control
methods, study of environmental factors, development
of sustainable beekeeping practices, education and
public awareness, and establishment of a monitoring
and information exchange system among stakeholders.
These efforts will contribute significantly to the conser-
vation of beekeeping in the region, ensuring the sus-
tainability of ecosystems and agricultural production in
Albania and beyond.

97

lapse. In addition, Nosematosis caused by microscopic ACKNOWLEDGEMENTS
parasitic protozoa is also a significant cause of bee  None.
family loss. Symptoms of Nosema include diarrhoea
and weight loss of the bees, leading to exhaustion and CONFLICT OF INTEREST
death. The third cause of bee family loss is weakness, None.
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AHoTauif. AKTYanbHICTb LOCNIAKEHHS 3yMOB/IEHA CKOPOUYEHHAM YMUCENbHOCTI 64KONUHMX CiMelt B AnBaHii, 0CKinbKu
HeobXiAHICTb PO3YMiHHA AMHAMIKM BTpaTM BmKonocimMer Ta GakTopis, WO ii CNPUYMHSAIOTb, MA€E NepLIOYEproBe
3HaYeHHs. MeTor [OCNigKEeHHS Oyno KOMMIEeKCHEe BMBYEHHS MOLWMWMPEHOCTI Ta OCHOBHMX MpPUYMH 3arunbeni
6okonociMer, nNpuaingtoumM ocobnvBy yBary 3apaxkKeHHw Khiwem Varroa, HO3eMaTo3y, BipyCHMM naToreHam,
nectuunpam Ta HaktepianbHuM iHdekuisaMm. BukopucToBytoun MeTon cTpaTudikoBaHOi BMOIpKM, Y AOCHIMKEHHI
B39/M yyacTb 15 493 6oxonapi pisHoro Biky Ta focsigy. [Ins 360py AaHWX Npo BTPaTh 64XK0NUHUX CiMeW, NPaKTUKK
ynpaBniHHS Ta GaKTOPU HABKOMMILUHBOrO CEPefOBUMLLA, L0 BNAMBAKOTL HA 340POB’A 64XiN, BUKOPUCTOBYBANMUCS 5K
€N1eKTPOHHI, TaK i 0cobucTi onutyBaHHs. KpiM TOro, NporpaMm MOHITOPUHTY L03BOSIMAN AETANbHO OLIHWTK CTaH
300pOB’St 6AXONMHUX CiMel Ta YMOBM HABKOMLLIHbOMO CEPELOBMILA HA Nacili, HAAABLUM LiHHY iHPOopMaLio npo
YyacoBi TeHAeHLUIi Ta 3aKoHOMipHOCTi. OTpMMaHi AaHi CBiAYaTb NPO TPMBOXHI TEMMNK 3apaXKeHHs KhiweMm Varroa,
MOLUMPEHICTb HO3EMATO3Y Ta CKIAAHY B3aEMOLi0 (GAKTOpIB, WO NPU3BOAATb A0 BTPATH b6axonocimeit, 0cobaneo B
NiTHI Ta 3uMoBI Micaui. Hanpuknag, kniw, Varroa 6ys Buasnexnuiny 61 % 3 29,474 3paskis 64xin, BigibpaHux nig vac
NiTHbOrO Bifbopy Npob, 3 nokasHmkamu Bia 0,5 % no 70,2 %. AHanoriuHo, nig Yac ociHHboro Biabopy 65 % 3 43,037
3paskiB 64xin Mictunu kniwis Varroa, a cepefiHin piBeHb 3apaXKeHHs CTaHoBMB 5,3 %. KpiM Toro, Ho3emMaTo3 Takox
€ CKNagHOoK NpobiemMoto, OCKiNbKM MOro KiHiYHa nowmpeHicTb konmnBaeTbes Bif 0,1 % BoceHun oo 1,3 % BniTky Ta
HaBecHi. Lli knto4oBi umMdpu nigkpecnoTb HaranbHy NoTpedy B po3pobLi ePeKkTUBHUX CTPATErii AN 3MEHLUEHHS
3apaxeHHs KniweMm Varroa Ta HO3eMaTo3y, TUM CaMUM MNiATPUMYHOUM nonynauii 64Kin Ta 340pOB’S eKOCUCTEMM.
Pe3ynbTati LOCNIOKEHHS € LiIHHMM BHECKOM B YNPaB/iHHA B4KINBHULTBOM Ta pO3po6Ky NOAITUKK, NiAKPECToUM
BKMBICTb LiNICHMX NiAXOAIB A0 NIATPUMKM 30,0POB’S Ta CTIMKOCTI 64Kin B AnbaHii
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number of crab traps used, and the duration of the farming period. This research represents the first study on the
quality of farmed crab in the Mekong Delta, Vietnam. Therefore, these findings provide guidelines for improving the
quality of farmed crab and serve as a foundation for further research in this field

Keywords: decision to catch crabs; Mekong Delta; mud crab quality; farming

INTRODUCTION

The total output of farmed mud crabs in the Mekong
Delta in 2020 was 67 thousand tons, an increase of 19%
compared to 2015 (Directorate of Fisheries, 2020). Con-
verting the specialized shrimp farming model into ex-
tensive crab farming initially brings high profits. On av-
erage, each farmer earns 30 million VND/hectare/crab
crop (Long, 2019). In addition to the rapid growth in
output and profits for mud crab farmers, the mud crab
industry faces many difficulties in consumption as well
as stable development. The rapid and unstable devel-
opment has caused current difficulties for the mud crab
industry such as a lack of specific farming area planning
for mud crabs, unquarantined breeds, and lack of co-
operation between entities, the undeveloped mud crab
brand, lack of a set of standards in the production stage,
inconsistent mud crab quality, slow transportation and
long waiting time, and lack of product diversity for con-
sumers. These reasons caused unstable development
of mud crab products in recent years and the products
have not been exported to international markets.

T. Trang and N. Toan (2020) and A. Coronado
Mondragon et al. (2021) believe that product quality
contributes to the expansion of competitive advan-
tage while products are designed and manufactured to
achieve customer requirements related to high product
performance. D. Love et al. (2021) believe that there are
many product features used to evaluate the quality of
that product. Among them, the most common attributes
are technical, practical, aesthetic, economic, ergonomic,
ecological, and logistical factors. Fishery quality refers
to the objective or subjective value attributed to one
or all of the four identified qualitative characteristics.
The quality of aquatic products directly influences the
revenues of crab farmers and affects the economic chain.
Quality can include four characteristics: nutrition, safety,
function, and sensory attributes, depending on the type
of seafood. Assessing the quality of aquatic products will
involve product research, experience, beliefs, and oth-
er attributes. Li et al. (2018) suggest that, in particular,
product research is done before purchasing (price, colour,
size), experience is evaluated after the process of pur-
chasing and consuming the product (smell, taste), beliefs
are related to food safety (being free from chemical or
microbiological contamination) and other attributes can-
not be observed both before and after consumption such
as production method or place of production (Stadtler,
et al, 2015; Booncharoen & Anal, 2021).

N. Mangun et al. (2021) define that quality stand-
ards include all activities and measures to ensure that

products are delivered to consumers with the best
quality and that the products have the maximum sat-
isfaction of consumer needs at the lowest cost. Analy-
sis of product quality standards must also be performed
throughout the product life cycle from production and
distribution to product consumption. However, T. Phong
et al. (2021) determined that product quality for mud
crab products depends largely on the production stage.
In addition, analysing mud crab quality is to manage the
following quality attributes: (1) nutritional quality; (2)
sensory quality (colour, flexibility, size) and eating quali-
ty (fatness, sweetness); (3) product quality (tying quality,
shipping quality, aesthetic quality); (4) food hygiene and
safety quality (soil environment, water, air; aquatic chem-
icals; storage and sale); (5) preservation quality; and (6)
seed quality. Furthermore, mud crab is a commodity
whose meat needs to be fresh, and the quality of mud
crab is greatly affected by the farming process of farmers.
This is also the biggest barrier that makes the mud crab
industry develop slowly (Samah & Kamaruddin, 2015).

Given the current status of mud crab production by
farmers in the Mekong Delta and the context of inter-
national economic integration, the Mekong Delta region
requires practical and effective solutions to enhance
quality and satisfy consumer requirements related to
competitive prices and help develop the mud crab indus-
try in the Mekong Delta sustainably. The study aims to
establish theoretical foundations and demonstrate the
logical methodology of determining factors influencing
the quality of farmed mud crabs among crab farmers in
the Mekong Delta, Vietnam. The hypotheses of this study
posit the existence of relationships between factors such
as experience, training, number of harvests, decision to
catch crabs Y4; the number of crab traps; the farming
time of crabs; pond renovation and breeds.

MATERIALS AND METHODS

Following Binh Dien Wholesale Market (2020), the mud
crab market in Vietnam is regulated by a set of crite-
ria, such as type, size, and quality of mud crabs. Crab
parts are divided into 3 main types per crab: meat crabs
(male or female crabs without crab roe over 180g), grav-
id crabs (female crabs with roe over 200g) and mixed
crabs (crabs with missing claws, sticks or soft shells).
However, each type of crab is different based on size
and gender and thus the market divides mud crabs into
4 types. The 3 types of which meet quality standards
(Y1 crab, Y4 crab, gravid crab) and 1 type does not meet
standards about quality (mixed crab).
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Table 1. Criteria for classifying mud crabs in the Mekong Delta

No. Crab type Description Size Quality
Y crab is a male crab or meaty All intact parts intact, no dirt or parasites
1 Y1 crab (meat crab) crab, with big claws and a long >270g/crab clinging to the crab, good reflexes, and more

Y-shaped apron

than 70% flesh in the body

Y crab is a male crab or meaty
crab, with big claws and a long
Y-shaped apron

2 Y4 crab (meat crab)

All intact crab parts, no dirt or parasites
clinging to the crab, good reflexes, and more
than 70% flesh in the body

180-265 g/crab

All intact crab parts, no dirt or parasites

3 Gravid crab Female crab carries crab roe >200g/crab clinging to crab, good reflexes, and dark
yellow roe
The type of meaty crab only has
4 mixed crab one claw or has a broken stick, No dirt or parasites clinging to crab, and good

the shell is soft, and the meat in
the crab body is low

reflexes

Source: compiled by the authors based on the Binh Dien Wholesale Market (2018)

Sampling. The study selected three provinces with
the largest mud crab output using multi-stage probabil-
ity sampling based on the criteria of mud crab output of
provinces in the Mekong Delta in 2020 after the covid 19
pandemic, mainly Kien Giang, Ca Mau and Bac Lieu. From
the distribution structure of mud crab production in dis-
tricts in three provinces, the study selected three districts
from each province. Three communes were selected from
each district, and three hamlets were selected from each
commune according to the criteria of greatest output to
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Figure 1. Map of survey locations
Note: red is the survey area of mud crab farmers (Kien Giang, Ca Mau and Bac Lieu)

Source: compiled by the authors

Therefore, based on consultation with experts and
previous studies by T. Trang and N.Toan (2020) the de-
pendent variable is calculated via a scale (%) that is
equal to the total output of bucket crabs (poor quali-
ty crabs)/(total output of all types of crabs). In detail,
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“unqualified bucket crabs” are defined as crabs with
defective appendages, soft shells,and not meeting the
meat and size ratio. The independent variables are in-
terpreted for meanings and the scale is explained in
Table 2.
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Table 2. Factors in the production stage influencing the mud crab quality

Independent variable Symbol Explanation Expectation
Quality Y The output of bucket crabs/ Total output of crabs (%)
Experience X4 The number of crab farming years of head of household
Participation in training classes in mud crab farming. A dummy +
Training X2 variable (receiving the value 1 in the case of participating in
training and otherwise, receiving the value 0)
Number of harvests X3 Total times of harvests in a crop (time/crop)
The decision to catch X Catching Y4 crabs (receiving the value 1 in the case of catching
crabs Y4 * the Y4 crabs and otherwise, receiving the value 0)
The number of crab traps Xs The number of crab traps (trap/1000m?2).
The farrcr;;nbgs time of Xe The number of months in a crab farming crop (month/crop). +
. Pond renovation (receiving the value 1 in the case of having
Pond renovation X7 . - L +
pond renovation and otherwise, receiving the value 0.
Breeds X Breed quarantine (receiving the value 1 in the case of having +

breed quarantine and otherwise, receiving the value 0)

Note: expectation + affects in the same direction as variable Y; - opposite effect on variable Y

Source: compiled by the authors

The sample size of the production stage of mud
crab farmers is determined to satisfy the minimum
sample size in the sample size calculation formula

based on (Yamane, 1967) as follows:
N

n= (1+N*e2) ’

1)

where n is the minimum number of households that
need to be surveyed and N is the number of households
raising crabs in the research areas. Following the Direc-
torate of Fisheries (2020) of the three provinces of Kien
Giang, Bac Lieu and Ca Mau, the total number of house-
holds farming mud crabs (N) is 225,167 households. € is
the sampling error, and according to (Subong & Beldia,
2005), € is 6% (Nam, 2008)

Therefore, according to the formula, the minimum
sample number is:

225.167

n= = 277 household. (2)

However, to ensure high representativeness, 304
mud crab farmers in the three provinces of Kien Giang,
Bac Lieu and Ca Mau were interviewed using face-to-
face methods and structured questionnaires. All sea
farmers provided participation agreements. Research
model. A multivariate linear regression model is em-
ployed to study the linear relationship between in-
dependent factors (independent variables) Xi and a
certain factor Y (dependent variable). In particular, Xi
affects Y and Y is considered a factor that is dependent
on Xi. “The goal of regression analysis is to identify a
relationship via a mathematical model that best rep-
resents the relationship between X and Y” The linear
regression model is as follows:

Y=Bo+ B Xy + B2 Xy + o+ Bu X, (3)

where Y is a dependent variable that describes the
quality of mud crabs in the production stage. Mean-
while, mud crab quality is applied based on the gen-
eral standards of the seafood industry, which is fresh
seafood. When circulating in the market, it must ensure
compliance with national standards per food hygiene
and safety, chemical residues, and antibiotics (Ministry
of Science and Technology, 2016). It is based on a set of
criteria including type, size, and quality of mud crabs,
as well as gender, the market divides mud crabs into 4
types. The 3 types of which meet quality standards (Y1,
Y4, fat crab) and 1 type does not meet quality standards
(bucket crab).

RESULTS AND DISCUSSION

Mud crab farming area in the Mekong Delta. In 2016,
the mud crab farming area of the Mekong Delta in-
creased by 50% compared to 2012 and the mud crab
farming area in this region has been stabilizing from
2016 to 2020 (Table 3). In 2020, the mud crab farm-
ing area of the whole Mekong Delta region was nearly
465 thousand hectares. Three provinces of Kien Giang,
Ca Mau and Bac Lieu had the highest mud crab farm-
ing area in the region, the leading province was Ca
Mau province with a total area of nearly 277 thousand
hectares, followed by Kien Giang and Bac Lieu with an
area of 73 thousand hectares. In recent years, due to
high profits from the combined crab farming models,
substantial investments in the expansion of their crab
farming area and switching to mud crabs were made
(Table 3).
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Table 3. Mud crab farming area in some provinces in the Mekong Delta in the period of 2016-2020

No. Province 2016 2017 2018 2019 2020
11 Ca Mau 273,237 271,185 273,463 276,377 276,935
22 Kien Giang 58,755 64,284 64,357 65,544 73,245
33 Bac Lieu 111,929 111,213 98,320 87,213 72,962
44 Ben Tre 26,800 26,976 27,212 27,762 28,654
55 Tra Vinh 10,554 10,987 11,324 12,764 13,000
66 Soc Trang 372 350 142 135 160
Total 481,647 484,995 474,818 469,795 464,956

Note: metric unit: Hectare
Source: Agricultural Extension Center (2019)

Mud crab output in the Mekong Delta. From 2016
to 2020, farms of mud crabs in the Mekong Delta
were regarded as important crab farms in Vietnam
(Table 4). Mud crab production accounted for 73%
of the country’s total crab production. In 2020, the
whole region reached 68 thousand tons, an increase
of nearly 8.2% of the total output within 5 years. Be-
sides, the average output of mud crabs in 2016 was
143 kg/hectare and in 2020 was 146 kg/hectare. This

determines that the average output of mud crabs
was very low. The reason for this was the household’s
lack of mud crab farming knowledge, which was the
object that was raised with forms such as extensive
form, improved extensive form, polyculture with
shrimp and raised in mangroves. Provinces such as
Kien Giang, Ca Mau and Bac Lieu have the highest
production, accounting for 80% of the total produc-
tion in the Mekong Delta.

Table 4. Total production of mud crabs in some provinces in the Mekong Delta in the period of 2016-2020

No. Province 2016 2017 2018 2019 2020
1 Kien Giang 17,675 16,790 17,347 18,759 20,305
2 Ca Mau 17,414 20,086 21,993 22,177 24,027
3 Bac Lieu 14,675 15,792 14,748 12,733 10,214
4 Tra Vinh 8,000 8,130 7,360 7913 8,100
5 Ben Tre 4,820 4,801 4,898 4,664 5,157
6 Soc Trang 203 190 150 150 165

Total 62,787 65,789 66,496 66,396 67,968

Note: metric unit: tons
Source: Agricultural Extension Center (2019)

The opinion of H. Dat (2007) on mud crab farming
season in the Mekong Delta. The time of raising mud
crabs from stocking to harvesting is approximately
3.5-5 months. When crabs reach a weight of over 250
grams/crab, they can be harvested gradually.

Therefore, mud crabs can be raised three times
a year. In Kien Giang province, crab farming lasts an
average of 8 months, mud crab farmers stock from
mid-November and harvest from March to July next
year (Fig. 2).

Month

(solar calendar) 110 | 111 | 112 11 22

33 44 55 66 77 88 99

Kien Giang Stqcking Haryesting ‘
Ca Mau Sto;king Haryesting ‘
Bac Lieu Stocking ‘ Harvesting

Figure 2. Crab farming season in the Mekong Delta

Source: compiled by the authors

Crab farming season in Ca Mau province lasts 11
months and mud crab farmers stock from mid-October
and start harvesting from March to September next year.
Ca Mau is a province with a year-round crab-shrimp
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farming model. In Bac Lieu province, the farming sea-
son lasts an average of 8 months, mud crab farmers
start stocking from early December to April next year,
and harvest from April to August. In Ca Mau province,




the average crab farming time is 10 months, which is
much higher than in Kien Giang and Bac Lieu provinces.
Most mud crabs are harvested from March to July, with
gradual crab price decrease due to the quantity being
higher than the demand. However, in the remaining
months of the year, crab harvest levels are very low and
thus the price of crabs is often high, peaking in October
to December (Fig. 2).

Technical information on crab farming model in the
Mekong Delta. The average crab farming area of a house-
hold is 2.5 hectares/household. There is a high differ-
ence between the lowest household having an area
of 0.2 hectares/household and the highest household
having an area of 11 hectares/household. Farming ar-
eas and farming ponds are also important factors influ-
encing household costs and, thus, the study will focus
on analysing these two aspects. The average width of
the crab farming ditch is 3.5 meters, the lowest width
is only 1 meter, and the highest width is 12 meters. The
average depth of the crab farming ditch of extensive
farming households in the Mekong Delta is 1.1 meters.
The average farming time per crop is from 8 months to
9 months. Because the crab farming model combines
shrimp farming and has intercropping with rice farming,
there are areas where the farming time is only 6 months,
but there are also areas where the farming time lasts 12
months. For the origin of seed crabs, about 90.9% of seed

Le Ngoc et al.

crabs are not quarantined and only 9.1% of seed crabs
are quarantined when farming. Mud crab seed sources
purchased by households are mainly produced in the
Mekong Delta provinces. Kien Giang and Ca Mau prov-
inces have the largest number of crab seed farms.

For seed size, this is an extensive farming model
and thus crab seeds are released many times during
the farming season, on average 4 to 5 times/crop. The
breed size that farmers choose to release most is pep-
per crabs, accounting for 78.9% and only 21.1% of wa-
termelon crabs. The average density of mud crab farm-
ing via survey results is 0.3 crabs/square meter (m?).
However, there is a high difference between house-
holds with the lowest density of 0.03 crabs/m? and the
highest density of 25 crabs/m? while the most suitable
farming density for mud crabs, according to the recom-
mendations of the Department of Agriculture and Rural
Development is 0.05 crabs/m? Depending on the pond
depth and conditions of farmers in terms of production
capital, fuel for production, water supply and change
systems, shrimp can be raised at a higher density than
the recommended density. Meanwhile, the average den-
sity of shrimp in polyculture with crabs is 2 shrimps/m?,
while the density of extensive shrimp farming in poly-
culture with crabs is 1 shrimp/m?, according to recom-
mendations of the Department of Agriculture and Rural
Development (Table 5)

Table 5. Technical information on the crab and shrimp model in the Mekong Delta

No. Criteria Metric unit Mean Min Max Standard deviation
1 Pond area 1,000m? 25.7 2.0 110.0 16.5
2 Width of farming ditch meter 35 1.0 12.0 14
3 Depth of farming ditch meter 11 0.5 2.0 0.2
4 Farming time/crop month 8.8 6.0 12 2.3
5 Seed source %

Traders % 93.0
Hatchery % 6.0
Catching % 1.0
Having quarantine % 9.1
No quarantine % 90.9
6 Seed size
Pepper crab 2.18 mm 789
Watermelon crab 3.2 mm 21.1
7 Density of releasing crabs crab/m? 0.3 0.004 4.0 0.4
8 The numbe;gfbtsi;rcwfspof releasing time 4.9 10 24 42
The gap from the last time of
9 releasing crabs to the last time of month 3.0 1.0 6.0 2.5
harvesting the crabs

1o The mumber of times of releasing e 56 10 2 41
11 Density of releasing shrimps shrimp/m? 1.8 0.03 25.0 2.6
12 Developing seed again before

releasing
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Table 5. Continued

No. Criteria Metric unit Mean Min Max Standard deviation
Having developing seed % 14.0
No development of seed % 86.0

13 Distance from pond to main road km 1.1 0.3 30.0

Source: compiled by the authors

Due to the nature of the extensive farming model
and the aspect of releasing crabs many times in one
crop, the size of crabs in the pond is not uniform. There-
fore, according to the recommendation of the Agricul-
tural Extension Center (2019), households should de-
velop the crabs within 15 days after catching crabs and
before releasing them into ponds. However, only 14%
of the total surveyed households develop crabs be-
fore releasing them into ponds, the remaining 86% of
households release crab seeds directly into ponds. The
average distance from the farming pond to the selling
place is 1.1 km and the highest distance is up to 30
kilometres (km), with a fairly large standard deviation
of 2.3 km. Distance from locations of crab ponds rela-
tive to water sources (rivers, canals) and roads are also
important factors influencing the efficiency and con-
venience in the process of transporting crab seeds and
harvesting crabs, and water quality (Kha, 2018)

N. Mangun et al. (2021) believe that the pond ren-
ovation process is substantial. The process of renovat-
ing extensive crab farming ponds in the Mekong Del-
ta greatly influences the quality of mud crabs raised
in the region. If the pond renovation is done well, a
substantial number of natural foods in the mud crab
farming ponds will be available, and mud crabs will
not attack each other and quickly grow to have crab
roe. This will increase the quality of mud crabs in the
Mekong Delta at the production stage (Kamaruddin &
Baharuddin, 2015). Furthermore, the survey results
demonstrated that the household pond renovation pro-
cess was relatively simple. As a result, only 125 house-
holds pumped water out of ponds, with an average
pumping time of only 1.7 hours/1,000m?/crop. There

were still households pumping with a very low time of
0.02 hours/1,000m?/crop. These were households that
took advantage of the receding tide to release water
and thus the amount of water left in the pond was mi-
niscule. For the time of pumping water after renovating
the ponds, there were 160 households pumping water
out of the ponds in the total number of surveyed house-
holds of 308.The remaining households took advantage
of the rising tide to get water into the ponds. The av-
erage time to pump water was 1.6 hours/1,000m?/crop,
which was similar to the time to pump water out of the
ponds, only pumping more after taking advantage of the
rising tide. Thus, the amount of fuel consumed for water
pumping was low, an average of 1.9 litres/1,000m2/crop.
Good water pumping time management and the num-
ber of pumping cycles will limit environmental contam-
ination in the ponds, thereby ensuring the quality of
mud crab products produced.

The extensive crab farming model with trash fish
in the ponds was harmful to seed crabs, as it reduced
the survival rate, causing high seed costs and low crab
output. Therefore, killing trash fish is a requirement in
the crab farming process. Currently, according to rec-
ommendations from the Department of Agriculture
and Rural Development, fish medicine or saponin can
be used for fish control, depending on high or low
salinity. As a result, 73% of mud crab farming house-
holds use fish medicine with an average weight of
0.6kg/1000 m?/crop. However, there is a high difference
between households in the region, with some using up
to 3.2 kg/1,000m?/crop. Almost 33% of crab farmers
use saponin for fish control with an average volume of
0.7 kg/1,000m?/crop (Table 6).

Table 6. Information on the pond renovation process of crab farming model in the Mekong Delta

No. Features Unit Observation (N) Mean Min Max 3:3?;?;:
1 The water pumping time out of the pond  Hour 125 1.7 0.02 8.0 14
2 The water pumping time into the pond Hour 160 1.6 0.07 10.1 1.4
3 Fuel quantity Litre 166 1.9 0.06 16.7 1.8
4 The amount of fish medicine Kg 221 0.6 0.003 3.2 0.4
5 The amount of saponin Kg 99 0.7 0.05 44 0.6
6 Limestone Kg 193 5.9 0.09 46.0 5.5
7 Calcium lime Kg 55 9.9 0.8 31.0 5.8
8 Dolomite Kg 14 59 0.20 20.0 5.8
9 Probiotics Kg 94 0.3 0.08 2.4 0.5

Note: metric unit: 1,000 m?/crop
Source: compiled by the authors
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Effectively limestone usage is a decisive factor in
the output of the extensive crab farming model in the
Mekong Delta.As a result, 63% of mud crab households
used limestone in the pond renovation process with
an amount of 5.9 kg/1,000m?/crop because the lime-
stone had an alum reduction feature and a bactericidal
feature. Thus, it is recommended to use limestone in
the pond renovation process. In addition, calcium lime
(CaC03) was used by 18% of crab farming households
with an amount of 9.9 kg/1,000m?/crop, and dolomite
lime (CaCO3 and MgCO-3) was used by 14 households,
with an amount of 5.9 kg/1,000m2/crop in both the
lime types, had the effect of increasing the pH and alka-
linity of water. In addition, 31% of mud crab farmers use
probiotics during their pond renovation process with
an average amount of 0.3 kg/1,000m?/crop to create a
beneficial microbiological environment in the water to
reduce pests caused by harmful microorganisms from
the environment to ensure the quality of farmed mud
crab meat.

Le Ngoc et al.

Care processes. Good crab care management in-
creases the rate of good-quality crabs and reduces the
bucket crab rate. Furthermore, the management pro-
cess of extensive crab and shrimp farming ponds in the
Mekong Delta determines the success as well as the
quality of the mud crab farming model. The survey re-
sults showed that 44% of mud crab farmers pumped
water into ponds, with the average number of pumping
times (12 times) and the average pumping time of only
5.1 hours/1,000m?/crop. Thus, on average, each time
the water pumping was 0.5 hours, this was consistent
with the natural reality in the surveyed provinces in
the Mekong Delta region. Each month farmers pumped
more water into ponds once a month when the tide was
high. However, there were still households that pumped
water for a long time, with 50 hours/1,000m?/crop be-
cause these households had unstable bank structures
and they could not keep the amount of water in the
ponds. The average quantity of fuel for water pumping
during care was 1.9 litres/1,000m2/crop (Table 7).

Table 7. Information on the care processes of the crab farming model in the Mekong Delta

No. Criteria Unit Observation (N) Mean Min Max 3:3?;?;:
1 The number of water pumping times time 134 12 1 121 18
2 The water pumping time into the pond hour 134 5.1 0.2 50 8.1
3 Fuel quantity litre 129 1.9 0.04 25 3
4 The amount of fish medicine kg 53 11 0.06 5.4 0.9
5 The amount of saponin kg 20 2.1 0.2 8.4 2.1
6 Algae remover medicine kg 31 0.2 0.02 1.1 0.2
7 Limestone kg 69 10 1.6 67.5 10
8 Calcium lime kg 30 29 1.2 169 40
9 Dolomite kg 15 435 44 200 52.7
10 Zeolite kg 55 51.7 11 402 85.1
11 Probiotics kg 64 0.8 0.02 7.5 1.4
12 The number of trash fish foods kg 39 24.7 0.13 142 28
13 The number of snail foods kg 29 44.7 3 267 63.7

Note: metric unit: 1,000m2/crop
Source: compiled by the authors

Survey results showed that only 17% of mud crab
farmers used fish medicine and 20 households used
saponin to kill impurities in the ponds with an aver-
age usage of 1.1 kg/1,000m?/crop. Limestone is used in
limited numbers. Only 69 mud crab farming households
used limestone with an average of 10 kg/1,000m?/crop,
10% of the households used calcium limestone with an
average amount of 29 kg/1,000m?/crop and 15 house-
holds used dolomite limestone with an average amount
of 43.5 kg/1,000m?/crop. Zeolite is recommended by the
Department of Agriculture and Rural Development to
be used in the farming process to help improve the wa-
ter environment and improve the bottom to create nat-
ural foods in extensive crab and shrimp farming ponds.

However, only 55 households used it with an amount of
51.7 kg/1,000m?/crop. Probiotics are also rarely used,
with 21% of the mud crab farming households using
0.8 kg/1,000 m?/crop. Foods in the pond are a factor
influencing the quality of mud crab products. If mud
crabs lack food, the proportion of bucket crabs increas-
es, thereby causing a reduction in the crab quality. Ac-
cording to survey results, the extensive crab and shrimp
farming process mainly took advantage of natural food
sources. However, when releasing mud crabs with high
density, natural foods are not sufficient, and farmers
also supplement foods for the crabs. The main foods
are trash fish, with 13% of farmers supplementing it
with an amount of 24.7 kg/1,000 m?/crop and 10% of
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farmers supplementing the snail food with an average
amount of 44.7 kg/1,000 m?/crop. The remaining farm-
ers mostly took advantage of natural food sources.
Classification criteria of mud crabs in the Mekong
Delta. There are 4 types of crabs in the Mekong Delta
based on the criteria used to evaluate the quality of
mud crab output at the production stage (such as size,
proportion of meat in the body, gender, dirt, parasites
clinging to crab, and reflexes). According to the crite-
ria for evaluating Y1 crabs in the Mekong Delta, crabs
were larger than 270g in size, did not lose appendages,
were free from dirt and parasites, had good reflexes and
had a meat percentage of over 70%.According to survey
results, the Y1 crab type in the Mekong Delta region
accounted for 35%, the highest type in the 4 types of
crabs. Y4 crabs were similar to Y1 crabs, which were

Bucket crabs
16%

Fat crabs
16%

meaty, but the size was smaller from 180 to 256 g and
accounted for 33% of the entire region. These two types
of crab meat accounted for 68% of mud crab output
throughout the supply chain. The fat crab was the type
of crab that is raised to collect crab roe and was clas-
sified according to the roe criteria of 200g or more and
must ensure that all parts were intact, free from dirt or
parasites, had good reflexes and had dark yellow roe.
This fat crab accounted for very low output, only 16%
of the total mud crab output in the entire supply chain,
while the type of fat crab had a very high economic val-
ue compared to other types of mud crabs. Lastly, bucket
crab accounted for a large rate of 16% of the total mud
crab output throughout the supply chain. Bucket crab
was the type of crab that was poor-quality and did not
meet the quality criteria of the above crabs (Fig. 3).

Y1 crabs
35%

Y4 crabs
33%

Figure 3. Classification of mud crabs based on criteria of mud crab quality assessment in the Mekong Delta

Source: compiled by the authors

Factors influencing mud crab quality in the produc-
tion stage in the Mekong Delta. Management of farm-
ing techniques will increase the quality of mud crabs in
the Mekong Delta, especially the rate of firm-shell crabs
and help reduce the rate of bucket crabs. Therefore, the
study used an ordinary least squares (OLS) regression
model to analyse factors influencing mud crab quality
at the production stage, thereby proposing solutions to

help mud crab farming households increase mud crab
quality. The dependent variable of the model was buck-
et crab output in total with harvested crab output (Y)
and 8 independent variables consisting of 1) the ex-
perience of crab farmers; 2) technical training; 3) the
number of harvests in the season; 4) the decision to
catch Y4 crab; 5) the number of crab traps; 6) the farm-
ing time; 7) pond renovation; and 8) breeds (Fig. 8).

Table 8. Factors influencing mud crab quality in the production stage in the Mekong Delta

. Estimated
Factors Metric unit coefficient Standard error
Dependent variable Bucket crab output (poor-quality crabs)/ (Total crab output)
Independent variable
Experience The number of years of farming crabs (year) -0.0017ns 0.0012
- (Receiving the value 1 in the case of participating in -0.0097"
Training training and otherwise, receiving the value 0) 0.016
The harvest times The number of harvest times in a crop (time/crop) -0.0009 0.001
The decision to catch Y4 crabs (Receiving the value 1 in the case of catching crabs and 0.0558" 0.016
otherwise, receiving the value 0) . .
The number of used crab traps The number of crab traps (trap/1,000m?) 0.0012° 0.0006

Scientific Horizons, 2024, Vol. 27, No. 2




Le Ngoc et al.

Table 8. Continued

Factors Metric unit Estima}ed Standard error
coefficient
The farming time The number of months in a farming crop (month/crop) 0.0136™ 0.0039
Pond renovation Recelving the value 1 iq the cas.e'of having pond 0,015 0.0179
renovation and otherwise, receiving the value 0
Breeds (Receivin.g the value 1 ir) the case of having breed 0.0119" 0.0265
quarantine and otherwise, receiving the value 0)
F-statistic 3.940
Prob (F-statistic) 0.000
N of valid cases 308

Note: ***,**,* and ns are significance levels of 1%, 5%, 10% and no statistical significance respectively.

Source: compiled by the authors

The correlation results show that there is no auto-
correlation between each pair of variables at the 0.6
level. The estimated results in the model are statistical-
ly significant at the 1% significance level. The variance
inflation factor (VIF) of the variables is 1.22 which is
much smaller than 10, showing that the variables in-
cluded in the model do not have multicollinearity. At
the same time, the White test result has a p-value co-
efficient of 0.523 (greater than 5%), showing that the
model does not have heteroskedasticity. Prob > Chi-
Square (Chi-Square =0.000) shows that the significance
level of the F test of all coefficients of the variables in
the model has results that are different from 0 and the
model is suitable.

The results of regression analysis coefficients show
that 3 statistically significant independent variables are
factors influencing the quality of mud crabs in the farm-
ing stage in the Mekong Delta. In particular, the varia-
ble - the farming time is statistically significant at the
1% significance level and the estimated coefficient of
the variable is -0.0136. This means that when the farm-
ing time of the household increases to 1 month, the rate
of bucket crabs in total crab output decreases by 1.36%,
This reduces the number of bucket crabs in the ponds
and increases the quality of mud crabs in the model. It
could be attributed to the long farming time, with more
time for crabs to develop from soft-shell crabs to firm-
shell crabs and the rate of fat crabs that are high-quality
crabs and have high economic value increases. This is
determined by the average time to raise fat crabs be-
ing 6 months. In addition, the increased farming time
allows farmers to have the opportunity to develop soft-
shell crabs into firm-shell crabs, which also increases
the output of high-quality crabs in the ponds. This result
is similar to previous research by some previous authors
(Mojibar et al., 2017; Long, 2019).

For the variable - the decision to catch Y4 crabs, the
estimated coefficient is 0.0558 (significant at the 1%
significance level), which denotes the moment when
crab farmers decide to catch Y4 crabs that are young
male crabs, with the proportion of bucket crabs in total
mud crab output increasing by 5.58%. This can be ex-
plained by the fact that mud crab farming farmers catch
Y4 crabs early, which increases the output of bucket

crabs in the total output during the farming process.
This means that the output of Y1 crabs and fat crabs
will decrease, thereby causing a reduced good-quali-
ty crab output. In addition, when farmers decide to
catch Y4 crabs, which are young crabs that can easi-
ly break claws or sticks during the harvesting process,
the output of bucket crabs in the total harvest output
also increases. The results of this study are consistent
with previous research on mud crab farming techniques
(Mojibar et al., 2017; Long, 2019)

For the variable — the number of crab traps, the es-
timated coefficient of the variable is 0.0012 (significant
at the 10% significance level) and this means that when
the number of crab traps in a crab farming household
increases to 1/1,000 m?, the bucket crab rate in total
output of the model increases by 0.12%. The diminished
yield of bucket crabs in the ponds can be attributed to
the strategic placement of crab traps by crab farmers in
suitable locations. According to survey results, the aver-
age number of crab traps for crab farming households
was 4/1,000 m?, more than the recommendation of the
agricultural extension centre of 2/1,000 m? and studies
on crab farming techniques researchers (Mojibar et al.,
2017; Long, 2019). This created labour waste because of
putting many crab traps, collecting the crabs from the
traps,andreducing the quality of mud crabs in the model.

For the non-statistically significant variable of
training, previous studies suggest that farmers who
undergo extensive technical training and acquire new
knowledge can effectively control the quality of farmed
mud crabs (Additionally, concerning the variable of ex-
perience, farmers with substantial experience are likely
to manage crab farming models more efficiently, lead-
ing to an improvement in the quality of farmed mud
crabs (Mangun et al., 2021; Phong et al,, 2021).

The remaining variables of the analytical model
including experience, training, the number of harvests,
pond renovation, and breeds also influence the quality
of mud crabs in the farming stage, however, they are not
statistically significant at the 10% significance level.
However, in reality, if there are many harvests in one
crop, it will increase the output of crabs because many
crabs that fall into traps can easily break their claws
and sticks. In addition, production experience will help
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farmers predict when the crabs will be firm and when
the crabs will be shrivelled for a reasonable harvest,
helping reduce the bucket crab output and increase the
quality of fat crabs in the farming model.

CONCLUSIONS

Mud crabs exhibit favourable traits such as rapid
growth, resilience to environmental changes, substan-
tial size, and economic viability. However, the burgeon-
ing mud crab farming industry faces challenges like
disrupted plans, increased disease prevalence, and
heightened competition leading to falling prices due
to an oversupply of seafood products. The Mekong Del-
ta’s highest-quality seafood products hail from Ca Mau,
Kien Giang, and Bac Lieu provinces. Key factors impact-
ing mud crab quality during farming include farming
time, the number of crab traps used, and the decision to
catch Y4 crabs. To enhance profitability, farmers should
adhere to safe farming practices, abstain from banned
chemicals, invest in water retention machinery, avoid
harvesting on tidal days, and harvest crabs at night to
minimize waiting times. Longer farming periods allow
crabs to develop into high-quality specimens with eco-
nomic value. A conducive farming environment, encom-
passing water quality control, temperature regulation,
and cleanliness, accelerates growth. Adequate and
quality food provision, along with pest prevention, is
crucial. Regular monitoring using tools and equipment
facilitates the adjustment of farming processes.

Survey results show that crab farming households
exceed the recommended trap density, necessitating
calculation adjustments based on pond area and crab
density. Proper trap maintenance and regular checks
ensure effective crab capturing. Adjusting trap numbers

based on farming time and conditions is vital for effi-
ciency.The decision to catch Y4 crabs increases the pro-
portion of bucket crabs in the harvest, requiring farmers
to choose an appropriate harvesting time and use suit-
able traps to avoid harm. Catching Y4 crabs too early
may lead to small sizes, emphasizing the importance of
utilizing traps with small holes for safe capture.

The scientific arguments presented provide a clear
understanding of the existence of various factors (such
as the decision to catch crabs at the fourth moult stage
(Y4), the number of crab traps used, and the duration of
the farming period) influencing the quality of farmed
mud crabs. Research on these factors is a prerequisite
for scientifically explaining the quality of farmed mud
crabs in the agricultural domain. However, a limitation
of the study is the inability to identify a significant
relationship between variables such as experience,
training, the number of harvests, pond renovation, and
breeds with the quality of farmed mud crabs. Therefore,
the focus of the scientific discussion aims to determine
the key factors influencing the quality of mud crabs, ex-
panding the scope of the research, and increasing the
sample size to uncover factors that have not been in-
vestigated in this study.
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AHoTauis. [ligBULLEHHS SKOCTI BMPOLLEHWMX Tpsi3bOBMX KpabiB € BUPIWANbHUM €N1eMEHTOM AN1a MiABULLEHHS
NPOAYKTUBHOCTI, SIKOCTi Ta €KOHOMIYHOiI e(dEeKTUBHOCTI B CEKTOpi BMPOLLYBAHHA TPsA3bOBMX KpabiB. Y LbOMy
[OCNiMKEHHI BMBYanUCA (akTopu, LLO BMJIMBAKOTL HA SIKICTb BMPOLLEHWMX KpabiB y aenbTi MekoHry, B’eTHam.
Y pocnigkeHHi BUKOPUCTOBYBANMCb OMWCOBI CTAaTUCTMYHI METOAM Ta MiAXOAM A0 CMHTe3y ANS aHanily NoTOYHOI
cuTyauii B kpaboBoMy rocrnopapcTtei B genbTi MekoHry, B’etHam. Kpim Toro, B JOCNiAXEHHI BUKOPUCTOBYETHCA
6araToBUMIpHWIA perpeciiHunii aHanis ana BU3Ha4YeHHs (GakTopiB, LLO BMIMBAKOTbL HA AKiCTb BUPOLLEHOMO Kpaba B
nenbTi MekoHry, B’eTHaM. Pe3ynbtatv onutyBaHHs 304 kpaboBux GepmepiB y aenbTi MekoHry, B’eTHaM, NokasyoTb,
WO 3arasbHa nowa nenbt MekoHry y B’eTHami ctaHOBUTL 465 Tucau rektapis, a ob6car BupobHuuTea — 68 Tncau
ToHH. Cepef NpoBiHLiN aenbTM MekoHry, B’eTHam, K'enxaHr, Kamay Ta baknbey Bxoadtb A0 Tpiliku nigepis 3a
naowero Ta obcaramm BUpobHULTBA. KpiM Toro, npu aHanisi GakTopis, Lo BMNIMBAOTL Ha SKiCTb KpaboBoi NpoaykLii
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HafaloTb pekoMeHAauii Woao MONIMEeHH SKOCTI BMPOLLEHOro Kpaba i cnyryloTb OCHOBOK A5 MOAAMbLUMX
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INTRODUCTION

Food is an essential need in the human life cycle, with
agriculture as a sector offering various alternative
sources. In Indonesia, rice serves as a primary carbo-
hydrate source for the majority of the population, con-
stituting 90% of the overall nutritional content. With
technological advance and information development,
lifestyle choices, including energy sources, are signifi-
cantly influenced. This contributes to the interest of the
community in more nutritionally dense food. Excessive
consumption of white rice can pose a risk of diabetes
mellitus. This is attributed to the low nutritional con-
tent and high glycaemic index of white rice. One proac-
tive strategy to minimise this risk includes substituting
or reducing rice consumption with other food sources
(Embling et al., 2020).

Porang (Amorphophallus muelleri Blume) is an ag-
ricultural commodity sought-after by the export mar-
ket due to its nutritional content. This plant is cat-
egorised as a corm in the Aracege family and has
been cultivated as export commodities over the past
3 years. In Indonesia, the export demand has signifi-
cantly increased from 11,721 t in 2019 to 20,476 t in
2020 (Naufali & Putri, 2023). Due to this high demand,
the cultivated area for porang has increased from
19,950 hain 2020 to 47,461 ha in 2021. Indonesian po-
rang has successfully entered markets in China, Japan,
South Korea, Australia, Thailand, Malaysia, and Vietnam.
Wonogiri Regency is one of the porang producing re-
gions in Indonesia. This plant flourishes in Wonogiri
thanks to its favourable geographical conditions. How-
ever, porang corms cannot be consumed directly due
to their calcium oxalate content which causes throat
irritation and large consumption can lead to the for-
mation of stones or crystals in the kidneys (Subagi-
ana et al,, 2022; EL Habbani et al.,, 2023).

Porang farming is affected by the National Porang
Farmers Association (P3N) community which serves as
a platform for farmers to exchange vital information. In
practice, this information is still difficult to obtain, spe-
cifically during the peak harvest season, since porang
market operates as a monopsony (Farhana et al.,, 2022).
A lack of information flow exists within the product
supply chain, beginning from farmers, collectors, sup-
pliers,and processing plants, to export readiness. Farm-
ers may not always be aware of the market demands
and standards for corms (Shegelman et al, 2020).
Frequently, the quality of the product falls short of
collectors’ expectations in terms of weight, defects,
or diseases. This lack of information impacts farmers’
understanding of the financial flow, spanning from im-
porters to the payments they receive.

The increasing demand for porang exports each
year emphasises the need for robust supply chain
management (SCM) planning. X. Zhao et al. (2021) uses
SCM to determine critical factors in improving product
quality. Other research also proves that supply chain
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management can be improved by considering the prior-
ity of attributes or factors that influence it,as in the study
conducted by A. Jokandan et al. (2020) on the increase
of exports of livestock products. SCM is widely used to
determine the most suitable strategy for increasing ex-
ports, whether caused by internal or external produc-
tion factors. The Interpretive Structural Model (ISM)
method was chosen in several SCM-related studies,
e.g., by H. Amintahmasbi and Y.Zahedan (2022) to iden-
tify the best performance factors in the apparel industry
and by E. Kusrini et al. (2019) to find the key factors that
influence the success of MSMEs. S. Kumar et al. (2021)
aimed to identify barriers to the implementation of
Industry 4.0 and the circular economy in the agricul-
tural supply chain. N. Samadi-Foroushani et al. (2022)
developed models for sustainable entrepreneurial de-
velopment in Iranian agriculture. N. Durge et al. (2021)
analysed the factors affecting marketing performance
in the fresh mango supply chain.

Bulbotuber supply is exclusively reliant on farm-
ers, but the dependence on intermediaries limits the
profit-fulfilling ability. On the other hand, this pre-
dicament is exacerbated by the disadvantaged bar-
gaining position of small-scale farmers. According to
A. Bidarti et al. (2021), farmers with small land hold-
ings may face financial constraints that affect their
decision-making process, especially when it comes
to prioritising their needs. This dynamic substantially
contributes to inefficiencies in the SCM system, specif-
ically in the upstream sector. Farmers readily part with
their harvest once a predetermined price offers some
semblance of profit, even when it is nominal. Importers,
exporters, and large-scale processing industry do not
provide price guarantees for each harvest cycle. In the
past two years, bulbotuber prices at the farmer level
have seen a decline as porang supply from diverse re-
gions inundates processing industry in East Java Prov-
ince (Naseer et al,, 2019). The current situation under-
scores the motivation behind this study - to develop
strategies that will advance the porang processing
industry in Wonogiri Regency, enhancing added value
and improving the welfare of farmers. The SCM system
should focus on simplifying the involvement of inter-
mediaries and enabling farmers to directly engage with
the processing industry. In this regard, the purpose of
this study was to foster the porang processing industry
using the SCM method, thereby strengthening compet-
itive advantage and implementing effective strategies.

MATERIALS AND METHODS

This study was conducted in Wonogiri Regency, a prom-
inent porang producing region in Central Java. It was
conducted in May 2023 under the auspices of the Agri-
culture and Food Department Office. Wonogiri Regency,
however, has yet to develop into a central hub for porang
processing or trading industry. The study employed an




incorporating Interpretive Structural Modelling (ISM)
analysis. This process started by identifying variables
relevant to the issues or problems at hand, which were
subsequently grouped accordingly (Attri et al, 2013).
The discussed issues were divided into criteria and
sub-criteria to gain a more profound understanding.
The next step was to establish contextual relationships
between criteria and sub-criteria with experts through
focus group discussions. The results served as data to
generate a digraph model illustrating the intercon-
nections between criteria and sub-criteria within the
supply chain (Arsiwi & Adi, 2020). Additionally, the tri-
angulation method was applied to cross-examine data
across various respondent levels (Fawcett et al,, 2008;
Mangla et al.,, 2018).

The steps in developing the ISM model are ex-
plained as follows:

Riptanti et al.

1. Determination of Criteria and Sub-criteria. The
criteria and sub-criteria were determined through brain-
storming, discussions with experts, and a review of
relevant literature from earlier studies, such as M. Lim
et al.(2017),X.Zhao et al. (2021), H. Putri et al. (2023). The
experts were 18 individuals selected based on their in-
sights into the conditions and issues related to the prob-
lem under study. These included policymakers (3 people),
processing industry actors (7 people), large-scale traders
(4 people), the National Porang Farmers Association
(P3N) (3 people), and experts from universities (1 per-
son). Sub-criteria functioned as explanatory variables for
the established criteria. The criteria and sub-criteria (Ta-
ble 1) were identified based on the needs and challenges
of developing the porang processing industry in Wono-
giri Regency. These criteria formed the basis of the ques-
tionnaire presented to the experts (Diabat et al., 2014).

Table 1. ISM Criteria and Sub-criteria

Criteria

Sub-criteria

Information access

Market access

Market

Processed product demand

Direct access to processing industry

Direct access to exporters

Role of suppliers in the production process

Production

Seedling availability

Raw material quality

Oxalic acid removal technology

Glucomannan production technology

Technology

Postharvest technology (drying)

Limitations of derivative product technology

Institution

HR

Partnership network

Capital access

Partnership

Ease of obtaining buyers for porang chips/flour

Government policies

Policies not yet leading to increasing the added value of porang

Competitive environment

Categorised as a monopsony market

Source: developed by the authors of this study based on E. Riptanti et al. (2023)

2. Questionnaire Completion. The questionnaire
comprised questions concerning the relationships be-
tween sub-criteria. It was administered by an enumera-
tor through interviews and discussions with experts or
direct responses. The questions asked how the sub-cri-
teria influence each other, whether one influences the
other, or if there is no influence between them.

3. Structural Self-Interaction Matrix (SSIM). The re-
sults of the questionnaire completed by the experts,
showing the relationships between criteria and sub-cri-
teria, were transformed into the V, A, X, and O filling
rules within a matrix (Watson, 1978). Each row (i) and
column (j) represent a relationship,and when a sub-cri-
terion in row (i) affects the one in column (j), it is de-
noted by the letter V. Conversely, when a sub-criterion

in column (j) affects the one in row (i), it is denoted by
the letter A. In cases where the sub-criteria in both row
(i) and column (j) affect each other, it is denoted by the
letter X. The letter O denotes the absence of relation-
ship between the sub-criteria in the respective rows
and columns (Raut et al., 2019).

4. Reachability Matrix. The reachability matrix was
created based on the output from the SSIM by convert-
ing the notations V, A, X, and O in the SSIM into binary
symbols 1 and O (Lim et al, 2017). When the notation
V on the effect of i on j (i, ) is present, it is assigned a
value of 1, while in cases where j affects i (j, i), it is as-
signed a value of 0. The presence of the notation A on

the effect of i onj (i, ]) is given a value of 0. Meanwhile,
the effect of jon i (j, i) is valued to be 1. In cases where
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the notation X is present in (i, j) and (j, i), both are as-
signed a value of 1. When the notation O is present in
the relationship between i and j (i, ), it is given a value
of 0. Finally, the relationship between j and i (j, i), is
valued to be 0.

5. Level Partitioning. Having obtained the reacha-
bility results for SSIM, the levels were divided by con-
sidering three aspects, namely reachability, antecedent,
and intersection set (Kannan & Haq, 2007). The reach-
ability and intersection sets consist of sub-criteria with
a relationship value of 1 foritoj (i,j) and j to i (j, i),
respectively. The intersection set consists of sub-cri-
teria contained in both reachability and antecedent
(Pfohl et al,2011). The intersecting sub-criteria become

the top elements in the ISM hierarchy. Having iden-
tified these top elements, they were separated from
other sub-criteria. The same process was repeated to
determine the sub-criteria at the next level, continu-
ing until they were all ascertained. These levels help in
constructing the ISM diagram and model.

6. ISM Model. The final result from the reachability
matrix formed a structural or ISM model. The relation-
ships between two criteria or sub-criteria from i and j
were shown by arrows. Furthermore, the hierarchy in
the model was divided into 3 categories, namely lower,
middle, and upper levels. To obtain the final result of
the ISM diagram, transitivity from the initial model was
eliminated (Lim et al,, 2017).

Level 1 | Sub-criteria |
T

Level 2 | Sub-criteria |
?

Level 3 | Sub-criteria |

Figure 1. Structure Diagram of the SCM Model

Note: the graphs were created using Exsimpro
Source: W. Rohmah et al. (2019)

7. Creating Driver Power and Dependence Diagram.
Driver power refers to the aggregate of values from the
same row in the matrix, while dependence is the cumu-
lative sum of values from the same column. Both serve
as coordinates in constructing a diagram. The driver
power value was indicative of the ordinate point on the
vertical axis, while the dependence value serves as the
abscissa point on the horizontal axis. This diagram was
composed of 4 quadrants, each representing distinct
clusters, namely autonomous, dependent, linkage, and
independent. In quadrant 1, autonomous showed that
the elements within it have an effect, albeit with weak
dependence. Quadrant 2, labelled as dependent, signi-
fies the elements have a weak effect but high depend-
ence. Quadrant 3, referred to as linkage, implies that
the elements have both strong effect and dependence.
Finally, quadrant 4, designated as independent, signi-
fies that the elements have a strong effect but weak
dependence (Diabat et al., 2014).

RESULTS AND DISCUSSION

1. SCM Model for Establishing Porang Processing Indus-
try. SCM is a coordinated system that integrates ac-
tivities such as coordination, scheduling, and control
from suppliers to consumers. The primary objective
is to attain cost efficiency across the entire distribu-
tion process until the final delivery to the consumer is
achieved. Notably, supply chain does not only connect
one party to another or business to business. According
to M. Chiu and C.Lin (2022),the mechanisms in the sup-
ply chain create relationships across a broader network
of multiple businesses. The risk of deviation from the
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planned course increases when dealing with a compa-
ny that manages more than one business entity. SCM is
an effort to synchronise activities within and outside
the company while maintaining interrelated relation-
ships with the various stakeholders.

The successful implementation of the SCM into
business operations is expected to enhance good re-
lationships between upstream and downstream actors,
elevate customer satisfaction, and instil trust in the
performance of the company. The Global Supply Chain
Forum identified 8 core processes that form the essence
of the SCM, and they included customer relationship
management, customer service management, demand
management, demand satisfaction, manufacturing flow
management, procurement, product development and
marketing, as well as returns (Hazen et al.,, 2019). Each
of these processes forms a strategic plan that can be
effectively executed by the company.

The study has yielded an SCM model for porang
processing industry as presented in Figure 1 and Ta-
ble 1. Through level partitioning and subsequent
ranking, the relationships within each sub-element
were symbolised by arrows. In this case, those at the
beginning and end of the arrow represent the causing
and resulting events, respectively. Processed product
demand (E3), role of suppliers in the production pro-
cess (E6), and glucomannan production technology
(E10) are factors that mostly affect other sub-criteria
in each criterion. They are key determinants that in-
itiate events at various levels. Specifically, the level
of processed product demand significantly affects the
availability of raw materials held by the producers




(Dermoredjo et al., 2021). Therefore, collaboration be-
tween producers and raw material suppliers is crucial.

LEVEL1
LEVEL 2
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This is because processed product and raw material
demands are directly proportional.

LEVEL 3

[E1 K= 4 k= E5 k= E8 F—| B0 HEllHEiZHElSHE14HE15HE16HE17HE18|

LEVEL 4

[€3 [ E6 F—{E10]

Figure 2. Structure Diagram of SCM Model for porang Processing Industry

Source: data processing results from Exsimpro (2023)

Table 1. Description

El: Information Access E10: Glucomannan Production Technology

E2: Market Access E11: Postharvest Technology (Drying)

E3: Processed Product Demand E12: Limitations of Derivative Product Technology
E4: Direct Access to processing Industry E13: Institution

ES5: Direct Access to Exporters E14: Partnership Network

E6: Role of suppliers in the Production Process E15: Capital Access

E7: Seedling Availability El6: Ease of Obtaining Buyers for Porang Chips/Flour
ES: Raw Material Quality E17: Policies Not Yet I\_/ea?ltjiengftgolrr;%rgeasing the Added
E9: Oxalic Acid Removal Technology E18: Classified as Monopsony Market

Source: compiled by the authors of this study

According to K. Kodrat et al. (2019), the cooperative
relationship between raw material suppliers and pro-
cessing industry is a crucial issue to be addressed, as
their interests often diverge, with each party seeking
to maximise its profit. Raw material suppliers aim for
the highest possible price to ensure profitability, while
processing industry aim for cost maximisation to avoid
overbudgeting. In the processed porang production,
suppliers play a vital role in providing the desired qual-
ity and quantity of raw materials for producers. Con-
versely, raw material suppliers stand to gain significant
profits when demand from producers increases. Effec-
tive collaboration establishes a conducive product flow
to satisfy market demand, and positive perceptions of
consumers are formed when the desired products fulfil
expectations in terms of timing, location, quantity, and
quality (Milusheva, 2022). These raw materials can be
either in their raw or semi-finished state. Porang corms
are used as raw materials for other industries once
the oxalate acid content, which causes throat irrita-
tion and kidney stones in humans, has been eliminated
(Chen et al., 2020). Due to its complex and expensive
technological requirements, glucomannan production
process is typically conducted by major industries.

The demand for processed product (E3), role of
supplies in the production process (E6), and gluco-
mannan production technology (E10) are factors that
need to be planned before the product flow begins.
This underpins the establishment of a sustainable po-
rang processing industry. The fundamental challenge in

this industry was glucomannan production technology
(Riptanti et al., 2022; 2023). Therefore, collaboration
between the government and study institutions in de-
veloping low-cost technology to produce glucomannan
is crucial. Government support is needed to facilitate
and connect the domestic market for processed porang
products.Information flow regarding needs and demand
is essential and should be provided by stakeholders.
This has a multiplier effect in driving other processing
industries. The sustainability of the production process
needs to be supported by the continuous availability of
raw materials and the role of suppliers. These sub-crite-
ria provide information for business actors.

Business actors require information access (E1) to
determine product distribution channels, locate pro-
cessing industry facilities (E4), and establish direct
access to exporters (ES). After the producers have de-
termined the market destination of the product, they
proceed to ascertain the raw material quality (E8) and
the type of product to be manufactured. Raw materials
such as porang corms can only be used after oxalic acid
removal, necessitating the corresponding oxalic acid re-
moval technology (E9). Before the removal of this acid,
corms are subjected to sun-drying (E11). Not all farm-
ers have the expertise to process porang well due to
the limitations in derivative product technology (E12).
Furthermore, a structured institution (E13), partnership
network (E14), and capital access (E15) are needed to
develop processing businesses. Apart from technical
considerations, business actors also require ease in
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locating buyers for porang chips/flour (E16) to ensure
that their products find traction in processed or deriv-
ative form. However, this situation is not accompanied
by policies geared towards enhancing the value-added
aspects of porang (E17). The number of processing in-
dustry is still limited, with distribution primarily con-
fined to a select few buyers, resulting in a tendency
towards a monopsony market (E18), as observed in

Small-Scale
Trader
Farmers

Figures 2 and 3. The conditions and challenges in the
porang supply chain, from production to consumption,
affect each business actor’s assessment and efforts to
improve both the quantity and quality of their products.
According to W.Zhang and Q. Su (2020), the information
required to support quantity and quality pertains not
only to product attributes but also comprises processes,
operations, and factors influencing the final products.

1V.9.5 tons tubers

Farmers

| _Large-Scale
Trader Famers

Factories

v

VII1.4 tons tubers

Farmers with
DO

g

Figure 3. Porang Corms Marketing Channels in the Wonogiri Regency

Source: compiled by the authors of this study

IX (10 tons chips)

Exporter Outside

v

Chipping Farmers |, (1.4 tons chips)

Small-Scale Trader
Farmers

Java

11 (36.2 tons tubers)

v

Farmers Farmers

Chipping Trader

Farmers with

DO N Factories

Figure 4. Porang Chips Marketing Channels in the Wonogiri Regency

Source: compiled by the authors of this study

The seedling availability (E7) at level 2 is conditioned
by sub-criteria at level 3. Seedlings, sourced from bulbils
and corms weighing less than 0.25 kg, play a crucial role
in the cultivation process of porang. These seedlings
may originate from harvesters, traders, or the National

Porang Farmers Association (Riptanti et al., 2022; 2023).

A dormancy period can lead to specific planting inter-
vals, as stated by (Harijati & Widoretno, 2019). Farmers
strategically plan for the required quantity and source
of seedlings in the subsequent year to avert shortages
during planting. The last sub-criterion at level 1 is mar-
ket access, which is the result affected by the preceding
sub-criteria. Farmers should have access to information
concerning prices, the quantity demanded by process-
ing industry, and the down orders (DO) from processing
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industry. The relatively weak bargaining position of farm-
ers needs to be enhanced, and this could be achieved by
optimising the function of their institution.

The journey of processed porang products begins
with the farmers who cultivate them on owned or
leased land, while some may operate as permanent la-
bourers.The best harvest age for porangisinthe second
or third year after planting (Gusmalawati et al., 2022).
Harvest timing hinges not only on the maturity of
corms but also on market price conditions. When the
price is favourable or high, farmers harvest and sell
to small-scale traders (Fig. 2 and 3). Most farmers di-
rectly sell the corms, and only a small portion engag-
es in chipping (slicing porang thinly and then drying
it). Chipping farmers supply their products directly to




small-scale trader farmers. These small-scale traders
distribute them to larger-scale counterparts. Corms
then move from these larger-scale traders and chip-
ping traders to individuals or traders with DO from
processing industry (Fig. 3). However, information re-
garding prices and required quantities for processing
industry is limited. Major industries use oxalic acid re-
moval technology to process corms into glucomannan
flour, a critical raw material for various domestic and
export industry in China, Japan, and Korea. The results
show that not all major industry have this technolo-
gy. Processing industry exports porang in the form of
“krepes”, namely dried and crushed chips.

Supply chain for porang corms, from cultivation to
consumption, is quite extensive. The elongated mar-
keting chain allows for the accumulation of signifi-
cant price transmission biases. Furthermore, it can be
attributed to some factors such as distance and mo-
nopsony market. According to P. D’Odorico et al. (2019),
the extended marketing distance can be a result of
commodity production being concentrated in specific
regions, while consumer areas are relatively scattered
within a broader geographical scope. Farmers, as cul-
tivation business actors, face limitations in accessing
the market on a wider scale due to the prohibitive
costs of processing and the lack of product absorption
assurance in the market. A monopoly market limits ac-
cess to information regarding price, quantity, and the
entry of corms into processing industry.

The resolve of farmers in cultivating porang fluc-
tuates in response to uncertainties in market price and
demand. According to D. Darmawan et al. (2023),a cru-
cial way to build trust and optimism among farmers is
to ensure the absorption of the entire product output,
either through government policies or by establishing
cooperative relationships with various partners. Fur-
thermore, farmers were confronted with the reality that
the processed porang products command significantly
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higher prices compared to fresh corms. The length of
supply chain, technological, and knowledge limitations
in corm processing, as well as a lack of market informa-
tion, create income disparities between farmers acting
on farms and processing industry, along with exporters.
Therefore, strategic measures are needed to address
the challenges inherent in establishing an effective
SCM for porang processing industry.

2. Strategies for Establishing Porang Processing In-
dustry. As Figure 5 suggests, market access (E2) has
low driver power compared to other sub-criteria and
high dependence power. Furthermore, seedling avail-
ability (E7) has the same dependence power as mar-
ket access but higher driver power. These findings are
consistent with H. Irianto et al. (2021) in the devel-
opment of “jarak towo” cassava as a raw material for
processing industry. Meanwhile, the strongest driving
powers were processed product demand (E3), role of
supplies in the production process (E6), glucomannan
production technology (E10), information access (E1),
direct access to processing industry (E4), direct access
to exporters (E5), raw material quality (E8), oxalic acid
removal technology (E9), post-harvesting technology
(E11), limitations of derivative product technology
(E12), institution (E13), partnership network (E14),
capital access (E15), ease of obtaining buyers for po-
rang chips/flour (E16), policies still not increasing
the added value of porang (E17), and categorisation
as a monopsony market (E18). All sub-criteria were in
the linkage quadrant and have significant strength in
affecting and controlling the situation, but they also
show strong dependence. Sub-criteria E3, E6, and E10
directly affected E1, E4, E5, E8, E9, E11,E12,E13, E14,
E15,E16,E17,and E18.Variables in this quadrant must
be investigated carefully because the relationship be-
tween variables is unstable. Every action on this var-
iable will have an impact on others and the feedback
effect can magnify the impact.

LINGKAGE

%,6, 10.1,4, 5,8,9,11,12,13,14,15,16,17,18

)

DERENDENT DEPENDENCE

10 11 12 13 14 15 16 17 18

Figure 5. Driver and Dependence Power Diagram (Power Matrix)
Note: all sub-criteria are in the linkage position, sub-criteria with the same position are represented by one red dot

Source: data processing results from Exsimpro (2023)
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Barriers and opportunities obtained from these
sub-criteria will affect information access (E1), direct
access to processing industry (E4), direct access to ex-
porters (E5), raw material quality (E8), oxalic acid re-
moval technology (E9), post-harvest technology (E11),
limitations of derivative product technology (E12), in-
stitution (E13), partnership network (E14), capital access
(E15), ease of obtaining buyers for porang chips/flour
(E16), policies still not increasing the added value of
porang (E17), and classification as monopsony market
(E18). These barriers and opportunities are consistent
with the findings of E. Riptanti et al. (2023).

Factors in porang distribution process that influ-
ence its final product affect input availability at the
farmer level. Seedlings also serve as commodities trad-
ed at this level. When there is a high demand for seed-
lings, the price increases. However, when it is produced
by the farmers, the price becomes lower. An oversupply
of seedlings occurs, as various regions also produce
bulbils. The quality of the seedlings declines when they
are not used immediately after the dormant period,
thereby exhibiting reduced germination and growth
rates (Sianturi et al, 2022). With the porang supply
chain situation in Wonogiri Regency, market access be-
came the sub-criteria with the lowest driving power but
had very strong dependence power. Interactions among
these sub-criteria can generate effects and feedback
within the SCM system. Each sub-criterion influences
the others, and the feedback provided can enhance the
effect (Kusrini et al., 2019).

The demand for processed porang products is grow-
ing, specifically in the food industry, due to the increas-
ing human awareness of a healthy lifestyle. Glucoman-
nan content in porang is excellent for diets, preventing
liver and diabetes diseases, lowering cholesterol, and
preventing hypertension. Apart from being used as a
raw material in the food industry, porang corms are
used in cosmetics, adhesives, laboratory raw materi-
als, and pharmaceuticals (Dwiyono & Djauhari, 2021).
Therefore, this product has become a sought-after
commodity in the export market due to high demand,
as it is not cultivated by all countries. Despite being a
major producer, Indonesia has not been able to con-
trol prices, leading to uncertainties and fluctuations.
E. Riptanti et al. (2022) attribute this to the absence of
sales contracts with exporters or processing industry.
Regulatory frameworks surrounding porang are still
unclear, leaving farmers in a weak bargaining position.
Formalising contracts for bulbotuber procurement with
processing industry would benefit both parties, ensur-
ing price stability, quality, and consistent quantities.
Such contracts can also address challenges related to
raw material procurement and price fluctuations during
harvest seasons.

Farmers producing fresh porang corms often com-
plain about price instability set by traders, which tends
to decline over time (Arumsari et al,, 2023). The long
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supply chain results in wider price margins, thereby
driving down prices at the farmer level. The findings
suggest that porang marketing in the Wonogiri Re-
gency consists of 10 channels that lead to processing
industry in East Java and only 1 exporter outside Java
(Fig. 2 and 3). Processing industry in East Java and the
exporter partner with farmers or traders whom supplier
warrants known as DO. According to X.Zhao et al. (2021),
direct partnership makes it easier for companies to en-
sure product quality and safety as well as respond quickly
to market needs. From the farmers’ perspective, partner-
ing directly with exporters provides greater benefits due
to the assurance of porang corm distribution. For this ex-
port commodity, information about price conditions and
demand trends in the global market is crucial for farm-
ers, traders, processing industry, and exporters. The limi-
tation in technology and the prohibitive processing costs
have led to a limited number of processors in Indonesia,
resulting in a tendency towards monopolistic practices.

Traders, acting as intermediaries between farmers
and the processing industry, were relatively few. The
monopolistic influence held by farmers or traders with
Delivery Order (DO) gives them the flexibility to control
purchase prices (Nathan, 2021). Price hikes at process-
ing industry/exporter level did not immediately trans-
late into equivalent increases. This was clear among
farmers in the Wonogiri Regency, where a significant
price differential exists. Monopolistic power can be es-
tablished through various means, such as traders col-
laborating to set purchase prices from farmers, creating
barriers to deter other traders from entering the market
for particular commodities, and establishing depend-
ence among farmers on marketing their produce exclu-
sively to particular traders. Additionally, there should
be a harmonious relationship between farmers and
processing industry to establish a more focused and
sustainable business framework. Therefore, a suitable
SCM model shows that demand for processed products,
supplier involvement in the production process, and
glucomannan production technology are sub-criteria
with the greatest potential to influence SCM of porang
processing industry. Collaboration among stakeholders,
including processing industry, traders, exporters, gov-
ernment entities, the National Porang Farmers Associ-
ation, and study institutions, is crucial in advancing the
processing industry.

CONCLUSIONS

Processing industry typically relies on a steady supply
of raw materials from the surrounding areas. However,
despite being a significant porang production region,
the Wonogiri Regency lacks processing industry. Even
though Wonogiri is a major hub for porang bulbotu-
ber production, this is not in line with the number of
industries in it. Farmers in the Wonogiri Regency also
lack the supplies to carry out processing, since pro-
cessing costs are prohibitive and require a complex




technology. Factors such as the length of supply chain,
technological and knowledge constraints in bulbotuber
processing, and a lack of market information contrib-
ute to income disparities between farmers operating
at the on-farm level and processing industry, as well
as exporters. The proposed porang processing indus-
try model based on the SCM method, hinges on factors
such as processed product demand, role of suppliers in
the production process, and the application of gluco-
mannan production technology. These sub-criteria are
expected to have the greatest impact on the SCM of the
porang processing industry. Strategies for implement-
ing this model necessitate close collaboration among
the relevant stakeholders, allowing for vital access to
essential information. The strategy must ensure that
all sub-criteria stay in the linkage quadrant. Variables
in this sector must be investigated carefully because
the relationship between variables is unstable. Every
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action on this variable will have an impact on others
and the feedback effect can magnify the impact. This
study can be a reference for further research on deter-
mining strategies based on the problem characteristics
approach using the ISM method.
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Opportunity of Indonesian coffee shows that the strength of Indonesia’s coffee commodity business is weak, but
commodity exports are still competitive. The analysis results indicated that even though Indonesia’s coffee has
export competitiveness, it is not competitive enough in the United States. This study provided an overview of the
export competitiveness of Indonesian coffee in the United States, which can be used as a basis for determining
strategic steps in an effort to dominate the market to obtain trade benefits

Keywords: competitiveness position; export performance; export potential; international competition; international

trade

INTRODUCTION

Indonesia’s economic growth has slowed down com-
pared to the period before the pandemic that began to
plague Indonesia in 2020. The COVID-19 pandemic has
hampered the growth of various economic sectors in
Indonesia to negative growth figures. Nevertheless, the
agricultural sector grew positively among many other
sectors that grew negatively. This sector is one of the
sectors that survived the crisis and has a vital role in
the Indonesian economy. This is confirmed by the sector’s
contribution to the national GDP and it has become a pil-
lar of the national economy (Statistics Indonesia, 2022).

The most consumed agricultural product in the
world and the most traded commodity globally is cof-
fee (Samoggia et al., 2020). Coffee is a rapidly growing
market due to increased consumption in developing
countries and strong interest in various coffee prod-
uct innovations in developed countries. According to
A.T.Nugraha et al. (2021), coffee is becoming an essen-
tial part of the overall economy and a source of for-
eign income for many developing countries, including
Indonesia. Coffee for Indonesia is the largest foreign
exchange-producing agricultural commodity after
palm oil, rubber, and cocoa, and plays an essential role
in the country’s development. Coffee has the highest
contribution to the plantation sub-sector of Indonesia’s
economy, with an average coffee export value of USD
1,006.5 million. Through export taxes and export du-
ties, coffee exports also contribute to the international
trade surplus, which is the country’s source of foreign
exchange (Embassy of the Republic of Indonesia, 2020).

Based on N. Rosiana et al. (2018), the value of In-
donesian coffee exports is predicted to increase in the
coming year in line with support from the government
to strengthen the competitiveness of Indonesian cof-
fee in the global market. R. Widyantini (2019) shows
that Indonesian coffee has strong competitiveness in
the international market and has the potential to dom-
inate the market. W. Habibulah et al. (2023) analysed
the condition of the competitiveness of Indonesian cof-
fee exports in the global market from 2002 to 2017.
The findings showed that Indonesia has a strong coffee
export competitiveness advantage in the global mar-
ket, and the forecasting results on the value of coffee
exports showed that the export value of Indonesian
coffee moved up. A. Rachmaningtyas et al. (2019) also
observed the same: Indonesian coffee is competitive in
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the international market along with coffee from Brazil,
Colombia, and Vietnam. As the fourth largest coffee ex-
porter in the world, Indonesia has an excellent oppor-
tunity to increase the country’s revenue from export
activities. Furthermore, Indonesia is the second-largest
coffee producer in Asia-Pacific, whose economic stability
is highly dependent on the agricultural sector. Indone-
sia’s coffee export destination with the highest export
volume is the United States, compared to other export
destinations (Indonesian Ministry of Agriculture, 2020).
Coffee in the United States is the most consumed
beverage after the drinking water. As many as 63% of
Americans consumed a cup of coffee every morning in
the past decade. At least 400 million cups of coffee are
consumed daily in the United States, and an average
of 146 billion cups of coffee are consumed annually
(Ismoyowati et al, 2021), making the United States a
promising market for coffee exporters. The United States
imports at least 28 million of 60 kg bags of coffee per
year since 2011 (International Trade Center, 2023). From
Indonesia, coffee is imported with an average volume
of 61 million kg per year, equivalent to USD 255 million
(Statistics Indonesia, 2022). The prominent level of In-
donesian coffee exports can indicate the dependence of
Indonesia on coffee exports to the United States. How-
ever, when the competitiveness of Indonesian coffee
exports in the United States market is not competitive
and is at a disadvantageous position, Indonesian coffee
must exit from the market and look for a more profitable
market where Indonesian coffee can compete. For this
reason, the purpose of this study was to analyse the com-
petitiveness of Indonesian coffee exports in the United
States market and compare the results with Vietnam’s
indicators as the most significant coffee exporter in Asia.

MATERIALS AND METHODS

The object under study is a coffee commodity with H.S.
code 090111 (coffee, not roasted, not decaffeinated).
This study used quarterly time series data from 2014
to 2023. The data needed for competitiveness analysis
of Indonesian coffee and Vietnamese coffee are data on
the export value of coffee commodities from Indonesia
to the United States, the export value of all commod-
ities from Indonesia to the United States, the export
value of coffee commodities from the world to the
United States, and the export value of all commodities




from the world to the United States - data obtained from
the International Trade Centre (ITC) via the website (n.d.).

Competitiveness analysis uses a mathematical
approach to measure competitiveness from two per-
spectives: comparative advantage and competitive
advantage. Comparative advantage indicates that a
country exports a particular goods because it can pro-
duce it cheaper than other countries (Pascucci, 2018;
Fahmid et al., 2022). Therewith, competitive advantage
states that natural conditions are not the only thing
that determines a product’s competitiveness because
excellence can be fought for. A country’s superiority de-
pends on the ability of companies within that country
to compete in producing products that can compete
in the market (Triadinda, 2022). Comparative advan-
tage competitiveness was analysed using the Revealed
Comparative Advantage (RCA) method, and competitive
advantage competitiveness was analysed according to
the Export Product Dynamics (EPD) method.

Revealed Comparative Advantage (RCA). RCA shows
the evaluation of the export of a particular commodity
in a country’s total exports compared to that commodi-
ty’s share in world trade. “Revealed” means that a coun-
try’s comparative advantage can be expressed through
trade/export patterns (Manalu et al., 2019). The formula
of the RCA value is as follows:

Xij/Xit

RCA = Wi, (1)

where X; = Indonesian coffee exports to the United
States (USD); X;; = export of all Indonesian commaodities
to the United States (USD); W, = world coffee exports
to the United States (USD); W, = exports of all world
commodities to the United States (USD).

If the RCA index value obtained is more than 1
(RCA>1), then Indonesian coffee has a comparative

Y

Lost Opportunity
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advantage above the world average, or it can be said
that it has solid comparative competitiveness. Con-
versely, if the RCA index value is less than 1 (RCA<1),
then the comparative advantage of Indonesian coffee
is below the world average, or it can be said that it has
weak comparative competitiveness.

Export Product Dynamics (EPD). Export Product Dy-
namic (EPD) is used to identify the competitive advan-
tage of Indonesian coffee and analyse the dynamic of
Indonesian coffee in export trade flows in the destina-
tion country of the United States (Yustian et al., 2019).
The market position can be found because this method
uses the total export share (X) and commodity export
share (Y) as variables. Mathematically, the business
strength/market share (X-axis) of a product is formu-
lated as follows:

2;;1(%) x100%— Z?=1(v%) x100%

X=—r —=—— ()

Whereas market attractiveness (Y-axis) is mathe-

matically formulated as follows:
n (Xt _yn (Xt
t=1(Wt)tX100% t=1(Wt) X100%

Y= —e . 3)

where X; = Indonesian coffee exports to the United
States (USD); W; = world coffee exports to the United
States (USD); X, = export of all Indonesian commodities
to the United States (USD); W, = exports of all world
commodities to the United States (USD); T = number of
analysis periods; t-1 = previous year.

The results of the stages of the EPD method can
present the business strength (X-axis) and market at-
tractiveness (Y-axis) of a product in quadrant form as
follows (Fig. 1):

Rising Star

Retreat

Falling Star

Figure 1. Competitiveness Position Matrix

Source: Esterhuizent (2006)

The EPD method comprises a matrix that places the
analysed commodities into four categories. The analysis
performed on a particular commodity will occupy a po-
sition on one of the quadrants of the EPD matrix. Ris-
ing Star is a quadrant that indicates the ideal market
position in which the trade gains market share in a
fast-growing commodity. Lost Opportunity indicates a
decrease in the share of the competitive export market;
products in this quadrant lose their dynamic, but the

market still demands the product. This position indi-
cates an increase in the share of the commodity market
in world trade, but a decrease in the share of the export
market from the source country.

Unlike the Lost Opportunity, in the Falling Star po-
sition,an increase in a country’s export market share for
certain products but a decrease in commodity market
share in world trade shows that commodities in im-
porting countries are no longer dynamic. The Retreat
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position shows a decrease in the export market share
of the source country and the market share of the coffee
commodity in world trade. It means that commodities
are no longer desirable in the market, and therefore ef-
forts must be made to move stagnant products towards
dynamic products.

RESULTS AND DISCUSSION

World coffee consumption. According to Figure 2, world
coffee consumption has an increasing trend in 2017-
2022 except for 2019, where world coffee consump-
tion decreased to 167,592 thsd of 60 kg bags from the

total consumption of the previous year, 170,876 thsd
of 60 kg bags. However, consumption increased again
in 2020 to 168,569 thsd of 60 kg bags and continued
to increase until 2022, with as many as 178,534 thsd of
60 kg bags of coffee consumed worldwide. The increase
in coffee consumption continues until 2023 to reach
179,159 thsd of 60 kg bags. The continent with the
most coffee consumption is the United States, whose
total consumption exceeds 60 million of 60 kg bags.
The next continent with high coffee consumption is
Europe, Asia-Pacific, and the least is Africa continent
(International Coffee Organization, 2023).

World Coffee Consumption
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Figure 2. World coffee consumption (2017-2023)
Source: compiled by the authors of this study based on data from the International Coffee Organization, 2023

Indonesian coffee production. Indonesian coffee pro-
duction fluctuates with an increasing trend from 2014
to 2023 (Fig. 3). The decline in Indonesian coffee pro-
duction occurred in 2015, and subsequently, Indonesian
coffee production increased or stagnated until 2022.
The highest coffee production in 2022 was 795 thsd t,

and the lowest in 2015 was 639 thsd t. The decline in
coffee production in 2015 was caused by a lousy cli-
mate that happened not only in Indonesia but in the
entire world. The decline in Indonesian coffee produc-
tion occurred again in 2023 to 786 thsd t caused by the
long drought due to the EL Nino disaster.

Indonesian Coffee Production
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Figure 3. Indonesian Coffee Production (2014-2023)
Source: compiled by the authors of this study based on data from Statistics Indonesia (2022) and International Coffee

Organization (2023)
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Indonesian coffee exports. Figure 4 shows the desti-
nation of Indonesian coffee exports based on the high-
est export volume to five central destination countries:
the United States, Malaysia, Germany, Italy, and Japan.
The United States is the destination country with the
highest export volume for the last ten years (from
2014 to 2023), with export volume above 50,000 t.
The most volatile export development to Germany

Innayatuhibbah et al.

can be observed from the significant increase and de-
crease in export volume, with a sharp decline in ex-
port volume in 2018 to <10,000 t from the previous
year, which reached >40,000 t, and a sharp increase in
2022 to <40,000 t from >20,000 t in 2021. Meanwhile,
coffee exports to Malaysia, Germany, and Italy showed
stable development from 2014 to 2023 within 20,000-
40,000 t (Statistics Indonesia, 2022).

Indonesian Coffee Export
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Figure 4. Indonesian coffee exports by main destination countries (2014-2023)
Source: compiled by the authors of this study based on data from Statistics Indonesia (2022) and Indonesia Information

Portal (2023)

United States coffee imports. The United States is the
second-largest importer of coffee beans (USDA, 2023) -
the development of United States coffee import present-
ed in Figure 5. Over the years, the total coffee import has
been increasing and reached its peak in 2022.The United
States imports coffee from many countries. For more

than a decade, Brazil, Colombia, and Vietnam have been
the top-3 suppliers, with more than 10% of total annual
U.S. coffee imports (USDA, 2023). In contrast, coffee im-
ports from Indonesia are within 5% per year. Therewith,
the value of Indonesian coffee exports continued to in-
crease, until its value was surpassed by Vietnam in 2022.
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Figure 5. United States coffee imports 2014-2023
Source: compiled by the authors of this study based on data from International Trade Center, 2023
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Competitiveness of Indonesian coffee. Comparative
competitiveness or comparative advantage of exports
is measured by Revealed Comparative Advantage
(RCA), which measures the share of a country’s exports
in the same industry group as other exporting coun-
tries, and therefore it is used to measure comparative
advantage (Jalata, 2021). This analysis obtained the
RCA value of Indonesian coffee products exported to
the United States.

The results of the RCA analysis of Indonesian coffee
in United States export destination countries showed
RCA values of more than 1 in all quarters, as presented

in Figure 6. Indonesian coffee has been competitive in
the United States export destination countries for the
last decade (2014-2023). Commodities with compara-
tive advantages can be argued to have economic ef-
ficiency (Long, 2021). It means that Indonesian coffee
exports to the United States have created economic
efficiency that gives an edge to Indonesian coffee com-
modities in the United States market. After quarter 3
of 2014, the RCA value of Indonesian coffee was con-
sistently higher than that of Vietnamese coffee, despite
Vietnam being the leading competitor in Asia and the
United States being the export destination country.

RCA Value
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Figure 6. Development of RCA value of Indonesian coffee and Vietnamese coffee in the United States in 2013-2023

Source: compiled by the authors of this study

These results differ from the findings of
D. Pratita and R. Budiarto (2021), who noted that the
RCA value of Vietnamese coffee has a downward trend,
while the RCA value of Indonesian coffee tends to in-
crease little by little. The decline in the RCA value of
Vietnamese coffee was caused by increasing domestic
consumption in Vietnam, resulting in reduced export
volumes. However, it is still classified as low (2 kg/per-
son/year) (Nguyen, 2023). On the other hand, for Indo-
nesia, the United States is the leading destination for
Indonesian coffee exports, with an average export vol-
ume that exceeds 50 thsd t each year. The volume of
coffee exported to the United States is always the larg-
est compared to other countries that export destina-
tions of Indonesian coffee commodities. Despite the de-
cline in production, coffee exports to the United States
are still high (Directorate General of Estates, 2021).

The high and low level of competitiveness in RCA
analysis is positively influenced by the value of cof-
fee exports from exporting countries (Pascucci, 2018).

Scientific Horizons, 2024, Vol. 27, No. 2

Based on Purnomo et al. (2021), the volume of Indone-
sian coffee exports is lower than that of Vietnamese
coffee exports to the United States, which causes the
RCA value of Indonesian coffee in 2001-2019 to be low-
er than the RCA value of Vietnamese coffee. However,
Indonesian coffee has an advantage in import prices
over the United States, which causes the value of Indo-
nesian coffee exports to be high.

Regarding the price of coffee imported by the United
States, Brazilian coffee is the most expensive, followed
by Columbia, Indonesia, and the lowest is Viethamese
coffee (Nguyen, 2023). D. Sari and S. Utomo (2021) stat-
ed that world coffee prices are very influential on the
value of coffee exports the higher the world coffee price.
The higher the price, the higher the value of coffee ex-
ports (Azhari et al., 2022). The decline in Vietnamese
coffee exports caused the decline of both the value of
Vietnamese coffee exports and the RCA value. On the
other hand, the price of Indonesian coffee is higher than
that of Vietnamese coffee, which causes the RCA value




of Indonesian coffee to slowly outperform the RCA value
of Vietnamese coffee in the United States.

In terms of the price, W. Hadiwardoyo (2020) states
that the relationship between Indonesian coffee and
Brazilian coffee or Columbian coffee is a substitution.
This means that when there is an increase in the price
of Brazilian and Colombian coffee, the United States will
import coffee from Indonesia. Meanwhile, Indonesian
coffee and Vietnamese coffee have a complementary
relationship in the United States, and therefore the in-
crease in prices of Indonesian coffee will affect the im-
port of United States coffee from Vietnam and vice versa.

Although Vietnam is the second largest coffee ex-
porter in the world, its impact on the world coffee mar-
ket is not commensurate with its position. Innovation
and certification are the weaknesses of Vietnamese cof-
fee. This statement is supported by (Nguyen, 2023), who
argues that Vietnam needs innovation to improve its
coffee export competitiveness. In this case, Indonesia
excels thanks to government support in enforcing qual-
ity standards and certification of export coffee. Further-
more, the Indonesian government has applied Good
Agriculture Practices Technical Guidelines in coffee
cultivation to improve the quality of coffee produced
(Kansrini et al, 2020; Wakhid & Suciati, 2020). This
guideline has been implemented by some Indonesian
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coffee farmers, which has an impact on maintaining the
quality of coffee beans produced by Indonesia for the
selling price to compete with Vietnamese coffee.

Position of Indonesian coffee competitiveness. The
competitiveness position of Indonesian coffee is ana-
lysed using the Export Product Dynamic (EPD) method,
which also measures the competitive advantage of
Indonesian coffee. EPD can indicate the dynamic per-
formance or absence of a product. Furthermore, the
analysis results were compared with the conditions be-
fore the pandemic and during the pandemic to observe
differences in competitiveness positions affected by the
COVID-19 outbreak.

Based on EPD analysis results presented in Table 1,
the study found the position of Indonesian coffee com-
modities in the United States export destination coun-
tries. Before the pandemic in Indonesia (2017-2019),
the competitiveness of Indonesian coffee in the desti-
nation country of the United States was in the Retreat
position, where the X-axis and Y-axis were both neg-
ative. This position indicates uncompetitive business
strength and stagnant market appeal. The value of cof-
fee exports and Indonesia’s total commodity exports
to the United States experienced declining/negative
growth per quarter. If this continues, Indonesian coffee
must exit the market because it cannot compete.

Table 1. Market position of Indonesian coffee and Vietnamese coffee in The United States

Indonesia Vietnam
2017-2019 2020-2023 2017-2019 2020-2023
X-axi -0.00025 -0.0019 -0.0041 0.0012
axis (Non-Competitive) (Non-Competitive) (Non-Competitive) (Competitive)
Y-axis -0.00001 0.0000 0.0008 0.0005
(Stagnant) (Dynamic) (Dynamic) (Dynamic)
Position Retreat Lost Opportunity Lost Opportunity Rising Star

Source: compiled by the authors of this study

During the pandemic period and afterwards
(2020-2023), the competitiveness of Indonesian cof-
fee in the United States market was in the Lost Op-
portunity position when the X-axis is negative, and
the Y-axis is positive. Market attractiveness has grown
positively even though the strength of the business
has not been competitive. It means that the value of
Indonesia’s commodity exports is increasing. However,
unfortunately, the growth of the value of Indonesian
coffee exports to the United States is still negative.
The strength of the Indonesian coffee business in the
United States is weak and not competitive. This study
has the same findings as B.Rahardjo et al. (2020): Indo-
nesian coffee’s competitiveness position is in the Lost
Opportunity position. Lost Opportunity is not the ideal
position of trade, and therefore strategic innovation is
needed to increase competitiveness and win the cof-
fee market in the United States. Vietnam’s coffee posi-
tion was advantageous during a pandemic. Previously,

during 2017-2019, the position of Vietnamese coffee
in the destination country of the United States was
Lost Opportunity, where the X-axis was negative, and
the Y-axis was positive. The X-axis, which represents
the strength of the business, is negative, meaning
that Vietnamese coffee in the United States market
is not competitive due to a decrease in market share
in the dynamic product market. It shows a negative
growth in coffee exports, but the total export of all
Vietnamese commodities to the United States is in-
creasing. In 2020-2023, during the pandemic, the po-
sition of Vietnamese coffee in the United States shifted
to the Rising Star position, when the X and Y axes are
both positive values. Rising Star is an ideal condition
of trade, where there is an increase in the share of
Vietnamese coffee and the share of Vietnamese ex-
ports in the United States. Vietnam’s coffee products
are highly competitive, and Vietnam’s export share is
in a dynamic or fast-growing state.

Scientific Horizons, 2024, Vol. 27, No. 2

131



132

Export competitiveness of Indonesian coffee in the United States market

EPD Matrix

A

0.0014
0.0012
0.0010
0.0008
0.0006 A

0.0004
0.0002

00000

-0.0050 -0.0040 -0.003(.:0.0020

I:I Indonesia
A Vietnam

-0.0010 0.0p00

\"AAA*AvA

0.0010 0.0020 0.0030

-0.0002

-0.0004

@ Before pandemic
@ During pandemic

Figure 7. The position of Indonesian coffee and Vietnamese coffee in the United States in 2013-2023

Source: compiled by the authors of this study

The swift position change during the pandemic
is caused by the high demand for coffee in the United
States. Coffee consumption has surged to its highest
level in two decades, increasing 14% since January 2021
(Castellana et al., 2021). It is triggered by social restric-
tions that make people work from home without leav-
ing the habit of drinking coffee even more. The pan-
demic has created a new routine where 84% of coffee
connoisseurs drink their coffee at home. According to
(Rehm et al., 2020), the most popular ways to enjoy coffee
are using a drip coffee maker and a single-serving coffee
machine. Thus, there has been an increase in coffee beans
consumption rather than instant coffee. Instant coffee is
only consumed by about 5% annually (Datta, 2020).

The United States is the suitable market for coffee
export destinations due to the development of coffee
demand that continues to rise even during the pandem-
ic.Regrettably, the analysis results show that Indonesian
coffee lacks competitive advantage. The weak strength
of Indonesian coffee was caused by the negative growth
in the value of Indonesian coffee exports due to the
decreasing volume of coffee exports per quarter. It is
caused by the increasing domestic demand since 2017
and falling world coffee prices during the pandemic
(Hanadian, 2022). Meanwhile, according to E. Nurjati
(2021), the coffee supply chain caused a decline in ex-
port value, hampered by lockdowns that closed coffee
marketing channels. D. Manalu et al. (2019) argue that
the competitiveness of Indonesian coffee exports is
weak due to the quality of Indonesian coffee that does

not meet the standards of export destination countries.

Indonesian coffee faces many problems related
to the quality of coffee beans exported. According to
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(Sitanini et al., 2020), most of Indonesia’s coffee is
produced by smallholder plantations with old coffee
plants, which results in the low quality of coffee beans
produced by farmers. M. Mahyud et al. (2018) added
that most Indonesian coffee farmers are small farmers
with limited capabilities, which makes most Indonesian
coffee farmers harvest coffee beans while still green,
causing the low quality of Indonesian coffee. Non-tar-
iff barriers often hold back Indonesian coffee and must
undergo various food safety tests by the importing
countries (Manalu et al., 2019).

M. Ibnu and L. Marlina (2019) proposed that
non-tariff barriers can be solved by implementing the
correct certification mechanism and the Good Agricul-
ture Practice already underway. Certification is essential
for Americans whose awareness of health and environ-
mental issues is increasing. Therefore, certified coffee
products are the choice for coffee lovers in the United
States. It needs to be a concern not only about internal
factors (related to production and product quality) but
also about external factors (related to market condi-
tions) to be able to win the market so that Indonesian
coffee commodities are in the most advantageous posi-
tion in the United States.

CONCLUSIONS

Indonesian coffee commodities in the United States
Market have comparative competitiveness indicated by
a Revealed Comparative Advantage (RCA) value of more
than 1 in all quarters. The RCA of Vietnamese coffee
also has a value of more than 1 in all quarters, meaning
Vietnamese coffee has comparative competitiveness, but
the values are lower than Indonesian coffee’s RCA value




in almost all quarters, indicating that Indonesian coffee
competitiveness is superior to Vietnamese coffee. The
high RCA value of Indonesian coffee can be influenced
by the value of Indonesian coffee exports, which is in-
fluenced by export volumes and world coffee prices. This
condition inferred that the export of Indonesian coffee
has an economic efficiency influenced by the high price
of Indonesian coffee imported by the United States. This
situation needs to be maintained by maintaining the
quality of Indonesian coffee bean exports so that they
stay highly valued in the international market.
Meanwhile, the results of the EPD analysis show
a shift in the competitive competitiveness position of
Indonesian coffee and Vietnamese coffee in the United
States. During the pandemic, the position of compet-
itiveness shifted towards a better direction from Re-
treat (-0.00025,-0.00001) to Lost Opportunity (-0.0019,
0.0000) for Indonesian coffee, and from Lost Opportu-
nity (-0.0041,0.0008) to Rising Star (0.0012,0.0005) for
Vietnamese coffee. However, Indonesian coffee has not
yet reached the ideal position of a trade, namely the
Rising Star (a position where both the X-axis and Y-ax-
is values are positive). Indonesia needs to strengthen
its business strategy to win the coffee market in the

Innayatuhibbah et al.

United States. Some of the problems Indonesia faces
are export volume, quality, and certification issues of
coffee commodities exported, which are still low or do
not meet standards. Strategies and government inter-
vention are needed to maintain comparative advantage
and achieve the ideal trading position in the United
States market. The role of the government in support-
ing all pre-export stages is indispensable for Indone-
sian coffee to reach its destination countries. Further-
more, maintaining good bilateral relations between the
two countries is also essential for the smooth trade.

The findings of this study have shown the compet-
itive superiority of Indonesian coffee in the export des-
tination country of the United States. Further research
is expected to analyse the factors that affect the com-
petitiveness of Indonesian coffee exports in the United
States to provide an overview of the right strategy for
marketing Indonesian coffee.
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AHoTtauif. EkoHOMiyHe 3pocTaHHs |HAOHEe3iT cnoBinbHMAOCA Nig 4ac naHaeMii. KaBa € BantTOYTBOPHOYMUM
CiNbCbKOroCnojapcbkMM ToBapoM Ang IHAOHesii i CTana OCHOBOK HaLiOHAaNbHOI E€KOHOMIKM 3aBASKU CBOEMY
BHECKY Y BallOBMI BHYTPIiWHIA NpoAyKT. MeTo [oCnigkeHHs O6yno npoaHanisyBaT KOHKYPEHTOCMPOMOXHICTb
iHOOHe3iNCbKoro ekcnopTy Kaeu Ha puHKy CLUA. Bynn BUKOpUCTaHi Taki METOAM, K METOL, BUSBNIEHWUX NOPIBHANBHUX
nepesar, KM AO3BONSE MOPIBHAHO BUMIPATU EKCNOPTHY KOHKYPEHTOCMPOMOXHICTb, Ta METOA, AUHAMIKM €KCNOPTHOI
NPOAYKLUii Ansa aHanisy Ta KapTorpadyBaHHS MO3MLIT €KCMOPTHOI KOHKYPEHTOCNPOMOXHOCTI. Pe3ynbtaTu aHanisy
TakoX Oynu BUMIpSHI A9 MOPIBHSHHA €KCMNOPTHOI KOHKYPEHTOCMPOMOXHOCTI B'€THAMCbKOi KaBW. Pe3ynbtati
MOKa3yHTb, WO iHAOHe3iiCbKa Ta BETHAMCbKa KaBa Ha puHKy CLLUA MatoTb 3HaueHHs Buule 1, Wo CBiguMTb Npo Te,
wo obuaBa BMAM KaBM MaKOTb NepeBarnM B eKCMOPTHIN KOHKYPEHTOCNPOMOXHOCTI. CepeHE 3HAYEHHS BUSBNEHMX
NOPIBHANIbHMX MepeBar iHAOHE3IMCbKOi KaBM BULLE, HiXX BYETHAMCbBKOI, @ Le 03HAYaE, Lo eKCnopT iHAOHE3IMCbKOT
KaBW nepeBepulye ekcnopT B'e€THamcbkoi kaBu ao CLUA. BogHouac pesynbTaT aHanisy AMHAMIKM eKCnOpTHOI
NPOAYKLUIii MOKA3ykTb, WO KOHKYPEHTOCMPOMOXHICTb IHOAOHE3IMCbKOro eKCnopTy KaBu nepebyBae B no3uuii
«BTpayeHi MOXNMBOCTI», Ae Mo3uuis 3MicTUNAca 3 AOoMaHAeMiYyHOT mo3uuii, a came - «Bigctyn». Tum vacom
KOHKYPEHTOCNPOMOXHICTb B'ETHAMCbKOr0 eKCrMopTy KaBM ONUMHMNACA B No3uuii «BucxigHa 3ipka», ska 3mictnnacs
3 nonepefHbOi Mo3uuii «BTpayeHa MOXAMBICTb». BTpayeHi MOXIMBOCTI iHOOHE3IMCbKOI KaBW CBigYaTb Npo Te,
WO CWNbHI CTOPOHM iHAOHE3IMCbKOro TOBApHOro KaBoBOro bi3Hecy € cnabkuMu, ane ekcnopT KaBW 3aNMULWAETHCS
KOHKYPEHTOCNPOMOXHMM. Pe3ynbTaT aHanisy ceifyatb Npo Te, WO X04a iHAOHE3iMCbKa KaBa MAE eKCropTHY
KOHKYPEHTOCMPOMOXHICTb, BOHA HEAOCTaTHbO KOHKypeHTocrnpoMoxHa B CLUA. Lle pocnimkeHHs Hapae ornsg
€KCMOPTHOI KOHKYPEHTOCMPOMOXHOCTI iHAOHe3iMCcbKOoi KaBu B CLUA, gkuit Moxke ByTW BUKOPWUCTaHWUIA SiK OCHOBA A1
BM3HAYEHHS CTPaTEriYHMX KPOKIB Y NparHeHHi AOMIHYBaTW Ha PUHKY AJ19 OTPUMAHHS TOProBebHMX nepesar
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which makes the study relevant. The study aimed to conduct a systematic analysis of innovative tools for
managing the risks of production activities of agricultural enterprises and their impact on the formation of
secure development in the agricultural sector of Ukraine. To achieve this goal, the method of analysis and
modelling was used. Study results indicate that innovative approaches to risk management have a decisive
impact on the sustainability and efficiency of agricultural production systems. To achieve a stable level of
safe development of agricultural enterprises, it is necessary to focus on the implementation of key areas,
such as maintaining the food base at a level sufficient to ensure a healthy diet, ensuring an adequate level of
effective demand for the population and eliminating dependence on imports, aimed at protecting the interests
of domestic producers of agricultural raw materials. The study demonstrated that institutional factors of risk
management form an integrated system, where efficiency depends on the implementation of specific strategies
for the development of agricultural institutions aimed at introducing innovative tools into the production cycle
of agricultural enterprises. Furthermore, due to the accumulation of large amounts of production, financial,
logistical and innovative potential of agricultural enterprises in the Forest-Steppe and Polissia regions, the
level of safe development of agricultural enterprises is significantly increasing. This indicates their high
capacity for sustainable reproduction of production and making a significant contribution to the agricultural
sector of Ukraine. The study is of practical importance for agricultural enterprises, research institutions and
government agencies, which can use the results to improve risk management strategies and increase the level
of security of agricultural sector development

Keywords: risks of the production activity; business efficiency; financial stability; technological development;

production system; institutes of agriculture

INTRODUCTION

In the modern economic landscape, where agriculture
plays a strategic role in ensuring food security and eco-
nomic resilience, the relevance of exploring innovative
risk management tools for agricultural enterprises in
an institutional context is becoming urgent. The grow-
ing instability of the economic and social environment,
combined with the effects of climate change and global
market fluctuations, causes a wide range of risks that
directly affect agriculture. In this context, the study of
innovative risk management tools becomes a strate-
gically important task, as it aims to develop effective
strategies and tools to help agricultural enterprises
adapt to unpredictability and ensure stability in pro-
duction processes.

An analysis of existing research indicates the need
to improve risk management methods in agriculture.
As such, A. Sudip and A. Khanal (2022) emphasised the
importance of innovative approaches in addressing risk
in agriculture. The authors emphasise that innovative
tools can effectively contribute to the management of
various aspects of production risks.

F. Capitanio (2022) highlights the need to consider
risks in agriculture as a complex and multidimensional
phenomenon. Innovative approaches address different
dimensions of risk and develop comprehensive risk
management strategies. S. Bai and X. Jia (2022) argue
that innovative tools can serve as an effective tool for
making informed decisions in risk management. This
is especially important in the context of uncertainty
and volatility in agriculture. SV.Jansi Rani et al. (2022)
believe that innovative methods can contribute to in-
creasing the resilience of agriculture to various threats,

such as climate change, market fluctuations and eco-
nomic difficulties.

L.R. Deng et al. (2022) note a definite impact of in-
novative risk management approaches on the agricul-
tural sector. These approaches stimulate technological
development, which plays a key role in increasing the
productivity and competitiveness of agriculture.The au-
thors emphasise that the integration of the latest tech-
nologies, the development of agricultural technologies
and the increase in production accuracy are the result
of the implementation of innovative risk management
strategies. This contributes not only to increasing the
efficiency of farming but also to creating a sustainable
agricultural sector that can withstand various external
influences.

Furthermore, Z. Gao (2022) notes that the intro-
duction of risk management innovations stimulates
research and development activity, contributing to
the emergence of new technological solutions and
techniques. In general, innovative approaches not
only improve current risk management methods in
the agricultural sector but also create prospects for
the future development of agriculture. According to
0. Stashchuk et al. (2021), in the field of Ukrainian ag-
riculture risk management, innovative approaches are
important to stimulate technological development.
Modern innovations can play a key role in increasing
the productivity and competitiveness of agriculture in
Ukraine.

In particular, M.P. Sychevskiy (2019) argues that the
integration of the latest technologies, the use of mod-
ern agrotechnical solutions, as well as the application
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of innovative risk management methods, can help
improve the quality of production and optimise ag-
ricultural processes. This, in turn, will contribute to
increased farming efficiency, higher farmers’ incomes,
and the competitiveness of Ukrainian agricultural en-
terprises on the international market. Understanding
and active implementation of innovative risk manage-
ment solutions is becoming a strategically important
element for the sustainable development of Ukraine’s
agricultural sector.

D. Tretiak et al. (2023) also note that in the con-
text of uncertainty and military conflict in Ukraine, a
weakening of agricultural institutions is evident, which
leads to alarming trends in the functional state of the
production system. The modernisation of technolog-
ical innovations in agriculture in the pre-war period
showed that the interaction between the areas of in-
novative development of agricultural enterprises and
the institutional platform for economic development
of agriculture was manifested through the introduc-
tion of state regulatory instruments aimed at ensuring
the result of the process of creating, disseminating and
applying new rules and forms of production activities
of enterprises and aimed at implementing innovative
solutions for managing risks.

The institutional approach of the pre-war period
was used to reduce threats and risks in the produc-
tion system of agricultural enterprises through the
processes of integration and unification of organisa-
tional technologies that ensured the transition from a
disordered state to an orderly one through the joint,
cooperative (synchronous) action of many subsystems
(Shahini et al., 2024). This is especially true for agricul-
tural enterprises whose production conditions did not
meet the norms and standards of the European market.

M. Sychevskiy (2019), O. Yatsukh et al. (2021) note
that the production system unites agricultural insti-
tutions and determines the rules of their relations, as
well as generates an innovative infrastructure of tech-
nologies in the production and technological process.
However, the effectiveness of agricultural enterprises’
development under the significant impact of martial
law depends on innovative tools for managing the
risks of production activities, which determine the
pace of renewal, modernisation of fixed assets, cre-
ation and implementation of basic, improvement of
technical, technological and information innovations
to increase the competitiveness of products and guar-
antee the country’s food security. However, reasonable
steps are not always taken to address the problem of
risk minimisation, and in some cases, they are limited
by national guidelines for the economic development
of agricultural enterprises. Therefore, conceptually, the
institutional environment for innovation in agriculture
should be implemented in a clear and unified sys-
tematic approach to risk management of agricultural
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enterprises’ production activities with the identifica-
tion of priority instruments for innovative develop-
ment at the territorial level.

The solution to this problem is a complex mul-
ti-criteria task, which actualises the directions of over-
coming various obstacles to the production activity of
agricultural enterprises at different levels. Considering
the existing research gaps, this study aims to review
and develop innovative approaches to risk manage-
ment of agricultural enterprises in the institutional
environment. This approach will contribute to improv-
ing the sustainability of agriculture and ensure more
effective risk management in this important sector of
the economy.

MATERIALS AND METHODS

After a high-quality assessment of the risks of produc-
tion activity, a quantitative study of its magnitude is
considered; the numerical values of unit risks are cal-
culated, taking into account the probable loss of the
volume of production or resources; the final stage is
the formation of a system of anti-risk events and the
calculation of the value equivalent of risk in the insti-
tutional environment of safe development of agricul-
tural enterprises. The quantitative measurement of the
risk of production activity of agricultural enterprises is
determined by the following indicators: the absolute
level of losses (the amount of possible losses in ma-
terial or cost form); relative to the level of losses (risk
factor, K)) (1):

Ky=—, (1)

where K, - risk coefficient; E, - expected profit; £, - ex-
pected profit.

The first method is presented in Table 1, and the
second method of calculation (K)) can be used to cal-
culate how much income per 1 USD of loss. The most
relevant today are the models that, based on the results
of qualitative dispersion analysis, allow for mathemat-
ically evaluating the effectiveness of innovative tools
for risk management of the production activities (ITM-
RPA) of agricultural enterprises. As one of the methods
of quantitative assessment of the efficiency of ITMRPA
of agricultural enterprises, an approach based on the
analysis of Net Present Value (NPV) as a whole for a
set of innovative production programs (projects), taking
into account their changes depending on the function-
ing of ITMRPA of agricultural enterprises, is proposed.
In the process of implementing innovative production
programs (projects), agricultural enterprises face sys-
tematic and unsystematic risks. Non-systematic risks
are those risks whose impact agricultural production
entities can independently reduce by introducing more
effective innovative tools for managing the risks of pro-
duction activity.
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Table 1. Methods of calculating the risk factor of production activity
Calculation algorithm Note
If there are losses
K‘=PL/NV PL - possible losses; NV - normative value of the coefficient
Ki*=(EP-AP)/NV EP - estimated profit; FP - actual profit

If there is a profit

K"=EP/NV

EP - excess profit

KP=(AP-EP)/NV

AP - actual profit (loss)

Source: constructed by the authors

Let’s consider the stages of ITMRPA assessment of
agricultural enterprises, which are based on the analy-
sis of Net Present Value (NPV).

Stage 1.The following analysis is performed for un-
systematic risks:

- calculation of the risks of the innovative produc-
tion program (project) in the absence of ITMRPA - P;

- calculation of new values of each type of risk P;
after the implementation of ITMRPA, which allows to
reduce the risks of the innovative production program
(project), i.e. P>P/;

- calculation of the initial and final risk of the inno-
vative production program (project) taking into account
the weighting factors according to formulas (2-3):

P=P;xKi+ P, x K+ Py x Kzt Py x Ky, (2)
P =Py %Ki+ Py x Ko+ P x Ky + Py x Ky, (3)

where Ki, Ky, K3, Ky - coefficients.

The content of the constituent (2-3), as well as the
general structure of the assessment of unsystematic
risks, are shown in Table 2.

Table 2. Estimates of unsystematic risks of production activity

The type of risk of an Risk assessment Risk assessment of the innovation Conditions for the
. X . . Control . . R
innovative project of in the absence of rocedures program (project) of production effectiveness of
production activity ITMRPA P activity when using ITMRPA procedures
Procedure 1.1
1 P, _ P,
Procedure 1.2
Procedure 2.1 X
2 P, —_ P,
Procedure 2.2
Procedure 3.1 P>P’
3 P, _ P,
Procedure 3.2
Procedure 4.1
4 P, —_— P,
Procedure 4.2
n P - P*
Source: constructed by the authors
_Stage 2. Experts_assess systematic risks .(Psystem,-c), r=Kp X P+ Kp.ciemic X Psystemic 4)
which form the environment for the operation of an . .
. . . . =Ky X P*+ Ky, X Poystemics (5)
innovative production program (project) and are not systemic

amenable to the management of agricultural enter-
prises. Systematic risks are determined by many factors
(macroeconomic, legal and political), which have an
equal level of influence on the implementation of an
innovative production project.

Stage 3.According to the proposed approach to eval-
uating the effectiveness of the implementation of inno-
vative tools for risk management of the production activ-
ity, the overall risk of the innovative production program
(project) is determined (r). The total risk consists of the
sum of unsystematic and systematic risk (4-5):

where P - the initial unsystematic risk of the innovative
production program (project); P - final non-systemat-
ic risk of an innovative production program (project);
K, - specific weight of non-systematic risk of innovative
production program (project); Kpsystemic — the specific
weight of the systematic risk of the innovation program
(project) of production; Psystemic — Systematic risk of the
innovative production program (project); r - the initial
total risk of the innovative production program (pro-
ject); r - the final total risk of the innovative production
program (project).
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Stage 4. Modernize for purposes the calculation of
the net present value of the innovative production pro-
gram (project) (NPV) - the formula (6):

cft
NPV =—-1+) Tt (6)
where NPV - Net Present Value of the innovative pro-
duction program (project); / - the amount of investment
in innovative production programs (projects); cf; - the
value of possible cash flow streams; d - discount rate;
t - a period of time.

Stage 5. At the next stage, propose to calculate
two discount rates: the first takes into account the
risk of an innovative production program (project) in
the absence of ITMRPA, and the second takes into
account the implemented and functioning ITMRPA.
A model CAMP (Capital Assets Pricing Model) is used
to calculate the discount rate. According to CAMP, the
discount rate (d) is calculated using the following
formula (7):

d =Ry + B X (R — Ry, 7)

where R; - the risk-free rate of return; f - the coeffi-
cient that determines changes in the price of assets of
agricultural enterprises in comparison with changes in
the prices of assets for all subjects of agricultural pro-
duction in this market segment - the risk coefficient;
(Rm - R)- risk premium; R,— average market rates of re-
turn on the stock market.

Q = (W, E), V= {Fzml: Fszr Fzm3' Fzm4i FzmS' Fzme' Fzm7: Fzmsr Fzm9' FzmlOr Fzmll' Fzmlz: Fzm13}v

where W - set of peaks of innovative tools that corre-
spond to external and internal risk factors of produc-
tion activity of agricultural enterprises; E - sets of arcs
reflecting the direct influence of risk scenarios of the
institutional environment on the parameters of the safe
development of agricultural enterprises.

The interrelationship of parameters involves the
construction of matrices of acceleration (deceleration)
of leverage factors of innovative tools for risk manag-
ing of production activities, which have certain charac-
teristics (Table 3). Thus, at a value of (+1), there is an in-
crease (decrease) in the factor (Fzmi, Fimi), which leads
to an increase (decrease) (Fzmj, Fimj); at a value of (-1),
there is an increase (decrease) of the factor (Fzmi, Fimi),
which leads to a decrease (increase) (Fzmj, Fimj); with
the value (0), there is a weak or completely absent con-
nection between the factors (Fzmi, Fimi) and (Fzmj, Fimj).

The intensity of the interaction is assessed on a
point scale: 0.1 - no direct impact; 0.5 - weak influ-
ence; 1.0 - medium impact; 2.0 is a strong influence.
Among the active peaks, lever factors of innovative
tools for management of the risks of production activi-
ty were identified, which affect the safe development of
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It should be noted that the considered coefficient (5)
is @ measure of ITMRPA, and if assume that the obtained
result of the ITMRPA qualitative assessment reflects the
main risks of the innovative production program (pro-
ject), then it can assume the following calculation of the
coefficient (5) according to the formulas (8-9):

p= 10041’ (8)
x_ T
10041 ®)

where r - total project risk is obtained as a result of the
analysis.

Stage 6. Let’s calculate two scenarios for calculat-
ing net present value with and without ITMRPA, using
(6) and (10):

* Cft
NPV = —1+ 3700

(10)

Stage 7. Finding the efficiency of ITMRPA imple-
mentation as the difference between the flows NPV
and NPV be the formula (11):

ITMRPA,; = NPV* — NPV. (11)

The simulation model “Activation of innovative
tools for risk management of the production activity in
the institutional environment of safe development of

agricultural enterprises” is carried out according to the
formula (12):

(12)

agricultural enterprises, namely: F,;,;1 — Government pro-
grams for creating buffer stocks of agricultural raw mate-
rials of the grain and oil group; F,;,;; — Futures contracts,
F,m3 — Spots prices for agricultural products; F,y,4 — man-
ufacturing outsourcing; F,m,g — Blockchain, F,,7 — Digital
financial technologies; Fj,g — Contract farming.

RESULTS

The reason for the ambiguous perception of the meth-
odology of risk management of production activity lies
in the conservative approach of agricultural production
entities to ensure the safety of the production cycle.
The inability to quickly evaluate alternative scenarios
of risk-indicative management of production resourc-
es limits agricultural enterprises in innovative devel-
opment and accelerated economic processes following
established innovative regulatory instruments, rules,
and norms of agricultural institutes, which regulate the
right to own land plots for agricultural land and en-
sure stable production cycle Summarizing the above,
let’s highlight the key institutional determinants of risk
management of production activities of agricultural
enterprises (Fig. 1).
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Institutional determinants of risk management of the production activities

By level of risk management <

—I At the level of the national economy

1. Economic and environmental policy. 2. Banking system. 3. Tax and
budget system. 4. System of social protection. 5. Ownership. 6. Media.

—I At the level of agriculture

1. Corporate responsibility. 2. Safety-oriented activity. 3. Investment
activity. 4. Business communications. 5. Strategic piety.

_I At the level of agricultural enterprises

1. Corporate responsibility of business. 2. Innovative

activity. 3. Investment activity. 4. Public-private partnership. 5. Business
communications. 6. Corporate culture. 7. Ownership. 9. Protection and
safety of life. 10. Venture philanthropy.

The level of introduction of innovative regulatory tools in agricultural institutes <

Labour. Creation of functional subsystems of legal and economic direction to ensure decent work, and
payment at all levels of management

Property. Modifications of directions for effective use of land resource potential and provision of
ownership rights to agricultural land

v
BASIC

Power. Development of agrarian policy aimed at forming the concept of management of programs of
innovative development of agricultural enterprises

Management. Increasing the effectiveness of regulatory levers aimed at forming the financial capacity
of agricultural enterprises and tax preferences in the agricultural sector

Clustering. Development of public-private partnership in agriculture

Corporate responsibility. Philosophy of the behaviour of agricultural enterprises

Price. Ensuring exchange equivalence and increasing the price competitiveness of agricultural products

Competition. Elimination of the monopolization of sales channels and the formation of an effective
logistics system for the supply of agricultural products to the domestic and European markets

Entrepreneurship. Avoidance of selective protectionism regarding organizational forms and sizes of
agricultural enterprises; introduction of technological innovations in the production system to improve
the quality of products on the domestic and European markets

v
DERIVATIVE

Infrastructure. Creation of a functional innovative infrastructure of renewal, modernization of fixed
assets, improvement of technical, technological, and informational innovations, an increase of
competitiveness of products and provision of a guarantee of food security of the country

Regulation. Formation of a regulatory policy that is adapted to the interests of agricultural enterprises
at the legislative level

Greening of production. Reducing the ecologically destructive impact on the production and
consumption of agricultural products

Figure 1. Institutional determinants of risk management of the production activities of agricultural enterprises

Source: constructed by the authors

Institutional determinants for risk management of
the production activity of agricultural enterprises form
a system, the effectiveness of which depends on the
implementation of the relevant directions of develop-
ment of agricultural institutes, focused on the introduc-
tion of innovative tools in the production cycle of agri-
cultural enterprises. At the same time, the managerial
function of neutralizing the risks of production activity
is determined by the institutional and economic ability
of agricultural enterprises to acquire, maintain and ex-
pand their share of product markets through the levers
of market influence. The institutional and economic

importance of agricultural enterprises in the national
economy determines the need to increase their com-
petitiveness in the country.

Valuable ideas for the formation of a new concep-
tual approach to risk-indicative management of the pro-
duction activities of agricultural enterprises to activate
the process of safe development in the institutional
environment were offered by R. Zieba, who conducted
an analysis of the breakdown of the quality standards
of agricultural raw materials in the self-regulating con-
tractual markets of various states. In his opinion, risks in
agriculture occur due to the levelling of the interests of

Scientific Horizons, 2024, Vol. 27, No. 2

141



142

Innovative tools for risk management of the production activities...

subjects of agricultural production. These considerations
are supported by the arguments of the new institutional
theory, which is based on a set of elements that form
the core of an innovative approach to the risk-oriented

management of production activities of agricultural
enterprises in the structure of an integral production
system of agriculture with certain form-forming compo-
nents of the institutional environment (Fig. 2).

Forms of interaction in the
management of risks of

Integration of stakeholders’ interests in the

Principles of industrial risk

production activity production system of agricultural enterprises management
‘ STATE (INSTITUTIONS) ‘ < >‘ AGRICULTURE ‘
| SCIENCE < S| INNOVATIONS |

AV4

International institutes. Regional institutes.
Transnational corporations. Countries

Innovativeness.

Competitiveness. Riskiness

Law and customs. Policy and

:

strategy. Forms of exercising

J Strategic institutions

Models of innovative

power

Land ownership rights.

risk-indicative management
of production activities

development

Trends in innovative
development:

Innovative
tools

Independent risk management

Social interaction. Economic

he system of power

The production system of
agriculture

competencies, social
responsibility, business

u

Risk mitigation factors

independence. The role of

social institutions

ﬁa

Administrative. Market. })'

Financial stability.
Profitability. Transaction
costs. Competitive

Sustainability

advantages

Figure 2. Innovative approach to risk-indicative management of production activities
of agricultural enterprises in an institutional environment

Source: constructed by the authors

One of the directions for evaluating the effective-
ness of the implementation of innovative tools for risk
management of the production activity is the creation
of a single model that would combine both qualitative
and quantitative approaches for the calculation of var-
ious quantitative indicators. Therefore, the main ways
of preventing the risks of production activity at the
level of safe development of agricultural enterprises
can be a justified approach to the choice of the sales
market and the development of a price strategy based
on spot prices for agricultural products, as a quickly
realized asset of agricultural enterprises; compliance
with the principles of fair competition and the main
provisions of multilateral trade agreements, as well as
government programs for the creation of buffer stocks
of agricultural raw materials of the grain and oil group;
thought out own marketing policy, taking into account
strategic innovation programs and production projects,
determining the behaviour of competitors on the mar-
ket. Their prevention is also facilitated by systematic
monitoring of factors and areas of production risk for-
mation in trade contracts and contracts for consumer
production of agricultural products. Therefore, the
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stimulus for predicting potential risks of production ac-
tivity, as well as an effective innovative management
of them, are model scenarios of excitation (activation)
of innovative tools. At the same time, scenarios for the
activation of innovative tools for managing the risks of
production activity are aimed at the safe development
of agricultural enterprises in an institutional environ-
ment with numerical impulses that strengthen the ver-
tices of the simulation model and determine changes in
the values of the vertices at the corresponding steps of
the simulation model.

Institutional form-forming components within the
framework of study single out key innovative tools for
neutralizing the risks of production activity of agricul-
tural enterprises, which, with a certain amplitude of re-
source provision of subjects of agricultural production,
accelerate the protective functions of the production
system of agriculture from uncoordinated decisions of
formal and informal institutions, the principle actions of
which are the structuring of mutual relations between
subjects of agricultural production and stakeholders.
Misalignment of their interests in making manage-
ment decisions provokes dynamic fluctuations in the




production system of agriculture and discourages the
coordination of production cycles of agricultural enter-
prises at different levels of influence of risk scenarios
in the innovative development of agricultural produc-
tion. This happens through a philosophical approach to
riskology, as a science that singles out several axioms
(axioms of generality, axioms of acceptability and axi-
oms of non-repeatability).

The dialectic of the theory of development and the
theory of systems provides an opportunity to consider

Khakhula et al.

innovations in the context of tools for the renewed de-
velopment of production cycles of agricultural enter-
prises that change the production system of agriculture
to a qualitatively new level. On this basis, the uncertain-
ty and unrepeatability of production cycles of agricul-
tural enterprises in the institutional environment are
considered as a stage of using innovations as tools for
managing the risks of production activity, as a perco-
lation of the stages of the transition of the production
system of agriculture from one state to another (Fig. 3).

agricultural production

SYSTEMATIC AXIOM
The essence: the innovative space of agricultural enterprises is filled with
the latest tools of the production system of agriculture. Innovative tools
for managing the risk of production activities are a process of creation,
transformation and elimination of cycles of uncertainty, decline and crisis of

Dialectic of concepts of innovative development

The concept
of sustainable
development

Achieving equilibrium
through a state of dise-
quilibrium

Internal contradiction

The concept of cyclical
development

Movement up through
falls; change in the tra-
jectory of development

Principle factors: needs |

Common goal: holistic functioning of the |
production system of agriculture

T

Principle factors: crisis

(limit) and momentum

and limitations

Common source of development: innovation

L —

— 4

Figure 3. Structural dialectical connection of the concept of innovative development of agricultural enterprises with
sustainable and cyclical development of the production system of agriculture

Source: constructed by the authors

Ensuring the innovative development of agricultur-
al enterprises involves the activation of the functioning
of the production system of agriculture in a new quality,
while preserving its structural and functional integrity.
This is possible only under the condition of the forma-
tion of a mechanism for the activation of innovative
tools for risk management of the production activity,
which can ensure a transformational transition to the
safe development of agricultural enterprises and a
new qualitative level of their capabilities in the in-
stitutional environment in the presence of innovative
potential of enterprises, risk-oriented behaviour of en-
terprises; formation of a favourable innovation climate;
modification of the structure of enterprise assets, in the
direction of resource provision.

Strategic innovation programs and innovation pro-
jects at the level of the state and agricultural institutes
belong to the innovative tools for risk management of
agricultural enterprises. These programs and projects

are formed with the help of levers and regulators (fu-
tures (option) contracts; spot prices for agricultural
products; production outsourcing; agricultural technol-
ogies; blockchain; digital financial technologies; con-
tract farming; trading contracts; government programs
for creating buffer stocks of agricultural raw materials
and oil group; insurance of agricultural raw materials;
hedging and diversification of production systems, con-
tracts of consumer production), which are implemented
at the territorial level, and on which the dynamic fluc-
tuation of production cycles of agricultural enterprises
depends.

Production cycles are subject to the influence of
different levels of risk, and their partial neutralization
(minimization) depends on the time lag in the provision
and use of resources for the production needs of agri-
cultural enterprises. Processes of evaluation of factor
events in addition to typical and repeated situations in
the production activity of agricultural enterprises have
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a limited number of possible results. At the same time,
dynamic forecasting methods provide a more reliable
result than static regularities and simple extrapolation
dependencies. Extrapolation allows obtaining only a
partial forecast, which reflects changes in individual
components of the safe development of agricultural
enterprises. Therefore, individual security parameters
that do not have system properties are replaced by sys-
tem-non-forecasting based on simulation technologies.
It should be noted that the factors of change (modifi-
cation) of the parameters of the macro- and microenvi-
ronment of agricultural enterprises in the institutional
environment act as a risk factor.

For agricultural enterprises, the danger of produc-
tion activity risks is particularly significant, since the
impact of macroeconomic fluctuations leads to a crisis
of the microeconomic genesis of agricultural produc-
tion. Accordingly, the combined influence of factors of
the macro- and microenvironment of agricultural en-
terprises strengthens or weakens the process mecha-
nism of assessing the safe development of agricultural
production entities in the institutional environment. A
comprehensive understanding of risk, as an element of
managing the production activities of agricultural en-
terprises, contains an effective component - economic
losses that threaten their competitiveness and the cor-
responding consequences for the country’s agriculture.
Risk, as “a deviation of a parameter of the production
system of agriculture from a given target value by an
amount that does not exceed the permissible deviation
of this parameter”, allows, on the one hand, to realize

the economic interests of agricultural enterprises, and
on the other - “to single out a threat to their competi-
tiveness”. From the point of view of the implementation
of the integrated value of safety in the macro- and mi-
croenvironment of agricultural enterprises, risk factors
in the system of protection of production activities are
associated with the problems of implementing innova-
tive tools for resource management and ensuring the
needs of agricultural enterprises in the future.

Assessment of risk factors allows: first, to general-
ize threats and activate the safe development of ag-
ricultural enterprises; secondly, to identify risk events
and develop optimal management solutions. Therefore,
an important task is to identify and systematize the
relationship between the manifestation of risk factors
and their impact on the results of production activities
of agricultural enterprises. The stages of evaluating the
effectiveness of the implementation of innovative tools
for risk management of industrial activity (ITMRPA) in-
volve the determination of their number and the causes
of danger. An important stage of innovative risk man-
agement of production activity is the assessment of the
level of safety according to qualitative and quantita-
tive parameters. Qualitative analysis of risks allows to
determine in advance the sources of their occurrence.
The advantage of this approach is that already at the
initial stages, it is possible to assess the degree of risk
when carrying out a particular activity. The matrix of ac-
celeration and deceleration of innovative tools for risk
management of production activities of agricultural
enterprises was used (Table 3, 4).

Table 3. Matrix of acceleration of the action of innovative tools for risk management
of production activities of agricultural enterprises

Fai  Fao  Fas  Fat Fas  Fue Fav Fims Fmo Fimto Fmun Fz Fouss ilr?fegrﬁigfm

Fant 1 1 1 05 1 1 05 05 05 05 05 05 126.4
Fams 1 05 01 1 05 05 05 05 05 1 05 05 1288
Fans 1 o1 2 1 105 2 2 1 01 01 2 1616
Fme 1 1 05 1 05 05 05 05 05 1 01 01 149.9
Fans 1 1 05 01 05 1 05 01 01 05 05 1 62.3
Fans o5 2 05 1 2 2 11 2 2 05 01 155.8
Far 05 05 05 05 1 1 11 1 1 05 05 1624
Fns 05 1 2 1 2 2 05 2 2 2 05 01 167.3
Fino o1 1 05 01 1 2 ) 2 2 01 05 136.1
Foo 01 2 2 01 1 05 05 05 1 2 01 05 479
Feu 01 2 01 01 1 1 1 05 05 1 05 01 28.5
Fntz 2 1 01 01 05 01 01 01 05 05 05 2 29.6
Fms 05 2 05 05 1 05 05 01 2 1 1 05 95.6

Degree
of 1 05 11 19 07 14 05 19 12 09 05 22 15

activity

Source: constructed by the authors
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Table 4. Matrix of slowing down the effect of innovative tools for risk management
of production activity of agricultural enterprises

Funt  Fama  Fams  Fue  Fams  Fums  Far  Fms Fims Fmo Fmsi Fmz  Funss I'gfg;’iilg‘;

Famt 1 1 05 1 05 05 01 01 01 1 01 1 555
Fam 1 1 1 1 05 05 05 05 1 01 05 1277
Fams 01 o1 o1 01 01 01 05 1 1 1 01 o1 33

Famt 05 05 0.1 05 05 05 05 01 05 1 01 01 315
F ans 1 1 1 05 01 01 01 01 05 05 01 1 623
Fans 01 01 01 01 05 05 05 05 1 05 01 05 26.5
F o 01 05 01 01 05 05 05 01 05 05 01 05 347
F s o1 01 01 05 01 05 05 1 1 05 01 o1 437
F oo o1 1 05 05 01 1 05 1 2 1 01 05 95.9
F into o5 1 05 05 01 1 05 2 2 2 05 05 1525
F ot 05 2 2 1 1 1 2 2 2 05 1 221
F s 2 2 05 05 2 01 01 05 05 1 2 267
Fints s 2 01 05 1 05 05 05 1 1 1 o1 854

Daecgtrlslet;’f 11 07 06 08 08 07 06 05 08 1 13 2 11

Source: constructed by the authors

Behaviour models of innovative tools for risk man-
agement of the production activities provide optimal
and positive interaction of factors according to sce-
narios 1 and 12, which demonstrate the best results of
safe development of agricultural enterprises. Important
components in this process are public-private partner-
ships, as well as the presence of a regulatory price poli-
cy. Thus, according to Scenario 1, the momentum of the

28
23

18
13

W o

t t+1

=@=Fim8

interaction of the factors of innovative tools for manag-
ing the risks of production activity is carried out in three
vertices — Fing=1, F,ms=1, F,m=1 (the improvement of
contract farming increases the level of production out-
sourcing and expands the volume of futures contracts).
At the same time, there is an increase in all weighted
coefficients of safe development of agricultural enter-
prises in the institutional environment (Fig. 4).

t+2 t+3 t+4

Fzm4 =@=Fzm2 =@=Fim10 =@=Fiml3

Figure 4. Simulation model of the behaviour of innovative tools for risk management of the production activities of
agricultural enterprises (Scenario 1)
Note: Scenario 1. The momentum of the interaction of innovative tools for managing the risks of production activities
improves contract farming, increases the level of production outsourcing, and expands the volume of futures contracts to
fix prices for agricultural enterprises. There is an increase in all weighted coefficients of safe development of agricultural
enterprises in the institutional environment
Source: constructed by the authors

Scenario 12 demonstrates the momentum of the
interaction of four vertices - Fins=1, Fum:=1, F,me=1,
F..7=1, (the state policy of regulating spot prices for

agricultural products under rational contract farming,
improves the logistics infrastructure of the agricultural
market with the help of Blockchain technologies and
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digital financial technologies). Sensing the state’s in-
terest in the implementation of modern digital innova-
tions allows to optimize innovation potential, rationally

30
25
20
15
10

t+l

==@==Fzm8

use the available resource potential of agricultural en-
terprises and ensure their safe development based on
public-private partnership (Fig. 5).

t+2 t+3 t+4

Fzm3 e=@=Fzm6 e==@=Fzm7 =@=Fiml

Figure 5. Simulation model of the behaviour of innovative tools for risk management of the production activities of
agricultural enterprises (Scenario 12)
Note: Scenario 12. The impetus for the interaction of innovative tools for managing the risks of production activity is
provided by the state policy of requlating spot prices for agricultural products in rational contract farming; and improves
the logistics infrastructure of the agricultural market with the help of Blockchain technologies and digital financial
technologies; innovative and resource potential is optimized; the level of safe development of agricultural enterprises

based on public-private partnership is increasing
Source: constructed by the authors

Taking into account the state of war in Ukraine and
the consequences of the destabilization of the produc-
tion system of agriculture in the country (the extent of
the loss of resources and production potential of agri-
cultural production), based on the results of simulation
modelling, the integral index of the safe development of
agricultural enterprises was calculated (the calculation
was made on average per subject of agricultural produc-
tion) certain agroclimatic zone. The activation of strategic
innovative tools for managing the risks of production ac-
tivity in the institutional environment made it possible to
single out the structural coefficients of the index of safe
development of agricultural enterprises, which are list-
ed in Table 5. Thus, the calculations revealed that a high
level of coefficients of production, financial, logistical

and innovative components of safe development per
agricultural enterprise was recorded in the agro-climatic
forest-steppe zone, Polissia zone and Western Zone. This
is due to the rapid acceleration in the institutional envi-
ronment of production outsourcing and futures contracts
based on the government’s creation of reserves of agri-
cultural raw materials of the grain and oil group under
food security programs in the country. The peculiarity of
this trend was felt in 2021 and, despite hostilities in most
regions of Ukraine, in 2022. During this period, the di-
versification of the production system of agriculture was
intensified, and agricultural technologies, Blockchain and
protective financial technologies were introduced, which
have a huge potential for increasing productivity,income
and food security in Ukraine.

Table 5. Integrated index of safe agricultural development enterprises in agro-climatic zones of Ukraine for 2018-2023
(on average for one subject of agricultural production)

Structural coefficients of safe development agricultural enterprises S:g;:‘ze Fore:'grslteeppe P:g;s;ia W:::::m
The level of costs per 1 ha of agricultural land 441 4.09 3.07 2.54
Fund return 0.22 0.94 0.97 0.62
Product profitability level 4.5 55.7 438 38.1
Productivity 51.6 1235 148.2 1117
Coefficient of production component of safe development 15.009 162.624 139.031 81.874
Solvency ratio 0.12 0.87 0.71 0.46
Liquidity ratio 0.171 0.358 0.347 0.342
Turnover ratio of current assets 0.19 0.58 0.54 0.41
Financial leverage ratio 0.06 0.76 0.74 0.58
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Table 5. Continued

Structural coefficients of safe development agricultural enterprises S:Ef‘ze Forei':,-;teeppe P(z):’irs‘seia W:;'rc‘eern
Coefficient of the financial component of safe development 0.015 0.371 0.314 0.193
Profitability of sales 1.5 34.5 33.6 9.2
Product quality factor 8.1 121 131 124
The level of the ratio of the spot price to the sale price on the domestic market 1.07 1.86 1.2 1.13
Coefficient of stimulation of the logistics process 0.04 0.44 0.32 0.77
Coefficient of the logistic component of safe development 0.721 18.484 13.001 9.963
The volume of innovations in production 0.15 0.87 0.51 0.77
Innovative potential 19.6 90.1 38.04 394
The level of innovation 0.41 10.9 79 1.75
Coefficient of innovative component of safe development 1.097 29.234 12.399 7.286
Integral Index of Safe Development (Isd) 0.422 180.56 83.888 33.871
Interpretation of the level of safe development C{gjgfl High level High level Su{éivcglant

Source: constructed by the authors

By 2022, the steppe zone of Ukraine had a high lev-
el of safe development of agricultural enterprises. How-
ever, due to the occupation of a significant territory of
this zone by the aggressor country during 2022, a clear-
ly expressed risk scenario of lost opportunities for ag-
ricultural production entities due to the deterioration
of a significant amount of resources and assets is being
followed. This affected the slowdown of the index of
the production component of the safe development of
agricultural enterprises. Such distribution increases the
need for the reproduction of the process of activation
of innovative tools for managing the risks of production
activity after agricultural enterprises after the libera-
tion of the occupied territory of the Steppe zone, and
the reconstruction of residential, industrial, transport,
logistic and agricultural infrastructure. In 2022, most of
the agricultural enterprises of the Steppe zone, which
is not occupied by the aggressor country, have limited
resource capabilities, and face large fluctuations in
yield and agricultural production due to the high fre-
quency and probability of climatic shocks, which also
increase the pressure on high food prices. In turn, this
increases vulnerability and reinforces the importance
of supporting supply so that markets can adjust to price
fluctuations. It is believed that the implementation of
agricultural technologies is critical for overcoming the
risks of production activities.

In 2023, agricultural enterprises in the Steppe zone
of Ukraine continue to face challenges arising from the
difficulties associated with the loss of part of the terri-
tory due to the occupation, as well as from natural and
economic factors. The occupation significantly limits
the possibilities of restoring agricultural infrastructure
and resources, which requires great efforts to restore
and modernise them. The vulnerability of agricultural
enterprises in this area is also increased by unstable
climatic conditions that affect production. In particular,
insufficient rainfall and rising temperatures are factors

that increase the risk to productivity. In addition, cli-
mate change introduces uncertainty into crop produc-
tion and can lead to difficulties in making decisions
about technology choices. In the context of high food
prices and price fluctuations, it is necessary to support
the agricultural market and implement measures that
contribute to its stabilisation. The introduction of agri-
cultural technologies and innovative risk management
methods remains a key element of the strategy to adapt
to new conditions and maintain the competitiveness of
agriculture in the face of the challenges of 2023. In-
deed, the increase in climate variability in the Steppe
zone of Ukraine, which has seen a decrease in annual
precipitation and an increase in temperature over the
past two decades, is harming agricultural productivity.
In turn, factors such as yield variability and the risk of
failure affect technology adoption decisions, especially
in low-income contract farming. This limits agriculture
in innovative approaches, and even more so, in increas-
ing investment in agricultural technologies.

Ukraine’s strong political commitment to strength-
ening agrarian policy and agricultural institutions will
allow in the future (in the post-conflict period) restore
the deployment of Blockchain-technology agricultural
enterprises throughout the territory, to restore the in-
frastructure of logistical supplies of agricultural raw
materials to the market under future contracts, and to
improve the adaptation of agricultural technologies to
farming in the conditions of climate change, to mitigate
shocks and stability of the production system of agri-
culture. For example, improved varieties give higher
and more stable yields, resistant to numerous stresses,
and new technological packages (drought-resistant va-
rieties of wheat and barley) in combination with inte-
grated pest control increase yields and reduce produc-
tion costs. Research centres in Ukraine are developing
new varieties of crops and production technologies that
help to ensure sustainable growth in the productivity of
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the crop production industry in agricultural enterprises.
In underdeveloped farms, taking into account the high
variability of profits and (average) productivity growth
of this industry is not a sufficient condition for the at-
traction and implementation of new technologies and
agricultural innovations. New technologies must bring
adequate and stable profits from year to year. There is no
reason to introduce new technologies if small agricul-
tural enterprises are exposed to price uncertainty due to
the high volatility of food prices and frequent changes in
agricultural policy, which increases uncertainty.

The main task of agricultural institutions is to en-
sure proper investment in agricultural research, and
this is possible only with a favourable institutional en-
vironment, as well as increased government support
for the introduction of technologies in small farms.
The comprehensive reform of the irrigation system in
Ukraine, which includes a new contractual land use of
agricultural enterprises, provides a guarantee of own-
ership of agricultural land plots and full compensa-
tion of costs for innovative projects, which, with the
help of production outsourcing, allow managing the

Western zone
Polissia zone
Forest-steppe zone

Steppe zone

Integrated index of safe
development of agricultural
enterprises

o

M isd 2027 mlsd 2026

20 40 60

production system of agriculture at the institutional
level. This leads to an increase in the production and
yield of crops of the grain and oil group, as export-ori-
ented agricultural raw materials on the domestic and
world markets. Under such conditions, there is a need
to review the current production activity of agricultural
enterprises, and, first of all, introduce diversification of
the logistics component to ensure the safe develop-
ment, stability and independence of agricultural pro-
duction entities. This will make it possible to develop
one’s production base and fulfil relevant economic ob-
ligations to neutralize risks based on the above-men-
tioned innovative tools. At the same time, the pre-
dictive stability of the level of safe development of
agricultural enterprises is of scientific and practical
interest, which is determined comprehensively by cal-
culating this index in the dynamic trend of the entire
set of coefficients (production, financial, logistical and
innovative components) in the long term. The calculated
forecast integral index of safe development of agricul-
tural enterprises by agro-climatic zones of Ukraine for
2024-2027 is presented in Figure 6.

80 100 120 140 160 180 200

Isd 2025 wmIsd 2024

Figure 6. Forecast of the integrated index of safe development of agricultural enterprises for 2024-2027

Source: constructed by the authors

Thus, it is worth emphasising that the study results
demonstrate that the accumulation of significant pro-
duction, financial, logistics and innovation potential im-
proves the secure development of agricultural enterpris-
es in the Forest-Steppe and Polissia zones. This indicates
their ability to reproduce the agricultural production
system in Ukraine and determines their sustainability
and competitiveness in the industry. By emphasising the
importance of optimising production, financial and inno-
vation capabilities, it is possible not only to support the
sustainability of agricultural enterprises but also to con-
tribute to the efficiency of the national economy. These
results emphasise the importance of business and inno-
vation potential for the development of the agricultural
sector.Accumulation of production and financial resourc-
es, improvement of logistics processes and introduction
of innovative approaches become catalysts for sustaina-
ble agricultural development.
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DISCUSSION
Studies by many scholars, including A. Sudip and A. Kha-
nal (2022) as well as the present study, confirm that the
production activities of agricultural enterprises, unlike
other areas of their activity, are closely related to the
processes of their safe development in the institutional
environment. Comparing the statements of scientists, it
should be noted that the institutional environment of
agriculture embodies formal and informal institutions
that develop normative regulations for the production
cycle of agricultural enterprises, enhance their econom-
ic opportunities and minimise potential risks in the
market. The main formal institutions of agriculture that
influence the resource provision and intensification of
the production cycle of agricultural enterprises include
the property institute, the state regulation institute, the
entrepreneurship institute, the contract institute, the
competition institute, and the knowledge institute. In-
formal institutions include peasant customs, traditions,




religious preferences, moral principles and views, stere-
otypes of agricultural behaviour. The basis of informal
rules for the development of institutions is the cultural
traditions and values of rural areas, which determine
the worldview and behaviour of rural people. In rural
areas, personalised exchange dominates (economic
actors in agribusiness know each other directly), and
therefore contractual agreements are often concluded
formally; the resolution of conflicts over the provision
and use of resources in the production activities of ag-
ricultural actors is often based more on local customs
than on legal norms (Belgibayeva et al., 2022).

At the same time, some authors may approach
risk management from different perspectives and em-
phasise technological innovations. Thus, according to
X.Liu (2022),Z.Ali et al. (2019) and others, in the process
of managing the risks of agricultural enterprises’ pro-
duction activities, informal rules of conduct of economic
agents interacting with agricultural institutions emerge.
This is not just a part, but the most important component
of risk-based resource management in the agricultural
production system, which depends on a formalised de-
scription of innovative tools for risk-based management
of agricultural enterprise development. While formal
rules for managing the risks of agricultural enterprises’
production activities change rapidly, informal rules tend
to change gradually, but they set the vector for neutral-
ising threats in production activities for innovative regu-
latory instruments (Horbal & Makarova, 2023). Informal
rules and norms of risk management of agricultural en-
terprises are not created by the authorities, they often
develop spontaneously and generate misuse of resourc-
es in the production system of the actors.

Scholars also identify different key risks for agricul-
tural enterprises. Some may emphasise environmental
risks, while others may focus on financial aspects. In this
regard, X. Huang et al. (2021) argue that the imperfect
institutional vector of agricultural institutions does not
allow to fully neutralise risks in the production, social,
human, financial and resource capital of agricultural en-
terprises, which is also highlighted in the present study.
Accordingly, a new conceptual approach to the develop-
ment of innovative tools for risk-oriented management
of production activities of agricultural enterprises is
needed to intensify the processes of their safe develop-
ment in the institutional environment. On the one hand,
it is necessary to constantly support the development of
relevant agricultural institutions in the required direc-
tion (including their formation, development and train-
ing), and on the other hand, to stimulate this process by
persuading agricultural producers to move forward and
look for new standards of risk management of produc-
tion activities, their systematisation in the organisational
structure of risk management (Sinaj & Vela, 2022).

According to many authors, including B.M. Leybert
et al.(2023) and O. Kotykova et al. (2020), social justice
and trust institutions play a special role, being the main
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agro-industrial complex coordinators in the institution-
al environment. They establish conventional norms for
all agricultural actors, formed from economic culture,
value systems, habits and traditions, and mentality, and
influence their behaviour when applying risk-based
management in the institutional environment. They in-
clude the rules of social justice; mechanisms for ensur-
ing and implementing the rules of social responsibility;
and norms of behaviour of agricultural enterprises in
economic relations.

M.Van Bergen et al. (2019), N.V. Trusova et al. (2019)
and others, define that the norms of informal relations
of agricultural enterprises in the institutional environ-
ment are based on economic relations and have a long
period of development and are based on previous in-
tergenerational relations in rural areas. They depend on
the effective functioning of formal institutions (state,
property, democracy, human rights, rule of law) and in-
formal institutions (culture, religion, respect, traditions,
customs, moral attitudes). In agriculture, these institu-
tions are distorted, and the lack of stakeholder confi-
dence in reducing transaction costs in the development
of innovative tools for managing the risks of agricul-
tural production leads to negative consequences and
development risks, as demonstrated in the study. A key
characteristic of the safe development of agricultural
enterprises is the availability, possibility, stability and
use of the production system, which largely depends
not only on the growth of agricultural production but
also on trade policy and the development of trade re-
lations in agricultural raw materials markets, which
can enhance these characteristics to a positive level
(Penkova & Kharenko, 2023).

Another confirmation of the study is the results of
R.Sharma et al. (2020), X. Li and Y. Sun (2022) as authors
emphasise that the problem of introducing innovative
tools for managing the risks of agricultural enterprises’
production activities and ensuring the state’s food secu-
rity on their basis is complex and complex, and therefore
its solution should be considered from the point of view
of different hierarchical levels. The basis for the alloca-
tion and classification of such levels can be considered
the specific interests of a separate group of subjects of
each particular level. J. Gascédn and K. Mamani (2022)
and R. Finger (2023) also note that the national level
of implementation of innovative tools for managing the
risks of agricultural production activities and ensuring
the food security of the state on their basis is achieved
through government programmes that create a sustain-
able potential of the agricultural production system and
determine the directions for improving the quality of
grain and oilseed products.

A similar opinion is expressed by D.K. Deng-
Kui Sii et al. (2021), according to which the specifics of
managing production risks with the help of innovative
tools at the national level are determined by the differ-
ences in economic and political interests of countries.
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Thus, countries with the most developed agricultural
production have natural advantages in agricultural
production. However, F. Ciccullo et al. (2019) believe
that countries with less favourable natural conditions
for agricultural production are limited by agricultural
production resources or emerging markets. The concept
of innovative development of agricultural enterprises
at the national level does not mean self-sufficiency in
food. It implies that a country should produce enough
food for its needs, but if comparative advantages pre-
vent this, innovative tools for strengthening the food
supply should be introduced.

Balancing the quantitative and qualitative parame-
ters of agricultural production, and defining the criteria
for neutralising risks at the local level allows for ensur-
ing food security of the territories where the grain and
oilseeds group entities are located. Consumer demand
growth due to the intensification of production cycles
leads to an increase in the potential of the agricultural
production system, which, in turn, stimulates the intro-
duction of innovations in the supply chain of grain and
oil products through Blockchain technologies. It is worth
noting that technological innovations in the agricultural
production system ensure the reproduction process of
territories and support the food security of the region
(country) as a whole (Salo et al., 2023). This approach
expands the range of products of the grain and oilseed
group following the scale of their consumption with dif-
ferentiation of pricing policy and within the regional mar-
ket, stimulating international trade and export of agri-
cultural products. This is confirmed by W. Bai et al. (2022)
and A. Burliai et al. (2021), who emphasise that the high-
est guarantee of food security of the state, with the sus-
tainable introduction of innovations in the production
system, requires spot prices for agricultural products,
which in the logistics chain of planning and forecasting
transport services for grain and oilseed products ensure
the availability of long-term agreements for the supply
of agricultural raw materials to countries of the world on
mutually beneficial terms.

Thus, the discussion on the research of various au-
thors in the field of innovative tools for managing the
risks of production activities of agricultural enterpris-
es in the institutional environment and the results of
the study confirms that the study of innovative tools
for managing the risks of production activities of agri-
cultural enterprises and their impact on development
security indicates the importance of both formal and
informal institutions in agriculture. A key characteristic
of the safe development of agricultural enterprises is
the existence of a sustainable and efficient production
system, which depends on a comprehensive approach
to risk management. Technological innovations, such
as the introduction of Blockchain and other advanced
technologies in supply chains, play a key role in main-
taining food security by stimulating international trade
and securing long-term agreements for the supply of
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agricultural raw materials. In summary, innovative ap-
proaches to risk management are a necessary element
for achieving sustainable and secure agricultural devel-
opment in an institutional environment.

CONCLUSIONS

Sustainable development of agricultural enterprises in
the institutional environment is focused on ensuring
agro-economic capabilities without resorting to food
imports from other countries. Achieving a stable level
of sustainable development of agricultural enterprises
should involve the implementation of the following key
areas: maintaining the food supply at a level sufficient
for a healthy diet; ensuring an adequate level of effec-
tive demand of the population; eliminating depend-
ence on imports and protecting the interests of domes-
tic producers of agricultural raw materials.

From the perspective of the sectoral approach, Block-
chain technologies as innovative tools for managing the
risks of production activities in cities where agricultural
enterprises are located and located at short distances
from logistics centres should be fully involved in the
model of safe operations. Development of agricultural
production entities to expand the segment of agricultur-
al raw materials on the world market. The introduction
of innovative tools for managing production risks should
be transferred to a new doctrine of innovation of produc-
tion and technological standards of regional develop-
ment. This will facilitate the state’s influence on the re-
production of an integral agricultural production system,
creating the sustainability of the production system’s
potential in the country, ensuring the greening of agri-
cultural raw materials and shaping the new behaviour
of agricultural enterprises to ensure the security of their
production system. This approach promotes cooperation
with other stakeholders, strengthening interaction in the
field of agricultural policy and ensuring national security
in the production of agricultural raw materials.

The study results indicate a high level of security for
the development of agricultural enterprises in Ukraine,
which was assessed using integral indices. These indi-
ces consist of various components that reflect the level
of costs, financial stability, productivity, logistics and
innovation in the agricultural sector. Based on the cal-
culations, the study found that the agro-climatic zones
of the Forest-Steppe, Polissia and Western zones have
the highest level of security in agriculture. Despite the
difficult conditions of the military conflict in Ukraine,
these regions have shown resilience and adaptability
through the successful implementation of innovations
such as blockchain technologies and financial instru-
ments. The practical implications of the findings are
that successful strategies for sustainable agricultural
development include maintaining the food supply, cre-
ating an adequate level of effective demand, and elim-
inating dependence on imports. It is also important to
use innovative tools, such as blockchain technologies,
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AHoTauin. be3sneka po3BUTKY arpapHOro CeKkTopy CTa€ BCe Oifbll akTyanbHUM MUTAHHAM B CY4YaCHMX YMOBaX,
OCKiNbKM arpapHUi1 CEKTOP BM3HAYAE CTiMKICTb EKOHOMIKM Ta 3abe3nevye NpoLoBobYy 6e3neKky KpaiHW. 3pocTatoyi
PM3UKK, TaKi K 3MiHA KMiMaTy, €eKOHOMIYHi TPYAHOLL Ta reonofiTMYHi KOHMNIKTK, MiAKPEeCoTb HEOOXIAHICTb
NiABULLEHHS 6e3MeKn CUCTEM CiNlbCbKOroCnoAapCcbKoro BUpOOHMLTBA, WO 0O0YMOBOE akTyaNbHICTb AOCILKEHHS.
MeTolo JocnigxeHHs 6yno NMpoBeAeHHS CUCTEMHOMO aHani3y iHHOBALIMHMX iHCTPYMEHTIB yNpaBfiHHA pU3MKaMu
BMPOOHMYOI LiSNbHOCTI CiNbCbKOrOCNOAapPCbKMX NiANPUEMCTB Ta iX BNIMBY Ha GOPMyBaHHS He3ne4yHoro po3BuTKY
B arpapHoMy cekTopi YKkpaiHu. [Ing [OCArHeHHS NOCTaBNEeHOi METU BUKOPUCTAHO METO[ aHani3y Ta MOAENOBAHHS.
Pe3synbTatt JOCNIAXEHHS CBiAYaTb, WO iHHOBALIMHI NiAXoAn A0 YNPaBAiHHSA PU3MKaMU MatOTb BMPillasbHWIA BNAMB
Ha CTiMKiCTb Ta eEeKTUBHICTb CUCTEM CiIbCbKOrOCNOAAPCbKOro BUPOOHMUTBA. 1N LOCATHEHHS CTABiNbHOrO piBHA
6e3neyHoro po3BUTKY CislbCbKOroCMOAAPCbKMX MiANPUEMCTB HEODXIAHO 30CepeamMTUCS Ha peanisauii KI4oBMX
HanpsMiB, TakMX K MIATPUMAHHS MPOLOBOAbYOI 6asu Ha piBHi, [OCTaTHbOMY AN 3abe3neyeHHs 34,0pOBOro
XapuyBaHHS, 3ab6e3neyeHHs HANEXHOro PiBHS NJATOCMPOMOXHOIO MOMUTY HACeNEeHHS Ta YCYHEHHS 3aNeXHOCTi
BiA, iMMOPTY, CNPSIMOBAHWMX Ha 3aXMCT iHTEPECiB BITYM3HAHUX BUPOOHMKIB CiNbCbKOrOCNOAAPCHKOI CUPOBUHM.
[ocnipkeHHs nokasano, WO iHCTUTYLIAHI YMHHMKM YNpaBAiHHA pu3MKamMu (QOPMYIKOTb IHTErpoBaHy CUCTEMY,
e(eKTUBHICTb SKOI 3aNeXuTb Bif peanisauii KOHKPEeTHUX CTpaTeriin po3BWUTKY arpapHUX iHCTUTYLIN, CNPSMOBAHMX
Ha BMPOBAKEHHS [HHOBALIMHMX [HCTPYMEHTIB Yy BMPOOHWMYMIA LMK CiNIbCbKOrOCNOAAPCbKMX MiANPUEMCTB.
KpimM TOro, 3aBASIKM HAKOMWYEHHIO 3HAYHMX 06CAriB BUPOOHMYOro, iHAaHCOBOro, MaTepiasbHO-TEXHIYHOrO Ta
iHHOBALIMHOro MOTeHLiany cinbCcbkorocnogapcbkmx nignpuemcte Jlicocteny Ta [oniccs, piBeHb 6Ge3nevyHoro
PO3BUTKY CiIbCbKOrOCNOAapCbKMX MiANPUEMCTB 3HAYHO MiABULLYETLCS. Lle CBiAYMTb NMpO X BUCOKY CMPOMOXHICTb
[10 CTANOro BiATBOPEHHS BUPOOHULITBA Ta 34iMCHEHHS BaroMOro BHECKY B arpapHuii cektop YkpaiHu. JocniaxeHHs
Ma€ MpaKTUYHE 3HAYEHHS 4NN CiIbCbKOroCnoAapCbKUX MiANPUEMCTB, HAYKOBO-AOCNIAHMX YCTAHOB Ta AEPXKABHUX
OpraHiB, SKi MOXYTb BUKOPUCTOBYBATM OTPUMAHI pe3ynbTaTu ANS BAOCKOHANEHHS CTpaTeriin ynpaBniHHA pU3MKaMu
Ta NiABULLEHHS piBHS De3MeKn po3BUTKY arpapHOro cekTopy

KntouoBi cnoBa: pu3nku BUMPOOHWMYOI AiANbHOCTI; ePeKTUBHICTb Oi3Hecy; iHaHCOBa CTiMKiCTb; TEXHOMOTIYHUNA
PO3BUTOK; BUPOOHMYA CUCTEMA; IHCTUTYTM CilbCbKOrO rocnoAapcTea
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Nechyporenko et al.

The study identified the upward trend in global beef and veal production, the main producing countries and the
predominant stability of their share in global volumes over the decades. It was found that higher beef production
does not always allow for higher per capita volumes (e.g., in China and India). Ukraine’s production and its share in
global volumes are declining, although production exceeds consumption. It was found that the share of agricultural
enterprises in the structure of economic entities is decreasing, and there is a direct dependence between their
number and production volumes, which prevails in the Forest-Steppe zone. The largest producing regions (Kyiv,
Vinnytsia, Kharkiv, Lviv) were highlighted, where priority development in the post-war period is expected. The study
found the principal reasons for the decline in production, including a decrease in livestock numbers, negative
profitability, and rising average consumer prices. Based on the SWOT analysis results, development prospects
were identified and relevant proposals were developed. The reasons for the decrease in the number of cattle and
beef were proposed to be distinguished as general, and those related to enterprises and household farms; their
interdependence was emphasised. The study stressed the need for state support for producers by providing food
aid to the population free of charge and by purchasing products at lower prices depending on their financial
level. International economic integration was singled out as one of the key factors of increasing beef production.
The study emphasised the need to consider the consumer preferences of the population of countries with which
regional trade agreements have been concluded, specifically regarding the production of kosher and halal products.
The findings of this study and the proposals provided can be used to develop government measures to increase
beef production and increase its share in world exports

Keywords: production volumes; beef; national policy; regional trade agreements; profitability; food aid

INTRODUCTION

The significance of beef production is driven by the need
to provide food for the population, while it is also im-
portant for raw materials for processing companies in
various industries, state budget revenues, job creation,
exports, etc. In Ukraine, this development is facilitated by
natural and climatic conditions, production of consider-
able volumes of crops, including fodder crops, the avail-
ability of relevant government programmes, the bene-
fits of regional trade agreements, etc. Considering the
importance of meeting the beef consumption needs of
the majority of the population of Ukraine and the world,
and the fact that cattle breeding and processing produce
meat products, as well as such vital products as milk,
cheese, leather, gelatin, etc., there is a need to expand
research into the economic aspects of its production.

Investigating the state of livestock production in
Ukraine, O. I1zhboldina et al. (2021) note negative trends
in the industry, addressing the decrease in livestock
numbers, a considerable decrease in livestock produc-
tivity and the quality of products. V. Lavruk et al. (2021)
argue that the development and gradual revival of live-
stock production will mainly depend on the effective
efficiency of the economic mechanism, as well as the
interdependence of its principal components, namely,
the establishment of price, credit and tax policies,
state regulation, investment, and innovation processes.
N. Lialina (2018) notes that one of the key trends at the
current stage of development of livestock production
in Ukraine is a decrease in the concentration of produc-
tion for most enterprises, which leads to a decrease in
the role of the industry in their economy. This causes a
noticeable decline in the efficiency of the industry.

According to O. Kravchenko (2019; 2020), the
economic interests of an agricultural producer as a

business entity are not satisfied by its share in the re-
tail price structure, which for beef and milk amounted
to 30.5% and 32.8%, respectively (January 2019), which
is confirmed by the decrease in production. Further-
more, the issue of food security should be considered,
and research on food policy in Ukraine and the world
is becoming increasingly relevant (Kuts & Bokiy, 2020).
Studies on foreign trade in meat are essential as well
(Kovalenko, 2021), as it also considerable affects its
production.

The authors of this study believe in the impor-
tance of the key areas proposed by K. Andriushchenko
et al. (2021), namely, modernisation of the technical
and technological base and production processes
according to export priorities, research, training, and
implementation of the best world practices in prod-
uct processing and farming, improvement of innova-
tive developments at food enterprises, development
of modern strategies for innovative development of
agricultural enterprises, etc.

The issue of efficient beef production is vital not
only for Ukraine, as evidenced by research by foreign
scientists. B. Abebe et al. (2022) note the significance
of cattle breeding in Ethiopia as the main source of
meat-producing animals for internal and external mar-
kets. Compared to other African countries, Ethiopia has
a massive number of cattle (about 65 million heads),
but the quality and quantity of beef consumed per cap-
ita is rather low (8.4 kg per year). It is expected that
the increase in production will be driven by popula-
tion growth, high demand in the internal and exter-
nal markets, etc. While investigating the issue of beef
production, P. Greenwood (2021) notes that beef is a
high-quality source of protein, and demand for it in the
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global market is growing. It is noted that digital and
other technologies that allow for the rapid collection
and use of data on the environment and cattle produc-
tivity should increase the productivity, efficiency, and
welfare of animals.

When investigating beef production, researchers
also paid attention to the specifics of its quality and
consumption.D.Magalhaes et al. (2023) studied changes
in beef consumption and consumer behaviour trends in
Brazil, Spain, and Turkey. The study analysed the impact
of economic factors, aspects of trust, health concerns,
lifestyle influences on beef consumption, and purchase
decision factors. Furthermore, C. Whitton et al.(2021) in-
vestigated meat consumption in a number of countries,
considering gross domestic product. One of the crucial
factors that changed consumer behaviour and led to
a decline in consumption, mainly among Brazilian and
Turkish consumers, was the availability of products. It
was presented that lifestyle factors, such as eating out,
availability of time for cooking, etc., change consump-
tion patterns and should be carefully considered by the
industry, factoring in the cultural differences and con-
sumer needs.

V-B. Hoa et al. (2023) paid particular attention to
the product quality factor. They conducted research on
the quality, taste, and flavour of meat from Korean cat-
tle of various breeds. It was found that under identical
feeding conditions, the breed has a considerable impact
on the nutritional quality of beef. The issue of increas-
ing beef production is being raised more often, which
requires finding the reasons that hinder it and the
factors that will facilitate its development. This deter-
mines the relevance of the present study. The purpose
of this study was to highlight the status and investigate
the trends in beef production in the world and Ukraine,
to identify the principal problems and determine the
areas of its effective development. It is advisable to de-
termine the prospects for beef production in Ukraine
based on the current situation, global trends, and par-
ticipation in integration processes.

MATERIALS AND METHODS

The study employed the methods of analysis and syn-
thesis to assess the development of beef production in
Ukraine and the world, the abstract and logical meth-
od to draw conclusions, generalization and concretiza-
tion to develop proposals, mathematical and graphical
methods to investigate and display trends and the state
of production. The information base of the study includ-
ed the scientific papers of Ukrainian and foreign scien-
tists, statistical data of the international organisation

FAO (n.d.) and the State Statistics Service of Ukraine
(n.d.). The study focused on global production volumes,
i.e., in total and by country, imports, consumption, pro-
duction by category of farms, considering zones and re-
gions of Ukraine, production profitability, average con-
sumer prices, population, cattle supply to processing
enterprises, etc.

To assess the place and prospects of Ukraine in
world production and the world market, the FAO peri-
od from 1961 to 2021 was used for all countries, and
for Ukraine from 1992. Considering the significance
and impact of the hostilities in Ukraine, the pre- and
post-war periods were used. This study used the main
statistical data on beef production in Ukraine and its
regions, as well as global and country-specific data for
comparison.

To determine beef self-sufficiency, the study em-
ployed the approach to food self-sufficiency proposed
by B. Paskhaver (2018). The study analysed the trends
and status of beef production in the world and Ukraine,
considering the largest producers, natural and climatic
conditions, and population. Calculations were made on
the supply of live animals to processing enterprises, con-
sidering military operations. The study examined the
production of beef and veal depending on the struc-
ture of producers, specific regional features, factoring in
the profitability of production, the dynamics of average
consumer prices, population, including migration pro-
cesses. The prospects of post-war recovery are identi-
fied as a result of the analysis of production in recent
years. A SWOT-analysis of the prospects for beef pro-
duction in Ukraine was carried out, the reasons for the
decline in cattle numbers were analysed and classified,
and recommendations for the development of produc-
tion were developed.

RESULTS AND DISCUSSION

The significance of agri-food production is becoming
increasingly important, specifically due to population
growth and climate change. The second of the UN Sus-
tainable Development Goals is to end hunger, and it
calls for less food to be thrown into landfills and more
support for farmers, as a third of the world’s food is
wasted, while 821 million people are malnourished
(Sustainable Development Goals, n.d.). Ukraine is one of
the world’s largest producers of wheat, corn, soybeans,
sunflower seeds,and other crops, i.e., it produces mainly
crop products. Global production of all types of meat
reached 361 million tonnes (slaughter weight equiva-
lent) in 2022, up 1.4% in 2022, although slower than
the 4.5% growth in 2021 compared to 2020 (Table 1).

Table 1. Dynamics of the global meat market, million tonnes, 2020, 2021, 2022

i years changes 2022 to 2021
Indicators
2020 2021 2022 +,- in%
Production, total 340.3 3555 360.5 5 14
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Table 1. Continued

years changes 2022 to 2021
Indicators
2020 2021 2022 +,- in%
beef 72.0 72.5 73.2 0.7 1.0
poultry meat 136.0 137.8 138.8 1 0.7
lamb 16.1 16.4 16.6 0.2 1.2
Trade, total 41.7 421 423 0.2 0.5
beef 11.7 121 124 0.3 2.5
poultry meat 15.5 15.8 16.2 0.4 2.5
lamb 11 11 1.16 0.06 5.5
Per capita consumption, world (kg/year) 43.4 449 451 0.2 0.4
Trade - share of production (%) 12.3 11.8 11.7 -0.1 -0.8

Source: calculated based on FAO (2022)

The expansion was mainly driven by the rapid
growth in meat production in China and strong growth
in Brazil, Australia, and Vietnam. At the same time, the
relative static nature of global production was par-
tially offset by a drop in production in the EU, the US,
Canada, Iran, and Argentina. Total meat production in
China increased to 96 million tonnes, up 4.4% year-on-
year. Global trade in meat and meat products reached
42 million tonnes (in slaughter weight equivalent).

At the same time, global beef production (fresh
or frozen) increased by 2.6 times from 1961 to 2022,
from 27.7 to 73.2 million tonnes, and the growth was
quite steady. Therewith, the share of beef in global

meat production in 2022 was 20.1%, although in some
years it was much higher, e.g., in 1961 it was 38.8%
(in 2000 it was 24.3%). Notably, poultry meat was pro-
duced the most, with a share of 34%. Major beef pro-
ducers include countries in North and South America,
Asia, and Australia. The top 10 producers accounted
for 63.1% of global production in 2022, and the share
of each country did not fall below 2%, unlike other
countries. More than a third of beef is produced in the
US and Brazil, with a share of 17.7% and 13.2% re-
spectively. It is advisable to consider the change in the
share of production of the main producing countries
in world volumes (Table 2).

Table 2. Share of the largest beef producers in the world, 1961, 2000, 2010, 2022

1961 2000 2010 2022
Countries % Countries % Countries % Countries %
1 USA 26.8 1 USA 21.2 1 USA 18.2 1 USA 17.7
2 USSR 10.3 2 Brazil 11.6 2 Brazil 14.0 2 Brazil 13.2
3 Argentina 7.7 3 China 8.2 3 China 8.7 3 China 9.7
4 France 5.2 4 Argentina 4.8 4 India 4.8 4 India 4.1
5 Brazil 4.9 5 Australia 3.5 5 Argentina 4.1 5 Argentina 3.3
6 Germany 4.7 6 Russia 3.4 6 Australia 33 6 Mexico 3.2
7 United Kingdom 3.3 7 France 2.7 7 Mexico 2.7 7 Australia 3.9
8 Italy 2.4 8 India 2.7 8 Russia 2.7 8 Russia 2.7
9 Canada 2.4 9 Mexico 2.5 9 France 2.4 9 Turkey 2.3
10 Australia 2.3 10 Germany 2.3 10 Canada 19 10 France 2.2
11 India 1.8 11 Canada 2.2 11 Germany 1.9 11 Canada 2.1
12 South Africa 1.4 12 Italy 2.0 12 Italy 1.6 12 Pakistan 2.0
13 Mexico 13 13 Ukraine 13 13 K?ﬂ”g:fj%dm 14 13 Germany 1.7
14 Poland 1.2 14 Colombia 1.3 14 South Africa 1.4 14 South Africa 1.5
15 Colombia 12 15 K?nnéfjidm 12 15  Colombia 12 15 Uzbekistan 16
16 Uruguay 1.0 16 Spain 11 16 Pakistan 11 16 United Kingdom 14
17 New Zealand 0.9 17 Zimbabwe 11 17 Uzbekistan 1.0 17 Zimbabwe 1.2
18 Netherlands 0.8 18  New Zealand 1.0 18 Zimbabwe 1.0 18 Colombia 1.2
19 Ethiopia 0.8 19 South Africa 1.0 19 Turkey 1.0 19 New Zealand 11
20 Belgium- 08 20 Ireland 10 20 NewZealand 10 20 Italy 1.0
Luxembourg

Source: calculated based on FAO (2022)
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Table 1 shows that the US share in world pro-
duction was the highest in 2022, as well as in 1961,
2000 and 2010, although it has been declining. In
1961, the USSR held the second position (10.3%), but
later, among its republics, only Russia entered the top
ten largest producers, while Ukraine (from 2020) and
Uzbekistan (2010 and 2021) entered the top twenty.
Thus, the largest producers have largely stayed so for
decades, including the United States, Russia, Brazil, and
Argentina, although their positions have shifted some-
what, for instance, with Brazil’s growing and Argentina’s
declining. The shares of Canada, the UK, Germany, and
Italy decreased, but they stayed among the top 20 pro-
ducers. China, India, and Mexico have seen noticeable
increases in beef production, and although the latter
two countries were among the 15 largest producers
in 1961, the opposite is true of China, which has been
among the top ten in the following years. This suggests
that countries can considerably increase their exports,
although the top positions in the global market have
been held by the main supplier countries for decades.
This, admittedly, also applies to Ukraine, but special at-
tention should be paid to product quality.

Among the largest beef producers are countries
with which Ukraine has regional trade agreements,
including Turkey, France, Germany, Italy, the UK, and
Canada. Considering the benefits of international eco-
nomic integration, including liberalisation of foreign
trade, access to innovative technologies, and foreign
direct investment, it is expected that production and
trade in these products will increase. Among the EU
countries, France and Germany produce the most beef,
but their share in global volumes in 2022 was 2.2% and
1.7%, respectively, and 9.3% in the EU-27 as a whole.
However, it is also decreasing for them, specifically, in
1961 and 2000, for the countries that became members
of the grouping, it was 19.4% and 13.6%, respectively.
Italy, Spain, and Poland are also among the largest pro-
ducers in the association, but each of them has a share
of less than 1%.

In 2022, the EU produced 6.7 million tonnes of
beef, down 1.1% from 2021. At the same time, with a
decline in production in 2022, the EU increased exports
of fresh and frozen beef by 1.4% compared to 2021, to
463 thous. t. Around 50% of this beef comes from the
UK, with volumes largely unchanged from 2021. Deliv-
eries grew to Asian markets, including Hong Kong and
Japan, as well as to North American markets such as
Canada and the United States. This and growth in other
markets were enough to outweigh losses in other ex-
port destinations, especially Algeria.

On the other hand, imports dropped by 21% year-
on-year to 236.4 thous t. Volumes declined from all key
suppliers, but primarily from the UK and Brazil. Figure
1 shows the main beef producing countries, which ac-
counted for 85% of total EU beef production. This is
likely to be caused by the pandemic or a disruption in
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demand for food services in the EU. Beef production in
the EU in the first half of 2023 was 4.5% lower than in
the same period a year ago, with cattle slaughter in key
producing countries limited. The largest drop in pro-
duction in the EU was observed in Italy (-23%), followed
by key producers France, Spain, Ireland, and Poland. The
only major producers to see growth were Germany and
the Netherlands. However, in Germany, this growth is
contrary to the overall long-term trend of declining
production. Overall, the total slaughter of adult cattle
(bulls, steers, heifers, and cows) was 8.1 million heads,
down 3.6% from the same period a year ago. Therewith,
the total slaughter of cows was just under 3 million
head, down 3.7% year-on-year.

In several countries, including France, Poland, and
Spain, there has been a marked decline in cow slaugh-
ter rates. Cow production in France is currently at its
lowest level in at least five years, which is likely to con-
tribute to the continued high French prices on the EU
market. Livestock slaughter in Poland is also historically
low. Conversely, cow slaughter in Spain has increased
in recent years and, although lower than last year’s re-
cord level, stays historically high in 2023. Cow slaughter
in Germany stayed relatively stable year-on-year after
several years of decline.

Meanwhile, cow slaughter in the Netherlands has
increased considerably compared to last year (+13%)
and will stay at the same level as in 2021. From a mar-
ket balance standpoint, considering the reduction in
production and trade, it is shown that stocks available
for consumption are lower across the bloc. Price infla-
tion is affecting beef consumption in the EU, as it does
in the UK, with consumption and retail data from key
EU countries pointing to a fall in demand. Domestic
consumption of beef in France fell by 2.5% in the first
half of 2023, while average prices increased by 9.1%.
Purchases of beef by households in Germany from Jan-
uary to July (inclusive) decreased by 6.2% year-on-year,
while the average price increased by 6.9%, and the level
of meat consumption is declining. Purchases of Italian
beef fell by 4% year-on-year in the first half of 2023, to
a level that is also lower than in the previous two years.
Beef consumption in Spain is also declining.

Cattle prices in the EU have generally been on the
decline since March. However, in recent weeks, cat-
tle prices in a range of countries have shown an up-
ward trend. Prices for young bulls and cows in Ireland,
France, Germany, and Poland increased, while the price
of young bulls also rose in Spain. In other countries, cat-
tle prices continue to be lower, e.g., in the Netherlands
and ltaly. Ukraine’s share of global production has de-
clined significantly, from a high of 3.1% in 1992 to a
low of 0.4% in 2022 and has not even reached 1% since
2005. Ukraine ranked 39th among beef producers in the
world in 2022, behind even African countries such as
Nigeria, Sudan, Ethiopia, Chad, and Zimbabwe, which
are not the largest producers of grain and, accordingly,




feed. Notably, Ukraine’s beef production decreased
by 5.3 times between 1992 and 2022, from 1.7 to

80.0
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0.3 million tonnes, while global production increased
by 1.4 times, from 53.3 to 72.4 million tonnes (Fig. 1).
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Figure 1. Beef production in the world and Ukraine, 1992-2022

Source: calculated based on FAO (2022)

The figure suggests that the trend of beef produc-
tion in the world and Ukraine is markedly different, but
the presence of demand in the Ukrainian and global
markets and consumption by the majority of the popu-
lation should stimulate an increase in beef production
in Ukraine.In 2022, the Ukrainian meat market increased
beef imports to 2.8 thousand tonnes,up 34.2% from 2021.
In 2022, Ukraine supplied 22.4 thous. t of frozen cattle
meat worth USD 78.5 million. The main deliveries were
made to China - 4.9 thous. t for USD 21.9 million (28%);
Azerbaijan - 4.6 thous. t for USD 17.6 million (22.5%);
Kazakhstan - 3.2 thous. t for USD 11.2 million (14.9%).
Specifically,Ukraine exported 5.7thous.t of fresh or chilled
cattle meat worth USD 5.3 million. Ukraine was supplied
with 1.9 thous. t of frozen meat (70% of total supplies).

The world’s largest beef producers are the US, Brazil,
China, and the EU. In 2022, they produced 50.1% of the
world’s beef. Brazil, the US, India, and Australia were the
largest exporters of beef, accounting for 54.2% of all
beef exports. The average level of beef consumption
in 2022 was 9.2 kg per person. Argentina consumed
5.1 times more beef per person than the global average,
while the US and Brazil consumed 4.3 times more. In
India, this figure is 8.7 times lower, while in China it is
almost 30% lower. The key exporters of beef to Ukraine
were Brazil - 2327 thous. t, the USA - 1637 thous. t;
India - 1336 thous. t, Australia - 1245 thous. t, and EU
countries - a total of 901 thous.t (Table 3).

It is essential to know how much beef the main
producing countries produce per capita (Table 4).

Table 3. Beef production, consumption and exports in 2022

Production Consumption per . . Export
Main producing countries 1 person per year, Main exp9rtmg

thous. t % kg countries thous. t %
USA 12961.4 17.7 377 Brazil 2327 19.3
Brazil 9666.1 13.2 371 USA 1637 13.5
China 7103.1 9.7 6.3 India 1336 11.1
EU 6956.7 9.5 141 Australia 1245 10.3
Argentina 2416.5 3.3 48.9 EU total 901 7.5
India 732.3 4.1 1.0 Argentina 750 6.2
Pakistan 1464.6 2.0 9.0 New Zealand 651 5.4
Mexico 23433 3.2 14.9 Canada 589 4.9
Australia 2855.9 3.9 26.1 Uruguay 528 4.4
Russia 1977.2 2.7 13.2 Mexico 368 3.0
Other countries 23140.0 316 X Other countries 1751 14.5
Total 100.0 100 9.0 Total 12083 100

Source: calculated based on FAO (2022)
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Table 4. Comparison of the shares of beef production in global volumes and per capita
in the main beef producing countries, 2022

Countries Share in global production, % Produced per capita, kg
USA 177 37.6
Brazil 13.2 445
China 9.7 4.8
India 4.1 3.1
Argentina 33 65.8
Mexico 3.2 16.5
Australia 3.9 74.4
Russia 2.7 10.2
Turkey 2.3 171
France 2.2 22.0
Canada 1.9 36.5
Pakistan 2.0 5.1
Germany 1.7 13.1
South Africa 1.5 17.5
Uzbekistan 1.6 29.2
United Kingdom 1.4 13.1
Zimbabwe 1.2 50.4
Colombia 1.2 14.7
New Zealand 11 145.8
Italy 1.0 12.3

Source: calculated based on FAO (2022)

Notably, the highest beef production per capita
among the top 20 producers is observed in New Zealand,
which ranked only 19th in terms of total volumes, as
well as Australia, Argentina, even Zimbabwe, Brazil, and
the United States. However, such prominent producers
as China and India, which occupy the third and fourth
positions, produce the least per capita of the coun-
tries represented - only 4.9 kg and 3.0 kg, respectively,
and slightly more Pakistan - 5.3 kg. This is the basis
for researching demand in this market and increasing

exports. For Ukraine, the situation is still better, with
7.1 kg of beef produced per capita.

In the context of declining global food security, a
special place is occupied by Ukraine, where agriculture
is currently the leading sector of the economy. Active
Russian hostilities have had a direct impact on global
food and agricultural markets. Despite a steady decline
in the industry’s performance, Ukraine stays an active
player in the global beef and veal production market
(Table 5).

Table 5. Supply of live cattle to processing enterprises in the pre-war and post-war years (2021 and 2022)

Farms of all categories Enterprises Household farms

2022 2022 2022
2022 2021 in%to 2022 2021 in%to 2022 2021 in%to
2021 2021 2021
Live weight of farm animals, thous.t  2954.8  3329.8 88.7 21824 23593 925 7724 9705 79.6
cattle 3884 4751 81.8 1274 1347 946 2610 3404 767
market share, % 131 143 92.1 5.8 5.7 1022 338 351 963
Live weight of farm animals sold for 34591 33915 902 21660 23185 934 8931 10727 833
slaughter, thous. t
cattle 4551 5268 86.4 1352 1319 1025 3199 3949 810
market share, % 149 15.5 95.8 6.2 5.7 109.7 35.8 36.8 97.3
Average live weight of cattle sold for g, 595 96.9 377 380 99.2 257 273 941
slaughter, kg
Slaughter weight of farm animals 5,40 7 94383 905 16081 17204 935 5986 7179 834

sold for slaughter, thous. t
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Table 5. Continued

Farms of all categories

Enterprises Household farms

2022 2022 2022
2022 2021 in % to 2022 2021 in%to 2022 2021 in%to
2021 2021 2021
beef and veal 268.4 310.5 86.4 80.7 779 103.6 1877 2326 80.7
market share, % 14.9 155 95.8 6.2 5.7 109.7 35.8 36.8 97.3

Source: calculated according to data from the State Statistics Service of Ukraine (n.d.)

The calculations suggest that the downward trend
continues: the total supply of live animals to processing
enterprises in the post-war year was 7.9% lower, while
the supply to enterprises increased by 2.2% and to
household farms decreased by 3.7%. The catastrophic
drop in the purchase of animals from the population is
linked to the active military operations, which suggests
that people are abandoning animals to cover their own

beef needs. Positive dynamics is observed only in calves
under 1 year of age by 6.4% (by 1.8% in enterprises);
bulls over 2 years of age by 12.5% in enterprises and
heifers over 2 years of age in the population by 23.4%.
An interesting fact is the positive dynamics of changes
in the average live weight of one head of cattle pur-
chased by processing enterprises in the pre-war and
post-war years (Table 6).

Table 6. Dynamics of changes in the average live weight of one head of cattle purchased

by processing enterprises in

the pre-war and post-war years

incl.in

Purchased - total

enterprises population

average weight per head, kg

average weight per head, kg average weight per head, kg

(7] w wv
© © ©
s 2022t0 8 2022t0 8 2022 to
[T} (7] [T}
2 2021 2022 S50 & 2021 2022 j01, £ 2021 2022 00
Cattle 135568 469 470 1002 120201 470 476 1013 15367 464 438 94.4
of which:
cows 81058 512 507 99.0 73121 514 526 1023 7937 490 428 873
calvesupto .o n 102 150 1471 5810 94 142 1511 39 216 203 94.0
1 year of age
bullsaged .51, 44 425 962 22583 436 415 952 4634 469 495 1055
1-2 years
bulls older 5537 453 451 99.6 9361 456 451 98.9 676 416 452 1087
than 2 years
heifersaged o1 449 457 1039 5312 444 453 1020 309 373 524 1405
1-2 years
heifers older /59 455 465 1022 4014 469 475 1013 1415 414 414 100.0

than 2 years

Source: calculated according to data from the State Statistics Service of Ukraine (n.d.)

Studies have shown that the average live weight of
one head of cattle purchased by processing companies
increased by 0.2% in the post-war year. This is especially
true for calves under 1 year of age by 47.1%.An increase
is also observed in heifers aged 1-2 years and heifers
over 2 years old (by 3.9% and 2.2%, respectively). In
enterprises, there was a 1.3% increase in cows, a 2.3%
increase in calves under 1 year old,a 51.1% increase in
calves under 1 year old, and a 2.0% and 1.3% increase

in heifers over 2 years old, respectively. In household
farms, the study observed an increase of 5.5% in bulls
aged 1-2 years, 8.7% in bulls over 2 years,and 40.5% in
heifers aged over 2 years. The positive dynamics in beef
and veal production amid the hostilities gives hope for
an accelerated post-war recovery in the livestock sector
and the livestock industry as a whole. It is also advisa-
ble to determine the level of self-sufficiency of Ukraine
in beef and veal (Table 7).

Table 7. Level of self-sufficiency in beef and veal in Ukraine

Years
2016 2017 2018 2019 2020 2021 2022 2023
Production, thous. t 376 364 359 370 345 311 268 247
Imports, thous. t 16 13 14 14 18 17 12 11
Consumption fund, thous. t 346 318 318 324 337 299 264 235
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Table 7. Continued

Years
2016 2017 2018 2019 2020 2021 2022 2023*
Per 1 person, kg 8.1 7.5 7.7 8.1 73 77 6.5
Consumption to production, % 92.0 874 88.6 87.6 97.7 96.1 98.4 95.1
Imports to consumption, % 4.6 4.1 4.4 4.3 5.3 5.7 4.5 4.6

Note: *For 11 months of 2023

Source: calculated according to data from the State Statistics Service of Ukraine (n.d.)

The above data shows that in 2016-2023, pro-
duction of beef and veal exceeded consumption at all
times. There was a 2.5% decrease in initial stocks and

a 16.0% decrease in beef production in 2021 compared
to 2019. The war years only intensified the downward
trend (Table 8).

Table 8. Annual balance of beef meat in Ukraine in 2019-2023, thous. t

Indicators 2019 2020 2021 2022 2023*
Initial stocks 41 42 40 39 38
Import 14 18 17 12 11
Production 370 345 311 268 247
incl. agricultural enterprises 102 85 78 81 80
household farms 268 261 233 188 167
General offer 383 365 329 281 259
Export 58 27 29 16 23
Consumption 324 337 299 265 235

Losses 1 1 1 1 1

Ending stocks 42 40 39 38 37
Total demand 383 365 329 281 259
Consumption per capita 77 8.1 7.3 77 6.5
Consumption to production, % 87.6 97.7 96.1 98.4 95.1

Source: calculated according to data from the State Statistics Service of Ukraine (n.d.)

Imports of these products in the pre-war period
(from 2019 to 2021) increased by 21.4%, while exports
dropped by half.In 2022, the decline in these indicators
will only intensify. Beef meat consumption per capita
also decreased by 0.8 kg (13.11%) in 2021 compared to
2016, and in 2023 the figure became critical - 6.5 kg.
The above data shows that in 2016-2023, production
of beef and veal consistently exceeded consumption.
Notably, beef and veal production in Ukraine in 2021
decreased by 2.3 times compared to 1961, and by
6.4 times since 1990, with a 7.2 times and 23.2 times
increase in enterprises, respectively, but a 1.5 times and
1.3 times increase in household farms, but then de-
creased in comparison to 2000, 2010, 2015, 2019-2021.

Active hostilities have also substantially reduced this
figure, almost by half.

Although livestock keeping in household farms ap-
pears to be less costly, and its decline was smaller than
in enterprises, it is worth considering the processes of
migration, urbanisation, and the keeping of small num-
bers of livestock by household farms. However, under
difficult conditions, livestock preservation by household
farms is more likely than by large-scale enterprises, and
therefore the activities of all categories of farms are
significant. It is interesting to observe the production
of beef and veal in the pre-war and post-war periods, in
the context of further post-war recovery and Ukraine’s
place in the world market (Table 9).

Table 9. Livestock production (all categories of farms)

Year

2022 in % to:

average  average
2018 2019 2020 2021 f°rzf,‘§i”' 9’,‘;{“:" 2022 on ;‘(’)el’;_gzeofz"lr
Livestock (end of year), thous. heads
Cattle in total 3333 3092 2874 2644 2986 0.926 2312 87.4 774
including:
cows 1919 1789 1673 1544 1731 0.930 1341 86.9 77.5
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Table 1. Continued

Year average  average 2022 in % to:
for 2018- gl‘owth 2022 average for
2018 2019 2020 2021 031 rate 2021 S
Cattle in fattening 1414 1304 1201 1100 1255 0.920 971 88.2 774
Production, thous. t
Meat - total (slaughter weight)  2354.9 2492 2478 2438 2441 1.012 2169 88.9 88.8
including: 3589 370 345 3105 346 0.953 242 781 70.0

beef and veal

Source: calculated according to data from the State Statistics Service of Ukraine (n.d.)

The overall growth rate of meat production (in total)
in the pre-war period was 1.2%, which is clearly insuffi-
cient for both post-war recovery and the livestock sec-
tor’s recovery from the protracted crisis. Today, overcom-
ing current challenges and risks is becoming an arduous
task for Ukraine. Beef production is largely dependent
on the support of European and global partners, and

it will also determine our country’s place in the global
market. Notably, the structure of beef and veal produc-
ers has changed considerably (Table 10), with the share
of enterprises ranging from 91.1% (1990) to 30.1% (in
2022), while it increased for farm enterprises - from a
minimum of 0.8% (1990) to a maximum of 2.3% (2022),
and household farms (69.9% in 2022).

Table 10. Beef and veal production by category of farms, %

Farm category Years
1960 1970 1980 1990 2000 2010 2015 2019 2020 2021 2022
Enterprises 78.3 85.1 85.4 91.1 40.5 245 244 27.5 24.6 251 30.1
incl. Farm enterprises - - - - 0.8 14 2.1 2.3 2.2 2.3 2.3
Household farms 21.7 149 14.6 8.9 59.5 75.5 75.6 72.5 754 74.9 69.9

Source: calculated according to data from the State Statistics Service of Ukraine (n.d.)

However, the authors of this study do not consider
this to be a basis for positive conclusions, as output has

been declining, with a direct dependence on the share
of enterprises in production (Fig. 2).
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Figure 2. Beef and veal production and share of enterprises in total production, 1960-2022
Source: calculated according to data from the State Statistics Service of Ukraine (n.d.)

Beef production by enterprises is more efficient
due to greater opportunities to apply modern tech-
nologies and technical equipment, attracting highly
qualified personnel, etc. At the regional level, beef and
veal production in Ukraine is mainly concentrated in

the Forest-Steppe zone (Table 11), accounting for more
than 43% of the total in 2019-2022. In 2010, 2015, and
2022, the lowest production was in the Steppe, but the
value did not fall below 22.1%, and in 1990 and 2000 -
in Polissia.
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Table 11. Zonal distribution and main beef and veal producing regions in Ukraine, %

Region .,

Years Steppe,%  Forest-Steppe, % Polissia, % Region’s largest producers

1990 30.1 41.1 254 Kyiv (130.2 thous. t), Vinnytsia (118.0 thous. t), Chernihiv (110.2 thous. t)
2000 29.2 40.4 27.1 Khmelnytskyi (43.6 thous. t), Kyiv (41.8 thous. t), Chernihiv (37.1 thous. t)
2010 24.9 37.3 32.6 Lviv (33.1 thous. t), Ivano-Frankivsk (26.7 thous. t), Vinnytsia (23.1 thous. t)
2015 25.8 42.1 32.1 Lviv (27.9 thous. t), Ivano-Frankivsk (27.8 thous. t), Kharkiv (23.2 thous. t)
2019 24.8 44.2 31.0 lvano-Frankivsk (26.3 thous. t), Kharkiv (25.0 thous. t), Lviv (24.9 thous. t)
2020 24.3 437 32.0 Ivano-Frankivsk (25.9 thous. t), Kyiv (24.4 thous. t), Lviv (24.4 thous. t)
2021 239 43.6 32.5 Ivano-Frankivsk (25.7 thous. t), Kyiv (22.9 thous. t), Lviv (21.6 thous. t)
2022 22.1 433 34.6 Ivano-Frankivsk (25.8 thous. t), Kyiv (21.6 thous. t), Lviv (22.4 thous. t)

Source: calculated according to data from the State Statistics Service of Ukraine (n.d.)

The largest producers are Lviv and lvano-Frankivsk
regions, especially in 2010, 2015, 2022, as well as Kyiv,
Vinnytsia, Kharkiv, etc. Therewith, production volumes in
these areas are declining. This decline in beef and veal
production is conditioned by a decrease in the number
of cattle, specifically, as of 1 January 2022, compared
to 1961 and 1991, by 6.7 times and 9.3 times, respec-
tively. The largest number was in Khmelnytskyi, Odesa,
and Zakarpattia regions, accounting for 24% of the to-
tal in Ukraine, as well as in Lviv, Zhytomyr, Vinnytsia,
and Ivano-Frankivsk regions. That is, almost half of the
country’s livestock (49.7%, 815.5 thous. heads) is kept
in 7 regions. Moreover, the share of enterprises fell to
38.0% (2022), although in 1991 it was 85.6%.

As for the level of profitability of cattle meat pro-
duction, with the exception of 1990-1994 and 2017, it
was negative,and in 2020 it was -24.2% (Level of profit-
ability of agricultural production in enterprises), which
was also primarily caused by a decrease in production
volumes. It is also worth noting the increase in average
consumer prices (Consumer Price Indices for 2021. Sta-
tistical Collection) for beef in Ukraine, specifically, while
in January 2021 the price was 149.51 UAH/kg, in De-
cember it was 182.84 UAH/kg. In December, the high-
est prices were in Kyiv, Kyiv, and Kirovohrad regions, at

206.54 UAH/kg, 200.48 UAH/kg,and 193.80 UAH/kg, re-
spectively, and the lowest in Chernihiv, Chernivtsi, and
Poltava regions, at 169.38 UAH/kg, 168.98 UAH/kg, and
168.08 UAH/kg, respectively, which does not contribute
to the increase in demand.

When investigating self-sufficiency, it is also
worth considering the change in the population, be-
cause while in 2000 it was 49 million people, in 2020
it was about 42 million people, and this trend con-
tinues. Thus, in 2020, the population in Ukraine de-
creased by 314,062 people, with a decrease in all re-
gions except Kyiv, where the growth was 7,486 people.
Each region experienced a natural population decline.
At the same time, in 2020, despite the overall pop-
ulation decline, there was a migration increase, spe-
cifically in Kyiv, Ivano-Frankivsk, Kharkiv, Odesa, Lviv,
Poltava, and Khmelnytskyi regions. The ongoing hos-
tilities in Ukraine have also led to migration process-
es, and thus, when reviving livestock production, it is
essential to focus mainly on regions with a prospect
of growing demand for agri-food products, including
livestock. As a result of this study, a SWOT analysis
(Table 12) was also carried out on the prospects for
further beef production in Ukraine, which helped to
identify its strengths and weaknesses.

Table 12. SWOT analysis of beef and veal production in Ukraine

Strengths

Weaknesses

Availability of suitable natural conditions for raising

livestock;

Insufficient and unbalanced fattening of cows; insufficient
technological and technical equipment; lack of breeding work

Favourable natural and climatic conditions for growing crops, including
fodder; historically established system of cattle breeding in all regions of
Ukraine; availability of highly qualified personnel; availability of state
development programmes; consumption of products by the majority of
the Ukrainian population

with the herd; simple reproduction of the industry due to low
profitability of production; insufficient competitiveness of en-
terprises; deformed production structure (dominated by indi-
vidual farms); curtailment of production; insignificant share in
meat consumption by the population

Threats

Opportunities

Introduction of a system for monitoring prices for products; favourable pric-
ing policy for producers, coordination of standard production costs, price
levels and incomes; attraction of foreign investment; preferential lending
to producers; leasing for equipment supply; introduction of new technol-
ogies in the production of feed and livestock products; intensification of
integration processes between meat producers and processors; creation of
cooperative associations; increase in exports to the world market; improve-
ment of customs and tariff protection of Ukrainian producers

High cost of fodder and other material and technical resources;
lack of support for the promotion of meat products on the for-
eign market; weak commercial and integration processes; and
reduced competitiveness;

growth of low-quality imports; bankruptcy of enterprises;
military operations

Source: compiled by the authors of this study based on personal findings

Scientific Horizons, 2024, Vol. 27, No. 2




Thus, it is necessary to promote the increase in
production, considering the identified strengths, weak-
nesses, opportunities, and threats. It is advisable to take
appropriate actions by the state through direct and in-
direct influence on production, including through direct
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payments, the tax system, etc. Considering the significant
decline in beef and veal production due to a decrease in
the number of cattle, the reasons for this are identified,
which are proposed to be distinguished as general and
those related to enterprises and household farms (Fig. 3).

on household farms

The growth rate of the cost of feed and

animal husbandry outstrips the growth
rate of the cost of livestock products
(e.g., milk)

Mismatch of quality standards with global

Underdeveloped geographical structure of exports

Regional location, primarily due to climate change

Regional differences in the mentality of the rural population

. < General
at enterprises
L
Insufficient Lo.nger cattle
. . —»{ keeping cycle than
| technical equipment
poultry
> High cost of feed
—»  personnel problems N Urbanisation of the
population
—» Population emigration
Lp High cost of modern
technologies
> and European ones
>
>
>

regarding keeping animals and poultry

Figure 3. Reasons for the decline in cattle numbers
Source: developed and constructed by the authors of this study based on personal findings

Some of these issues can be addressed at the micro
level, namely, through the involvement of highly skilled
workers, while others require government intervention,
primarily through the adoption of relevant regulations.
Furthermore, the impact factor should also be consid-
ered, as the resolution of common causes affects busi-
nesses and household farms. For instance, lower feed
costs should help to increase beef production in all cat-
egories of farms, while harmonisation of quality stand-
ards with European ones should increase beef exports,
which will lead to a rise in production.

Considering the significance of exports for in-
creasing production volumes, it is advisable to attach
particular importance to raising quality standards,
harmonising them with global and European stand-
ards, establishing joint ventures with business entities
from countries that are significant exporters on the
world market, and having trade agreements and free

trade zones in place between countries. Thus, Ukraine
has trade agreements with dozens of countries, both
individual countries and integration groups, including
the EU, EFTA, Canada, the UK, Turkey, Israel, etc. While
integration implies free trade and the removal or re-
duction of trade barriers, it also requires considering
non-tariff barriers and country-specific features. Thus,
while for EU countries it is primarily European quality
standards, for the latter two it is the consumption of
halal and kosher products. In an effort to expand its po-
sition in the markets of Eastern countries and given the
growing consumption of kosher products in developed
countries, it is advisable to stimulate the production of
halal and kosher beef.

Considering the state and trends of beef and veal
production in Ukraine and the world, the study outlined
certain areas of promotion of its post-war development
as follows: attracting foreign investment on favourable
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terms; establishing joint ventures, including with the
support of research institutions, advisory services for
training, providing advice on efficient beef production,
livestock maintenance, feeding optimisation, etc; state
support, which includes direct payments (the amount
of which will depend on the number of livestock, land
availability, location, climate zone, and region) and indi-
rect funds (through the mechanism of providing prefer-
ential loans, insurance system,and the procedure for pro-
viding high-yield cows for temporary use, whose calves
will stay in the agricultural enterprise or household farm,
and whose cows will be transferred to other farms.

Furthermore, it is proposed to introduce a proce-
dure for granting benefits or tax holidays for enterpris-
es/businesses that: raise new types of highly productive
livestock or produce organic products; introduce modern
technologies; provide the processing industry with qual-
ity raw materials. Therewith, it is necessary to stimulate
the use of modern technologies, promote production
efficiency, specifically feeding, etc. Moreover, it is worth
promoting the introduction of innovative technologies,
research results of Ukrainian scientific institutions, which
may be cheaper and more suitable for local conditions.
In addition, when increasing production, it is necessary
to consider the specific features of the regions, namely,
the zones and regions where production has historical-
ly been the most developed, where the most favourable
natural and climatic conditions and feed resources are,
as well as where production is noticeably declining, etc.

Consideration of the findings of this study and
the recommendations provided will help to increase
production volumes both in individual enterprises by
eliminating the identified problems and in the industry
as a whole by reducing existing threats and exploiting
opportunities. The analysis suggests a rather negative
trend of declining beef production in Ukraine, particu-
larly in contrast to the global dynamics. To improve the
efficiency of the development and functioning of the
beef market in Ukraine, especially in the context of its
convergence with the EU markets, V. Lyakhovets (2018)
suggests the introduction of international experience.
However, the authors of the present study believe that
direct borrowing of the classical European model of the
economic mechanism for regulating the beef market
without factoring in the local organisational and eco-
nomic conditions of the market environment is impos-
sible, which is caused not only by the prohibitive cost
of implementing its main principles against the back-
ground of the current crisis in the Ukrainian economy,
but also by the need to find Ukraine’s own and more ef-
ficient way of developing the beef market. The authors
of this study believe that the amount of state support
for the beef market depends on the real capabilities of
the budget; tax, credit, price, investment, export-import,
customs, monetary and credit policies, which affect the
solvency of enterprises to provide production, material
and technical resources.
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A.Sakhno and I. Salkova (2021) agree with this, not-
ing that in the production of meat sold on the internal
market at prices higher than world prices, in the future,
it is necessary to increase its own competitiveness not
by increasing state support, but by reducing costs and
improving the quality of meat products. The authors of
the present study also came to the same conclusion.
As noted above, and considering the findings of this
study on the state, trends, features, and reasons for the
decline in beef production, the issues of product com-
petitiveness, increased profitability, consumer prefer-
ences, identification of regional reserves for production
development, and improvement of product quality are
still open.Yu. Sinyavina and T. Butenko (2021) note that
quality improvement is an additional reserve for the
economic efficiency of the industry. In Ukraine, this is
one of the main prerequisites for both efficiency and
growth in demand for products in the internal and ex-
ternal markets. Furthermore, the authors of the present
study believe it is necessary to focus on quality as well,
since it primarily affects public health and long-term
demand.

The study proved the need for capital investment
in the development of agricultural enterprises as a ba-
sis for the development of effective meat production
activities. The authors of this study fully share the opin-
ion of N.G. Kopitets and V.M. Voloshyn (2020) that meat
production is provided by a range of agricultural and
industrial sectors of the country, which requires a clear
definition of priorities for the development of the meat
market and mechanisms for state support for the live-
stock sector.

Therefore, considering the above, when developing
the main aspects of the strategy for sustainable develop-
ment of the country’s agricultural sector in the future, the
Ukrainian meat market should be given priority in the
system of state regulation. M.O. Karpyak (2018) shares
the same opinion, emphasising that today livestock pro-
duction underlies sustainable development of crop pro-
duction. In other words, the implementation of the state
policy to support the development of livestock is a pre-
requisite for the sustainable development of the agricul-
tural sector and has a considerable impact on improving
food security and preserving the Ukrainian countryside.
As noted above, consideration of the findings of this
study on the state, trends, features, and reasons for the
decline in beef production may help to increase it, but
the issues of product competitiveness, increased profit-
ability, consumer preferences, identification of regional
reserves for production development, etc. are still open.
These are promising areas for further research.

CONCLUSIONS

Thus, the study showed that global beef production is
growing steadily, with its share not falling below 20.3%
of total meat production in 1961-2022. Its main pro-
ducers are primarily the countries of North and South




America, Asia, and Australia, and among European coun-
tries - Germany and France. Beef production in the EU
declined, although there was an increase in exports and
a decrease in imports, primarily from Brazil and the UK.
Ukraine exports beef mainly to the East. Its largest con-
sumers include Argentina, the US, and Brazil. Ukraine’s
share of global production is declining. The world’s larg-
est beef producers do not always produce the most beef
per capita, as observed in China and India.

In terms of food self-sufficiency in Ukraine, con-
sumption of beef and veal in 2016-2022 was consist-
ently lower than production. It is found that the share
of agricultural enterprises in the structure of beef pro-
duction has noticeably decreased, but there is a direct
correlation between changes in the number of enter-
prises and production volumes. Notably, enterprises
have greater opportunities to apply modern technol-
ogies, attract highly qualified personnel, enter foreign
markets, etc.

Regionally, most beef and veal are produced in the
Forest-Steppe zone, with over 43% since 2019, and
the other two zones alternating between them. The
regions that stand out are Lviv, lvano-Frankivsk, Kyiv,
Vinnytsia, and Kharkiv. The decline in production was
primarily caused by a significant reduction in the num-
ber of livestock (by 6.7 times compared to 1961) and a
negative level of profitability of cattle meat production.
The increase in average consumer prices is not helping
to boost demand for beef. The primary reasons for the
decrease in the number of cattle are proposed to be
divided into general, individual enterprises and house-
holds, which should help to accelerate their solution,
including through the influence of the state.
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Therefore, considering the growth of beef produc-
tion in the world, its consumption by the majority of
the population, favourable natural and climatic condi-
tions, and one of the world’s largest grain production
volumes in Ukraine, as well as the production of other
products and raw materials for processing enterprises,
it is advisable to promote cattle breeding and beef pro-
duction, specifically through the adoption of the neces-
sary regulations, improving product quality, introducing
modern technologies, preferential insurance, lending,
and a range of other measures by the state and individ-
ual enterprises.

The study found a decrease in the supply of live an-
imals to processing enterprises in the post-war period,
with a significant decrease in the purchase of animals
from the population due to military operations. Howev-
er, positive developments in production give grounds
for the resumption of cattle breeding in the postwar
period. Still, there is a decrease in meat stocks, particu-
larly beef, in Ukraine. An analysis of beef production
before and after the hostilities, including growth rates,
suggests that its recovery may depend heavily on co-
operation with foreign partners. In the future, it is ad-
visable to expand the research on the development of
beef production, considering the climate crisis and the
increase in the share of Ukraine’s exports in the world
market.
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AHoTauif. BupoOHMLTBO SN0BMYMHM 3yMOBEHe HeOOXiLHICTHO 3abe3neyeHHs NPOAO0BONbYOI Oe3neKuMKpaiHu,
33[0BOJIEHHS MOTPebU nepepobHOi MPOMMCNOBOCTI B CUPOBMHI, HEOOXiAHICTIO 30iNblEHHS HaOoXOOXeHb [0
[lep>kaBHoOro BraxeTy Bif ekcnopTy. MeTa CTaTTi NONArae y BUCBITAEHHI CTaHy, TeHAEHLUI BUPOOHMLTBA Y CBITi
Ta YKpaiHi, BUSIBNEHHI NpobneM Ta BM3HAYEHHi HaMpsIMKiB PO3BWUTKY 3 BPaxXyBaHHAM MiKXHApPOLHOI €KOHOMIYHOI
iHTerpauii. BukopucrtaHo Metoam aHanisy, CMHTE3y, y3araabHEHHS, KOHKpeTu3aLii, MaTeMaTUyHi Ta rpadivuHui. B
pe3ynbTati AOCNIOXEHb BU3HAYEHO TEHAEHLLK0 A0 3pOCTaHHA BUPOOHULTBA SN0BUYMHM Ta TENSTUHU Y CBITi, OCHOBHI
KpaiHWM NpoAyLEeHTW Ta nepeBaXKHy CTaniCTb iX 4aCTKM Yy CBiTOBMX 0bOCsArax mpoTarom Aecatmnitb. Bussnewo, wo
6inblie BUPOOHULTBO SNOBUYMHM HE 3aBXAM L03BONSE 3abe3neynT BULL 00CArn Ha Aywy HaceneHHs (Hanpuknag
B Kutai Ta IHzii). CnocTepiraeTbcs 3MeHLWeHHS NPOAYKYBAaHHS YKPAiHOW Ta ii YacTKM y CBiTOBMX obcarax, xoua
BMPOOHMLTBO nepeBuLlye GOHL, CNOXMBAHHA. BU3HaueHo, Wo y cTpyKTypi cy6’eKTiB rocnofapoBaHHS 3MEHLLYETLCS
YacTKa CinlbCbKOrocnoAapCbkmMx MiANPUEMCTB Ta ICHYE MPSMa 3aNeXHiCTb iX KiNbKOCTi Ta 06csariB BUPOOHULITBA,
sKe nepeBaxa€ y 30Hi Jlicocteny. BuaineHo obnacti Haibinbwi npogyueHTn (KuiBcbky, BiHHMLBKY, XapKiBCbKY,
JTbBiBCbKY), e nepeabayacTbCcs NepLoyYeproBmii PO3BUTOK Y NICASIBOEHHWUI nepiof. BM3HayeHO OCHOBHI MpuyMHK
3MEHLUEHHS BMPOOHULTBA, 30KPEMA 3HMXKEHHS MOTrONiB’S XyAobu, Bif’EMHUI piBeHb peHTabenbHOCTI, 3pOCTaHHS
cepefiHix cnoxuBumx LiH. 3a pe3ynbtatamMu SWOT-aHanisy BM3Ha4YeHO NepcrnekTMBM PO3BWUTKY Ta po3pobieHo
BiAMOBiIAHI Npono3uuii. 3anponoHOBAaHO MPUYMHM 3MEHLUEHHS MOroNiB’s XyAobW, SNOBUYMHM BUOKPEMIHOBATH
SK 3arafibHi, NiANPUMEMCTB, rOCNOAAPCTB HACENEHHS; HAroM0WEHO Ha iX B3aEMO3aNnexHocTi. HaronoweHo Ha
HeobXiAHOCTI AepyKaBHOI NiATPUMKM BUPOOHMKIB Yepe3 HaJaHHS NPOA0BO/bYOI ,ONOMOMM HACENEHHI 6E3KOLUTOBHO
Ta yepes KyniBa NPOAYKLIi 38 HUKYMMU LLiHAMK 3aNEXHO Bif, IX MaTepiaibHOro piBHA. BUOKpeMneHo MixXHapoaHy
€KOHOMIiYHy iHTerpauito SK OAMH 3 BAroMMX YMHHMKIB 30iNblieHHS BMPOOHMUTBA SN0BUYMHK. [ligkpecneHo
HeobXiAHICTb BpaxXyBaHHS CMOXMBYMX NepeBar HaceeHHs KPaiH 3 SKMMU YKNAAeHO perioHanbHi TOProBesbHi yroau,
30KpeMma LLoA0 BUPOOHMLITBA KOLLIEPHOI Ta XananbHOi NpoaykLii. Pe3ynbTati gocnigkeHb Ta po3pobneHi npono3sumuii
MOXYTb BUKOPUCTOBYBATUCh NPW po3pobLi AepKaBHUX 3aX0A4iB CTOCOBHO HApOLLYBaHHS BUPOOHMLTBA S10BUYMHM
Ta NiABULLEHHS 11 YACTKKM Y CBITOBOMY eKCNopTi

KniouoBi cnoBa: 06csirM BUMPOOHUUTBA; SIOBUUMHA; LEPXKABHA MOMITMKA; PerioHanbHi TOProBesbHi yroau;
peHTabenbHiCTb; NPOAOBObYA AOMNOMOra
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