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on day 0 of the sexual cycle in vivo in real time. Structural, comparative, and statistical
methods were used, as well as biotechnical methods of palpation cyclic examination
of ovaries with differential diagnosis of morphophysiological or pathomorphological
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indicators. The results of diagnostics of the ovaries of dairy cows (n=128) on day 0 of the induced cycle detected
by step activity sensors showed a significant structural polymorphism of these organs of the reproductive system.
It was found: from 66.67% to 30.77% of cows with a physiological course of the follicular phase of the cycle, i.e.,
on day 0, a preovulatory follicle or the beginning of ovulation on the ovaries (subject to a decrease in the number
of cows suitable for insemination with increasing lactation duration from 50-75 days to 211-306 days (P<0.001).
Hypogonadism was diagnosed in 19.45% of cows, and in 61.11% - ovarian dysfunctions with the manifestation
of cystic follicular degeneration; 19.44% of cows at the time of the study had irreversible chronic adhesive
processes of the genital tract tissues in the ‘ovary+oviduct” area (ovophoritis and ovosalpingitis in latent form),
which allowed for pregnancy to occur, with a pronounced tendency to increase this gonadopathy with an increase
in lactation (respectively: 50-75 days - 0.00%; 76-160 days - 22.22%; 161-210 days - 22.22%; 211 and more -
33.33%; p<0.05). The trend of influence of subclinical disorders in the metabolism of cows of the experimental
herd on the indicators of the biochemical composition of blood serum and the symptom of ovarian dysfunctions
was investigated. Thus, the in vivo morphological and pathological profile of the ovaries of high-yielding cows
on day O of the sexual cycle was established, which allowed optimising the artificial insemination regime and
reduce economically nonprofitless sperm consumption. The results can be used in the practical work of veterinary
medicine doctors, researchers, and applicants for higher education in veterinary and biological science

Keywords: dairy cows; sexual cycle; ovaries; differential palpation diagnostics; follicles; hypogonadism; ovary

dysfunction; gonadopathy

INTRODUCTION
The efficiency of reproduction of breeding stock re-
mains an urgent issue for all dairy enterprises in the
world and tends to expand the problem of reproduction
by increasing milk productivity due to the biological
conflict between the genetically fixed ability of cows to
produce a large amount of milk and the physiological
needs of the cows. Commercial milk farms in the United
States, Western Europe, and Ukraine annually cull 27-
34% of cows, mainly due to infertility (Garcia-Ispierto
etal, 2019). These losses can only be eliminated by the
intensive introduction of heifers into the herd. However,
they are much more likely than cows to have problems
with insemination and fertilisation after calving. Bardos
et al. (2020) suggest that the shortage of repair live-
stock of the herd can be eliminated by modern biotech-
nical means (changing the sex of the calves towards
the dominance of heifers, selection of embryos by sex).

According to Shebanin (2021), Sidashova et al.
(2020), Borshch et al. (2020), in Ukraine, the main sup-
pliers of commercial milk are large industrial com-
plexes, where there is a high concentration of modern
dairy cow breeds, which are characterised by a high ge-
netic productivity potential.

According to modern biological concepts, the re-
productive function pertains to healthy animals that
exist in comfortable conditions of keeping. The cows’
and heifers’ reproductive system has physiological
changes during the sexual cycle, the duration of which
is on average 21 days and ranges from 16 to 28 days
(Roman et al., 2020). The day of growth of the dominant
follicle and its ovulation with the release of the egg
into the oviduct is considered to be day O of the cy-
cle, or in a number of sources - day 1 (Denis-Robichaud
et al., 2018). A large number of resources in countries
with developed cattle breeding have been devoted to
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the study of the specific features of reproductive ethol-
ogy and physiology of cows in previous years, but due
to significant changes in the industrial technology of
milk production, rapid genetic progress of large-scale
breeding of dairy cattle, the conditions of keeping and
milking of modern dairy livestock have changed sig-
nificantly. This could not fail to have an effect on the
features of the reproductive function of cows, which
began to form in the artificially created environment
of industrial farms, which significantly differs from the
natural environment which was common to cattle as
a species due to long evolution (Ispada et al., 2018;
Danchuk et al., 2020).

Modern technologies are designed for no grazing
and tethered cows keeping in a confined space. From
the perspective of a market economy, this is quite jus-
tified. However, they do not consider the biological
features of cattle. As a result of separation from the
natural environment, lack of living space, and exces-
sive exploitation the productive life of cows is reduced
to 1.5-2 lactations. Early culling of cows, regardless of
their age and breeding value, occurs in 70-80% of cases
due to irreversible pathologies of the reproduction or-
gans. In the current conditions, the task is not only to
preserve the livestock, but also to fully use its repro-
ductive potential.

According to Ong et al. (2022), a long-term study of
the sexual cycle of cows in countries with a developed
dairy cattle breeding has contributed to a significant
improvement in reproductive biotechniges including
methodological approaches to the selection of cows
and heifers for insemination. However, indicators of
the size and morphological features of the gonads of
the sexual cycle in cows or heifers remain a factor lim-
iting the number of animals suitable for biotechnical
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procedures. At the same time, sources focus on improv-
ing the hormonal treatment schemes of animals.

Hansen (2019), Rodrigues et al. (2019) studied ovar-
ian pathology in cows as the main cause of reduced
fertility in dairy cattle and factors conducing to ovarian
cysts. Monget et al. (2019) noted that the occurrence of
cysts is caused by insufficient secretion of luteinising
hormone during the arousal phase of the sexual cycle
due to the inability of the hypothalamic-pituitary sys-
tem to respond to estrogenic stimulation through posi-
tive feedback mechanisms.

Based on the researches, Kim (2018) found that fol-
licular cysts are transient formations after loss of func-
tional activity that undergo reverse development and
are replaced by a new dominant ovarian structure that
ovulates or transforms into a new cyst (the phenome-
non of cyst change). The role of inflammatory processes
in the tissues of the reproductive organs of cows in the
disruption of ovarian function and cystogenesis was
determined.

The breeding progress of dairy herds depends on
the biological low fertility of cows and the duration of
pregnancy, in addition, it is limited by the number and
quality of gametes and the efficiency of reproduction of
the herd. The purpose of this study was to investigate
the features of gonad morphogenesis of highly produc-
tive cows in the conditions of industrial keeping tech-
nology on day O of the sexual cycle in vivo in real time.

MATERIALS AND METHODS

The study was performed in 2021-2022 on the number
of dairy cows (imported purebred Danish Holsteins of
1-2 lactation), which belonged to a dairy farm that was
a part of one of the agricultural holdings of Ukraine.The
livestock was kept in a large farm in light hangar-type
buildings that met modern zoohygienic requirements
(climate control equipment). Dairy cows were kept in
sections (100-120 animal units) with individual places
for rest (equipped with rubber mats with an additional
provision of sawdust bedding), for three times milking
in an automated milking parlour with individual pro-
ductivity accounting (electronic database “DairyPlan”).
The animals received fully mixed fodder all year round,
the content and ratio of feed nutrients corresponded
to zootechnical standards for highly productive cows in
accordance with the physiological state of the animals
(9,450 kg of milk for 305 days of lactation).

Detection of cows for artificial insemination was
carried out using the computer program for monitoring
animal behaviour (‘AfiFarm”) using sensors attached to
the hind limb of the animal. Considering a number of in-
dicators of the step activity of cows,an integrated param-
eter corresponding to day O of the sexual cycle of cows
was displayed on the monitor — an indicator of sexual
arousal (heat) in the graphic image of the “reproduction
windows”, which showed the beginning, duration, and
end of the period of sexual arousal of the cows, and the
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optimal time of fertilisation (insemination for a single
spermodose into the cow’s uterine cervix). The “repro-
duction window” had duration of 8 hours, which allowed
the staff to perform artificial insemination for cows in-
dicated by sensors at a comfortable time of the work-
ing day between milking individual groups of the herd.

To optimise the schedule of artificial insemination
of groups of animals kept in different buildings, an ad-
ditional study of detected cows on day O of the induced
sexual cycle before insemination was performed by dif-
ferential palpation diagnostics of morphofunctional and
morphometric features of the ovaries, using a modified
cyclic technique provided in sourses (Sidashova, 2017;
Sidashova, 2021). Induction of cows’ sexual activity in
was performed according to the standard OvSyng hor-
mone synchronisation protocol (day O - Ovarelin 2.0 ml
intramuscularly; day 7 — Enzaprost 5.0 ml intramuscu-
larly; after 56 hours - Ovarelin 2.0 ml intramuscularly;
after 16 hours - artificial insemination on day 10 day of
the scheme).

The study used comparative structural, statistical,
and biotechnical methods. The test samples were the
cows’ ovaries of on day O of the induced sexual cycle,
which were examined in vivo using a differential pal-
pation technique, considering the indicators of com-
puter tracking of the step activity of cows. During the
rectal palpation of the ovaries we revealed the cows
is in libido for artificial insemination according to the
following parameters, which are given in detail in the
previous studies of the authors: the size of the gonads
conformity in length-width-thickness of ovomorpho-
metry and morphological formations of the gonad to
the species norm, cm; the presence of signs of a pre-
ovulatory dominant follicle or ovulated follicle on one
or both ovaries for typical tactile symptoms, which is
shown in our previous studies (Roman et al, 2020). In
the presence of symptoms of a violation of the ovarian
follicular layer, characteristic signs of pathologies were
noted: degenerative changes in the follicles (single or
multiple follicular cysts).

Separately, the hypotrophy of the ovaries was noted,
when their size and palpatory structure did not corre-
spond to the species reference indicators, which charac-
terised hypogonadism of both ovaries. The hypotrophy
of one of the gonads, while compliancing to the normal
morphology of the second, was determined to be the
temporary inverse phenomenon of functional asym-
metry (Roman et al, 2020). Differential palpation diag-
nostics determined irreversible tissue changes in the
ovaries and oviducts that were characteristic of animals
with chronic symptomatic infertility that occurred due to
long-term gynecological diseases, often latent (chronic
oophoritis, salpingitis, ovosalpingitis (Roman et al., 2020).

All the data obtained were recorded in a specially
developed accounting form, followed by biometric pro-
cessing of generalised data and determination of the
level of probability according to the Student’s t-test.
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Experiments conducted on animals do not contra-
dict the current legislation of Ukraine (Article 26 of the
Law of Ukraine 5456-VI of 16.10.2012 “On the protec-
tion of animals from cruelty”) and the “General ethical
principles of animal experiments” adopted by the First
National Congress on Bioethics (2001) and internation-
al bioethical standards (materials of the IV European
Convention for the protection of vertebrates used for
experimental and other purposes, Strasbourg, 1985)
(Festing & Wilkinson, 2007; Simmonds, 2017; Kabene
& Baadel, 2019).

RESULTS AND DISCUSSION

The examined group of high-yielding unfertilised cows
(n=128) was structured according to the duration of

lactation: in the first subgroup there were animals from
50 to 75 days after calving that had not yet been in-
seminated; in the second and third (76-160 and 161-210
days, respectively) cows that already had a history of 1 to
3 ineffective inseminations, in the third (from 211 to 306
days of lactation) - cows with numerous infertile insemi-
nations. Preliminary vaginal and ultrasound examination
of the genitals of these groups of cows did not reveal
obvious signs of acute or subacute inflammation of the
genitals, but all livestock had clinical signs of damage to
mucous membranes by chronic infectious rhinotrache-
itis-pustular vulvovaginitis of mixed etiology (PVV-IRT).
Table 1 shows the dynamics of increasing the number of
pathological changes in the ovaries of unfertilised cows
with an increase in the lactation period.

Table 1. Morphological profile of the ovarian status of Holstein cows on day O of the induced sexual cycle with different
lactation durations, n=128

Lactation period, days

Indicators
50-75 76-160 161-210 211 or more
Number of cows examined, units 24 44 34 26
Average lactation period, days (m*m) 56.63+1.99** 121.52%4.24* 182.82+2.28 262.27+5.36™
Number of cows with morphofunction.al ovarian state 16 26 16 8
on day 0 of the cycle, units

% 66.67 59.09 47.06 30.77
Number of cows with detected gonadopathies, units 18 18 18

% 33.33 40.91 52.94 69.23

Note: ™ - P<0.001
Source: compiled by the authors

If by day 75 after calving, 66.67% of cows had a
dominant preovulatory or already ovulating follicle on
one of the ovaries on day O of the induced sexual cy-
cle, which met the requirements for artificial insemina-
tion of the cows, then with each subsequent period the

80
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60 59.09
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40 40.91
30 33.33
20
10
0
days 50-75 days 76-100

——Morphofunctional ovaries, %

number of animals with the functional state of the ova-
ries significantly decreased, which is graphically shown
in Figure 1. After cows reach 160 lactation days, the
ratio of cows with morphofunctional state of ovaries
to pathologies becomes critically low.

69.23
52:94

47.06
30.77

days 161-210 days >210
Gonadopathies, %

Figure 1. Effect of increasing the lactation period on the prevalence of ovarian pathologies
in high-yielding unfertilised cows, n=128

The identified situation indicated the need for
a more detailed diagnosis of the causes of long-
term infertility in highly productive cows that did
not have obvious clinical symptoms of gynecolog-
ical diseases. Differential palpation diagnostics
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in vivo allowed structuring the nature of anatomical
and morphological changes in the gonads and pal-
patory state of the anatomical area “ovary+oviduct”
in accordance with the lateral topography, which is
shown in Table 2.
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Table 2. Results of detailed palpation diagnosis of gonadopathies on day O of the sexual cycle
of high-yielding cows for different lactation periods, n=128

Lactation period, days

Indicators
50-75 76-160 161-210 211 or more
Number of cows examined, units 24 44 34 26
Among them, gonadopathies were detected, units/100% 8 18 18 18
Structured nature of gonadopathies:
e Bilateral hypogonadism, units 0 6 7 1
% 0.00 33.34 38.89 5.56
e Follicular cystic degenerations, units 8 8 7 11
% 100.00 44.44 38.89 61.11
» Chronic adhesive processes “‘ovary+oviduct”, units 0 4 4 6
% 0.00 22.22" 22.22* 33.33"

Note: * - P<0.01
Source: compiled by the authors

By differential palpation diagnostics of the sexual
organs of cows within the anatomical area “ovary+ovi-
duct”, cases of irreversible morphological failures
in tissues caused by chronic inflammatory adhesive
processes with symptoms of chronic oophoritis and
ovosalpingitis were established, which were the con-
sequences of prolonged inflammation of the mucous
membranes of the reproductive organs, which were
usually externally asymptomatic and detected only by
ineffective multiple inseminations. Palpation diagnos-
tics of these gynecological pathologies reveal them
already in a form unsuitable for rehabilitation of the
reproductive function of cows, and other instrumental
methods are generally unsuitable for diagnosis in vivo
(Sidashova et al,, 2020). The study showed that with the
growth of lactation, the number of detected oophoritis
and salpingitis increased from 22.22% to 33.33% with
a highly significant correlation for other indicators of
gonadopathies (P<0.01). The established trend required
timely differential diagnosis of unfertilised cows to pre-
vent sperm production costs for infertile inseminations.

Diagnostic studies have shown that cows with a
technologically appropriate lactation term (from 50 to
75 days) among ovarian pathologies had only signs of
follicular cysts in the form of large single (rarely dou-
ble) follicular cysts, anovulatory follicles, or small mul-
tiple cystic follicles on one or both ovaries (in 33% of
animals, which was presented in detail in the studies
(Sidashova et al., 2021). With the extension of the lacta-
tion period, cows began to show signs of hypogonadism
more often (18%), that is, hypotrophy in the tissues of
both ovaries, which is logical, given the amount of nu-
trients that the lactating animal gives with milk daily.
With an growth in the lactation period, there was an in-
crease in signs of cystic degeneration in the ovarian fol-
licular layer (or 42% of 26 animals of the last subgroup,
which corresponded to 61.11% of cases of all pathol-
ogies in the subgroup) (Fig. 2). Due to the significant
influence of paratypical (economic) factors on the level
of reproduction of the dairy herd, the indicators of hy-
pogonadism and follicular cysticity among the surveyed
livestock did not have a significant correlation (P>0.05).

120
100 100
80
60 44.44 $8.89 61.11
40 33.34 3333
20 2222 227.
0 5.56
days 50-75 days 76-100 days 161-210 days >210

——Hypodinamism, %

Follicular cysts, %

Figure 2. Prevalence of ovarian dysfunctions and ovarian pathologies in high-yielding unfertilised cows with different
duration of the lactation period, n=62
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Background examination of the biochemical com-
position of the blood serum of dairy cows of the ex-
perimental herd (Table 3) indicated the presence of
subclinical signs of metabolic disorders in the body of

lactating animals, which are very sensitive to an imbal-
ance of nutrients due to a high level of metabolism and
react significantly to a violation of the balance of the
internal environment.

Table 3. Indicators of the biochemical composition of blood serum of high-yielding dairy cows, n=8

Indicators Lactation ng%d of more than tim Reference values
ays min max
Total protein, g/l 74.40+1.17* 72 78 55-75
Albumin, g/l 36.00+0.55* 34 38 30-35.5
Globulin, g/l 38.40+1.36™ 34 42 30-35
Protein coefficient, units. 0.94£0.04* 0.9 1.1 0.6-1.1
Urea, mmol/L 6.96+0.41*" 6.2 8.5 2.8-5.8
Creatinine, mmol/L 100.00%11.81 86 116 45-140
AAT, u/L 100.00+11.48" 64 127 10-50
ALT, u/L 22.20%4.33* 7 33 10-40
AAT/ALT, units 6.50+2.71* 2.5 17 1.0-3.4
Alkaline phosphotase, u/l 78.068.76™ 60.4 110.8 20-150
Glucose, mmol/L 2.12+0.06** 2.0 2.3 2.5-4.2
Calcium, mmol/L 1.88+0.04™ 1.8 2.0 2.43-3.10
Carotene, mcg% 119.20£5.69" 100 131 275-965
Lipoproteins total, mg% 1,035.40+71.01* 833 1,254 400-800

Note: * - P<0.01,** - P<0.001
Source: compiled by the authors

A generalised review of the data of morphometry
and pathomorphology of the ovaries of dairy unfertilised
cows for different lactation terms demonstrated the ex-
isting relationship between the functional or patholog-
ical state of the gonads and the content of individual
nutrients in the blood serum, and, accordingly, in the
daily diet of livestock. Numerous subclinical disorders
in the metabolism of dairy cows, according to literature
sources, could provoke an exacerbation of gynecological
pathologies and dysfunctions of the sexual cycle, which
resulted in numerous non-fertile inseminations. At the
same time, the duration of the infertile period signifi-
cantly worsened the morphofunctional characteristics
of ovogenesis: in the period up to 75 days after calving,
the number of cows with a functional state of ovarian
morphology was twice as high as the number of animals
with of various gonadopathies of various types, and in
the subgroup of cows after 211 days of lactation, on the
contrary, the number of cows with gonadal dysfunc-
tions and pathologies was twice as high as the number
of animals with a morphofunctional state of ovaries.

The established regularities of the development of
ovarian morphogenesis during lactation indicate the
need to increase the attention of veterinary medicine
doctors to the differential diagnosis of the pathology
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of the reproductive organs of cows in the first half of
lactation, and especially in the postpartum period,
which is a resource for increasing the profitability of
dairy production.

The reproduction of genetic resources in cattle
breeding is based on the biological characteristics of
cattle breeding. A retrospective analysis of the liter-
ature sources on ovarian morphogenesis has shown
that not all aspects of this complex and multifaceted
problem are fully revealed. The specifics of the morpho-
logical and pathomorphological profile of the ovaries
of high-yielding cows on day O of the sexual cycle are
insufficiently studied.

Thus, there is no consensus on the nature of the
topography of physiological ovulation in single or mul-
tiple females. All these anatomical and physiological
patterns directly affect on reproduction of productive
animals. In addition, the likely influence of morphogen-
esis on the development of ovarian pathologies can be
very important in solving issues of reproduction of not
only farm animals, but also rare species. The key organs
of the reproductive system, namely paired gonads,
are the anatomical and physiological basis of tech-
nological processes in dairy and meat cattle breeding,
so the understanding of ovarian morphogenesis and




ways of its reqgulation determines the efficiency and
the profitability of the livestock.

There is scare information on the influence of func-
tional insufficiency on the intensity and nature of mor-
phofunctional changes in the gonads. The influence of
feeding and environmental factors on the biochemical
composition of blood in different phases of the sexual
cycle,both in normal and gynecological pathology, is not
fully disclosed. The differential method used in this study
for diagnosing the physiological or pathological state of
the ovaries highlights the features of gonad morpho-
genesis of cows in industrial dairy cattle; the importance
of this method is emphasised in data by Borshch et al.
(2020). Based on the results obtained, differentiation of
diagnostic indicators of morphofunctional ovarian struc-
tures in cows (n=423) that were synchronised prevented
a significant level of ineffective artificial inseminations
(pregnancy of experimental cows was 2.1 times higher).
Similar results were obtained by Ault (2019).

Researches by Denis-Robichaud et al. (2018), indi-
cate the need for monitoring the indicators of automat-
ic sensors of sexual activity detection systems in cows,
which increases the number of effective inseminations
conducted. In addition, this research expands the meth-
odological database of such studies, which can be im-
plemented in real production conditions.

Studies by Cavallari de Castro et al. (2019) and
Pascottini (2020) on the impact of chronic or acute and
subacute gynecological diseases in lactating cows on
fertility indicators emphasise versatile approaches to
the diagnosis of pathologies of the reproductive system
of cows. Results obtained by Appiah et al. (2020) indicate
that the above data are debatable, which is explained by
the impossibility of creating similar survey conditions at
work, which are characterised by a variety of paratypical
factors. Probably, the lack of a methodologically devel-
oped protocol for comparing indicators of ovarian patho-
morphology of cows against the background of their an-
atomical species polymorphism causes inconsistency in
the results of research in different sources.

Nowadays, researchers continue to discuss the
main factors that provoke cystic follicle degeneration
in dairy cows (Ong et al.,, 2021), which indicates a lack
of knowledge of the phenomenon. At the same time,
there are reports in the literature about a steady trend
towards an increase in the number of cystic ovarian dis-
eases in cows, but practical experts state that there is
no effective scheme for the prevention and therapy of
animals with ovarian dysfunction (Nowicki et al., 2017).

Cystic ovarian disease is polyetiological disease and
has a common pathology; it is registered in 3.8-6.5% of
infertile cows. The frequency of cysts is influenced by
a number of factors: breed, stable maintenance, num-
ber of calving, duration of previous and stage of cur-
rent lactation. Thus, ovarian cysts were registered 1.7
times more often in Ayrshire cows (6.5% vs. 3.8%) than
in black-and-white cows (Monget et al.,, 2020).
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Based on the conducted experimental studies, it
was established that follicular cysts were the most
common pathologies of the ovaries. They were regis-
tered in 33.33-42.31% of high-yielding cows and posi-
tively correlated with the duration of lactation. The re-
sults obtained do not differ from the data of Gonzalez
Moreno et al. (2020).

Bomko et al. (2018), Grymak et al. (2020) indicate
a significant influence on the phenomenon of ovari-
an dysfunctions of deviations in the optimal ratio of
nutrients in the diet, provoking metabolic disorders in
various body systems of dairy cows, including hormo-
nal imbalance.

According to Mazur et al. (2020), glucogenesis is
continuous in ruminants, unlike monogastric animals.
Their need for glucose by 90% or more is provided by
gluconeogenesis,which occurs mainly in the liver. These
processes are actively regulated by the endocrine sys-
tem, so there is hyperproduction of glucagon, somato-
tropin, and hypoproduction of insulin. This condition of
the endocrine glands enhances lipomobilisation, lipol-
ysis, proteolysis, ketogenesis and contributes to the de-
velopment of liver dystrophy. With a long and massive
intake of lipids in the liver, there is a deficiency of
oxaloacetic acid, the source of which is glucose. The
concentration of ketone bodies increases in blood se-
rum (ketonuria), urine, and milk, which is expressed by
a significant increase of triacylglycerols in the blood
of such animals, rapid fat infiltration of haepatocytes
and provokes the course of lipomobilisation syndrome,
which is characterised by fatty liver dystrophy and other
pathologies associated with reduced fertility in highly
productive young cows (Malashka et al., 2021).

A decrease in the functional state of the reproduc-
tive system during the lactation can also be affected by
low levels of calcium (which is important for the con-
tractile activity of the uterus), the content of which was
on average 60-70% of the reference values in cows. At
the same time, we established that the deficiency of
precursors of fat-soluble vitamins had a noticeable neg-
ative effect on the secretion of sex hormones in cows.

Based on the experimental data, the carotene
content in the blood serum of cows was 2.5-9.0 times
less than the need, which was a prerequisite for an in-
crease in the symptoms of ovarian hypotrophy, espe-
cially in the middle of lactation (33.34-38.89% of hy-
pogonadism among all detected gonadopathies). The
results obtained do not differ from the data of research
by Rodriguez et al. (2020). Bomko et al. (2018) showed
that optimising the composition of the diet of dairy of
high-yielding cows for a number of ingredients, in par-
ticular, Zinc, Manganese, and Cobalt, and improving the
balance of the ratio of nutrients in the diet led to an
increase in the level of fertility of livestock.

Thus, the study of the morphology and function of
the ovaries of cows and heifers remains at the level
of comparing the morphometric parameters of the
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extracted organs (in vitro) or (in vivo) using hardware
methods (ultrasound scanning) or palpation, which
does not allow drawing conclusions about the quantita-
tive and structural patterns of differentiation of gener-
ative and hormonal functions of the gonads. All current
instructive and methodological guidances are based on
generalised and averaged data on the functional activity
of the ovaries as a pair of equivalent gonads.

CONCLUSIONS

Studies were conducted in vivo to establish morpholog-
ical and pathomorphological profile of the ovaries of
high-yielding cows on day O of the sexual cycle to op-
timise the timing of artificial insemination of cows and
reduce economically nonprofitless costs of bull sperm.

Differential palpation diagnostics of high-yielding
lactating cows in vivo revealed the actual morpholog-
ical and functional structures of the ovaries on day O of
the sexual cycle, which was characterised by significant
polymorphism, associated both with the specifics of
functional morphogenesis of gonads of cows in condi-
tions of industrial keeping (66.67-30.77% of the exam-

sexual cycle of the lactation period, namely: on days
50-75, 66.67% of dairy cows had physiological morpho-
functional ovarian structures; and on days 76-160, 161-
210, and 211 or more - 59.09%; 47.06%, and 30.77%,
respectively (P<0.001).

Based on the conducted experiments, it was estab-
lished that follicular cystic degenerations were the most
common pathologies of the ovaries of of high-yielding
cows. Signs of ovarian cysts grew with an increase in
the lactation term: from 33.33% at the beginning of
lactation to 42.31% in the period after 211 days.

Differential palpapatory examination in vivo al-
lowed diagnosing an increase in the number of chronic
irreversible pathologies in of high-yielding non-insem-
inated cows in the ovary-oviduct area, manifested by
adhesive inflammatory processes in the form of chronic
ovosalpingitis (P<0.05). An influence of subclinical dis-
orders in the metabolism of high-yielding cows on the
development of ovarian dysfunctions was revealed.
Identification of the causes and prevention of ovarian
dysfunction is a prospect for further study.

ined animals) and the presence of reproductive pathol- ACKNOWLEDGEMENTS
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AHoTauis. Baxn1Bo YaCTMHOI NporpaM ynpaeiHHA BiATBOPEHHAM Ha MONOYHMX HEPMaX € BUSBIEHHS HENNiAHMX
KOpiB i paHHE MOBTOPHE OCIMEHIHHS AN LOCSTHEHHS BULMX MOKA3HMKIB CTiINbHOCTI. MeTo focnigkeHHs Oyno
BMBYEHHSA 0CO6MMBOCTEN MOpdoreHesy roHas BWMCOKOMPOAYKTUBHMUX KOPIiB B YMOBAX MPOMWCIOBOI TEXHOMOTIi
yTpUMaHHs B 0-1M AeHb CTaTeBOro LMKAY in Vivo B PeXuMi peanbHOro 4acy. byno BMKOPUCTAHO CTPYKTYPHO -
NOPIBHSANbHWUIA | CTAaTUCTUYHUI METOAM, @ TAKOX BiOTEXHONOTNYHY METOAMKY NaNbNAaTOPHOIO LMKNIYHOTO 0BCTEXEHHS
SEYHMKIB 3 andepeHLiHOo aiarHocTnko MopdodisionoriyHmx abo NaToMopdoNoriYHMX NOKA3HUKIB. Pe3ynbraTy
[IarHOCTUKM SIEYHMKIB AiMHMX KopiB (n=128) B 0-i AeHb iHAYKOBAHOTO LMKAY, BUSBNEHOTO AATYMKAMU KPOKOBOI
AKTUBHOCTI, NOKa3a/M 3HAYHUI CTPYKTYPHMI NONIMOPdi3M LMX OpraHiB penpoayKTUBHOI cucTeMu. BctaHoBneHO: Big,
66,67 % no 30,77 % camuub 3 disionoriyHum nepebirom donikynspHoi dasm umkny, To6To B 0-1 feHb Ha SEYHMKAX
npeoBynaTopHUi Gonikyn abo NovaTok oByNALii (33 yMOBM 3MEHLLEHS NPUAATHWUX ANS 3anniHEHHS KOPIB 33 POCTOM
TpuBanocti naktauii Big 50-75 gHis no 211-306 ni6 (P<0.001). bys aiarHoctoBaHwit rinoroHagusMm y 19,45 % kopis,
ay 61,11 % — oBapianbHi gnchyHKLIT 3 NPOSIBOM KiCTO3HMX AereHepauint donikynis; 19,44 % KopiB Ha MOMeHT
LOCNIAKEHHS Manu HE3BOPOTHI XPOHIYHI 3MNAMBI NPOLLECU TKAHWH CTAaTEBOr0 TPAKTY Y AiNAHLL «AEYHUK+IMLENPOBIA»
(oBoOpUTM Ta OBOCANBNIHMITM Y NATEHTHIN GOpMI), WO YHEMOXAMBAOBANO HACTAHHA TiINBHOCTI, 3 BUPAXKEHOH
TEHOEHL€E poCTy i€l roHagonaTii 3a 36inbleHHs TepMiHy nakTauii (BignosigHo: 50-75 ai6 - 0,00 %; 76-160
ni6 - 22,22 %; 161-210 pi6 - 22,22 %; 211 i 6inbwe - 33,33 %; P<0.05). byno pocnigkeHo TeHAEHLi0 BNIMBY
CYOKNiHIYHMX BiAXMNEHb Y MeTaboNi3Mi KOpiB NiAA0CNIAHOMO CTafa Ha NOKA3HMKM BiOXiMIYHOIo CKIaLy CMPOBATKM
KpOBi Ta NposiB 0BapianbHWUX ANChYHKLUiW. OTKe, Byno BCTaHOBAEHO in Vivo MOP@ONOriYHMiA i naToMopdOnoriyHui
npodinb CTaHy SEYHUKIB BUCOKONPOAYKTUBHMX KOpiB B O-i AeHb CTaTeBOro LMKAY, WO [03BOSIMIO ONTUMI3yBaTH
PEXMM LUTYYHOTO OCIMEHIHHS | 3MEHLWMUTU EKOHOMIYHO HEBWMMpaBAaHi BMTpPATU crnepmu. Pesynbtat OOCHIAKEHb
MOXYTb OYTM BMKOPUCTAHI B MpaKTUYHin poboTi daxiBLiB BETEPUHAPHOI MEAMLMHU, HAYKOBKUX CMiBPOBITHMKIB Ta
3006yBaviB BULLOI OCBITM BETEPUHAPHOrO Ta BionoriyHoro npoding

KniouoBi cnoBa: fAiltHi KOPOBM; CTAaTEBUIA LMK, SEYHMKM; AndepeHUiiHa nanbnaTtopHa AiarHoCTukKa; Gonikynu;
rinoroHaam3M; oBoaAnCOYHKLIi; roHagonaTii
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Mastitis prevention and control: Integration of microbiological and management approaches

and Escherichia coli — with sanitary mastitis. To reduce the incidence of mastitis, it is important to apply targeted
measures aimed at various categories of pathogens. Udder wipes were contaminated with pathogens associated
with the development of mastitis. The use of laundry detergent containing bactericidal components is crucial to
minimise contamination of reusable udder wipes. Among the dips under study, 40.6% of the samples had a complete
bactericidal effect, and 9.9% had no bactericidal effect. 3 factors of high risk of environmental mastitis and 6 factors
of sanitary mastitis were identified. The results of the studies were tested on two dairy farms. Correction of high-risk
risk factors led to an increase in the quality of milk in terms of somatic cells and the number of bacteria. The results
obtained can be useful for improving the system of prevention and optimisation of mastitis treatment on dairy farms

Keywords: sanitary mastitis; infectious mastitis; mastitis risk; risk analysis; post-milking dipping; mastitis
pathogens; milk quality improvement; Streptococcus spp.; Staphylococcus spp.

INTRODUCTION

Mastitis is the most common mammary gland pathol-
ogy in cows in all countries, leading to a decrease in
animal productivity and the overall economic effi-
ciency of the industry. The development of this dis-
ease depends on various factors related to the in-
fectious agent, animal health, the environment, and
technological processes. Therefore, accurate and
rapid identification of the main pathogens of the dis-
ease is important for diagnosis and selection of the
optimal prevention and treatment regimen. ldentify-
ing the main hazards through risk analysis will help
determine the shortcomings of preventive and tech-
nological measures on the farm.

Depending on the degree of manifestation of the
infectious process, mastitis can be divided into clinical
and subclinical. Clinical mastitis is accompanied by the
development of pronounced signs of inflammation.
Petersson-Wolfe et al. (2018) indicate that the pain that
occurs, in this case, forms long-term consequences for
the animal’s health. Subclinical mastitis develops with-
out any visible signs. Martins et al. (2020) note that
chronic subclinical mastitis leads to a decrease in milk
yield and a deterioration in milk quality.

The review by Cobirka et al. (2020) summarises the
classification of mastitis depending on the causative
agents and the degree of clinical manifestation. The
researchers indicate that different infectious agents
differ in their source of origin, transmission factors, and
level of contagiousness. Depending on the pathogen,
mastitis is divided into infectious, which has a high
potential for transmission from animal to animal, and
sanitary, which affects individual animals and has a low
potential for transmission.

Milk testing results by Steinberg et al. (2022), us-
ing 16s RNA gene sequencing, show that the milk mi-
crobiota of healthy cows is diverse and variable, and
undergoes changes during the development of mas-
titis. ldentification of isolates from the milk of cows
with mastitis by Nusrat et al. (2021) confirms that the
causative agents of mastitis can be numerous gen-
era of gram-positive and gram-negative microorgan-
isms. According to Acharya et al. (2021), the genera of
microorganisms identified as the main causative agents
of mastitis changed during the study period.
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Bacterial agents, due to their pathogenicity fac-
tors, have a destructive effect on the mammary gland.
Thus, Egyedy & Ametaj (2022) note that the innate and
acquired immunity of cows play an important role in
protecting the mammary gland from mastitis patho-
gens. In this case, pathogens Staphylococcus aureus and
Streptococus uberis may evade the immune response. A
sanitary-associated pathogen Escherichia coli is able to
multiply in milk without attachment to the epithelium.
Authors Blum et al. (2020) studied in more detail the
pathogenic effects of the sanitary pathogen Escherichia
coli on the mammary gland. This microorganism, after
entering the mammary gland, changes the metabolism
in the epithelium and causes immune response pro-
cesses, which leads to changes in the mammary gland
and secretions. These changes may remain after bacte-
rial cleansing of the udder.

Tomazi et al. (2018), after studying cases of mastitis
in 20 Brazilian dairy farms, found that the risks of the
disease are associated with the season of the year and
the level of somatic cells in tanker milk. In their review,
Girma and Tamir (2022) identified the main risk factors
as breed, age, lactation stage, and nipple damage. They
also noted the importance of monitoring sick livestock
and implementing measures aimed at udder health.
Zigo et al. (2021), in their systematic review, summa-
rised all factors that may affect the level of occurrence
of mastitis and the effectiveness of their treatment. The
researchers note that the development of mastitis is
a complex process that depends on the pathogen, the
condition of the animal, and environmental factors. To
effectively combat mastitis, it is necessary to clearly
implement preventive measures. In the cross-sectional
study with Bayesian network analysis, Horpiencharoen
et al. (2019) identified clinically important risk factors
influencing the occurrence of mastitis. They are asso-
ciated with pathogens released from milk and animal
care measures. However, the level of risk may vary de-
pending on the specific situation. The importance of
implementing mastitis management measures was
also noted by Stevens et al. (2019). In addition, the pro-
cess of evaluating management approaches increases
the level of implementation of recommended meas-
ures, and leads to an improvement in the quality of




milk. Diagnostic methods include modern approaches
to diagnose mastitis itself, advanced microbiological
methods using chromogenic media, molecular genetic
methods, and the use of nanotechnology.

Thus, Neculai-Valeanu & Ariton (2022) considered
diagnostic tests that can be used for early detection
of signs of the disease. The researchers note that the
latest methods of non-invasive diagnosis of changes
in the clinical condition of the breast can be applied
to improve the health of the udder. El-Said & Kamel
(2021) point to the possibility of using modern ap-
proaches to the diagnosis of mastitis using PCR, micro-
bial gene sequencing, and nanotechnology. Microbio-
logical methods have long been considered the gold
standard for identifying mastitis pathogens. They do
not lose their relevance even today. Granja et al. (2021)
established the high sensitivity and specificity of a
new, improved medium containing chromogenic com-
ponents of CHROMagar™ Mastitis to detect the most
common pathogens of udder infection.

The purpose of the study was to identify the factors
that lead to the spread of mastitis pathogens on the
farm, select optimal objects of microbiological analysis
and methods for isolating and identifying microorgan-
isms with subsequent risk analysis, and use the results
obtained to improve animal welfare.

MATERIALS AND METHODS

The research was conducted in the research laboratory
of the Department of veterinary and sanitary expertise
and laboratory diagnostics of the Institute of Postgrad-
uate Training of Heads and Specialists of Veterinary
Medicine of Bila Tserkva NAU. Samples of milk from
sick animals, napkins and udder dips were taken in the
period May 2021-May 2022. The survey of consulting
managers and veterinarians was conducted in June-July
2022.Visits to farms for experimental testing of the re-
sults obtained took place in the fall of 2022.

Milk sampling. Milk samples were taken during the
cows’ stay in the milking parlour. First, the udder skin
was cleaned of dirt and debris with a disposable cloth
soaked in alcohol to disinfect the skin and reduce the
risk of contamination. A separate napkin and vessel
were used for each nipple. The first jets of milk were
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milked and disposed of. Milk samples were taken sep-
arately from each udder lobe in a single-use individual
sterile cup and immediately sent to the laboratory. 115
milk samples taken from 27 subclinically and 63 clini-
cally sick animals were examined.

Microbiological studies of milk using non-selective
and selective media. Milk samples were cultured on the
blood agar (Conda) with the addition of 5% sheep red
blood cells (Pharmstandard Biolek, Ukraine) and Mac-
CONKEY Agar (Merc) at 37°C for 24-48 hours. Colonial
characteristics and hemolysis were determined, gram-
stained, and morphological characteristics of microor-
ganisms were determined. Gram-positive cocci were
tested with catalase and differentiated into positive
and negative coagulase activity. Cocci catalase-posi-
tive colonies were then cultured in the Staph Api 20
kit. Coccoid catalase-negative colonies were studied
using Hydrolysis of esculin, fermentation of hippurate
and inulin, and growth in NaCl were determined using
the CAMP test. For gram-negative bacteria, oxidase,
indole formation, Voges Proskauer reaction, Lysine De-
carboxylase test fermentation of glucose, lactose, man-
nitol, maltose, sucrose, urease, and citrate were used
(Tarazona-Manrique et al., 2019).

Microbiological studies using chromogenic media. 2
chromogenic media were used CHROMagar™ Orienta-
tion and CHROMagar™ Mastitis (CHROMagar, France).
The growth pattern was determined visually.

CHROMagar™ Mastitis consists of 2 separate media
for gram-positive bacteria (Mastitis GP) and gram-neg-
ative (Mastitis GN) bacteria. The growth of gram()
bacteria is inhibited on Mastitis GP medium, and the
growth of gram(+) bacteria is inhibited on Mastitis GN
medium. CHROMagar™ Orientation is one-component,
so it requires additional gram staining of smears taken
from colonies. Differentiation of colonies occurs by ana-
lysing the colour in which they are coloured as a result
of growth (Table 1).

For inoculation, five-fold serial dilutions were
made, and native material and 0.1 ml of suspension
were plated with dilution from 102 up to 10°. The
cultures were cultivated for 24-48 hours at 37°C, after
which the colonial morphology were analysed and their
number was counted.

Table 1. Colouration of microbial colonies grown on chromogenic media

Microorganism

CHROMagar™ Orientation

CHROMagar™ Mastitis

Gram(-) bacterial

Esherihia coli

dark pink to reddish

dark pink to reddish

Klebsiella spp., Enterobacter spp., Citrobacter spp.,
Serratia spp. (KECS group)

metallic blue (+/- reddish halo)

metallic blue (+/- reddish halo)

Proteus spp., Morganella spp.,Providencia spp.

brown halo

brown halo

Proteus vulgaris

blue with brown halo

Pseudomonas spp.

Translucent (+/- natural pigmentation
cream to green)

translucent (+/- natural pigmentation
cream to green)

Acinetobacter spp.

cream

Variable
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Table 1, Continued

Microorganism CHROMagar™ Orientation CHROMagar™ Mastitis
Stenotrophomonas spp. colourless Variable
Gram(+) bacterial
Streptococcus agalactiae light blue turquoise blue

Streptococcus uberis

metallic blue

Enterococcus spp. turquoise blue Variable
Staphylococcus aureus golden, opaque, small pink

Staphylococcus epidermidis cream, pinpoint colonies variable

Staphylococcus saprophyticus pink, opaque, small variable

Yeasts

Candida albicans

cream, pinpoint colonies

cream, pinpoint colonies

Source: compiled by the authors based on CHROMagar™ Mastitis Instructions For Use (n.d.) and CHROMagar™ Orientation

Instructions for Use (n.d.)

Sampling to determine the contaminating agent
of napkins. A cut-off part of the napkin with sides of
10x10 cm was sent for the study. Sterile disposable
gloves were worn and a sterile instrument was used
before taking the sample. The cut material was placed
in a sterile container. After washing according to the
procedure performed on the farm, another area was
re-cut off in the same napkin and placed in another
sterile dish. After entering the laboratory, a piece of
napkin was filled with 100 ml of sterile saline solution
for 5 minutes. After exposure, the napkin was pressed
against the wall of the test tube using sterile tweezers.
To determine the contaminating agent, a bacterial sus-
pension was inoculated in the media indicated above.

45 napkins were analysed. Of these, 29 were
washed in a washing machine at a temperature of 60°C
using domestic detergent, and another 16 - in a wash-
ing machine at a temperature of 60°C using a special
detergent containing a bactericidal component.

Determination of the bactericidal activity of udder dip-
ping.Museum strains were used to determine the antibac-
terial properties of dipping as control bacteria Escherichia
coli ATCC 25922 and Staphylococcus aureus ATCC 25923, as
well as microorganisms isolated from the studied samples
from farms. 111 dip samples were examined.

Microbial strains were transplanted from the stor-
age medium to trypsin-soy agar (Conda) and cultivated
for 24-48 hours at 37°C. A bacterial suspension with
a bacterial cell concentration of 1.5x108 CFU/ml was
prepared from the pure culture. To simulate a clean
skin surface, the experiment used a mixing suspension
consisting of a 1.5% solution of bovine albumin di-
luted in saline. A mixture of sodium thiosulphate, 3 g/l

to 20 g/l + polysorbate 80, 30 g/l + lecithin, 3 g/l was
used to neutralise the active ingredients of the dips.
To prepare mixture-1, 0.1 ml of bacterial suspension
and 0.2 ml of mixing suspension were added to the
test tube, mixed in an ice bath for 2 minutes at 0°C,
and 9.7 ml of the test dip was added and kept for 60
seconds and 5 minutes at room temperature. After that,
1 ml of the resulting mixture-1 was transferred to a
second tube containing 8 ml of neutralising suspension
and 1 ml of water. The mixture-2 was kept in a wa-
ter bath for 5 minutes at 20°C. After holding, 1 ml of
mixture-2 was taken twice and placed in separate Petri
dishes, and 15-20 ml of molten TCA was poured at a
temperature of 45°C+1°C, and kept in a thermostat for
24-48 hours at 37°C.

Additionally, a decimal dilution was prepared,
0.5 ml of mixture-2 was added to 4.5 ml of neutralis-
ing agent, pipetted and sown with 1 ml of the resulting
dilution, previously indicated by the method, on 2 agar
plates. Additionally, a negative control was set, where
sterile water was added instead of dip. The media were
cultured during the day and the number of colonies
formed was calculated, the criteria for evaluating bac-
tericidal activity are shown in Table 2.

The bacterial load was determined by the equation:

N =2Xa/V(nl+ 0.1n2)d

where Za - sum of colonies on cups selected for count-
ing; V - volume of inoculate that was introduced into
each cup, cm?; n1 - number of cups of the first dilution
selected for counting; n2 — number of cups of the sec-
ond dilution selected for counting; d - degree of dilu-
tion (first) for which counting is performed.

Table 2. Level of bactericidal action of the udder dipping depending on the growth of the microorganisms

Level of bactericidal action of udder dipping

Growth characteristics

Full bactericidal effect

No growth

Incomplete bactericidal effect

1-99 CFU/ml

Subactericidal effect

100-299 CFU/ml

Source: compiled by the authors
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Development of a matrix for assessing the risks as-
sociated with flaws at the milking stage. The survey of
consulting managers was conducted by e-mail. 12 ex-
perts were interviewed. For the survey, 15 questions
were formulated that correspond to the factors entered
in the risk assessment matrix. A question was asked for
each expert:

How do you assess the impact of factor n on the risk
of mastitis?

Evaluation criteria: low impact, medium impact,
significant impact.

The survey of doctors was conducted using paper
questionnaires. 27 doctors took part in the survey. The
factors described in the study were divided into two
groups: 1 - violation of milking technology; 2 - labora-
tory tests conducted on the farm.

The question were formulated as follows:

How often have you detected violations of milking
technology n?

Evaluation criteria: rarely, often, very often.

How often do you conduct research x?

Evaluation criteria: we never do it, sometimes we
do it,and we do it all the time.

The survey questionnaire is available on request.

As a result, a matrix of qualitative risk assessment
was developed. The vertical axis of the Matrix indicates
the probability of detecting a factor on the farm, and
the horizontal axis indicates the level of influence of
the factor. The degree of danger of each factor can be
determined according to the probability of manifesta-
tion and the level of exposure. The survey was anony-
mous, and the authors of the study did not receive or
store the personal data of respondents.

Analysis of the causes of deterioration in milk quality.
Two dairy farms with deteriorating milk quality in terms
of somatic cells and bacterial load were selected for
experimental testing of the effectiveness of corrective
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measures. During the first visit to the farm, the general
sanitary condition of the farm, the quality of cow main-
tenance, and the system of grouping and keeping sick
animals and cows of various technological groups were
evaluated. Then the milking process was monitored. All
lactating Llivestock were examined using a California
test. The number of somatic cells was counted in milk
from the affected animals and the infectious agent was
identified. At each farm, flushes from milking cups, ud-
der care products, and disinfectant samples were taken
for microbiological studies.

Based on the results, farms were offered measures
to reduce the impact of risk factors according to the risk
analysis matrix. The effectiveness of the implemented
measures was monitored based on weekly studies of
tanker milk.

Statistical analysis. The analysis of experimental
studies was carried out using the Microsoft Excel 2020
software suite. The results of the study were statisti-
cally calculated using a direct method for determining
the standard deviation.

Experimental studies were conducted in accord-
ance with modern methodological approaches and in
compliance with the relevant requirements and stand-
ards, in particular, they meet the requirements of DSTU
ISO/IEC 17025:2005 (2006). All manipulations were
performed in accordance with the European Conven-
tion for the protection of vertebrates used for exper-
imental and other scientific purposes (European Con-
vention, 1986). The survey was conducted according
to the International Compilation of Human Research
Standards (2021).

RESULTS

Monoinfection was identified in 68 (75.6%) cows, and
an association of 2 or more pathogens was found in 22
(24.4%) cows (Table 3).

Table 3. Bacterial cultures found in the tested milk

Pathogens isolated Subclin;c:\ZL 7m astitis % r(r:ll;::tal.i. % n.I:]'_:ils %
n=63

Staphylococcus aureus 4 14.8 9 14.3 13 14.4%
Staphylococcus epidermididis 2 74 4 6.3 6 6.7%
Staphylococus saprofiticus 1 3.7 3 4.8 4 4.4%
Streptococcus agalactiae 4 14.8 9 14.3 13 14.4%
Streptococcus disgalactiae 1 3.7 5 79 6 6.7%
Streptococus uberis 2 7.4 2 3.2 4 4.4%
Escherichia coli 5 18.5 11 17.5 16 17.8%
Klebsiella pneumoniae 0 0.0 9.5 6 6.7%
Staphylococcus aureus + Escherichia coli 1 3.7 6 9.5 7 7.8%
Staphylococcus aureus + Streptococcus agalactiae 2 74 0 0.0 2 2.2%
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Table 3, Continued

- -, Clinical
Pathogens isolated Subclinical mastitis % mastitis % Total %
n=27 n=115
n=63
Staphylococcus saprofiticus + Streptococcus disgalactiae 2 74 1 1.6 3 3.3%
Staphylococcus epidermididis + Staphylococcus aureus 0.0 2 3.2 2 2.2%
Staphylococcus aureus + Streptococcus disgalactiae 2 7.4 4 6.3 6 6.7%
Staphylococcus epidermididis + Ether/ch/a coli + 1 3.7 1 16 2 22%
Streptococcus agalactiae
Total 27 100.0 63 100.0 90 100.0

Source: compiled by the authors

Staphylococcus aureus was identified in 33.3% of
cows with clinical and 30.1% with subclinical mastitis.
Staphylococcus epidermididis was isolated in 11.1% of
both animal groups. Staphylococus saprofiticus was de-
tected in 11.1% of subclinically sick animals and 6.4% of
clinically sick animals. Streptococcus agalactiae and Strep-
tococcus disgalactiae more often isolated in subclinically
sick animals = 25.9% and 18.5%, respectively, while the
detection rate in clinically sick animals was 15.9%. Strep-
tococus uberis was isolated from 7.4% of subclinically sick

and 3.2% of clinically sick animals. Escherichia coli were
present in 28.6% of clinically and 25.9% of subclinically
sick animals. Klebsiella pneumoniae was isolated only as
a monoculture in 6.6% of clinically sick animals.

To keep reusable udder treatment wipes clean, they
need to be washed systematically. The level of contam-
ination of napkins with microorganisms after washing
with domestic detergent differed from that for washing
with a special detergent containing bactericidal com-
ponents (Table 4).

Table 4. Number of contaminated wipes with each pathogen before and after washing

Before washing with

After washing with

Before washing with After washing with

Pathogen domestic detergent domestic detergent antibacterial detergent antibacterial detergent
n=29 n=29 n=16 n=16

Staphylococcus aureus 26 18 15 3
coogeiose negative 29 7 16 8
Streptococcus spp. 16 9 1 0
Escherichia coli 29 12 8 2
Klebsiella spp. 9 3 0 0
Pseudomonas spp. 11 6 6 1
Bacillus spp. 26 14 14 6
Proteus spp. 24 16 12 3
Candida spp. 25 16 9 2

Source: compiled by the authors

After washing with domestic detergent, the number
of napkins that are contaminated with Staphylococcus
aureus decreased by 31.6%, coagulase negative
Staphylococcus by 6.9%, Streptococcus spp. by 43.7%,
Escherichia spp. by 58.6%, Klebsiella spp. by 66.7%,
Pseudomonas spp. by 45.5%, Bacillus spp. by 46.2%,
Proteus spp. by 33.3%, and Candida spp. by 36%. After
washing with a detergent containing bactericidal com-
ponents, the number of napkins that are contaminated
Staphylococcus aureus decreased by 80%, coagulase
negative Staphylococcus by 50%, Streptococcus spp. by
100%, Escherichia spp. by 75%, Klebsiella spp. by 100%,
Pseudomonas spp.by 83.3%, Bacillus spp. by 57.1%,
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Proteus spp. by 75%, and Candida spp. by 78.6%. None of
the washing methods ensured the sterility of the nap-
kins. Washing with a detergent containing bactericidal
components led to a reduction in the level of contami-
nation with various pathogens from 50 to 100% (by an
average of 74.8%). Washing with domestic detergent re-
sulted in a reduction in contamination from 6.9 to 66.7%
(an average of 40.8%).

According to the results of dip studies, it was found
that 40.6% of the studied samples had a complete bacte-
ricidal effect, 49.5% - incomplete bactericidal effect,and
9.9% had no bactericidal effect actions. 6.3% of all dips
under study were contaminated (Table 5).
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Table 5. Bactericidal activity of dips depending on the active substance

Active ingredient Full bactericidal effect

Incomplete bactericidal effect

Subactericidal effect/of them contaminated

lodine n=45 22 20 3/1
Lactic acid n=17 7 9 1/1
Chlorhexidine n=49 16 26 7/5
Total 45 55 11/7

Source: compiled by the authors

Dips which include the active substance iodine
showed a complete bactericidal effect in 48.9% of
cases, there was no bactericidal effect in 6.7% of the
studied samples. Dips with lactic acid showed a com-
plete bactericidal effect in 41.2% of cases, and 5.9%
had no effect. However, the smallest number of sam-
ples were tested with this substance. The most frequent
absence of bactericidal effect was found in dips with
chlorhexedine - 14.3% of samples. 32.7% of the sam-
ples showed a complete bactericidal effect, which is the
lowest indicator among all the samples under study. Of
the 11 dips with no bactericidal action, 7 (63.6%) were
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contaminated. Bacillus spp. bacteria were identified in
iodine-containing dips, and 3 - in chlorhexidine-con-
taining dips. Aspergillus spp. fungi contaminated one
dip with lactic acid and 2 dips with chlorhexidine.

According to the results of a survey of specialists, 16
risk factors that arise as a result of a violation of milking
technology were identified, and the level of danger asso-
ciated with them was determined. 3 factors had a high
risk of developing mastitis caused by sanitary pathogens,
medium - 9 factors, and low - 4 factors (Fig. 1). For path-
ogens of infectious mastitis, the number of factors for
each risk group is 6, 5,and 5, respectively (Fig. 2).
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Figure 1. Matrix of the risk level of sanitary mastitis
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Figure 2. Matrix of the risk level of infectious mastitis

The developed risk matrix was tested to improve
milk quality on two farms. Chromogenic media were
used to accelerate the results of microbiological
analysis (Fig. 3). The use of chromogenic media al-
lowed identifying most of the pathogens of mastitis

already in the first culture. This accelerated the iden-
tification of the main group of microorganisms that
cause intramammary infection at each farm, and re-
duced the time required to select the correct correc-
tive measures.

Figure 3. Bacterial growth on chromogenic media
A) CHROMagar™ Orientation 1. Staphylococcus epidermidis - cream, pinpoint colonies, 2. Staphylococcus
saprophyticus - pink, opaque, small, 3. Streptococcus agalactiae - light blue B) a. Mastitis (GP) - 1. Staphylococcus
aureus - pink 2. Streptococcus agalactiae - turquoise blue b. Mastitis (GN) - no growth
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At the time of the study, 10 clinically sick animals  first farm.There are 7 clinically sick and 12 subclinically
and 17 subclinically sick animals were identified on the  sick animals on the second farm (Table 6).

Table 6. Data on livestock and milk quality at the beginning of the study

Number of live- Somatic cells

Cows with mastitis Bacterial load, thous. CFU/cm3

stock thous./cm?
Farm 1 970 27 (2.8%) 102 210
Farm 2 430 19 (4.5%) 145 275

Source: compiled by the authors

On Farm 1,the number of somatic cells in the mam-  agalactiae, Staphylococcus saprophyticus, Staphylococcus
mary secretion ranged from 26.5 to 456.1x10%/cm? (av-  epidermidis, Esherihia coli, and Staphylococcus aureus. In
erage 111.7¢#125.6x10*cm?), on Farm 2 - from 32.2  animals from Farm 2 - Streptococcus disgalactiae, Staph-
to 567.6x10%cm? (average 111.7+125.6x10%cm3). An-  ylococcus epidermidis, Esherihia coli, and Staphylococcus
imals from Farm 1 were found to have Streptococcus  aureus (Table 7).

Table 7. Results of milk tests from subclinically sick animals

Farm 1 Farm 2
n=30 n=17
MeanzSD, . P 43  MeanzSD, . P P
CFUx10%/cm? Min, CFUx10%cm® Max, CFUx10*/cm CFUx10%/cm? Min, CFUx10%/cm®> Max, CFUx10%cm
Streptococcus B ) ;
agalactia 14.9+18.9 0.13 60
Streptococcus . - - 14311 7 27
lysgalactiae
Staphylococcus B ) )
saprophyticus 1.4%£0.7 0.6 1.8
Staphylococcus 1.3+15 0.16 45 14.2+18.2 13 27
epidermidis
E. coli 1+1.1 0.15 3 29+2.7 0.7 6.8
Staphylococcus g 44 19 0.39 0.56 6.5¢7.1 11. 19
aureus

Source: compiled by the authors

It was established that both farms had good san-  conclusions were also supported by the results of
itary condition of the premises and balanced feed- laboratory studies, the dominant microflora was
ing. Factors leading to an increased risk of mastitis pathogens associated with the development of sub-
were identified at the milking stage (Table 8). These clinical mastitis.

Table 8. Results of risk analysis on experimental farms

Risk level Farm 1 Farm 2
Lack of microbiological control of disinfectants and equipment Lack of microbiological control of
High Level of risk Use of PMD with subbactericidal action disinfectants and equipment
9 Lack of a system for monitoring milkers’ knowledge Udder cleaning without using
Lack of microbiological control of subclinically sick animals disinfectants
Average level of risk Poor hand hygiene of staff Use of reusable wipes washed with
9 Use of reusable wipes washed with domestic detergent domestic detergent

Udder dipping had a full bactericidal
effect

Results of analysis of

post-milking dipping Udder dipping had an incomplete bactericidal effect

Bacteria of the genera Str. dysgalactiae,
Staph. aegeis, Esherihia coli and groups
KECS on five milk glasses

Results of equipment  Bacteria of the genera Str. agalactiae, Staph. aegeis, Esherihia coli
analysis and groups KECS on three milk glasses

Source: compiled by the authors
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Based on the results, it was recommended to im- At Farm 2, the use of pre-milking dipping based on
mediately apply measures to correct factors that create  hydrogen peroxide, additional treatment of the udder
a high risk of mastitis. before milking with a disinfectant based on peracetic

At Farm 1, the udder dipping with lactic acid acid and hydrogen peroxide by aerosol method, and
showed an incomplete bactericidal effect, it was rec-  wiping the udder dry with disposable paper towels
ommended to replace it with another one with iodine.  were introduced. In both farms, it is recommended to
The use of udder dips based on chlorhexidine and the replace all rubber due to its condition (the presence of
use of disposable wipes was introduced. The staff was  microcracks, loss of elasticity). When re-examined, the
instructed on the use of pre- and post-milking dipping, dipping had a complete bactericidal effect, and the new
and the patterns of spread of bacterial pathogens of  rubber on the milk cups was not contaminated. The num-
infections and their role in the occurrence of mastitis  ber of mastitis cases on Farm 1 decreased to 18 of them
was explained. Relevant educational and visualisation 7 are subclinical, on Farm 2 - the number decreased to
materials were provided. 12 of which 5 are subclinical (Table 9)

Table 9. Data on livestock and milk quality at the end of the study

Number of livestock Mastitis Bacterial load, thous. CFU/cm? Somatic cells, thous./cm?
Farm 1 970 18 (1.9%) 68 154
Farm 2 430 12 (2.8%) 102 145

Source: compiled by the authors

A week after the proposed interventions, the total  cells. However, at the time of the study, milk on two
number of bacteria and the number of somatic cells in  farms met the requirements for the “Extra” grade in
tanker milk began to decrease (Fig.4). Indicators of bac-  terms of somatic cell indicators. While in terms of bac-
terial load decreased faster than indicators of somatic  terial load, milk corresponded to the “Highest” grade.
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Figure 4. Dynamics of changes in bacterial load indicators (CFU) and somatic cells (SCS)
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Recommendations for the two farms differed due
to research results and specific factors that led to an
increased risk of mastitis in each farm. Another impor-
tant condition was the economic viability of farms to
implement risk correction measures. As a result of the
measures implemented on Farm 1, milk corresponded
to the “Extra” grade two weeks after the implementa-
tion of the measures. More violations were detected on
Farm 2, and milk quality improved in the fifth week af-
ter the recommendations were implemented.

In the study of milk from sick animals, patho-
gens associated with infectious mastitis Staph. aureus,
Str. Agalactiae, and Str. disgalactiae were more often de-
tected. On the visited dairy farms, this trend continued.
But this may be conditioned by the choice of farms for
research. Dips with incomplete bactericidal action were
also used on one of the farms under study. This is con-
sistent with previous data from studies of the bacteri-
cidal activity of udder dipping. Correction of the factors
indicated in the risk analysis matrix contributed to an
improvement in milk quality on farms where the domi-
nant infectious agents were pathogens associated with
the infectious mastitis.

DISCUSSION

The paper by Elias et al. (2020) described three infec-
tious agents isolated from milk selected from Ukrainian
farms. Among all pathogens isolated from cow’s milk,
E. Coli was identified in 23.3%, S. aureus - in 13%,
Str. agalactiae - in 11% of isolates. The data obtained
differ from the results of the present study, which may
be conditioned by the analysis of a larger number of
samples and the percentage of samples from clinically
and subclinically sick animals.

In a study by Kenyan scientists Mbindyo et al.
(2020), the main causative agent of subclinical and
clinical mastitis was coagulase-negative staphylococci.
Bacteria Streptococcus spp. - the second most common
pathogen that caused clinical infections more often.The
third most common pathogen, S. aureus, was more of-
ten isolated from the milk of subclinically sick animals.
E. coli was isolated quite rarely, more often from the milk
of clinically sick animals. Study of milk microflora using
MALDI-TOF MS performed by Nonnemann et al. (2019)
found that the most common pathogen in the bioma-
terial was Streptococcus spp., S. aureus and E. coli. Pascu
etal. (2022) also found that the most common causative
agent of mastitis in Romania was S. aureus bacteria. At
the same time, Staphylococcus spp. and Streptococcus spp.
are more often isolated from cows with subclinical mas-
titis, and E. coli - from clinically sick cows. In this study,
there were similar trends in the distribution of major
pathogens at the birth level, although the frequency of
isolation of specific pathogens differed.

Several different authors (Horpiencharoen et al,
2019; Ndahetuye et al., 2020; Tomazi et al., 2018) con-
ducted statistical studies of the influence of various

Shevchenko et al.

factors on the risks of mastitis. They paid attention to
environmental factors, farm conditions, technological
processes, pathogens, and animals in order to identify
statistically significant correlations with the level of
mastitis occurrence. The present study analysed as-
pects directly related to violations of milking technol-
ogy, and the risk assessment was based on qualitative
indicators. This approach may be more understandable
for practitioners and farm owners.

Mistakes in preparing the udder for milking are as-
sociated with improper use of disinfectants and wipes.
Often, farms used reusable wipes washed with domes-
tic laundry powder, or did not use disinfectants to treat
the udder. These factors have a stronger impact on the
risk of infectious mastitis. Instead of disinfectants, some
farms use running water, which leads to the washing
of bacteria from the entire surface of the udder to the
opening of the milk canal and their entry into the mid-
dle of the mammary gland. Dips are also available on
the market to treat the udder before milking. Rowe et al.
(2018) have concluded that pre-milking udder dipping
has little effect on the development of clinical masti-
tis. Therefore, there is no need to apply protocols using
these drugs in routine practice. Gleeson et al. (2018)
also came to similar conclusions, but they note that the
use of pre-milking dipping may be useful for herds with
a high number of subclinically sick livestock.

Another mistake identified by this study, which does
not happen often and significantly increases the risk of
mastitis, is poor hand hygiene of personnel. Ndahetuye
et al. (2020) note that washing staff’'s hands without
using disinfectants increases the risk of mastitis caused
by non-golden staphylococci.

At the milking stage, violations were identified re-
lated to incorrect use of milking equipment (incorrect
dressing of milk glasses, exceeding the milking time),
fixing animals and creating stressful factors. Odorci¢
et al. (2019) drew attention to the importance of proper
milking equipment settings to reduce the number of
mastitis cases. While the animal is in the milking par-
lour, the risk of infection can be reduced by other san-
itary and technological measures, so the impact on the
occurrence of infectious mastitis, in this case, is average.
Since the nipple remains open, pathogens from the envi-
ronment can get to it, so the risk of developing sanitary
mastitis is high. Melvin et al. (2019), using ultrasound,
found that the nipple canal remains open for some
time after milking. But they noted that more research is
needed to identify links between the size of the nipple
canal diameter and the risk of udder infection.

On some farms, insufficient attention was paid to
the condition of the milking rubber. This factor has an
average effect on the risks of sanitary mastitis and a
very strong effect on infectious mastitis. After exceed-
ing the service life, the rubber loses its elasticity, mi-
crocracks form on its surface, where milk residues and
bacteria that form a biofilm accumulate. In this case,
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the disinfectants used to clean the equipment will be
less effective. Latorre Data et al. (2020) indicate that bi-
ofilm formation on dairy equipment plays a role in the
epidemiology of mastitis caused by S. aureus.

To protect the nipple canal after milking, post-milk-
ing dipping with bactericidal components is used. Ac-
cording to Lopez and Hillerton (2018), modern udder
treatments not only create a physical barrier in the
form of a film around the nipple opening. They also
have a positive effect on the general condition of the
nipple, which reduces the risk of mastitis. According to
the study, a large number of such drugs have a subbac-
tericidal effect. This is not an obvious problem for the
farm owner, so it will not be fixed in time. This factor
significantly increases the risk of sanitary mastitis, and
has an average effect on the risk of infectious mas-
titis. Some dips may not have a bactericidal effect at
all, the probability of this is not high, but in this case,
the risk of mastitis increases significantly. As noted by
Hohmann et al. (2020) the use of post-milking dipping
has a long-term bactericidal effect on coliform bacteria
and S. aureus, which can get on the skin of the nipple of
healthy animals and are the main causative agents of
mastitis. The bactericidal activity of dipping was stud-
ied in those farms where a large number of mastitis
or a tendency to their growth were detected. Therefore,
these data should be considered in the context of risks
that may arise on the farm, and not for the analysis of
the quality of goods available on the market.

Training of new personnel takes place in all farms
and is part of the technological process. However, farms
often lack periodic monitoring of personnel knowledge.
Personnel who are not subject to control measures are
not able to independently assess their wrong actions.
Weak skills of milkers significantly increase the risk of
infectious mastitis, and have less impact on the risk of
sanitary mastitis. Rarely, farms may have a poor sanitary
condition of pre-milking facilities, but this has a sig-
nificant impact on the occurrence of sanitary mastitis.
Bhakat et al. (2020) draw attention to the fact that in or-
der to implement modern mastitis control strategies, it
is necessary to provide training for farm owners. Alanis
et al. (2022) also note the importance of training milk-
ers. The introduction of an online training system has
increased staff awareness of milking equipment fail-
ures and udder health assessment. Both authors note
the importance of providing infrastructure for training
and educational materials.

Without conducting bacteriological analyses, it is
impossible to determine the risks of mastitis and use
the risk analysis matrix developed by the study. Farms
often showed a lack of microbiological control of sub-
clinically ill animals. This significantly increases the risk
of infectious mastitis, but has less effect on the risk of
sanitary mastitis. Very often farms lack microbiological
control of equipment and disinfectants, which has a sig-
nificant impact on the risk of both groups of mastitis.
Microbiological studies of clinically ill animals are often
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carried out on farms. Data obtained by Firth et al. (2019)
show that microbiological studies are conducted more
frequently on farms that are not affected by mastitis.
Identification of the source of danger and the na-
ture of the infectious agent is extremely important for
effective control of the pathogen. As this study has
shown, performing microbiological control is also nec-
essary to determine the effectiveness of disinfectants.

CONCLUSIONS

The most frequently detected infection-associated patho-
gens in milk from cows with mastitis were Staphylococcus
aureus 33.3%, Escherichia coli 28.9%, and Streptococcus
agalactiae 18.8%. Escherichia coli was more often iden-
tified with monoinfection, Staphylococcus aureus — with
polyinfections.

Reusable wipes that are used to wipe the udder
were contaminated with microorganisms that can be-
come pathogens of mastitis. Washing with a detergent
containing a bactericidal component significantly re-
duced the level of bacterial load compared to domestic
laundry powder.

Most of the 49.5% of the udder dipping samples
showed incomplete bactericidal action, 40.6% had a
complete bactericidal effect, and 9.9% had a subbac-
tericidal effect. Udder dips containing the active in-
gredient iodine had the best results. In the absence of
microbiological monitoring and a system for assessing
the skills of personnel, the risk of mastitis significantly
increased. Priority correction of these factors will lead
to an improvement in milk quality and a reduction in
the level of infectious mastitis.

Measures, according to the risk analysis matrix on
farms with milking technology violations, contributed
to improving the quality of milk within a few weeks af-
ter their introduction. Microbiological studies allowed
identifying the causative agents of mastitis, establish-
ing contamination of care products, and determining
the effectiveness of disinfectants. These data are nec-
essary to determine the risks associated with various
infectious agents.

To increase the effectiveness of the proposed risk
analysis matrix, more research is needed on the corre-
lation between risk factors and the level of mastitis in
the herd. Along with the microbiological methods used
in the research, the analysis of the possibility of using
molecular genetic methods is promising.
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AHoTauif. Mactutn - ue Yacta NpUYMHa 3MEeHLLIEeHHS NPOAYKTUBHOCTI KOPIiB Ta NOTipLIEHHS SKOCTI MOMOKa. Y Ui
po6OTi PO3MMSHYTUMI KOMMAEKC MigX0AiB, WO 6a3yrTbCs Ha MiKPOOIONOMYHUX LOCNIAXKEHHAX Ta PU3MK-aHaNI3i,
HanpaBfeHWX Ha 3MEHLUEHHS KiNbKOCTi XBOPUX HAa MaCTUT KOpPIB Ta MOMIMWeEHHS SKOCTI Monoka. JlocnigxeHHs
CNpsSIMOBAHE HA BUBYEHHS MiKpOOHMX areHTiB i30/1b0BaHMX 3 MOJIOKA XBOPMX KOPiB Ta 3acobiB 3a6e3neyeHHs 340poBs
BMMEHI | BCTAHOBNEHHS OCHOBHI Hebe3neku, WO BUHMKAKOTb Yepe3 NOMUIKK B NPOBAMXKEHHI 3aX0AiB NpodinakTuku
MacTuTiB. B mocnigkeHHi 6ynmn 3actocoBaHi Mikpo6ionoriyHi LOCNIAKEHHS MOSIOKA, CEPBETOK A1 00pobOKM BUMEHI
Ta AMMIHTIB 3 BUKOPUCTAHHSIM XPOMOTEHHUX cepefoBuL, [Ins 9KicHOI OuiHKM pu3nKy Byno npoBefeHe OnuUTyBaHHS
MeHe[KepiB-KOHCY/IbTAHTIB Ta BETEPUHAPHUX NiKapiB. Y AOCNIIKEHHI NPeACTaBNEHO pe3ynbTaT MiKpobionoriyHnx
pocnipkeHb 115 3paskiB Monoka, 45 6aratopasosux cepBeTok Ta 111 3pa3kiB AUMIHTIB i3 32CTOCYBAHHSAM 3BUYANHUX
Ta XPOMOTeHHMX CepefoBuLL. HarnowupeHilwmnMmM MikpoopraHiaMamm B 3paskax Monioka bynu Streptococcus spp.
34,4 % (S. agalactiae Ta S. disgalactiae), Staphylococcus aureus 31,1 %, Ta Escherichia coli 28,9 %. Staphylococcus
aureus Ta Streptococcus Spp. aCOLIETLCA 3 iHPEKUIMHMM MacTUToM, a Escherichia coli — 3 CaHiTapHUM MaCTUTOM.
[ng 3HMXKEHHS 3aXBOPIOBAHOCTI HA MACTUT BAXK/IMBO 3aCTOCOBYBATM LiNECnpsMOBaHi 3aX04M, HANpaBAeHi Ha PisHi
KaTeropii 36yaHukiB. CepBeTkM A9 06TUPAHHSA BUMEHI BY1M KOHTAMiHOBaHI 30yaHMKaMM acoLii0BAaHMMM 3 PO3BUTKOM
MacTuTy. BUKOpUCTaHHS MpanbHOro MOPOLLKY, WO MiCTUTb BaKTePULMOHI KOMMOHEHTU, MA€E BUPILLANbHE 3HAYEHHS
NS MiHiMi3auii 3a6pyfHeHHs 6araTopa3oBux CepBETOK ANs BUMeHI. Cepen, AOCNioKeHUX 3aHypeHb auniHris 40,6 %
3paskiB Manu NoBHWI BakTepuumnaHuin edekt, a 9,9 % He Manu HakTepuumnaHoro edekTy. BCTaHOBNEHO 3 YMHHUKM
BMCOKOrO CTYNeHS PU3MKY BMHUKHEHHS €KONOMYHOro MacTuTy Ta 6 UMHHMKIB BUHWKHEHHS CAHITapHOrO MacTuTY.
Pe3ynbtati pocnifxkeHb 6ynn anpoboBaHi Ha ABOX MOMOYHUX pepMax. BunpaeneHHs pu3nk-(akTopiB BUCOKOrO
piBHS Hebe3nekun NpUBENo 40 NiABULLEHHS SKOCTi MOIOKA 33 MOKA3HUMKaMM COMATUYHUX KNITUH Ta KibKOCTI 6aKTepil.
OTpuMaHi pe3ynbTaTv MOXYTb OYTW KOPUCHI ANS YAOCKOHANEHHS cucTeMu NpodinakTMKK Ta ONTUMI3aLii NiKyBaHHS
MaCTUTIB Ha MOIOYHUX PepMax

KntouoBi cnoBa: caHiTapHU MacTUT; iHPEKLIAHMIA MACTUT; PU3UK MACTUTY; aHaNi3 pU3KKy; AUMNIHIM NiCS AOTHHS;
30yAHUKKM MACTUTY; NONIMLLEHHS AKOCTI Monoka; Streptococcus spp.; Staphylococcus spp.
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Abstract. The study of geographical crops is relevant because they are one of the reliable tools for identifying
possible scenarios for the response of forest woody plant species to climate change. The purpose of the study of
geographical crops of Scots pine established in 1981 in the Kyiv Oblast was to compare the growth and productivity
of provenances in different age periods, determine the optimal time for early and final diagnosis of their ranking,
and model the relationship between the growth and survivability indicators of provenances with climatic and
other environmental variables at the age of 21, 32, and 37 years. The ANOVA method established a statistically
significant influence of the geographical origin of seeds on the growth of geographical crops. At the age of 37, the
capacity for survival varies from 25% (Lviv provenance) to 36.2% (Chernihiv provenance). At this age, populations
from Lviv, Kyiv, and Cherkasy oblasts are characterised by the highest height. According to the intensity of radial
growth, these same provenances are distinguished, as well as variants from Volyn and Luhansk. In terms of the
stock of stem wood, the best is provenance from the Chernihiv Oblast. Stabilisation of the ranks of provenances in
terms of survivability, growth, and productivity is observed only after 21 years. It is assumed that the most accurate
assessment of the growth and condition of Scots pine provenances can be obtained at an age that corresponds
to a third or a half of the age of the main felling. The trend of clinal variability in the survival of provenances and
the average diameter of their trunks along the geographical (latitudinal) and ecological (temperature) gradients is

revealed. The study results can be used to update the current forest-seed zoning of Ukraine

Keywords: geographical variability; growth indicators; capacity for survival; rank correlation; clinal variability

INTRODUCTION

One of the most urgent tasks of forest science is to de-
termine the scenarios and consequences of forest ad-
aptation to climate change. To predict such scenarios
and develop mitigation measures, reliable information
on the possible response of individual elements of for-
est ecosystems to climate change is needed. It is likely
that in order to ensure effective forest reproduction
in the new climatic conditions, it would be advisable
to transfer more adapted forest reproductive material
from other regions.

When assessing and running the dynamics of growth
and stability of forest woody plants under climate change,
data from the study of geographical crops are widely
used, that is, experimental crops in which the offspring
of geographically distant populations of a certain species
that were formed under different climatic conditions
are tested on a homogeneous ecological background.
Therefore, measurements and surveys of such geograph-
ical crops, their analysis, carried out for a long time, al-
low forming a database for monitoring and predicting
changes in the productivity of forest stands, to update
forest-seed zoning in the context of climate change.

Studies of intraspecific variability of Scots pine in
geographical cultures have more than two hundred
years of history and continue in many countries of the
world. Swedish researcher Andersson Gull et al. (2018),
studying the phenology of seven-year-old Scots pine
seedlings of various geographical origins, found that if
the climate warmes, its northern provenances may suffer
from spring frosts due to the earlier beginning of the
growing season. At the same time, it was found that
the high genetic variability of Scots pine can provide
sufficient potential for its adaptation to new climatic
conditions by breeding.

Kivimaenpaa et al. (2018) investigated the emission
of biogenic volatile organic compounds from shoots

and litter of four provenances of Scots pine in the
northern part of its range (latitude from 58° up to 68°N).
It was found that Finnish northern and southern origins
differed significantly in the level and profile of volatile
organic compound emissions. Matisons et al. (2021) in
order to study the principles of climate-reasonable for-
est management, investigated five parallel geographical
crops of Scots pine within the south-eastern Baltic re-
gion (in Latvia and Germany). Based on the assessment
of the relationship between weather characteristics and
growth and their heritability, it was found that the sensi-
tivity of provenance growth can be an additional feature
in the selection of forest reproductive material that is
most suitable for new climatic conditions.

Barzdajn et al. (2016) focused on studying the var-
iability and growth of 19 Scots pine populations in
30-year-old geographical crops in northeastern Poland.
Significant interpopulation variability was found in all
indicators and growth, but the greatest - in the stock
of stem wood. The best in this experiment were prov-
enances originating from the latitudinal zone between
49°N and 54°N. It is interesting that it is within this belt
that the populations of Scots pine represented in the
geographical cultures that were the object of our re-
search are located.

Forests can playan important role in carbon deposi-
tion and thus contribute to reducing greenhouse gases
in the atmosphere. Chmura et al. (2021) assessed the
level of carbon sequestration by provenances of Scots
pine and European spruce. It is established that there
are a number of provenances that are characterised by
a significantly greater ability to accumulate carbon, and
therefore, it is concluded that it is possible to increase
the level of carbon sequestration by breeding methods.

In a study of 57-year-old geographical crops of
Scots pine in Poland by Szaban et al. (2023), emphasis is
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placed on the variability of wood density between prov-
enances. Researchers statistically confirmed the influ-
ence of the genotype on the physical and mechanical
properties of wood, in particular its density. Researchers
Notivol et al. (2020) from Spain used data on the growth
and capacity for survival of Scots pine provenances in
multi-site geographical crops aged 5, 10, and 15 years
to test various strategies for selecting seed sources for
reforestation (seed sourcing strategies) in the context
of climate change. It was found that strategies based on
the selection of a single population (provenance) are
preferable to strategies for using mixed seed sources.
Ballian & Sito (2017) investigated the growth and
phenology of 14 European Scots pine provenances in an
international experiment in Zepce in central Bosnia and
Herzegovina. In these cultures, one provenance from
Ukraine (from the lvano-Frankivsk Oblast) is also tested.
Differentiation of variants by capacity for survival,
height, and diameter of the root neck was revealed.
MemiSevic¢ Hodzic¢ et al. (2020) conducted their research
on junior geographical Scots pine crops established in
2012 also in Bosnia and Herzegovina. It is noted that
the adaptability of pine provenances is determined not
only by their genetic structure, but also by the conditions
of the environment in which they are cultivated. Gulcu
& Bilir (2017) studied geographical culutras of Scots
pine laid well south of its natural range in Turkey. It was
found that almost all provenances in both test sites grow
better than native species (Black pine and Taurus cedar).
Evidently, along with the traditional tasks of gene-
cology (determining the level and scope of intraspecific

variability of Scots pine by morphological, biochemical,
physical, and mechanical characteristics) in trees of dif-
ferent ages, identifying the best populations as seed
sources), the current trend of most modern studies of
geographical cultures is aimed at building and using
models that illustrate the conditionality of the growth
and development of pine provenances by various envi-
ronmental factors and developing strategies for adapting
forest ecosystems to various climate change scenarios.

The purpose of the study was a comparative assess-
ment of the growth and productivity of Scots pine prov-
enances in geographical cultures of Scots pine near
Kyiv in different age periods, determination of the opti-
mal time for early and final diagnostics of their ranking,
and modelling the relationship of growth indicators
and capacity for survival of provenances with climatic
and other environmental variables.

MATERIALS AND METHODS

The research was conducted on the basis of data from
systematic and long-term measurements and account-
ing in geographical crops of Scots pine, which were
created in 1981 in the Dzvonkovsky Forestry (sq. 62) at
the Boyarka forest experimental station. In experimen-
tal crops, the offspring of populations from the south-
ern part of the Scots pine range are tested on an area
of 2.6 hectares (Table 1). The soil of the experimental
site is sod-weakly podzolic, clay-sandy on fluvioglacial
deposits, and the type of forest-growing conditions is
fresh subor (B,). Seeds for creating crops were collected
in the mother plantings also in fresh subor conditions.

Table 1. Description of the places of origin of seeds for creating geographical crops of Scots pine

Origin Latitude Longitude Height .
No. Soils
Oblast Enterprise Forestry (N) (E) AMSL, m
1 Volyn Kovel forestry Starovyzhivske,sq. 14 ~ 51°27'  24°31' 161 sod-medium-podzolic,
gleyed sandy loam
L 0a A1 ocn’ sod-medium podzolic
2 Zhytomyr Poliskyi forestry Radynske, sg. 40 51°14 28°52 126 gleyed sandy loam
3 Cheminiy  Novgorod-Siverskyi oo myretske,sq10 52907 32044 145 sod-medium-podzolic
forestry sandy loam
4 Lviv Radekhivskyi forestry Radekhivske, sq. 41 50°13’ 24°42' 221 sod-weakly podzolic sandy
Cherkasy Cherkaskyi forestry Ruskopolyanske, sq.44  49°30' 31°59’ 80 sod-weakly podzolic sandy
6 Kyiv Boyarka FES Dzvinkivske,sq.47  50°16’  30°8’ 190 sod-medium-podzolic
sandy loam
7 Sumy Lebedynskyi forestry Radianske, sq. 48 50°38' 34°40' 114 grey podzolised
8 Luhansk Kremenskyi forestry ~ Komsomolske, sq. 36,42 48°32' 39°28' 110 sod-weakly podzolic

Source: compiled by the authors

Pine provenances were tested in geographical
cultures in two repetitions. 444 seedlings of one prov-
enance were planted in 12 rows on each plot. Layout
of planting spots = 2x1 m. This design of the experi-
ment allows carrying out tests over a long period of
time. Populations of Scots pine, whose offspring are
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tested in geographical cultures, represent the south-
ern part of the range of Scots pine. In this part of the
range, fluctuations in the average annual air tempera-
ture between the places of seed origin are 2.1°C, and
the amplitude of the growing season duration is 14
days (Table 2).
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Table 2. Climatic conditions of seed origin sites
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1 Volyn 8.2 -1.9 19.1 408 2,875 1,293 206
2 Zhytomyr 8.1 -2.7 19.8 348 2,800 1,337 199
3 Chernihiv 7.1 -4.2 194 366 2,885 1,388 196
4 Lviv 8.3 -2.2 19.1 492 2,695 1,287 205
5 Cherkasy 8.8 -2.8 213 330 3,040 1,413 204
6 Kyiv 8.1 -2.9 20.0 336 3,020 1,381 204
7 Sumy 7.6 -4.1 20.2 351 2,890 1,391 194
8 Luhansk 8.9 -4.3 22.7 288 3,365 1,464 208

Source: compiled by the authors
The growth, productivity, and stability of Scots pine RESULTS AND DISCUSSION

provenances were evaluated by the following indica-
tors: tree height (H), trunk diameter at breast height
(DBH), volume of wood stock per 1 ha (VOL), and % ca-
pacity for survival (Surv). The obtained data was pro-
cessed by statistical modules using the STATISTICA
software suite, in particular Basic Statistics and Multi-
ple Regression. Variation analysis was performed using
the Anova statistical module and the model:

Yijk=“+Pi+ Rk+ Pix Rk+eijk’

where Y, - ijk-th observation; p - total mean; P, - fixed
effect of j-th origin; R, - random effect of k-th replica-
tion; PxR, - random effect of interaction between /-th
origin and k-th replication; e - residual error of jjk-th
observation.

To analyse the dynamics of growth and productiv-
ity of production, the authors used data from measure-
ments and accounting that were carried out at the ages
of 21,32,and 37 years.

One of the most important tasks in the study of geo-
graphical cultures of forest woody plant species is to
assess the dynamics of ranking provenances by various
parameters. As can be seen from the correlation matrix
(Table 3),during the first 5-year period, the ranks of Scots
pine provenances in terms of average height changed
slightly, since Spearman’s rank correlation coefficient
was quite high r, .=0.575 and statistically significant for
p<0.10. However, over the next 6 years, there were more
noticeable changes in the ranks of provenances com-
pared to annual crops (r, ,,=0.037), while significantly
less relative to 5-year ones (r, ,,=0.540). An assessment
of the dynamics of provenances by average height in
older geographical cultures (at the age of 21, 32, 37
years) showed that the order of ranks that developed
in 21-year-old cultures had little change over time.
Spearman’s correlation coefficients are r,, ,,=0.673,
r,,5=0.661, r, ..=0.794, respectively, and are statisti-
cally significant for p<0.05.

Table 3. Matrix of Spearman’s rank correlation coefficients of mean height (H)
and mean trunk diameter (DBH) of pine provenances

Variable H1 H5 H11 H21 H32 DBH11 DBH21 DBH32
H5 0.575
H11 0.037 0.540
H21 0.018 0.447 0.489
H32 0.079 0.330 0.061 0.673"
H37 0.030 0.361 0.251 0.794* 0.661*
DBH21 -0.012
DBH32 -0.062 0.879**
DBH37 -0.272 0.770** 0.721*

Note: correlation coefficients are significant for: * — p<0.05, ** - p<0.01, *** - p<0.001

Source: compiled by the authors
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The change in the ranks of provenances of Scots
pine in terms of trunk diameter occurred with a similar
pattern. It is worth noting that at the age of one and five,
this indicator was not determined in experimental crops
due to the fact that not all trees reached the height
(1.3 m) at which this indicator is measured. Therefore,
the first order of rank for the average trunk diameter
was obtained at the age of 11 years. All subsequent
ranking schemes in older cultures differed significantly
from it, as evidenced by the corresponding rank cor-
relation coefficients: r,, ,,=-0.012,r,,,=-0.062,r, .=

-0.272. Rank stabilisation by the average trunk diameter

occurred only after 20 years: r,, ,,=0.879, significant for
p<0.001 and r,, ,.=0.770, significant for p<0.01.
Schemes for ranking Scots pine provenances by the
percentage of survival of the number of planted plants
and the stock of stem wood, which was formed before
the age of 11 years, later changed significantly, as ev-
idenced by low values of correlation coefficients (Ta-
ble 4). A certain stabilisation of the ranks of provenances
in these parameters began to be observed in 21-year-
old geographical cultures. A significant change in stock
ranks, which was observed in the period 32-37 years, is
explained by the consequences of the 2012 snowbreak.

Table 4. Matrix of Spearman’s rank correlation coefficients of the capacity for survival (Surv)
and volume of wood stock (VOL) of pine provenances

Variable Surv5 Survll Surv21 Surv32 Vol11 Vol21 Vol32
Survll 0.647*
Surv21 0.377 0.463
Surv32 0.325 0.409 0.671*
Surv37 -0.221 -0.091 0.311 0.707*
Vol21 0.474
Vol32 0.221 1
Vol37 -0.080 0.176 -0.012

Note: correlation coefficients are significant for: * — p<0.05, ** - p<0.01, *** - p<0.001

Source: compiled by the authors

The analysis of indicators of the capacity for survival,
growth, and productivity of Scots pine provenances was
carried out during the time period of stabilisation of
their growth, namely, after geographical crops reached

the age of 21 (Table 5). This period of development of
pine stands is characterised by increased intraspecific
competition for light, water and mineral nutrition ele-
ments, and intensive thinning of plantings.

Table 5. Capacity for survival, growth, and productivity of geographical crops of Scots pine

No Origin 21 years 32 years 37 years

© (Oblast) gy % H, m DBH,cm Vol,m* Surv, % H,m DBH,cm Vol,m® Surv, % H,m  DBH,cm Vol, m?
1 Volyn 54.0£#3.1 9.8%#0.27 10.1*0.15 170 48.7+3.1 15.4*0.32 13.7+0.21 297 28.6*2.8 17.6*0.34 16.9%0.26 288
2 Zhytomyr 68.8+29 10.2*0.20 10.2#0.14 180 50.8+3.1 15.4%0.33 14.1%0.23 324 34.5%29 18.0*0.26 16.7£0.29 308
3 Chernihiv 64.8+2.9 10.9%¢0.49 10.4%0.16 202 52.1#3.1 16.4*0.31 14.4*0.23 373 36.2*3.0 18.3%0.37 16.9%0.29 422
4 Lviv 70.1¥2.8 11.0+0.16 10.2#0.13 197 48.7%+3.1 15.8+0.34 14.3*0.23 330 25.0+2.7 19.2#0.38 17.7#0.33 275
5 Cherkasy 64.8+2.9 10.4%0.25 10.8%0.13 176 46.6%¥3.1 16.3*0.27 14.3*0.22 327 28.0+2.8 18.9%0.34 17.2#0.31 277
6 Kyiv 79.4%2.5 10.3*0.23 9.7*0.14 222 55.7%#3.1 15.2%0.33 13.8#0.22 357 32.2¥29 19.0%0.40 16.9%0.32 348
7 Sumy 65.3#2.9 10.2¥0.22 9.9%#0.13 172 46.0¥3.1 14.3*0.41 13.6*0.22 259 30.7*2.8 17.6*0.44 16.6*0.27 393
8 Luhansk  57.2#3.0 10.0£0.20 9.9+0.16 140 43.9%¥3.1 14.9+0.22 13.8%0.27 263 30.7%#2.8 18.1*0.36 17.0*0.31 317

Source: compiled by the authors

Evidently from Table 5, the capacity for survival of
provenances decreased the least during this period in
the Volyn population (25.4%), and the most in the Kyiv
population (47.2%). These figures reflect not only the
intensity of natural thinning, but also partly the conse-
quences of snowbreak.

In 37-year-old crops, the capacity for survival of
Scots pine provenances from Ukraine ranged from 25%
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(Lviv provenance) to 36.2% (Chernihiv). At this age, the
highest height is characterised by variants from Lviv,
Kyiv, Cherkasy, Chernihiv oblasts. The highest intensity
of radial growth is distinguished by the same prove-
nances, as well as variants from Volyn and Luhansk. In
terms of stem wood reserves, the best is provenance
from Chernihiv Oblast, and among the worst - from
Volyn and Lviv oblasts.




The growth of non-regional provenances with the
local one, there is no population that is significantly
better than the local one in terms of average height
at the age of 37, but 3 populations (Volyn, Zhytomyr,
Sumy) are significantly worse (t=2.10-4.4, t,.=2.06).
According to the average trunk diameter, there are

Fuchylo et al.

also no provenances that grow better than the local
one. A two-factor analysis of the growth indicators of
Scots pine provenances revealed a statistically signif-
icant influence of geographical origin on their growth
in height and diameter at the age of 21, 32, and 37
years (Table 6).

39

Table 6. Results of dispersion analysis of the growth of Scots pine provenances by height and diameter

Indicators Age Effect LS SS DF MS F p
Free term . 25,875.70 1 25,875.70 15,832.42 0.0001
Provenance * 35.44 9 3.94 241 0.0126
21 Repetition ns 1.50 1 1.50 0.91 0.3398
Prov. x Repeat. ns 13.72 9 1.52 0.93 0.4973
Error 367.73 225 1.63
Free term . 57,103.57 1 57,103.57 25,718.58 0.0001
Provenance o 143.36 9 15.93 717 0.0001
Height 32 Repetition = 22.59 1 22.59 10.17 0.0016
Prov. x Repeat. ns 38.36 9 4.26 1.92 0.0501
Error 517.34 233 2.22
Free term e 101,147.3 1 101,147.3 28,557.27 0.0001
Provenance o 158.4 9 17.6 4.97 0.0001
37 Repetition ns 125 1 12.5 3.53 0.0613
Prov. x Repeat. e 130.2 9 14.5 4.08 0.0001
Error 1,041.3 294 3.5
Free term e 346,273.8 1 346,273.8 52,953.91 0.0001
Provenance o 635.5 9 70.6 10.80 0.0001
21 Repetition e 2257 1 225.7 34.52 0.0001
Prov. x Repeat. . 332.7 9 37.0 5.65 0.0001
Error 23,017.8 3,520 6.5
Free term . 504,311.3 1 504,311.3 39,127.91 0.0001
Diameter Provenance e 1,065.1 9 118.3 9.18 0.0001
he?gth?c of 32 Repetition ns 5.9 1 5.9 0.46 0.4997
13m Prov. x Repeat. e 445.9 9 49.5 3.84 0.0001
Error 34,632.2 2,687 12.9
Free term . 459,022.5 1 459,022.5 34,505.09 0.0001
Provenance e 1,023.1 9 1137 8.55 0.0001
37 Repetition . 399.6 1 399.6 30.04 0.0001
Prov. x Repeat. e 450.5 9 50.1 3.76 0.0001
Error 22,375.7 1,682 133

XXK

Note: SS - sum of squares; LS - level of significance: ***p<0.001, **p<0.01, *p<0.05; ns -not significant; DF - degrees of
freedom; MS - mean square; F - value of F-statistics; p - significance level
Source: compiled by the authors

Correlation and regression analyses were per-
formed to assess the impact of indicators that charac-
terise the place of seed harvesting on the growth and
stability of Scots pine provenances.As can be seen from

the Table 7,at the age of 21, the calculated paired corre-
lation coefficients were statistically insignificant. Later,
at the age of 32 and 37 years, there is a direct positive
relationship between the geographical latitude of the

Scientific Horizons, 2023, Vol. 26, No. 7




40

Provenance tests of Pinus sylvestris L.: Estimation at the age of the half-rotation period

seed origin and the capacity for survival of provenances
in geographical crops (Pearson correlation coefficients
r=0.695 and 0.675 are significant for p<0.05). The rela-
tionship between the growth indicators of provenance
(height and diameter of the trunk) and the geographical
coordinates of the seed source is described by negative
values of correlation coefficients (both significant and

insignificant), that is, the best growth of the offspring of
southern and western provenances is distinguished. At
the same time, these growth rates at an older age (32
and 37 years) directly correlate with the average an-
nual temperature and duration of the growing season,
and the capacity for survival of provenances is inversely
correlated.

Table 7. Pearson correlation coefficients between capacity for survival (Surv), height (H), trunk diameter (DBH), and
geographical coordinates (N, E), average annual air temperature (AAT), and growing season duration (GS)

21 32 37
Age Ca . . .
f pacity : ) Capacity . . Capacity . .
Indicators 5 gyryival H(Ell_%ht Dl(aDrEth)er for survival He(‘ll_%ht Dl(%mBth)er for survival HE(EI'_?)ht Dl(aDrgth)er
(Surv.) (Surv.) (Surv.)
N 0.299 -0.049 -0.329 0.695** -0.157 -0.438 0.675* -0.591* -0.611"
E -0.115 -0.254 -0.240 -0.123 -0.328 -0.276 0.347 -0.209 -0.369
AAT -0.333 -0.016 0.443 -0.572* 0.302 0.483 -0.696 0.505 0.669**
GS -0.375 -0.001 0.343 -0.475 0.377 0.465 -0.699* 0.564" 0.675™

Note: Significance level: ***p<0.01, **p<0.05, *p<0.1
Source: compiled by the authors

The statistical significance of paired correlation
coefficients between the indicators of the capacity for
survival and growth of provenances and the geograph-
ical latitude of the location of mother plantings, the

average annual air temperature and the duration of the
growing season at the seed harvesting point prompted
regression analysis, which resulted in a number of ade-
quate one-factor linear models (Table 8).

Table 8. Mathematical models for estimating the capacity for survival and diameter at breast height of Scots pine
provenances

Model number

Analytical form of the model (model adequacy criteria)

1 Surv32 =-138.4 + 3.7N (R?=0.483, F=7.48, p<0.026)

Surv37 =-99.9 + 2.6N (R?=0.456, F=6.71, p<0.032)

Surv37 = 68.8 - 4.6AAT (R*=0.484, F=7.52, p<0.025)

Surv37 = 154.5 - 0.6GS (R*=0.488, F=7.63, p<0.025)

2
3
4 DBH37 = 10.8 + 0.7AAT (R?=0.448, F=6.49, p<0.034)
5
6

DBH37 =-2.9 + 0.1GS (R*=0.455, F=6.69, p<0.032)

Note: F, ..(1.8) =5.32
Source: compiled by the authors

The obtained mathematical models, in particular
signs and values of regression coefficients in them, in-
dicate that in 32-year-old geographical crops of Scots
pine, an increase in the latitude of the place of harvest-
ing Scots pine seeds by one degree caused an increase
in the capacity for survival of provenance by 3.7%, and
in 37-year-olds - by 2.6%. The capacity for survival of
offspring of populations at 37 years of age decreased
by 4.6%, if the average annual air temperature of the
location of the mother plant increased by 13°“C, and
by 0.6% - when the duration of the growing season
in the region of seed harvesting increased by 1 day.
The obtained adequate regression models, in which
the regressant is the average diameter of the trunk of
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provenances, and the regressor is the geographical lati-
tude of the seed source, allow asserting with some cau-
tion about the manifestation of clinal variability of the
trunk diameter at breast height in the studied part of its
range in Scots pine. In addition, Table 8 shows that an
increase in the average annual air temperature in the
seed source by 1°C caused an increase in the average
trunk diameter of 37-year-old provinces by 0.7 cm, and
the extension of the growing season by 1 day caused an
increase in this indicator by only 0.1 cm.

The scientific debate about the age at which final
conclusions can be drawn about the stabilisation of
provenances ranks has been going on for a long time.
Konig (2005) suggests that it is advisable to observe




geographical cultures from at least one-third to one-
half of the age of logging turnover. Our research sup-
ports the view that early diagnosis (up to 10 years) of
population growth does not always guarantee reliable
final conclusions. Similar to the results of a study of ge-
ographical beech crops conducted by Kleinschmit and
Svolba (1995), the data obtained (Table 3) indicate the
presence of a significant (although statistically insignif-
icant) correlation between the ranks of provenances by
height in the age range of 5 and 11 years and a weak one
in the intervals of 5-21, 5-32, 5-37 years. The order of
ranks of provenances, which was in 11-year geograph-
ical cultures, was not preserved later, as evidenced by
low (even negative) rank correlation coefficients for
pairs of 11-21, t11-32, and 11-37 years. Therefore, to
answer the question of the optimal age for early and
final diagnosis of provenance growth, it is necessary
to continue studying geographical cultures, which
are also created according to the “long-term” design.

The populations that are represented in the stud-
ied geographical cultures represent the southern part
of the Scots pine range, both continuous and disjunctive
(marginal). This territory extends from North to South for
500 km, from West to East — for 1,100 km. Many prove-
nances from this part of the pine range have been tested
for a long time in a number of other geographical crops.
Tereshchenko et al. (2008), who conducted the most
recent studies of these crops, found that at the age of
90, the highest productivity was characterised by local
(Sumy) pine. According to the study, Sumy provenance in
terms of volume of stem wood reserve (393 m*ha?) is
one of the best in the conditions of the Kyiv Polissia.

Since 1972, for 20 years in the Kharkiv and Donetsk
oblasts near the southern border of the Left-Bank For-
est-Steppe, a number of geographical crops have been
established, where 169 provenances of Scots pine from
almost all parts of its range on the territory of the for-
mer Soviet Union are tested. As a result of many years
of research by Zhurova (2007), 11 provenances were
recommended for use as seed sources, among which
three (Cherkasy, Sumy, Kyiv) are similar in origin to
those tested in crops near Kyiv.

In 1974-1976, under the methodological guidance
of A.M. Shutyaeyv, a large-scale project was implemented
to test 113 provenances of Scots pine in 33 locations
in the former Soviet Union. According to the results of
studies by Shutyaev and Giertych (2000) of the growth
dynamics of 5-20-year-old offspring of populations,
the range of pine is divided into 9 parts, one of which
(Western Continetntal) covers the region of provenances,
which are also tested in crops in 1981 near Kyiv. And
again, Ukrainian ancestry is characterised by outstand-
ing growth in height in most European locations.

The range of intraspecific variability of Scots pine,
which is found in geographical cultures, depends on
the breadth of their coverage of the species’ range.
Barzdajn et al. (2016), investigating one of the five
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geographical Scots pine crops of the IUFRO experimen-
tal programme, which presents 20 provenances from
all over Europe (amplitude 40°-60°N, 4°-33°E), found
significant differentiation of populations in all indica-
tors of growth and capacity for survival. In particular,
in terms of wood reserves, the variation reached 92%.
Given the relatively small proportion of the pine range
represented by provenances in geographical cultures,
a significant change in growth rates should not be ex-
pected. Evidently from Table 5, at the age of 32 and 37
years, the range of fluctuations in average heights was
2.2-2.4 m (CV=4.9% and 4.0%), and average trunk di-
ameters - 2.0-2.6 cm (CV=4.6% and 4.5%). At the same
time, the variation in productivity due to a significant
variation in capacity for survival was more noticeable
(Cv=15.7% and 11.6%).

One of the important theoretical and applied tasks
of genecological research is to identify the nature of
variability in adaptive and quantitative characteris-
tics of a forest tree species. Starting from the paper by
Langleta (1959), which has already become a classic
and which proved the existence of an almost functional
relationship between the length of the day and the dry
matter content in the needles of Scots pine seedlings of
various geographical origin, later studies of geograph-
ical cultures of many species of woody plants revealed
clinal variation along the geographical (ecological) gra-
dients of other features: Cunningham and Haverbeke
(1991) - winter colour of needles, Oleksyn et al. (1998) -
duration of the shoot growth period, Zhelev and Lust
(1999) - intensity of growth by diameter, Andersen and
Fedorkov (2004) - frost resistance.

In some parts of the range of Scots pine, clinal vari-
ation of adaptive features is observed. Hall et al. (2021)
found such a model of variability for frost resistance in
the latitudinal and longitude directions. The constructed
significant regression models allow making assump-
tions about the possible clinal nature of the variation in
the percentage of survivability of provenances and the
average trunk diameter at breast height. At the same
time, the variability of the average height of prove-
nances is not characterised by clinality in experimental
cultures. The reason for this is that some of the pop-
ulations presented here are marginal at the southern
border of the Scots pine range, the gene flow between
which is limited due to spatial remoteness.

CONCLUSIONS

Long-term (for more than 25 years) studies of Scots
pine provenances in geographical cultures near Kyiv
have shown that early (at the age of 11 years) diagno-
sis of the capacity for survival, growth, and productivity
of Scots pine provenances is uninformative. Stabilisa-
tion of the ranks of provenances in these indicators is
observed only after 21 years. A more reliable assess-
ment of the growth and condition of the offspring of
Scots pine populations in geographical cultures can be
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obtained at an age that corresponds to a third to half of
the age of the main felling.

Despite the relatively low variation in the indica-
tors of the average height, average trunk diameter, and
volume of stem wood stock of Scots pine provenances,
the effect of influencing them by the geographical ori-

pine populations at the southern border of its range,
which is accompanied by a low intensity of gene flows,
obviously limits the manifestation of a clear model of
clinal variation of traits in their offspring in geograph-
ical cultures.

gin of seeds is statistically significant. ACKNOWLEDGEMENTS
The trend of clinal variability in the survival of prov-  None.
enances and the average diameter of their trunks along
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FeorpadiuHi KynbTypu Pinus sylvestris L.:
ouiHKa Yy Bili NONOBMHM poTauiltHoro nepioay
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AHoTauisa. JocnigxeHHs reorpadiyHnx KynbTyp € aKTyalbHUM 3 OMg4y Ha Te, WO BOHW € OAHWM i3 HaAiMHMX
IHCTPYMEHTIB BMSABNEHHS MOX/IMBMX CLLEHapiiB peakLii BUAIB NiCOBUX AEPEBHUX POCIMH HA 3MiHY KniMaTy. MeToto
pocnimxeHb ctBopeHux y 1981 poui reorpadivuHmx KynsTyp COCHM 3BUYaiHOI y KniBCbKivi o6nacti 6yna nopiBHANbHA
OLiHKa poOCTy i NPOAYKTMBHOCTI NPOBEHIEHLIN Y pi3Hi BiKOBI Mepioan, BUSHAYEHHS OMTUMANIBHOrO Yacy PaHHbOI
Ta KiHUEBOI [iarHOCTMKM iX paHXyBaHHS Ta MOAENIOBAHHS B33AEMO3BMI3KY MOKA3HWKIB POCTY i 30epexeHoCTi
NPOBEHIEHLIN 3 KNIMAaTUYHUMM Ta iHWKUMK CEPEAOBULLHMMM 3MiHHMMK Y BiLi 21, 32 Ta 37 pokis. Metopom ANOVA
BCTAHOB/IEHO CTAaTUCTUYHO 3HAYYLWMI BAAMB reorpadiyHOro NOXOoMXKEHHs HACiHHA Ha picT reorpadiyHmx KynsTyp. Y
37-piuHoMy BiLi 36epexeHicTb Bapitoe Bif, 25 % (/TbBiBCbKa NPOBEHieHLis) A0 36,2 % (YepHiriBcbka NpOBEHIEHLIS).
Y uboMy BiLi HaMbINbLIOK BMCOTOK XapaKTepu3ykoTbcs nonynsuii i3 JbeiBcbkoi, KuiBcbkoi, Yepkacbkoi obnacrei.
3a IHTEHCMBHICTIO pafianbHOro NPUPOCTY BUAINAIOTLCS Li X CaMi NMPOBEHIEHLil, a TakoX BapiaHTU 3 BonuHi i
JlyraHcbka. 3a 3anacom cToBOYpOBOi AepPEBUHM HAMKPALLOK € NPOBEHieHLiN 3 YepHiricbkoi obnacti. Crabinizavis
paHriB MPOBEHIEHLiM 3a MOKAa3HMKaMM 30epexeHOCTi, pOCTy i NPOAYKTUBHOCTI CnoCTepiraeTbca nuwe nicns 21
poky. 3pobaeHo NpUNyLLeHHS, WO HaNbiNbLW TOYHY OLLIHKY POCTY i CTaHy NMPOBEHIEHLIA COCHM 3BMYAMHOI MOXHa
OTPMMATH Y BiLli, IKMIA BiANOBIAAE TPETUHI-MONOBUHI BiKy rONOBHOI py6KU. BUsiBNeHO TpeHn, KniHanbHOI MiHNMBOCTI
30epexeHOCTi MPOBEHIEHLIM | cepefHbOro AiameTpa ix CTOBOypiB B3[40BX reorpadiyHoro (WMpPOTHOro) Ta
€KOJ/IoriYHOro (TeMnepaTypHOro) rpagieHTiB. Pesynbstatv AocCnifXeHb MOXYTb OYTWM BUKOPWUCTAHI Mpu akTyanisauii
[i040ro NiCOHACIHHEBOMO PaoHyBaHHS YKpaiHu

Kniouogi cnoBa: reorpadiyHa MiHAUBICTb; MOKA3HMKM POCTY; 30epeXeHiCTb; paHroBa Kopenauis; KniHaabHa MiHIUBICTb
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and statistical. The economic and biological value for the growth of the following types of medicinal herbs in
the feed production was determined: hyssop, fennel, white horehound, Moldavian dragonhead, coriander, yarrow,
purple coneflower, dandelion, milk thistle, anise hyssop, St. John’s wort, sneezeweed, sweet wormwood. It was
established that annuals in the year of sowing, and perennial species in the second or fourth years of use provided
a dry mass of grasses - 1.7-5.0 t/ha and seeds - 0.3-1.8 t/ha. These types of herbs contain biologically active
substances (polysaccharides, essential oils, flavonoids, organic acids, mainly vitamins, and trace elements) that
have a positive effect on the animal body. The technological suitability for harvesting raw materials and forming
phyto-mixtures of the following species is also proved: milk thistle, Moldavian dragonhead, coriander, hyssop,
fennel, purple coneflower, anise hyssop, white horehound, and yarrow. As a result of the research, a database was
created on the selection of medicinal herbs, their technological suitability for cultivation, and optimal harvesting
times for harvesting raw materials with subsequent use in feed production. The inclusion of medicinal and feed
species in feeding rations can ensure the production of organic livestock products that meet the requirements of
the European Green Deal strategy

Keywords. medicinal and fodder species; yield; chemical composition; technological suitability; phyto-mixtures;

biologically active substances; raw materials; harvesting time

INTRODUCTION

Numerous studies, in particular, by researchers of the
National Academy of Agrarian Sciences (NAAS) have
established that cereals and legumes are the most
suitable for use in fodder production for feeding ani-
mals. Among the cereal species in the zone of Polissia,
Forest-Steppe, and Carpathians, timothy, bromegrass,
cat grass, perennial ryegrass, and meadow fescue are
most often used, and among legume species - white
and red clover, alfalfa, deervetches, etc. They are highly
productive, have a high nutritional value and fully pro-
vide animals with all the necessary elements of nutri-
tion (Kurhak et al., 2019; 2022; Kaminskyi et al., 2021).
However, to further increase the productivity of farm
animals in animal feeding, artificial animal growth
stimulators (premixes) have been widely used in recent
decades and added to animal feeding diets.

The substances of these additives in feeding live-
stock, even in small amounts, provide a positive phys-
iological effect (Vdovichenko, 2017; Novakovska et al.,
2022). However, it turned out that the substances of
these feed additives cause negative effects on the an-
imal and human body. Therefore, the composition of
these supplements has been slightly changed and, in
particular, the use of antibiotics is significantly limited,
as described in the papers (Darmohrai, 2018; Kryzhak,
2020). However, modern feed additives, as noted by
leading scientists of Ukraine (Ibatullin, 2017; Gladiy
et al, 2019), worsen the quality of livestock products.
Given these circumstances, as an alternative to artifi-
cial animal growth stimulants, attempts were made
to use medicinal and fodder herbs as natural animal
growth stimulants. It was based on the fact that medic-
inal herbs containing biologically active substances are
widely used in medicine.

The same applies to veterinary medicine and feed
production for use as biological growth stimulators of
animals. This area of research is new and poorly un-
derstood. However, there are publications of previous
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years on the effectiveness of using purple coneflower
on pigs at the Institute of Pig Breeding of NAAS and
fish at the Institute of Fisheries of NAAS. Chudak (2020)
and Poberezhets (2019) established the effectiveness
of using pale purple coneflower on poultry (quails) at
the Vinnytsia National University.

There is very limited information on the use of me-
dicinal herbs as phytobiotics in the world. Thertefore an
important task is to search for types of herbs containing
biologically active substances (BAS) in feed production,
as substitutes for artificial growth stimulants for feed-
ing animals. Such attempts to include medicinal herbs
in feed were the subject of study by the researchers
(Chudak, 2018; De Falco, 2019). However, the very possi-
bility of such a replacement and the list of such types of
herbs, the content of biologically active substances in
them (essential oils, flavonoids, organic acids, polysac-
charides, etc.) and their dosage of use for certain types
of farm animals are extremely insufficiently studied.

One of the ways of such application may be the
inclusion of medicinal and fodder herbs such as yarrow,
dandelion, chicory, oregano, etc. in the composition of
sown herbage (Kurhak et al., 2019; Shtakal et al., 2020).
However, such use is still problematic due to the ina-
bility to accurately determine the doses of medicinal
and fodder herbs in cereal and legume stands, since
their content varies by year, mowing, and depending
on weather conditions. Therefore, this line of research
still requires a thorough investigation. Some papers
(Vdovichenko et al, 2017; Moisiienko, 2019) indicate
that a more promising way is to grow them in clean
crops, followed by the preparation of phytocomposi-
tions based on them and use them as feed fortifiers
or organic feed additives for feeding to farm animals.
Therefore, the solution to the question of the possibility
of using medicinal and fodder herbs with the content of
biologically active substances as organic feed additives
for feeding farm animals, in this regard, can be a new




area of research in feed production and requires a deep
systematic study.

Therefore, the purpose of the study was to establish
the possibility of using certain types of medicinal and
fodder herbs, considering their technological suitability
for growing in clean crops to obtain raw materials and
create phyto-mixtures from them and use them in an-
imal feeding.

MATERIALS AND METHODS

Field work was carried out in a stationary experiment
on typical chernozems of the Panfyliv Experimental
Station of the National Research Centre “Institute of Ag-
riculture of the National Academy of Agrarian Sciences”
in 2020-2022. Typical light loamy chernozems have the
following physical and agrochemical properties in the
arable layer: humus content — 3.08-3.15%, mobile phos-
phorus - 237-270, and exchangeable potassium - 80-
100 mg/kg of soil, pH_, - 5.7, supine saturation of the
absorption complex with bases - 85-99%, hydrolytic
acidity - 2.1 mg-eq./100 g of soil, density - 1.18 g/cm>.

Plants officially approved in EU countries by the
Register of Regulation 1831/2003 “Feed additives for
use in animal feeding” (Community Register, 2003) were
selected for study. The accounting area was 10 m?, rep-
etition - four times. Medicinal and fodder herbs were
sown in late March and early April. The seeding rates
were as follows: purple coneflower - 10 kg, hyssop -
6 kg, white horehound - 5 kg, fennel - 10 kg, corian-
der - 10 kg, milk thistle - 11 kg, anise hyssop - 4 kg,
St. John’s wort - 4 kg, Moldavian dragonhead - 6 kg,
sneezeweed - 5 kg, sweet wormwood - 2 kg, yarrow -
3 kg, dandelion - 7 kg/ha of germinating seeds. The
method of sowing is wide-row with a row spacing of
45 cm. Sowing was carried out with a manual seed drill.

For growing herbs in clean crops, mineral fertilisers
were not applied, as this contradicts the conduct of or-
ganic farming. Care for crops on annual crops (milk this-
tle, coriander,and Moldavian dragonhead) and biannual
fennel consisted of 1-2 row-by-row treatments to con-
trol weeds. Perennials needed careful care in the year of
sowing (one manual weeding and 2-3 row-to-row treat-
ments). In subsequent years, the care of crops in them
was similar to annual crops.Weather conditions of grow-
ing seasons over the years of research are character-
ised by a higher 0.9-1.3°C average air temperature and
above normal precipitation by 35-70 mm, which was ob-
served mainly in the second half of the growing season.

Harvesting of medicinal and fodder species was
carried out in the flowering phase once per growing
season, and coriander - in the seed maturation phase.
All records and observations of the growth and de-
velopment of medicinal and fodder herbs were car-
ried out according to the methods of the Institute of
Feed and Podillia of NAAS. The dry matter content in
the green mass was determined by the thermostatic
weight method with drying of samples at 105°C, and
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the complete zootechnical analysis and digestibility of
the feed in vitro and the content of mineral elements in
it were determined according to DSTU 4117:2007 by in-
frared spectrometry with computer support. The content
of biologically active substances in air-dry raw materials
was carried out according to the methods given in the
state pharmacopoeia of Ukraine and in the European
Pharmacopoeia (State Pharmacopoeia of Ukraine,
2015; European pharmacopeia: 7.0., 2010). Statistical
processing of the obtained results of field experiments
was carried out by the method of variance analysis using
electronic computing equipment using the Microsoft Ex-
cel table processor according to B.A. Dospekhov.

RESULTS AND DISCUSSION

As a result of the conducted research, a list of medici-
nal and fodder herbs that are most suitable for use as
organic feed additives has been established. First of all,
this concerns their technological suitability in growing
and harvesting raw materials for the creation of phy-
to-mixtures. Regarding the technological suitability of
growing individual medicinal and fodder herbs, it is
worth noting that such annual species as milk thistle,
Moldavian dragonhead, and coriander do not require
significant cultivation costs. It is enough to carry out
1-2 inter-row tillages. The same applies to biannual
fennel. As for perennial species: purple coneflower, hys-
sop, anise hyssop, white horehound, these species re-
quire specific care in the year of sowing (manual weed-
ing and 2-3 inter-row treatments to control weeds),
and in subsequent years also do not require significant
care for crops. The above annual and perennial species
are mostly tall (66-155 cm) and are able to compete in
crops with weeds.

Phenological observations of the passage of plant
growth and development phases and the development
of green mowing mass and seeds have established op-
timal terms of mowing ripeness of certain types of me-
dicinal and fodder herbs. Thus, the harvesting of raw
materials in the context of individual types lasts from
April to August, which allows its successful implemen-
tation and avoiding peaks in the load on the equipment
during harvesting and drying of the slope mass.

Studies have also established that the most pro-
ductive for use as organic feed additives for feeding
farm animals are the following species: purple cone-
flower, hyssop, fennel, milk thistle, anise hyssop, Yarrow,
white horehound, dandelion, Moldavian dragonhead,
coriander, and other species. The vast majority of them,
with the exception of purple coneflower and dandeli-
on, form a yield in the year of sowing, which was 2.8-
15.5 t/ha of green mass or 0.7-4.2 t/ha of dry mass. In
subsequent years, the most productive among medici-
nal fodder herbs in terms of green and dry mass yield
were milk thistle 14-18 and 3.1-4.2 t/ha, respectively,
purple coneflower - 13-20 and 3.3-4.7 t/ha, fennel -
15-21.5 and 3.0-5.0 t/ha, and Moldavian dragonhead -
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11-15 and 2.5-4.3 t/ha, and in terms of seed yield - co-
riander - 0.3-1.8 t/ha. Hyssop, anise hyssop, yarrow, and
white horehound are also quite productive. The yield
of green and dry mass in the flowering phase in these

species reached 8-15 and 1.7-4.8 t/ha, respectively.
Purple coneflower, milk thistle, Moldavian dragonhead,
and fennel (0.4-0.8 t/ha) are also productive in terms of
seed yield (Table 1).

Table 1. Yield of medicinal and fodder types of herbs, t/ha

Types of herbs Yield
Green mass Dry weight Seeds
Years of research
2020 2021 2022 2020 2021 2022 2020 2021 2021
Purple coneflower 132 20 135 33 47 36 022 04 0.3
Echinacea purpurea
Hyssop
Hyssopus officinalis 7.5 11 11.3 1.9 4.0 3.8 0.12 0.2 0.2
_Fennel 150 19 215 30 40 5.0 0.1 0.6 0.6
Foeniculum vulgare
Copiooriander. 94 84 90 1.9 16 19 03 18 0.8
oriandrum sativum
Milk thistle
Sitybum marianum 15.5 18 13.8 39 4.2 3.1 0.3 0.5 0.2
. Anise hyssop 28 12 153 07 3.3 48 002 02 0.3
ophantus anisatus
Yarrow
Achilea millefolium 10.7 14 9.2 24 2.7 2.8 0.2 0.2 0.2
White horehound
Marrubium vulgare 8.5 7 6.0 1.7 2.5 1.6 0.1 0.15 0.1
Dandelion 107 8 73 24 17 15 005 01 0.1
Taraxacum officinale
St.John’s wort
Hypericum perforatum 0.8 3 10.5 0.2 0.7 3.5 - 0.1 0.1
Moldavian dragonhead 13.8 15 108 28 43 25 014 06 0.3
Dracocephalum moldavica
Sneezeweed
Cephalophora aromatica Schrod. 1.1 0.7 0.8 0.25 0.2 0.2 0.03 0.02 0.05
Sweet wormwood
Artemisia annua 0.5 0.3 0.4 0.15 0.1 0.1 0.01 - 0.01
LSD 0.3 0.78 0.89

05

Source: based on author’s research

Over the years of research, sweet wormwood and
sneezeweed remained unclear for obtaining raw materi-
als, the shoots of which were obtained very sparse in the
conditions of the dry spring growing season. In addition,
the height of these plants is low and they are not able to
successfully control weeds in crops, and the use of her-
bicides in conditions of growing organic raw materials is
unacceptable. As for St.John’s wort, it formed a satisfac-
tory density only in the third or fourth years of growth.
Therefore, these crops are still valuable for obtaining bi-
ologically active substances. However, the technologies
of their cultivation require thorough improvement.

Evaluating the importance of using medicinal and
feed herbs as organic feed additives, it is worth noting
that many researchers also consider amino acids, car-
otene, vitamins, trace elements, etc. to be biologically
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active substances, including those of non-plant origin,
but most of them are normalised by existing animal
feeding diets (Petrychenko et al, 2018). According to
the research, this complex of biologically active sub-
stances primarily includes essential oils (0.1-4.0%), fla-
vonoids and flavonolignans (0.5-3.0%), organic acids,
mainly vitamins, polysaccharides (2-8%), and trace ele-
ments that provide a positive effect on the animal body.
Although the effectiveness of the action of individual
components of biologically active substances on the
animal body is still poorly understood.

It was found that the aboveground mass of purple
coneflower contains up to 7.4% polysaccharides, the
sum of chicory and caftaric acids - from 2.2% in the
first year of vegetation and up to 4.3% in the third year
of vegetation. The content of hydroxycinnamon acid in




purple coneflower raw materials ranges from 2.1% in
stems and 4.9 and 6.4% in inflorescences and buds, re-
spectively, in terms of dry matter. The complex of BAS
of purple coneflower has a positive effect on metabolism
and has an immunostimulating and immunomodulatory
effect. The aboveground mass of hyssop contains up
to 1.32% essential oil, as well as phenocarbolic acids,
including rosmarinic. The complex of biologically ac-
tive ingredients of hyssop has a positive effect on the
gastrointestinal tract and has a sedative effect. Yarrow
grass contains from 0.3 to 3.1% essential oil, which con-
tains more than 80 components, and the aboveground
part of Moldavian dragonhead - up to 0.33%. The main
components of the essential oil of which are citral and
geraniol. Essential oil provides anti-inflammatory and
antispasmodic effects.

Anise hyssop, in addition to essential oil, contains
up to 4% of the amount of flavonoids in terms of lu-
teolin, and white horehound - 2.0-2.8% of the bitter
substance marubiin, as well as tannins up to 0.05% and
0.06% of essential oil, which, in addition to a positive
effect on the digestive process, increases appetite. Dan-
delion grass contains sesquiterpene lactones, three ter-
penes, carotenoids, fatty acids and flavonoids, vitamin
A, and inulin. The BAS complex contained in dandeli-
on grass has a significant diuretic effect and improves
metabolism. The main components of biologically ac-
tive substances in fennel is essential oil, the content of
which ranges from 2% in the stems to 6.5% in the seeds;
in coriander, the content of essential oil in the seeds is
1.5% and fatty oil - 22%; the content of essential oil in
Moldavian dragonhead - 0.33%; in sneezeweed - 0.1-
0.22%. The dry mass of sweet wormwood also contains
0.5% essential oil and flavonoids, coumarin, etc. Milk
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thistle is a valuable plant that contains 3% flavonoids,
and St. John’s wort - flavonoids - 3%, essential oil -
1.25%, tannins - 8%, anthocyanins - 5%.

The authors also determined the content of vita-
mins in certain types of medicinal and fodder herbs.
Thus, the content of vitamin Cin purple coneflower and
hyssop is 170-250 mg per 100 g of freshly picked raw
materials; in fennel, St.John’s wort, and coriander - 90-
130 mg; in anise hyssop, yarrow, Moldavian dragonhead,
dandelion - 30-60 mg per 100 g. The highest carotene
content was found in purple coneflower (170 mg per
100 g), slightly lower - in St.John’s wort (55 mg),and in
other species it was only 5-10 mg per 100 g. Coriander
had a high content of rutin (vitamin P) and amounted to
145 mg per 100 g. In other species, it did not exceed 10-
15 mg per 100 g. All this complex of biologically active
substances, if used in the prescribed doses in animal
diets, provides a stimulating effect and the possibility
of obtaining organic meat and dairy products.

It is also worth considering that these crops have
in their composition not only BAS, but also nutrients
inherent in feed species (protein, including amino acids,
fat, fibre, without nitrogenous extractives, ash, trace
elements, etc.), the chemical composition of which is
shown in Table 2. Such types of herbs as anise hys-
sop, purple coneflower, hyssop, yarrow, dandelion, and
Moldavian dragonhead have a high content of crude
protein, which is equal to the content of legume species
(14.6-18.4%). According to the content of other indica-
tors of complete zootechnical analysis, they and other
species under study have a sufficient amount of fibre
(22-28%) and BAS (48-53%),and are well provided with
potassium, phosphorus and calcium and good digesti-
bility of feed (55.5-63%).

Table 2. Chemical composition of medicinal and fodder herbs, % for dry matter (average for 2020-2022)

49

c c £
Types of herbs § gi .;-g E &3 g E % g~ Z: 3

[a]
Anise hyssop 146 136 274 2371 505 852 59.65 267 081 157
Purple coneflower 161 147 243 2184 509 869 633 277 088 1.69
Hyssop 149 138 301 2149 529 781 64.1 278 086 1.45
Coriander 144 127 378 2562 474 850 60.9 306 0.80 1.66
Milk thistle 120 109 253 2880 484 835 54.4 252 086 1.88
Yarrow 158 144 240 2346 497 871 62.1 283 085 141
Fennel 116 104 265 2720 499 871 57.9 289 082 163
Dandelion 184 169 203 2310 480 848 68.9 251 086 134
St.John's wort 132 125 27 242 530 69 55.5 20 067 14
d'}":;gﬁ‘}’jja” ! 164 150 26 232 504 885 62.8 29 082 15
White horehound ~ 12.6 112 251 253 512 843 521 241 080 143

Source: based on author’s research
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These data on the chemical composition indicate
that medicinal and fodder species are equated with
cereals and legumes in terms of nutritional value, and
when feeding livestock, their nutritional value should
be considered in diets. Thus, the presented experimen-
tal data show the high value and prospects of use in
feed production, due to the content of biologically ac-
tive substances in them and their technological suita-
bility in the preparation of raw materials, such medici-
nal feed species: purple coneflower, hyssop, fennel, milk
thistle, anise hyssop, Yarrow, white horehound, dandeli-
on, Moldavian dragonhead, coriander.

The uniqueness of these studies lies in the fact
that the methodological basis for the use of medicinal
and fodder herbs in feed production for the first time is
based on the principle that medicinal herbs, when used
in established doses in veterinary medicine, provide a
therapeutic effect (Paskudska et al., 2018; Moisiienko,
2020), and when these doses are reduced, the stimulat-
ing effect (Palapa et al,, 2016; Zubova, 2021). In particu-
lar, the authors’ studies have shown a positive effect of
phyto-mixtures formed from certain types of medicinal
and fodder herbs on the productivity of a dairy herd of
cattle (Shtakal et al., 2022). Therefore, solving the prob-
lems of creating sown phytocenoses based on medic-
inal and feed species with the content of biologically
active substances and the development of phyto-mix-
tures from them is a promising area of research in feed
production, since their use increases the productivity of
animal husbandry and is able to ensure the production
of organic meat and dairy products. In EU countries and
in Ukraine, hundreds of plant species are used in veteri-
nary medicine (Vlizlo et al.,, 2018; Karomatov et al., 2019;
Salomon et al., 2019). In addition, the experimental sta-
tion of medicinal plants of the Institute of Agroecology
of NAAS has developed technologies for growing the
vast majority of these crops for use in veterinary medi-
cine (Pryvedenyuk et al.,, 2020). Separate studies on the
cultivation of fennel were conducted at the Zhytomyr
National Agroecological University of the Ministry of
Education and Science of Ukraine (Moisiienko et al,
2019) and chamomile at Kamianets-Podilsky State
Agrarian and Technical University of the Ministry of Ed-
ucation and Science of Ukraine (Padalko et al, 2021).
However, these studies did not aim to grow medicinal
and fodder herbs on a large scale, using phyto-mixtures
as feed additives specifically for establishing their tech-
nological suitability for this purpose. In addition, the
uniqueness of this study lies in the fact that for the first
time, the chemical composition and nutritional value
of medicinal and fodder herbs are presented, including
the content of active substances in them, that is, bi-
ologically active substances, namely: polysaccharides,
essential oils, flavonoids, vitamins, tannins, anthocya-
nins, bitterness, etc.

Research on the use of medicinal and fodder
herbs as feed additives is extremely limited, which is
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explained by the originality of their use for this pur-
pose. However, some studies have shown the prospects
of this area of research. In particular, at the Vinnytsia
National Agrarian University (Chudak et al, 2020) the
effectiveness of using pale purple coneflower on poul-
try (quails) has been proven. Previous publications in-
dicate the effectiveness of using purple coneflower on
pigs at the Institute of Pig Breeding of NAAS and on
fish at the Institute of Fisheries of NAAS, as well as milk
thistle for feeding turkeys and piglets.

That is, these studies have considered the value for
feed production not only of certain types of medicinal
and fodder herbs for certain types of livestock, but also
a fairly wide range of medicinal and fodder herbs (pur-
ple coneflower, hyssop, white horehound, fennel, anise
hyssop, milk thistle, coriander, St. John’s wort, yarrow,
dandelion, Moldavian dragonhead), established the
content of biologically active substances in them and
their technological suitability for mechanised harvest-
ing. Summarising the literature data on the solution
of such an important national economic problem as
increasing the productivity of livestock and poultry
and obtaining organic livestock products from it, it be-
comes clear that such data are not enough in the mod-
ern literature in the region. In particular, it requires a
deep study of both the positive effect on the animal
body of certain types of medicinal and fodder herbs,
and phyto-mixtures, as well as the effect of individual
biologically active substances of plants. Therefore, this
paper is actually the first attempt to solve this prob-
lem. All this encourages joint actions of specialists in
feed production and animal feeding to successfully
solve this problem. As a result, it would be possible
to introduce medicinal and fodder herbs into produc-
tion to replace existing feed additives (premixes) in the
production of pure organic products of animal origin
for the health of the nation.

CONCLUSIONS

Promising types of medicinal and fodder herbs with
the content of biologically active substances for ani-
mal feeding as organic feed additives can be hyssop,
fennel, white horehound, Moldavian dragonhead, cori-
ander, yarrow, purple coneflower, milk thistle. They are
technologically suitable for harvesting and provided
the yield of annuals (coriander, milk thistle, Moldavian
dragonhead) in the year of sowing 2.5-4.3 t/ha of dry
weight and 0.3-1.8 t/ha of seeds, and in the second
and subsequent years of use of herbage and perennials
(purple coneflower, hyssop, white horehound, fennel,
anise hyssop, yarrow) respectively - 2.5-5.0 t/ha of dry
weight and seeds 0.2-1.8 t/ha.

The value of medicinal herbs that can be used for
feeding animals lies in the content of such biologically
active substances in them: in purple coneflower —poly-
saccharides (2-8%), vitamin C - 250 mg, and carotene -
170 mg per 100 g of freshly picked raw materials;




hyssop - essential oils - 1.32% and vatamine C- 170 mg
per 100 g; milk thistle - flavonoids - 3%; anise hyssop -
flavonoids - 4%; yarrow - essential oils - 0.3-3.1%;
Moldavian dragonhead - essential oils - 0.33%; St.John’s
wort - flavonoids - 3% and essential oil - 1.25%; white
horehound - 2-2.8% marubin; fennel - essential oils -
2-6.5%; coriander seed - essential oils - 1.5% and rutin
content - 145 mg per 100 g; sweet wormwood — essen-
tial oils - 0.5%, sneezeweed - essential oils - 0.1-0.22%;
dandelion - vitamin C content - 30-60 mg per 100 g of
raw materials, flavonoids, sesquiterpenes.
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Moldavian dragonhead also have a high content of
crude protein, which is equal to the content of legumes
(14.6-18.4%), which should be considered when cre-
ating animal feeding rations. As raw materials for the
production of biologically active substances, such crops
as sweet wormwood, sneezeweed, and St. John’s wort
have shown low prospects when used in organic feed
production, and the technologies of their cultivation
and mechanised harvesting of raw materials require
additional study.

Medicinal and fodder types of herbs have a suf- ACKNOWLEDGEMENTS
ficient amount of fibre for animals (22-28%) and None.
BAS (48-53%) and are well provided with potassium,
phosphorus, and calcium, and such species as anise CONFLICT OF INTEREST
hyssop, purple coneflower, hyssop, yarrow, dandelion, None.
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AHoTauif. AKTyanbHiCTb NpoBeaeHMX AOCAIOXKEHb MOAAra€E B HEOOXiAHOCTI 3anyyYeHHS B KOPMO BWMPOOHMUTBO
BMAIB TPaB 3 BMICTOM Bi0ONIOTYHO AKTUBHWMX PEYOBMUH AN BMKOPUCTAHHSA iX B AKOCTi MPUPOLHUX CTUMYNATOPIB
pocTy TBapuH. MeTow [ocnigpkeHb Oyn0 eKkcnepMMeHTanbHO BCTAaHOBUTM TOCMOAAPCHKO-6i0N0riYHY LiHHICTb
BMAIB NiKAapCbKO-KOPMOBUX TPaB, X TEXHONOMYHY MPUAATHICTb 32 BMPOLLYBAHHA B YMCTUX NOCiBax, OTPUMAHHS
CMPOBUMHM Ta (GOPMYBaHHS 3 Hei QITO CyMilei AN BUKOPUCTAHHS B SKOCTI OpraHiYHMX KOpMOBMX A06aBoK. B
npoueci NpoBefeHHs JOCNiAXeHb OYNM BUKOPUCTAHI HACTYMHI METOAM — MOSIbOBMM, NabOpPaTOPHUIA, aHANITUYHWIA,
CTaTUCTUYHUIA. Byno BM3HAYeHO rocnofapCbko-6i0NorivyHy LiHHICTb 418 BUPOCTAHHA B KOPMO BMPOOHMLTBI TakMX
BMAIB NIKapCbKO-KOPMOBMX TpaB: ricomn NiKapCbkuii, deHxenb 3BMYAMHWIA, LWAHAPa 3BMYAMHA, 3MIErONOBHMK
MONAABCbKUI, KOpiaHAP MOCIBHWI, AepeBii 3BMYAMHUIA, exiHales nypnypoBa, Kynbbaba nikapcbka, po3Toponua
NASMUCTa, NOodaHT aHiCoBUM, 3Bipobil 3BMYaHKIA, Ledanodnopa apoMaTHa, NOAMH OAHOPIYHKUIA. BcTaHoBNEHO, WO
O[HOPIYHMKM B PiK NOCiBY,a BaraTopiyHi BUAM HA APYrMii-4eTBEPTUI POKM KOPUCTYBaHHS 3abe3neyyBann OTPUMAHHS
cyxoi Macu TpaB - 1,7-5,0 1/ra Ta HaciHHs — 0,3-1,8 7/ra. [JaHi BMAM TpaB MatoTb B CBOEMY CK/1aAi 6ion0riyHo akTUBHI
peyoBUHM (Nnonicaxapuan, edipHi Macna, b1aBoOHOIAM, OPraHivHi KUCIOTH, MEPEBAXHO BiTaMiHUW, MiKpOeeMeHTH), o
NO3UTUBHO BM/IMBAKOTb HA TBAPUHHWIA OpraHi3M. [JoBefeHO TaKOX TEXHOMNOrIYHY NPUAATHICTb A1 3aroTiBAi CUPOBUHM
i bopMyBaHHS QITO CyMilleln Taknx BMAIB: pO3TOPOMNLA NASMUCTA, 3MIEFONIOBHMK MOAABCbKUI, KOPiaHAP MOCIBHUMN,
ricon nikapcbkui, deHxenb 3BUMYAMHWIA, exiHaues nypnyposa, NadaHT aHiCOBMM, LWAHAPa 3BMYAWHA, LepeBin
3BMYAMHUNA. B pe3ynbTati focnigpkeHb cTBopeHa 6asa AaHuX Wwo0 A060py NiKapCbKO-KOMOBUX TPaB, iX TEXHOMOTIYHOT
NPWAATHOCTI BUPOLLYBAHHSA, ONTUMANIbHUX CTPOKiIB 36MpaHHS ANS 3aroTiBAi CUPOBUHM 3 HACTYMHUM BUKOPUCTAHHAM
y KOPMO BMPOOHULTBI. BK/IOUEHHS NiKapCbKO-KOPMOBUX BUAIB B paLioHM rofiBNi MOXe 3a6e3neyyBaTM OTPUMAHHS
OpraHi4yHOi NPOAYKLii TBAPMHHULTBA, LLLO BiAMNOBIAAE BUMOraM cTpaTerii EBpONeNCcbKOro 3e1eHoro Kypcy

KntouoBi cnoBa: nikapCbko-KOPMOBi BMAM; YPOXKAMHICTb; XiMIYHUI CKNaA; TEXHONOMYHA NPUAATHICTb; BiTOCYMiLi;
6ionoriyHo akTUBHI PEYOBUHU; CUPOBMHA; CTPOKM 30MpPaHHA
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genetic potential of varieties and cultivation technology were investigated. The suitability of five hemp varieties
for organic cultivation was evaluated. It was established that the introduction of organic cultivation technology
has a positive effect on crop productivity. With organic cultivation of Hliana and Hloba varieties, the increase in
the yield of straw (0.07-0.11 t/ha) was statistically insignificant compared to inorganic technology. Cultivation of
Zolotoniski 15 and Sula varieties using organic technologies increased the yield of hemp straw by 0.14 t/ha. The
Lara variety showed an insignificant decrease in the straw yield. This confirmed the theory that the introduction
of organic cultivation of hemp will not lead to a decrease in yields. Organic technologies for growing hemp
contributed to an increase in their yield compared to the traditional one, provided that varieties were selected
correctly. The best suitability for organic cultivation in terms of fibre yield was recorded in the Lara variety. The
obtained results will be used to improve and introduce organic technologies for growing adapted hemp varieties,

depending on the purpose of fibre or seeds

Keywords: seeds, straw; fibre; genetic potential; biodestructor; correlation

INTRODUCTION

Agribusiness around the world is interested in canna-
bis, as its cultivation and processing can significantly
contribute to the European Union’s bioeconomy strat-
egy. Market interest in growing this niche crop encour-
ages a gradual transition from the traditional use of
stem fibres (textiles, cellulose or paper) to multi-pur-
pose production.Hemp (Cannabis sativa L.) is a valuable
high-yielding annual crop, because due to its unique
consumer properties, all parts of the plant are used in
different ways. Many types of products are made from
the plant material of this crop. Due to the lack of in-
vestment in research over decades, restrictions have
led to the need to develop sustainable hemp produc-
tion systems.

Strategic areas for the development of the agri-
cultural sector are the cultivation of highly profitable
niche crops. The adaptive productivity potential of
niche crop varieties can be implemented by optimising
the elements of their cultivation technologies (Kyrylyuk
et al, 2019; Panchyshyn et al., 2023). It is advisable to
consider the scientific developments of researchers to
improve the yield and quality of crop production.

In many European countries, cannabis varieties are
grown that are suitable for multiple uses, including fibre
and seed (Tang et al., 2016). An important area of use of
hemp in addition to food is energy - for the production
of bioethanol, biogas, and biodiesel (Viswanathan et al.,
2021). C. Asquer et al. (2019) confirmed the possibility
of using industrial hemp straw residues in the biogas
sector for biogas production by anaerobic digestion. Re-
search has shown that the essential oil obtained from
industrial hemp can be used as biological insecticides,
acaricides or repellents to protect plants from pests
in organic production (Rossi et al., 2020). According to
G. Benelli et al. (2018), the strengths of growing can-
nabis for the production of bioinsecticides include the
following: low costs for the production of raw materials
and the availability of land for growing crops, increased
demand for environmentally safe products, the possi-
bility of using by-products in other industries, in par-
ticular cosmetics and pharmaceuticals.

It does not require the use of plant protection prod-
ucts or pesticides, and hemp itself suppresses weeds,
repels pests, is resistant to pathogens and requires only
minerals contained in the soil. This has a positive ef-
fect on the environment, as it contributes to the pres-
ervation of soil fertility (Adesina et al.,, 2020). Hemp can
be grown for several years in a monoculture without
reducing the yield, it is a good precursor for the most
important crop - wheat (Gorchs et al,, 2017). However,
it has been established that growing hemp in a mon-
oculture can lead to a deterioration in soil fertility. Ac-
cording to V.M. Kabanets and S.I. Berdin (2020) growing
this crop in a monoculture without the use of fertilisers
leads to a significant decrease in the content of humus
and basic nutrients in the arable soil layer.

Studying the productivity of modern hemp varieties
to determine their adaptability in specific environmen-
tal conditions is an important factor in harnessing their
genetic potential and increasing profitability (Cherney
& Small, 2016). Researchers in Serbia conducted
studies to evaluate different varieties of cannabis by
plant height, stem yield, fibre and seed yield (Haban
et al., 2022). It was found that dicotyledonous varie-
ties were preferred for the conditions of Southern and
South-Eastern Europe for the production of biomass
(stems and fibres), and monoecious varieties were pre-
ferred for seed production. According to researchers,
an important factor in successful cannabis cultivation
is to consider the climatic conditions of the environ-
ment and adapt agricultural technologies to ensure
optimal conditions for plant growth and development.
The adaptive potential of modern cannabis varieties
can be maximised by optimising agricultural technolo-
gies, in particular, the transition to organic production.
In modern market conditions, the eco-brand is one of
the main prerequisites for effective economic devel-
opment of the country. Currently, the level of environ-
mental safety of goods in the international market is
one of the main factors determining their competitive-
ness (Berezovsky, 2020). The growing demand of con-
sumers for innovative products made from safe plant
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raw materials may become a prerequisite for expand-
ing the production of hemp.

The solution to the problem of growing hemp is
now becoming relevant and requires optimisation of
cultivation technology. Therefore, the purpose of the
study was to establish the features of forming the pro-
ductivity of hemp crops depending on varietal charac-
teristics and cultivation technology.

MATERIALS AND METHODS

The study was conducted during 2019-2021 on leached
chernozems in forest-steppe conditions.

The experiment scheme includes factors: Factor
A - conditions of years of research. Factor B - varieties:
1. Hliana (Standard); 2. Zolotoniski 15; 3. Lara; 4. Hloba;
5. Sula. Factor C - cultivation technology: 1. inorganic
(control); 2. transitional; 3. organic; 4. organic + BioSti-
mix-Niva, 1 I/ha (in the phase of 3 pairs of leaves).

The originator of the Sula, Hloba, Lara varieties is
LLC “Institute of organic farming’, and the Hliana and
Zolotoniski 15 varieties - Institute of Bast Crops of NAAS,

The soil of the experimental plots at a 0-20 cm
depth was characterised by the following agrochem-
ical indicators: pH-salt — 6.6, humus content - 4.16%,
easily hydrolysed nitrogen - 124.6 mg/kg of dry soil,
mobile forms of phosphorus - 140.3 mg/kg of dry soil,
exchange potassium - 87.7 mg/kg of dry soil. The depth
of the humus horizon is 53-100 cm. The predecessor
of hemp in the crop rotation was soybeans. Sowing of
hemp was carried out with a Monosem seed drill. The
seeding rate of hemp varieties for dual use (seeds and
fibre) was 1.2 million pcs./ha of germinating seeds,
and for green fibre - 4.0 million pcs./ha of germinating
seeds. The total area of the experiment was 0.68 hec-
tares. The accounting plot area - 25 m?2. The repetition
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rate in the experiment is fourfold. Inorganic cultiva-
tion technology provided only for the use of mineral
fertilisers N, P, K., without the use of plant protec-
tion products. Mineral fertilisers were not used in the
variants with transitional and organic technology. The
microbiological preparation BioStimix-Niva was ap-
plied in the phase of three pairs of leaves with a con-
sumption rate of 1 l/ha.

The analysis of the yield of the Lara variety using
various cultivation technologies was carried out ac-
cording to the scheme: 1. Hliana (control); 2. Lara (in-
organic); 3. Lara (organic); 4. Lara (organic + BioStimix-
Niva application, 1 l/ha).

The predecessor of hemp was soybeans. The soil
of the experimental plots is leached chernosem, char-
acterised by the following indicators in the 0-20 cm
layer: pH - 6.4, humus content - 4.01%, easily hydro-
lysed nitrogen - 114.8 mg/kg dry soil, mobile forms
of phosphorus - 138.3 mg/kg dry soil, exchange potas-
sium - 89.8 mg/kg dry soil. Accounting of the yield of
straw, fibres, and seeds was carried out according to
conventional methods. The obtained research results
were processed statistically using Excel and Statistica
10.0 software suites. A comparison of the significant
difference between the average values was made using
the criterion of the least significant difference. The sig-
nificance level was set to P<0.05.

RESULTS

The creation of new hemp varieties sets the task of find-
ing ways to optimise cultivation technologies to ensure
the realisation of their genetic potential. The yield of
hemp fibre had the characteristics of its variation. The
best indicator was observed in the Lara variety, which
averaged 3.6 t/ha over the years of research (Fig. 1).

2.62

Hloba Lara Sula

2020 mmmm 2021 -—=@=Average

Figure 1. Yield of hemp fibre in variety testing crops, 2019-2021

The lowest yield of hemp fibre over the years of
research was in the Hliana variety - 1.74 t/ha. The high-
est fibre yield (3.05 t/ha) on average for varieties was
noted in 2021. The worst year for the formation of fibre
yield was 2020. The average yield for varieties this year
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was 2.24 t/ha.In 2019, the highest fibre yield was found
in the Lara variety (3.88 t/ha), which is 2.6 times higher
than the yield of the Hliana variety (1.52 t/ha). In 2019,
the yield of fibre of Lara was 0.33-1.62 t/ha higher than
that of Sula, Zolotoniski 15 and Hloba varieties. Of all




the varieties selected by the Institute of organic agri-
culture, the lowest fibre yield was demonstrated by the
Sula variety (2.26 t/ha), which is 0.74 t/ha more com-
pared to the Hliana variety (standard). The fibre yield of
the Sula variety was 1.62 t/ha lower compared to the
Lara variety. The highest yield of hemp fibre in 2021
was formed by the Lara variety - 3.94 t/ha, which is
1.84 t/ha more compared to the Hliana variety (stand-
ard). This year, the yield of hemp fibre in the Sula variety
was 1.32 t/ha less than the Lara variety and 0.48 t/ha
more than the Hliana variety. The yield of fibre of Zolo-
toniski 15 and Hloba varieties exceeded the Hliana
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variety (standard) by 1.8-1.25 t/ha. The least favourable
year for the formation of the yield of hemp fibre was
2020. The yield of fibre of all varieties decreased. The
most sensitive varieties to the conditions of the year
were Sula and Hliana. The yield of these varieties was
lower by 1.04 and 1.41 t/ha, respectively, compared to
the Lara variety. Such variability in the yield of hemp fi-
bre indicates the feasibility of growing several varieties
at the same time. It is best to use the Hloba, Lara, and
Sula varieties for this purpose.

Organic technology of growing hemp straws and
fibres contributed to an increase in yield (Table 1).

Table 1. Formation of yield straw and fibres depending on the conditions of years of research (factor A),
variety, and cultivation technology (2019-2021)

Variety Growing technology Yield, t/ha
(factor B) (factor C) straw fibres
inorganic (control) 4.09 174
) transitional period 4.16 1.74
Hliana - standard
organic 4.16 1.80
organic + BioStimix-Niva, 1 l/ha 4.20 1.81
inorganic (control) 473 2.62
transitional period 4.47 2.62
Zolotoniski 15
organic 472 2.65
organic + BioStimix-Niva, 1 l/ha 4.87 2.67
inorganic (control) 5.05 3.58
transitional period 497 3.60
Lara
organic 5.00 3.64
organic + BioStimix-Niva, 1 l/ha 4.96 3.66
inorganic (control) 5.11 3.19
transitional period 5.00 3.21
Hloba -
organic 5.13 3.24
organic + BioStimix-Niva, 1 l/ha 5.21 3.25
inorganic (control) 5.19 273
transitional period 5.28 2.72
Sula

organic 5.18 2.75
organic + BioStimix-Niva, 1 l/ha 5.33 2.77
LSD,, A 0.01
LSD,, B 0.06 0.01
LSD,, C 0.05 0.01
LSD,, AB 0.11 0.02

LSD,, BC 0.12 -

Source: compiled by the authors

The yield of hemp straws of varieties Hliana and
Hloba increased slightly in variants with organic culti-
vation. The increase in the yield of these varieties was
0.7-0.11 t/ha compared to the control, which is within
a significant difference. This indicates an insignificant
increase in the yield of straw using organic technol-
ogy compared to the control (inorganic). Using organic

cultivation technology, Zolotoniski 15 and Sula varieties
increased the yield of straw by 0.14 t/ha compared to
the control. Growing the Lara variety using organic tech-
nologies led to a certain decrease in yield, although the
difference did not exceed the LSD criterion. Therefore, it
cannot be said that the introduction of organic cultiva-
tion technology will inevitably lead to a decrease in yield.

Scientific Horizons, 2023, Vol. 26, No. 7

57



58

Features of forming the productivity of modern hemp varieties using organic cultivation technology

The average yield of the straw of the varieties un-
der study with inorganic cultivation technology was
4.83 t/ha, transitional - 4.78 t/ha, organic - 4.84 t/ha.
Cultivation of hemp varieties using organic technology
using the BioStimix-Niva destructor ensured the forma-
tion of an average yield of 4.91 t/ha. There is an aver-
age direct correlation between the yield of straw and
hemp fibre (r=0.56), which significantly determines the
influence of varietal properties (factor B) and cultiva-
tion technology (factor C) on this indicator. In general,
there was a positive reaction of fibre yield to the use
of organic technologies, which is especially important
for obtaining a gross indicator. In the future, the au-
thors will consider the system of relationships between
seed yield, which also has correlations with indicators
of vegetative mass.

5%

2%

48%

96%

The average fibre yield of Hliana variety was
1.77 t/ha, Zolotoniski 15 variety - 2.64 t/ha, Lara vari-
ety - 3.62 t/ha, Hloba variety - 3.22 t/ha, and Sula va-
riety - 2.74 t/ha. According to this indicator, the best
suitability for growing using organic technologies was
observed in the Lara variety. The yield of fibre using in-
organic and transitional cultivation technologies is at
the same level and averages 2.77 and 2.78 t/ha, respec-
tively. According to organic cultivation technologies,
the fibre yield is 2.82-2.83 t/ha. Thus, the use of a bio-
destructor did not significantly affect this indicator. The
highest fibre yield was obtained when growing the Lara
variety (3.58-3.66 t/ha). The lowest yield of hemp fibre
was recorded in the Hliana variety - 1.74-1.81 t/ha.

The yield of straw and hemp fibres is characterised
primarily by dependence on varietal properties (Fig. 2).

= Year of growing (factor A)
Variety (factor B)
47% ™ Technology (factor C)
mAB
mAC
mBC
ABC

Other

Figure 2. Shares of influence of factors and their interactions on the yield of hemp straw (outer circle)
and fibre (inner circle)

However, there is a certain difference between
these indicators - the yield of straw has an insignif-
icant dependence on the conditions of the year, in
contrast to the yield of fibre. The conditions of years
of research had a more significant impact on the for-
mation of fibre yield (47%). The genetic properties of
the variety (factor B) had a dominant influence on the
yield of the hemp straw, with a 96% share of influence.
The influence of cultivation technology and the inter-
action of factors does not exceed 4%. The influence of

6 5.07 507507

Straw yield, t/ha

O B N W M~ U

1
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the variety on the formation of fibre yield was 48%,
that is, almost half.

Average yield indicators of straw, depending on the
cultivation technology, also convincingly demonstrate
that with organic hemp production, crops can exceed the
usual yield, provided that the varieties are correctly se-
lected.As a result of the study, it was found that the cor-
rect choice of hemp varieties can provide an increase in
the yield of straw using organic technologies compared
to traditional ones (Fig. 3).
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Figure 3. Yield of straw depending on the varieties and cultivation technology (LSD,, by technology factor - 0.10 t/ha)
Note: 1 - Hliana (control); 2 - Lara (traditional); 3 - Lara (organic); 4 - Lara (organic + application of BioStimix-Niva, 1 l/ha)
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On average, over three years of research, the Hliana
variety showed a stable yield of straw at the level of
4.08 t/ha, which is 0.99 t/ha less than the Lara variety.
The yield of straw of the Lara variety over the years of
research ranged from 4.94 to 5.07 t/ha, depending on the
cultivation technology. Therefore, to obtain the maximum
yield of hemp products, it is necessary to carefully select
varieties according to the area of use. Growing hemp of
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the Lara variety using various organic technologies pro-
vides an average yield of 4.96 and 5.0 t/ha over the years
of research, which is 0.07 and 0.11 t/ha less compared to
the classical technology. Such a decrease in the yield of
hemp straw of the Lara variety is insignificant.

Analysis of the seed yield of the varieties studied in
the variety testing also showed that the highest indica-
tors were formed in the Sula variety (Fig. 4).

Hloba Sula

2020 mmm 2021 ——@=Average

Figure 4. Yield of hemp seeds in variety testing, 2019-2021

The highest yield of hemp seeds was obtained in 2019
and 2021. In 2020, the seed yield was slightly lower. The
yield of the Hliana variety was 0.4-0.6 t/ha lower com-
pared to the Sula variety. In the Zolotoniski 15, Lara, and
Hloba varieties, the average seed yield was 0.04-0.08 t/ha
lower compared to the Hliana variety. The dependence of
the yield on varietal characteristics and conditions of the
research year confirms the feasibility of growing 3-4 hemp
varieties on the farm annually to obtain stable yields.

BC 4%
AB 9%

Technology (factor C)
8%

The yield of hemp seeds had a slight variation in
the variants of experiments. This allowed identifying
the main factors influencing the formation of seed yield
and proving the effectiveness of organic cultivation
technologies.

Despite the fact that the average seed yield over
the years of research had insignificant intervals of var-
iation (0.56-0.58 t/ha), the conditions of the years have
a significant impact on it (Fig. 5).

Year of growing
(factor A) 12%

Variety (factor B)
66%

Figure 5. Shares of influence of growing factors on the yield of hemp seeds
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The share of influence of cultivation technologies
(factor C) was less significant on the formation of the yield
of hemp seeds (8%). This indicates the prospect of using
organic technologies for growing hemp.At the same time,
there are opportunities to improve organic cultivation
technologies to obtain a high level of yield. According to

the results of research, it was found that varietal proper-
ties have the greatest influence on yield (66%). It is the
variety that plays a crucial role in the formation of crop
yield indicators. The influence of cultivation technologies
also plays an important role in the complex of factors
and interactions that affect seed yield (Table 2).

Table 2. Yield of hemp seeds depending on varietal characteristics, cultivation technology, and year of research (factor A)

Yield, t/ha
Varieties (factor B) Technology (factor C)
2019 2020 2021 Average
inorganic (control) 0.62 0.55 0.54 0.57
transitional period 0.62 0.52 0.53 0.56
Hliana - standard
organic 0.60 0.55 0.52 0.56
organic + BioStimix-Niva, 1 l/ha 0.62 0.60 0.56 0.59
inorganic (control) 0.54 0.53 0.54 0.54
transitional period 0.54 0.55 0.53 0.54
Zolotoniski 15

organic 0.54 0.54 0.53 0.54
organic + BioStimix-Niva, 1 l/ha 0.53 0.54 0.54 0.54
inorganic (control) 0.55 0.56 0.55 0.55
transitional period 0.56 0.55 0.55 0.55

Lara
organic 0.54 0.54 0.54 0.54
organic + BioStimix-Niva, 1 l/ha 0.56 0.56 0.56 0.56
inorganic (control) 0.55 0.55 0.56 0.55
transitional period 0.56 0.55 0.56 0.56

Hloba
organic 0.60 0.55 0.60 0.58
organic + BioStimix-Niva, 1 l/ha 0.63 0.60 0.60 0.61
inorganic (control) 0.60 0.60 0.60 0.60
sul transitional period 0.64 0.62 0.62 0.63

ula
organic 0.62 0.62 0.61 0.62
organic + BioStimix-Niva, 1 l/ha 0.61 0.61 0.61 0.61
LSD,; (factor A) 0.01
LSD,; (factor B) 0.01
LSD,; (factor () 0.01
LSD,, (AB) 0.02
LSD, (BO) 0.02

Source: compiled by the authors

In 2019, the highest yield indicator was recorded
in the Sula variety using transitional cultivation tech-
nology. Slightly lower seed yields were obtained using
organic cultivation technologies, although this devi-
ation was within the statistical error range. Zoloton-
iski 15 and Lara varieties had the lowest seed yields,
which did not exceed 0.54 and 0.56 t/ha, respec-
tively. This year, the greatest variation in yield was
observed - 0.53-0.64 t/ha. In subsequent years, the
yield of hemp seeds in all variants of the experiment
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varied from 0.52 to 0.62 t/ha. The best response to
the use of organic technology was the Hloba variety,
where the yield increase is up to 10%. It is notewor-
thy that the use of a biodestructor led to a certain
increase in yield, which was noticeable in the Hliana
variety - 3.5%, and in the Hloba variety - 9.8% com-
pared to the control variants.

The results of the analysis of the yield of hemp
seeds of the Lara variety depending on the cultivation
technology are shown in Figure 6.
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Figure 6. Yield of hemp seeds depending on the cultivation technology, 2019-2021
Note: 1 - Hliana (control); 2 - Lara (traditional); 3 - Lara (organic); 4 - Lara (organic + application of BioStimix-Niva, 1 l/ha)

The highest yield of hemp seeds of the Hliana va-
riety was observed using inorganic cultivation tech-
nology in 2019. On average, over the years of research,
deviations in the yield of the Lara variety were insig-
nificant. As a result, the study of experimental data by

multivariate analysis of variance did not establish the
influence of the studied factors. A detailed correlation
analysis of economically valuable traits confirmed the
hypothesis that the number of correlations may be dif-
ferent for each variety (Table 3).

Table 3. Correlation coefficients r between economically valuable characteristics of hemp varieties

Varieties
Indicators

Hliana Zolotoniski 15 Lara Hloba Sula
Height of plants during biological ripeness, cm 0.52 0.11 0.02 0.41 -0.06
Duration to biological ripeness, days -0.01 0.18 0.11 0.42 -0.14
Height of plants during harvesting on straw, cm 0.60 0.01 0.06 0.13 -0.04
Yield of straw, t/ha 0.38 -0.15 -0.14 0.43 -0.05
Seed yield, c/ha 1.00 1.00 1.00 1.00 1.00
Oil content, % -0.61 0.11 0.05 -0.46 -0.16
Fibre yield, t/ha -0.45 -0.08 0.01 0.32 -0.04
Fibre content in stems, % -0.73 -0.07 0.02 0.18 0.08

Source: compiled by the authors

The Hliana variety had correlations between seed
yield and plant height during the period of biological
ripeness, the period of harvesting, and the yield of
straw. In this variety, inverse correlations with oil con-
tent, fibre yield, and fibre content were also tracked. Of
all the correlations, only one was strong — with the fibre
content in the stems. Therefore, it is more appropriate
to use the Hliana variety for growing fibre, rather than
for seed production or dual-use. Although in the con-
ducted studies, the varieties selected by LLC “Institute
of organic farming” showed significantly better results
compared to the varieties Hliana and Zolotoniski 15.

DISCUSSION

Many researchers have investigated the -effective-
ness of implementing crop cultivation technologies for

the production of organic goods (Gerasko et al,, 2022;
Kolomiyets et al, 2022). According to Gerasko et al.
(2022), an important task of organic production is to
increase the volume of safe crops and maintain the
stability of agroecosystems. B.N. Nasiyev et al. (2022)
highlighted the relevance of a biological technology for
growing crops such as barley and safflower for effective
management of the agricultural landscape in organic
farming. Cannabis, due to its unique properties, is a ver-
satile and sustainable crop. In the course of research,
it was found that its cultivation can minimise the use
of synthetic fertilisers, since it requires minimal use of
them. Growing hemp also helps minimise the environ-
mental impact of carbon (Nath, 2022). The beneficial
environmental impact of cannabis on the environment
can reduce the cost of its protection measures to some
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extent. As indicated by Zuk-Gotaszewska et al. (2018),
one hectare of cannabis is capable of absorbing about
2.5 tonnes of carbon dioxide. According to J. Viskovic
(2023), cannabis is characterised by the potential of a
sustainable and environmentally safe crop. E. Campiglia
etal. (2020) evaluated the impact of various methods of
growing hemp on the environment. The main factors of
influence are the correct selection of varieties for culti-
vation, the density of sowing, and the timing of harvest-
ing (Strzelczyk et al., 2023). Results have been achieved
in the case of biofertilisers and humic substances, but
the decisive factor is the presence of moisture and high
temperatures (Hammami et al,, 2022). However, canna-
bis can also have quite high productivity under water
stress. From an economic standpoint, hemp is a crop
that can produce yields on the so-called marginal lands
(Blandiniéres et al., 2022). This confirms the possibility
of using hemp in organic farming.

The development of new varieties of crops re-
quires clarification of ways to optimise their cultiva-
tion in order to realise their genetic potential. Accord-
ing to V.L. Dimitriev et al. (2021), increased yields and
improved quality of hemp products are influenced by
seeding rates. Thus, sowing hemp with a seed rate of
3.2 million pcs./ha, provides 3.32 t/ha of fibre (straw)
with high quality indicators.

The paper by O. Horash et al. (2022) highlights
the dependence of the yield of commercial seeds of
hemp on the seeding rates and varietal characteris-
tics. The maximum adaptive potential of the studied
varieties USO 31, Hliana, and Hlesia (1,271, 1,506 and
1,737 t/ha, respectively) was noted for cultivation with
a seeding rate of 0.6 million pcs./ha. The data obtained
confirm the conclusions of other researchers regard-
ing the dependence of hemp productivity on varietal
characteristics. M. Baldini et al. (2020) determined that
the yield of hemp seeds of the Bialobrzeskie variety is
0.61-0.65 t/ha and the Fedora variety - 0.92-1.0 t/ha. In
the conditions of Serbia, M. Haban et al. (2022) found
that the highest fibre yield was provided by the Bialo-
brzeskia variety (3.3*0.64 t/ha), and the highest seed
yield was provided by the monoecious Novosadska va-
riety (778.67+6.59 kg/ha). The productivity assessment
(in terms of fibre and seeds) of six monoecious canna-
bis varieties was carried out in northern Greece (Tsaliki
et al., 2021). The highest fibre yield was observed in Fu-
tura 75 and Bialobrzeskie varieties (4.57 and 4.27 t/ha,
respectively). Santhica 27, Tygra, and Bialobrzeskie va-
rieties provided the highest seed yields - 2.7, 2.9, and
2.6 t/ha, respectively. The Bialobrzeskie variety under
study recorded high fibre and seed yields.

The obtained experimental data are consistent
with the conclusions of other researchers regarding the
choice of hemp varieties depending on the area of use
(for fibre or seeds). The fibre yield formation model is
similar to the seed yield formation model (Baldini et al,,
2020), which is also confirmed in the presented studies
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and is important for the use of dual-use varieties. Such
varieties have advantages over fibre-only varieties in
terms of potential gross profit per hectare (Das et al,
2020). It is important to select varieties for cultivation
that may differ in the efficiency of water consump-
tion in dry and hot conditions (Herppich et al, 2020).
This feature must be considered for the placement of
agrocenoses in the conditions of unstable moisture, in
which the experiments were conducted. According to
M. Haban et al. (2022), the interaction of two factors,
environmental conditions and genotype, plays a signifi-
cant role in hemp production. The scope of use of hemp
is constantly expanding, and accordingly, the territorial
zone of cultivation of this crop is becoming wider. Now
it is important to use cannabis not only for fibre, but
also for seeds.

The increase in crop productivity under the influ-
ence of the use of microbiological preparations to ac-
tivate the microbiological activity of the soil is widely
covered in studies (Vlasyuk &Tymoshchuk, 2018;
Panfilova, 2021).Y. Ulko (2019) highlights the increasing
economic and environmental impact of the use of bio-
logics in the cultivation of agricultural crops in organic
farming. The high efficiency of using biodestructors for
accelerated decomposition of plant residues is high-
lighted by Ye. Yurkevich and N. Valentiuk (2021).

Studies have confirmed that the cultivation of such
agricultural crops as hemp using organic technologies
has a positive effect on its productivity. The results of
the analysis of scientific publications and trends in the
development of hemp production indicate a lack of sci-
entific developments on this topic, which increases the
need for further research.

CONCLUSIONS

The most important factor for the effective cultivation
of hemp using organic technologies are varietal charac-
teristics. As a result of the assessment of five varieties
of hemp, it was found that the yield of straw on average
over the years of research ranged from 1.75-3.6 t/ha.
The highest yield of hemp fibre was recorded in the
Lara variety, and the lowest - in the Hliana variety. The
fibre yield of hemp varieties depended on years of re-
search. The most favourable year for the formation of
crop productivity was 2021, and the least - 2020. The
yield of straw and hemp fibres of the varieties under
study was 4.09-5.33 and 1.74-3.58 t/ha, respectively, de-
pending on the cultivation technology. It is confirmed
that the cultivation of hemp using organic technolo-
gies does not cause a significant decrease in the yield
of straw and fibres. There is an average direct corre-
lation between the yield of straw and fibre (r=0.56),
which indicates the influence of the variety and cul-
tivation technology on this indicator. The use of a bio-
destructor contributed to an increase in the fibre yield
of Hliana (3.5%) and Hloba (10.9%) varieties compared
to the control. The yield of straw does not significantly




depend on the conditions of the year, in contrast to the
yield of fibre (47%). However, it strongly depends on the
variety (96%). The influence of cultivation technology
and the interaction of factors does not exceed 4%. The
influence of the variety on the formation of fibre yield
was 48%. Organic technologies for growing Lara vari-
eties ensure the formation of straw yields at the level
of 4.96 and 5.0 t/ha, which does not significantly differ
from the control.

The highest yield of hemp seeds on average for

Pylypchenko et al.

hemp seeds (66%). The yield of Lara seeds for organic
cultivation did not significantly deviate from the con-
ventional technology. Based on the conducted studies,
it was found that Hloba, Zolotoniski 15, Lara, and Sula
varieties are suitable for double cultivation for seeds
and fibre. It is advisable to use the Hliana variety only
for growing fibre. Further research may focus on stud-
ying the physical parameters of fibre and seed quality
using organic cultivation technologies.

2019-2020 was observed in the Sula variety (0.69 t/ha), ACKNOWLEDGEMENTS
which is 0.4-0.6 t/ha more compared to the standard. None.
The average yield of seeds of the Zolotoniski 15, Lara,
and Hloba varieties was 0.56-0.6 t/ha. Varietal charac- CONFLICT OF INTERESTS
teristics showed the maximum impact on the yield of None.
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AHoTauis. KoHonni NOCiBHI MOXYTb BUKOPUCTOBYBATUCS AN OTPUMAHHS NMPOAYKLi | BiATBOPEHHS pOAIOYOCTI I'PYHTIB.
ALANTUBHMI NOTEHLian COPTiB KOHOMENb MOXHA peanisyBaTu 3aBASKM ONTUMI3aLLii TEXHONOTIM iX BUPOLLYBaHHS.
MeToto pocnipkeHb 6yno obrpyHTyBaHHS 0C06MBOCTEN OPMYBAHHS NPOAYKTUBHOCTI COPTIB KOHOMENb NOCIBHUX
afanToBaHMX [0 OpraHiYHMX TEXHONOTiM BMpOLLyBaHHS. [onboBi gocnigkeHHs nposedeHi npotarom 2019-2021 pp.
Ha BWIYXeHMUX 4YOpHO3eMax. MeToam pocCnigKeHb: MONbOBWM, NAabOPATOPHWIA, CTAaTUCTUMYHMIA | MOPIBHANBHO-
po3paxyHKoBMI. [ocnigkeHo 3aKOHOMIpHOCTI OPMYBAHHS BPOXAMHOCTI TPECTM, BONOKHA i HACiHHS KOHOMenb
NMOCIBHUX 3aNIeXHO Bif, rEHETUYHOro MOTEHLiaNy COpTIB i TeXHONOriT BMpOLLyBaHHS. OuiHEHO MpUAATHICTb MaTH
COpPTiB KOHOMEeNb NOCIBHUX A1 OPraHiyHOro BMPOLLYBaHHS. BCTaHOBMEHO, WO BNPOBAAXEHHS OpraHivyHOi TEXHONOTT
BMPOLLYBAHHS MO3UTUBHO BM/IMBAE HA NPOAYKTUBHICTb KYNbTYpU. 3@ OPraHiYHOro BMPOLLYBaHHA COpTiB [naHa i
Moba niaguweHHs ypoxarnHocTi Tpectn (0,07-0,11 1/ra) 6yno cTaTUCTUYHO HEICTOTHWM MOPIBHAHO 3 HEOPraHIYHO
TexHosnoriet. BupoutyeaHHa copTiB 3onoToHicbki 15 i Cyna 3a opraHiyHmx TexHonoriih 36inbwye Ha 0,14 T1/ra
YPOXaMHICTb TpecTu. Y copTy Jlapa BigMiYeHO HECYTTEBE 3HWXKEHHS BPOXAMHOCTI TpecTu. Lle niaTBepaxye Bepcito,
L0 BNPOBAOXKEHHS OPraHiYHOro BMPOLLYBAHHS KOHOMENb MOCIBHUX He Npu3Bene A0 3HUXKEHHS PiBHS BPOXAMHOCTI.
OpraHiyHi TexHonorii BMPOLLYBaHHS KOHOMENb MOCIBHMX CRPUSAAM MIABULLEHHIO iX YPOXAMHOCTI MOPIBHAHO i3
KNAaCMYHMMM 32 YMOBM NPaBWAbHOMO Nigbopy copTiB. Harkpally NpuAaTHICTb AN OpraHiyHOro BMPOLLYBaHHS 3a
YPOXalHiCTIO BOMIOKHa 3adikcoBaHo Yy copTy Jlapa. OTpuMaHi pe3ynsTati AocnigpkeHb OyayTb BUKOPUCTaHI Ans
YAOCKOHANEHHS | BNPOBaAXEHHS OpraHiYHMX TEXHONOTiA BUPOLLYBAHHS aAanTOBAHMX COPTIB KOHOMENb NMOCIBHUX
3a/1€XHO Bif, NPU3HAYEHHS Ha BONOKHO YM HACIHHS
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morphological studies, and evaluation of breeding material based on economically valuable characteristics were
carried out according to the methodology for conducting an expert examination of plant varieties. It was found
that the involvement of the Ferrugineum 1239 sample before crossing allows forming a hybrid material with
increased resistance against adverse abiotic environmental factors, which was observed on crops of breeding
numbers 0284/18/1, 0135/18, 0209/18/1, etc. It was proved that consideration of the nature of inheritance and
preservation of features of ear productivity elements at the level of the best parent components in combination
with high quantitative features of the number of grains from the main ear, the weight of grains from the main ear,
the weight of 1,000 grains in hybrid populations of the first generation, the above combinations of crosses Triticum
aestivum var. erythrospermum with Triticum aestivum var. barbarossa, Triticum aestivum var. erythrospermum with
Triticum aestivum var. ferrugineum can be valuable in the selection of common winter wheat. The practical value of
the study lies in the fact that the findings expand information about the use of erythrospermum and lutescens and
other varieties of common wheat in breeding for the productivity and quality of common winter wheat: Triticum
aestivum var. barbarossa and Triticum aestivum var. ferrugineum. As a result of the research, the best samples (F,)
were transferred to the Nosivka Breeding and Research Station for further breeding work

Keywords: common winter wheat; varieties; erithrospermum Korn.; lutescens Alef.; ferrugineum Alef.; barbarossa

Alef.; selection; new hybrid forms; evaluation

INTRODUCTION

Research and development of new varieties of common
winter wheat with high adaptability to changing cli-
matic conditions, high productivity, and superior grain
quality is an extremely urgent task to ensure a stable
harvest, increase productivity, and meet the needs of
the population in food resources. The study of common
wheat obliges producers to grow varieties that meet
modern requirements - characterised by high environ-
mental stability, productivity, and grain quality (Filip
et al., 2023). In turn, such issues require the breeder
to work hard and responsibly to form the appropriate
source material for further breeding (Suchowilska et al.,
2020). According to Kumar et al. (2022), climate change
leads to a loss of biodiversity, and therefore, overex-
ploitation and selection by individual traits have led to
a decrease in the genetic diversity of common wheat.
However, most breeders are aware of possible prob-
lems and work to create varieties (lines) of common
wheat that are resistant to climate and adverse biotic
environmental factors, using the types and diversity
of wheat endowed with a complex of important genes
(Pour-Aboughadareh et al., 2021).

Varieties of common wheat have a number of ge-
netic characteristics, which gives, first of all, geneticists
and breeders valuable information for forming the
source material and building a variety model. Chinese
researchers Yang et al. (2023) suggest that the morpho-
logical features and physiological features of common
wheat varieties have been honed over time, in particu-
lar, about 5.5 million years ago as a result of sponta-
neous crossing of two wild cereals — Triticum urartu
Tumanian ex Gandilyan (2n=14) and Aegilops (not yet
identified, but close to Aegilops speltoides, 2n=14),
which separated from a common ancestor about 7
million years ago, formed the wild spelt, or wild em-
mer (Triticum dicoccoides (Korn. ex Asch. & Graebner)
Schweinf., 2n=28), as the closest but not a direct carrier

of subgenome B. Other researchers (Dvorak et al., 2012)
add that less than 1 million years ago wild spelt (Triticum
dicoccoides gave rise to fertile tetraploid wheat Triticum
turgidum (2n=28), that is, an allotetraploid in the nucleus
of which the A and B genomes function.

According to Laugherotte et al. (2022), approxi-
mately 8-10 thousand years ago as a result of natural
hybridisation of Triticum turgidum with Aegilops tauschii
(DD, 2n=14) common allohexaploid wheat was formed
(Triticum aestivum L., 2n=42), which gave rise to the
emergence of modern genotypes. Therefore, common
wheat, which has 42 chromosomes and about 17 billion
base pairs, is the result of a combination of three diploid
genomes — AABBDD and consists of 90-96 thousand
genes evenly distributed over 6 sets of chromosomes
of genomes A, B, and D, where the A - haploid genome
close to Triticum urartu, B — haploid genome Aegilops,
close to Aegilops speltoides, and the D - haploid ge-
nome of a species close to Aegilops tauschii,in this case,
the latter is the result of hybridisation between Triticum
urartu and Aegilops speltoides (Haider, 2013).

According to the paper (Mirzaghaderi & Mason,
2019), the D genome of allohexaploid common wheat
is the least diverse of the three wheat genomes and
is undoubtedly less diverse than that of the diploid
progenitor genome Aegilops tauschii (2n=DD), which is
important when selecting varieties of common wheat
as a starting material. According to Li et al. (2022), the
donor subgenome in common wheat is a separate and
most likely extinct diploid species that has separated
from the carrier ancestor of the B genome, to which
the existing species Aegilops speltoides belongs. Mod-
ern research indicates the importance of Aegilops muti-
cum as a donor of common wheat subgenomes B and D
(Avni et al., 2021; Li et al., 2022). Therefore, the process
of introgression - from wild emmer wheat to domesti-
cated emmer wheat or bread wheat - has become an
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important mechanism in increasing genetic diversity
during the evolution of common wheat (Zhou et al.,
2020). In this regard, a wide variety of common wheat
biotypes has been created since the domestication of
wheat by unconscious selection based on adaptive char-
acteristics, and over time - by empirical selection, which
is characterised by a unique biopotential both in terms
of grain yield and quality, and tolerance to adverse biotic
and abiotic environmental stresses (He et al., 2019).

However, the biological potential of common wheat
varieties is not fully used in breeding, in particular, dur-
ing the period of global climate change. For example,
in Ukraine’s grain sector, common winter wheat is sown
on an area of 6-8 million hectares, summer wheat -
160-400 thousand hectares, represented by a number
of varieties (in particular, as of 2023, more than 721
varieties of common wheat are registered in the State
register of plant varieties (State register of plant varie-
ties, 2023), of which only awned (erythrospermum) and
awnless (lutescens) varieties dominate. It remains rele-
vant to introduce new genes into modern wheat vari-
eties to reduce the negative impact of pathogens, and
according to Singh et al. (2022), among 200 of which,
50 cause significant economic damage (about 20% of
wheat crops are lost annually).

The purpose of the study was to develop new geno-
types of common winter wheat, combining high adapt-
ability, productivity, and grain quality for further breed-
ing in the context of food security.

MATERIALS AND METHODS

The study was conducted during 2016-2021 at the Nos-
ivka Breeding and Research Station of the V.M. Remeslo
Myronivka Institute of Wheat the National Academy of
Agrarian Sciences of Ukraine (NAAS of Ukraine) (south-
ern part of Polissia of Ukraine) and the Institute of Horti-
culture of the NAAS of Ukraine (Northern Forest-Steppe

of Ukraine). Based on the designed model of the vari-
ety, a programme was developed in which the ways
of breeding new raw material of common wheat were
consistently substantiated. In 2016-2017, breeding
work began with a nursery of source material, which
consisted of a collection nursery represented by vari-
eties from different countries of the world, which are
sources and donors of economically valuable traits and
biological properties. The total set of source materials
was formed at the expense of the author’s own line da-
tabase and samples provided by the National Centre
for Plant Genetic Resources of Ukraine of the V.Y. Yuriev
Institute of Plant Production of NAAS of Ukraine. Ag-
ricultural techniques for growing winter wheat are
generally accepted for the Polissia and Forest-Steppe
zones of Ukraine. Seeds intended for sowing in nurs-
eries of the source material were placed in parchment
bags, on which the plot number, the number or mass
of grains, and the name of the nursery were indicated.
Sowing of the source material (collections, hybrids
of different generations) was carried out manually.
During 2018-2022, the hybrid nursery included first-
to fourth-generation (F, ). Hybrid seeds were sown
separately, one ear - on one or two rows, the number
of which depended on the number of selected ears
from each combination, the number of parent forms
and standard plots. The collection of common winter
wheat source material was evaluated for productivity,
lodging resistance, and disease resistance for further
creation of new forms with a complex of valuable
economic characteristics according to the methods of
plant variety expertise (Tkachyk et al., 2016).

The best varieties (lines) of common winter wheat
for crossing were sown manually in autumn with an
area of 2 m? each, with a row spacing of up to 20 cm.
Selection of parent pairs for paired (simple) crosses and
hybridisation was carried out in 2018 (Table 1, Fig. 1).

Table 1. Parent forms of common winter wheat of species erythrospermum (Erithrospermum Kaérn.) and lutescens
(Lutescens Al) used in crossing with common wheat varieties barbarossa (Barbarossa Al.) and ferrugineum

(Ferrugineum Al.)
No. Name of parent forms Origin
1. PKB Rodika Romania
2. L59-95 (UA0108016)* Donska n/k = [(Maris Madler x Pony) x Donska n/k]
3. Kyivopolka (UA0123746) (Chisinau intensive x (Polisska 87 x Kiyanka)
4. Svyatdonivka (UA0123749) 00239 x Donska n/k

Note:* — number in the national catalogue assigned by the National Centre for Plant Genetic Resources of Ukraine

Source: developed by the authors
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Figure 1. Parent components (varieties, lines) involved in hybridisation: 1. Triticum aestivum L. var. ferrugineum
(Ferrugineum 1239); 2. Triticum aestivum L. var. barbarossa; 3. Kyivopolka™; 4. PKB Rodika**; 5. L 59-95;
6. Svyatdonivka*; 7. Priaspa™; 8. KS 14™

Note:* species erithrospermum; ** species lutescens
Source: photographed by the authors

The main method that was used to increase hered-
itary variability in populations is hybridisation. Crossing
was carried out according to the scheme: simple paired.
Crossing was carried out by pollination of neutered
TVEL spikelets by the Norman Borlaug Global Rust In-
itiative (2020). Phenological observations were carried
out mainly for the following phases of plant develop-
ment: germination, tillering, earing, maturation (waxy,
full ripeness). Field germination and plant survival
were determined. Resistance to lodging was evaluated
on a 5-point scale according to the method of examina-
tion of plant varieties (Tkachuk et al., 2016).

The mass of seeds for sowing was considered in the
section of plots and repetitions. Hybrid populations F,
(grain F,), which received a positive rating in F,, were
sown in two ecological points (southern part of Polissia
and the Northern Forest-Steppe) to make better use of
the spectrum of genetic variation for the selection of elite
plants of the corresponding agroecotypes. Generation F -
F, sown in a hybrid nursery, and next to F,-F,, parental
forms were sown manually along the edges - after 20-
30 numbers. Working with split generations consisted of
selecting biotypes that correspond to the purpose of the
work. The protein and gluten content were determined
by infrared spectrometry (Chen et al., 2017). Harvesting
was carried out manually during the full ripeness phase.

The degree of dominance was calculated by the
equation:

F1-M
hp = iy
where: hp - degree of dominance; F1 - indicator of the
trait of a particular hybrid; Mp - average value of par-
ent forms; Pmax - maximum value of one of the parent
components.

The data was grouped according to classifica-
tion by G.M. Beil, R.E. Atkins (according to Zymogliad
et al, 2021): partial negative dominance -1<hp<-0.5,
partial positive dominance +0.5<hp <+1, positive
over-dominance hp>+1, intermediate inheritance

-0.5<hp<0.5, negative over-dominance (depression)
hp<-1.The reliability of the difference between the aver-
age values of indicators in parent forms and hybrids of the
first generation was determined using variance analysis.
The degree of excess of the trait level in first-generation
hybrids over their parents was determined by true het-
erosis H bt, which allows identifying the highest level of
manifestation of the trait of first-generation hybrids in
comparison with the best parent form and assessing the
breeding value and probability of forming transgressive
forms in a hybrid combination.

When determining the true heterosis, the equaiton
was used:
_'F1-BP

Hbt

where Hbt - true heterosis; F1 - value of the trait in
the first-generation hybrid; BP - value of the trait in the
best of the parent components.

Significant values were values that exceeded the
indicators of the best parent component by more than
5%. Trait inheritance Rate (N2) was determined by vari-
ations of parent components and hybrids:

. UZ
H?2 = a_,G%
where ¢Z - variation genetic; of - variations of parent
components.

Inheritance rate (h?) was determined using regres-
sion coefficients between the values of traits of parent
components and hybrid generations by the equaiton:

hz = bBF’

where h? - inheritance rate in a narrow sense; b, - re-
gression coefficient between the trait in parent compo-
nents and hybrids.

The dependence of indicators in hybrids on the av-
erage value of indicators of traits in parent components
was determined by the equaiton:
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y=f)+e

where y - amount of change in the indicator; f(x) - cur-
rent factor; € - random error describing the effect of
factors not considered in the experiment. The regres-
sion coefficient was considered the average inheritance
coefficient.

The reliability of the results was evaluated using
the MS Excel programme.

RESULTS

As noted by Moskalets et al. (2020; 2022) the breeding
process can be divided into three consecutive stages:
development of a model of the future variety and de-
termination of ways to implement it; selection of initial
forms and creation of synthetic material for selection;
development of the variety as a stable biological system.

In the process of crossing hexaploid wheat of the
common variety erythrospermum (Triticum aestivum
var. erythrospermum Kérn.) with common wheat vari-
eties barbarossa (Triticum aestivum L. var. barbarossa

(Alef) Mansf) and ferrugineum (Triticum aestivum L.
var. ferrugineum AL), which also belongs to the group
of hexaploid wheat (2n=42), fertile hybrids are formed.
Crossing increases the number of genetic recombina-
tions. For first-generation hybrids (F,) grain binding is
noted, that is, there is a normal course of chromosome
conjugation in meiosis, and viable gametes are formed,
the fusion of which gives a viable grain.

Hexaploid variety of common wheat Triticum
aestivum L. var. barbarossa (Alef) Mansf. is known as
a source of signs of grain quality. First generation hy-
brids (F,) Triticum aestivum var. erythrospermum Korn. x
Triticum aestivum L. var. barbarossa (Alef) Mansf. were
mostly low-growing - up to 105 cm tall, while they
were marked by a strong stem, a spinous red spike with
tomentous spikelet scales and an oval or egg-shaped
red powdery grain. In F,-F, for generations, plants that
were similar in phenotype were isolated with differ-
ent frequency Triticum aestivum var. erythrospermum
Korn., but combined the signs Triticum aestivum L. var.
barbarossa (Alef.) Mansf. (Fig. 2).

Figure 2. Main ear of the best breeding numbers F : 1.0135/18 (Kyivopolka x Triticum aestivum L. var. ferrugineum
(Alef.) Velican.; 2.0284/18 (analogue = Triticum aestivum L. var. ferrugineum (Alef.) Velican.; 3. 0133/18/3 (Kyivopolka x
Triticum aestivum L. var. barbarossa (Alef.) Mansf))

Source: photographed by the authors

First generation hybrids (F,) Triticum aestivum var.
erythrospermum Korn. x Triticum aestivum L. var. ferrug-
ineum Alef. were characterised as medium-sized - 105-
120 cm and prone to lodging, with long (>25 cm), nar-
row (<1 cm) green leaves, spinous and red-yellow with a
bronze sheen ear at full ripeness and red grain. Hybrids of
the first generation of combinations of both erythrosper-
mum x barbarossa and erythrospermum x ferrugineum
were characterised by a low grain weight from the ear
(<1.5 g) and a weight of 1,000 grains (<40 g), compared
with the parent forms of the erythrospermum variety,
which had indicators of more than 2 g and 50 g, respec-
tively. In the second and third generations, plants with
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a higher grain weight from the main ear were selected,
which exceeded the parent forms of barbarossa and fer-
rugineum, and amounted to more than 2 g. The minimum
value of the inheritance coefficient used for successful
selection in generations F2-3 was 0.50. For hybrids of
combinations of Kyivopolka x Triticum aestivum L. var.
barbarossa and Triticum aestivum L. var. barbarossa x PKB
Rodika, the ratio of length inheritance coefficients was
0.81/0.71 and 0.55/0.46, respectively, the difference be-
tween which is insignificant, this indicates that the gen-
otypic variability in these hybrids is due to additive ef-
fects of genes, and the selection by phenotype is close
to the selection of the corresponding forms (Table 2).
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Table 2. Morphological features and indicators of productivity elements of parent forms and hybrids (F.)

Presence Number  Weight  Weight
. . . Plant of awns/ Ear of grains  of grains of
Srifncggp Name of the péérr(;r;zi?rms involved in height, thlgue;?f tomentum length, fromthe fromthe 1,000
9 cm of spikelet cm main main ear, grains,
scales ear, pcs. pcs. g
342/16 Triticum aestivum L.var. ferrugineum 101.5 light brown  yes/no 8.7 38.2 1.85 40.4
368/16 Triticum aestivum L. var. barbarossa 98.7 brown yes/yes 9.5 41.5 192 453
- straw
103/18 L59-95 85.8 vellow yes/no 8.3 45.6 211 50.5
166/17 PKB Rodika* 92.5 white no/no 10.5 49.5 2.20 48.6
159/16 Kyivopolka™® 87.5 white yes/no 10.7 52 1.95 51.3
158/16 Svyatdonivka™ 79.5 white yes/no 9.5 59 2.72 52.5
e straw
101/16 Analog 88.3 yellow yes/no 9.1 48.7 2.03 46.7
0208/18/2 Triticum aestivum L. var. barbarossa 1215 brown no/yes 11.2 545 236 472
PKB Rodika : Y : : : :
0208/18/3 Triticum aestivum L. var. barbarossa x 96.5 white no/no 115 446 217 50.4
PKB Rodika ) ) ) ’ ’
Triticum aestivum L. var. barbarossa x .
0207/18/1 Svyatdonivka 98.3 white yes/yes 11.0 57 2.63 48.5
0209/18/1 Triticum aestivum L. var. barbarossa x 755 brown yes/yes 85 48 242 48.4
Triticum aestivum L. var. ferrugineum ’ ’ ’ '
Triticum aestivum L.var. barbarossa x
0209/18/3 Triticum aestivum L. var. ferrugineum 103.6 brown yes/yes 9.9 59 2.81 49.2
Triticum aestivum L. var.
0212/18/1 barbarossa = Triticum aestivum L. var. 914 brown yes/yes 8.9 40 1.98 49
ferrugineum
0212/18/2 Triticum aestivum L. var. barbarossa x 1105 brown yes/no 10.2 53 268 512
Triticum aestivum L. var. ferrugineum ’ ’ ’ '
L 59-95 x Triticum aestivum L. var.
0137/18/1 barbarossa 83.5 red-brown yes/no 10.7 81 4.14 51.6
Kyivopolka x Triticum aestivum L. var. brown-
0133/18/1 barbarossa 107.5 yellow yes/no 113 56 2.7 50.2
Kyivopolka x Triticum aestivum L. var. .
0133/18/3 barbarossa 934  light brown  yes/no 10.1 74 3.82 53.2
Kyivopolka x Triticum aetsivum L. var. .
0135/18 ferrugineum 87.8  light brown  yes/no 11.2 44 2.24 52.8
0284/18/1 ~ Analog™ x Triticum aestivum L.var. - gq5 by yes/no 97 65 3. 52.2

ferrugineum

Note: *species lutescens; **species erythrospermum
Source: compiled by the authors

When analysing the yield structure of hybrids in
the first generation, the number and weight of grains
in the main ear exceeded the parent components in
most of the combinations under study. In combination
L 59-95 x Triticum aestivum L. var. barbarossa, it was
noted that the degree of phenotypic dominance (hp)
in the inheritance of the trait the number of grains
in the ear in the hybrid material was 16.0%, and the
trait - the mass of grains from the ear - 21.3, which
indicates a positive over-dominance. This fact is ev-
idenced by indicators of the degree of phenotypic

dominance and other combinations of Kievopolka x
Triticum aestivum L. var. barbarossa - 4.4 and 94.5%,
Analog x Triticum aestivum L. var. ferrugineum - 4.4
and 14.0%, respectively. According to the economi-
cally valuable trait, the weight of 1,000 seeds of the
above-mentioned hybrids of the first generation sig-
nificantly exceeded the parent components.

As a result of hybridological analysis of hybrids of
the first generation when crossing samples Triticum
aestivum L. var. barbarossa with semi-dwarf lines and
varieties of common wheat of the erythrospermum
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variety, inheritance of traits of the number and weight
of grain from the ear, the weight of 1,000 grains, and
the length of the ear according to the type of positive
super-dominance was noted. The inheritance of the
number of grains in the main spikelet trait by the type
of positive super-dominance was observed in many

hybrids of the studied combinations. It was found that
almost all samples overwintered well during 2018-
2022 and were assigned to the first group, in which
the condition of the ground part was only up to 20-
25% damaged, and the winter hardiness score was not
lower than 8 (Table 3).

Table 3. Ripeness group and indicators of resistance to adverse environmental factors of hybrids (F)
compared to parent forms

Winter Drought Resistance to Resistance
Selection Name of the parent forms involved  Ripeness hardiness resistance shedding to lodging
number in crossing group
score
342/16 Triticum aestivum L. var. ferrugineum mr* 9.0 9.0 8.7 7.0
368/16 Triticum aestivum L. var. barbarossa mr 7.2 9.0 8.0 8.0
103/18 L59-95 me 8.5 8.5 9.0 8.7
166/17 PKB Rodika mr 8.0 7.0 8.5 8.0
159/16 Kyivopolka me 8.6 8.5 8.3 9.0
158/16 Svyatdonivka mr 9.0 9.0 8.5 8.0
101/16 Analog er 8.6 8.2 8.2 8.7
Triticum aestivum L. var. barbarossa x
0208/18/2 PKB Rodika mr 8.2 8.0 8.5 8.5
0208/18/3 Triticum aestivum L. var. barbarossa x mr 75 70 90 87
PKB Rodika ’ ’ ) )
0207/18/1 Triticum aestivum L. var. barbarossa x mr 8.7 85 8.5 8.0
Svyatdonovka
Triticum aestivum L. var. barbarossa x
0209/18/1 Triticum aestivum L. var. ferrugineum mr 2.0 2.0 8.5 80
0209/18/3 Tripigum aestiyurn L.var. barbargssa x ml 90 90 8.5 72
Triticum aestivum L. var. ferrugineum
Triticum aestivum L. var. barbarossa x
0212/18/1 Triticum aestivum L. var. ferrugineum mr 8.5 8.7 8.2 8.5
Triticum aestivum L. var. barbarossa x
0212/18/2 Triticum aestivum L. var. ferrugineum mr 80 85 8.8 77
0137/18/1 L 59-95 x Triticum aestivum L.var. me 85 90 8.5 75
barbarossa
Kyivopolka x Triticum aestivum L. var.
0133/18/1 barbarossa mr 8.5 9.0 8.0 7.5
0133/18/3 Kyivopolka x Triticum aestivum L. var. mr 85 85 83 8.0
barbarossa
0135/18 Kyivopolka x Trmcqm aestivum L. var. mr 90 90 8.0 85
ferrugineum
0284/18/1 Analog™ x Triticum aestivum L. var. er 90 90 8.5 8.5

ferrugineum

Note: ml - middle-late; mr — middle-ripened; me - middle-early; er - early-ripened

Source: compiled by the authors

Breeding numbers 368/16 and 0208/18/3 were
assigned to the second wintering group, as their leaf
surface was damaged by more than 25%. But it is worth
noting that sample 368/16 or Triticum aestivum L. var.
barbarossa during April-June, was characterised as
highly drought-resistant (9 points), which was also
noted in hybrid plants of breeding numbers 0209/18/1,
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0209/18/3,0133/18/1 and 0137/18/1, which were cre-
ated using the above number.

The Ferrugineum 1239 sample was characterised
by high winter and drought resistance (9 points). The
involvement of this sample in crossing significantly re-
sulted in an increase in resistance against adverse abi-
otic environmental factors, which was observed on crops




of breeding numbers 0284/18/1, 0135/18, 0209/18/1,
etc. However, the Ferrugineum 1239 sample of common
wheat of the ferruginem species showed an increased
tendency to lodging. During 2018-2022, the average
score of the sample’s resistance to lodging was 7.0 points,
which is lower compared to Triticum aestivum L. var.
barbarossa and hybrids that are being created Triticum
aestivum L. var. ferrugineum (Ferrugineum 1239) used.
The use in hybridisation of early-maturing com-
mon wheat varieties erythrospermum Analog and
medium-early line L 59-95 with wheat varieties bar-
barossa and ferrugineum allowed obtaining, in compar-
ison with the latter, earlier-maturing biotypes with high
resistance to adverse abiotic environmental factors.
These are the selection numbers 0284/18/1 (Analog x

Moskalets et al.

Triticum aestivum L. var. ferrugineum), 0137/18/1 (L 59-
95 x Triticum aestivum L.var. barbarossa). In general, it is
worth noting that the breeding numbers of new hybrids
were characterised as resistant to shedding.

According to the State Standard of Ukraine DSTU
3768:2010 (2010), common wheat is classified into 4
classes, which are regulated by quality indicators, in
particular, wheat of Class 1-3 is used in the domestic
market for food needs (bakery and flour industry) and
exports, and wheat of Class 4 - for food and non-food
needs. According to Table 4, it can be seen that almost
all samples - both source material and hybrids - be-
long to Class 1 of wheat quality in terms of the mass
fraction of protein, in terms of dry matter, and the mass
fraction of raw gluten.

Table 4. Grain quality indicators of hybrids (F,) compared to parent forms

Mass fraction of

S::&:.’S::‘ Name of the parent forms involved in crossing pro;(:;nr;‘?t::rr’r;: of NII_:‘S: gf'ila;:i:,n %(’)f
342/16 Triticum aestivum L. var. ferrugineum 14.7 29.5
368/16 Triticum aestivum L.var. barbarossa 16.5 31.3
103/18 L59-95 14.5 28.5
166/17 PKB Rodika 14.0 29.5
159/16 Kyivopolka 13.6 29.0
158/16 Svyatdonivka 13.5 28.2
101/16 Analog 14.8 30.5

0208/18/2 Triticum aestivum L. var. barbarossa x PKB Rodika 14.2 29.7

0208/18/3 Triticum aestivum L.var. barbarossa x PKB Rodika 16.4 31.8

0207/18/1 Triticum aestivum L. var. barbarossa x Svyatdonivka 14.7 30.7

0209/18/1 Triticum aestivum L.var. barbarossa xTriticum aestivum L. var. ferrugineum 15.0 32.5

0209/18/3 Triticum aestivum L. var. barbarossa x Triticum aestivum L. var. ferrugineum 135 284

0212/18/1  Triticum aestivum L.var. barbarossa x Triticum aestivum L. var. ferrugineum 14.2 28.8

0212/18/2  Triticum aestivum L.var. barbarossa x Triticum aestivum L. var. ferrugineum 16.0 31.7

0137/18/1 L 59-95 x Triticum aestivum L.var. barbarossa 16.1 32.5

0133/18/1 Kyivopolka x Triticum aestivum L. var. barbarossa 14.6 29.5

0133/18/3 Kyivopolka x Triticum aestivum L. var. barbarossa 16.8 32.5
0135/18 Kyivopolka x Triticum aestivum L. var. ferrugineum 14.0 27.5

0284/18/1 Analog™ x Triticum aestivum L. var. ferrugineum 14.0 28.5

Source: compiled by the authors

It was found that the grain of common wheat of the
barbarossa variety is characterised by a high content of
protein and gluten. The involvement of the above-men-
tioned wheat in hybridisation improved the grain qual-
ity of the hybrid material, in particular, samples with a
protein content of at least 16% and raw gluten content
of at least 30% were selected based on the selection re-
sults. These include the selection numbers 0208/18/3,
0212/18/20133/18/3,and 0137/18/1.

Based on the above results, there are objective pos-
sibilities when crossing different varieties of common
wheat to create new forms with an increased poten-
tial for productivity and resistance to adverse environ-
mental factors, since these properties are controlled by
different genetic systems. The selected hybrids, which
differ in the nature of the manifestation of traits and
are characterised by a satisfactory combination of them
with productivity, can be an excellent starting material
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for further breeding of common wheat for adaptability
and productivity.

DISCUSSION

The use of the lutescens varieties in breeding combina-
tion with others, in particular erythrospermum, allows
forming avaluable source materialin terms of adaptabil-
ity and quality. In particular, researchers at the V.. Yuriev
Institute of Plant Industry of NAAS of Ukraine (Leonov
et al.,2020) determined that the lutescens wheat species
are carriers of Vrn genes, in particular, the lutescens 540
variety with one dominant Vrn-Al gene, the lutescens
516 variety with the dominant Vrn-Al allele and is pol-
ymorphic to the VrnB1 gene, and the above-mentioned
varieties are characterised by an increased content of
carotenoids in flour, which is important in breeding for
quality. Moreover, considerable attention in breeding is
attracted by wheat of the albidum species, since along
with lutescens, it serves as a donor of awnless trait, and
was also characterised by high grain quality. As a result
of its use in hybridisation, early-maturing awned and
awnless varieties were created with high grain qual-
ity and average indicators of dough and bread. Also of
great importance in the selection of common wheat are
the species gostianum and velutinum, based on which
the varieties Koral Odeskii and Ulyanivka, respectively,
are created. The varieties milturum and caesium are the
most common among the varieties of spring develop-
ment type. In particular, the latter variety is common
in the countries of Transcaucasia. Varieties of nigriar-
istatum, erythroleucone, alborubrum, and grekum are
not very common. However, the Azerbaijan Research In-
stitute conducts serious breeding studies with the lat-
ter variety, in particular, the early-maturing white-grain
variety Gobustan has been created, which is character-
ised by high drought resistance, yield, and grain quality
(Hasanova et al., 2019). Also in Azerbaijan, work is car-
ried out with a ferrugineum variety. In particular, in the
conditions of the unsecured boghara of Nagorny Shirvan
(780-810 m above sea level, Kobustan Zonal Experimen-
tal Station, the above-mentioned research institute), not
only lutescens, erythrosperm common wheat (Triticum
aestivum L.) varieties are studied, but also biotypes of
the variety ferrugineum in which, according to the results
of research, winter and frost resistance is high - at the
level of 8-9 points and, accordingly, high resistance to
fungal diseases, including yellow rust is high in epiphytic
years — about 68%.

Local samples of Triticum aestivum L. ps. barbarossa:
Azgr-9558, Azgr-9556, Azgr-9555, etc., and Triticum
aestivum L. var. ferrugineum (Alef.) Mansf.: Azgr-9539,
Azgr-9538, etc., are registered at the Institute of Ge-
netic Resources of the National Academy of Sciences of
Azerbaijan, which are widely used in drought tolerance
breeding (2020).

The Scientific Centre for Agrobiotechnology of
Armenia preserves a number of samples of common
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wheat, which are represented by varieties Triticum
aestivum L. var. Ferrugineum Alef. collected in the Syunik
region and Triticum aestivum L. var. lutescenc Alef. se-
lected in the Kotayk region of the above-mentioned
country and is a valuable source material for breeding
for adaptability to adverse abiotic environmental fac-
tors (Agrobiotechnology Scientific Center Branch, 2020).

The European search catalogue of plant genetic
resources also reports that the Georgia Bank of Plant
Genetic Resources has a sample of Triticum aestivum L.
var. ferrugineum Alef., collected at an altitude of 552 m,
which is stored at the I. Lomuri Institute of Agriculture
and is in demand among geneticists and breeders (EU-
RISCO, 2023). Also in the above-mentioned country, as
one of the Centres of wheat origin and the birthplace of
numerous wheat varieties, many of which are endemic,
the winter wheat variety Tsiteli doli (Triticum aestivum
var. ferrugineum) was created, which is adapted to the
conditions of heavy poor soils, drought and frost-re-
sistant, and highly resistant to diseases. Breeders take
this variety as a standard for grain yield and quality. Al-
though when it is grown on non-irrigated land (which is
the norm), the yield is somewhat reduced and there is a
tendency to lodging, but the taste and baking qualities
are better than when grown in irrigated fields. Bread
baked from this flour has a characteristic taste, bluish
colour, and retains its freshness for up to a week. To-
day, Akhaltsihis Tsiteli doli is grown only in 25-30 farms
in Georgia, which grow it for their own needs and for
bakeries (Slow Food Foundation for Biodiversity, 2023).
Another variety is Vardzia, which belongs to the spe-
cies Triticum aestivum var. ferrugineum (Alef) Velican,
created by the Institute of Agriculture of Georgia, by
the method of induced mutagenesis from the popula-
tion variety Hulugo, by the effect of a 0.01% solution
of the chemical mutagen NMM (nitrosomethylurea) on
seeds. The above-mentioned variety is characterised by
high drought resistance and resistance to fungal dis-
eases and has been allowed to spread in all regions of
Georgia with common wheat breeding and crop pro-
duction (Natsarishvili et al., 2016).

It is worth noting that the search for genetic di-
versity of ancient wheat varieties for breeding is also
carried out in other countries, in particular in Turkey
(regions of Central and Central-Eastern Anatolia and
Cappadocia), the dominant local species of common
wheat (87.5%) with a wide variety of morphotypes have
been identified: albirubrum, albidum, erythroleucum,
delfium, ferrugineum, and erythrospermum. Biotypes of
the above-mentioned species are carefully preserved in
farm fields in Turkey, Afghanistan, Iran, etc., as part of
the CIMMYT project to preserve ancient wheat species,
multilocal testing them, as valuable genetic resources
for solving breeding and crop production problems
(Morgounov et al., 2016).

In 2010-2013, an inventory of ancient wheat va-
rieties that are still grown by ancient farmers was




conducted on the territory of Uzbekistan, as a result of
which it was found out that most of them belong to
the species ferrugineum, erythrospermum, and greacum, it
is important for the development of these varieties of
source material to create varieties adapted to the con-
ditions of the above-mentioned country (Baboev et al.,
2021). Similar studies were conducted by other re-
searchers (Morgounov et al., 2021) in many regions of
Afghanistan, where the majority of local common wheat
varieties were attributed to the species erythrospermum
and greacum, accounting for more than 80%. And the
territory of Kazakhstan, which is characterised by a vari-
ety of natural and climatic zones and extreme instability
of meteorological conditions for years and seasons of
the year, which requires the breeder to create geneti-
cally diverse varieties of winter wheat of the southern
non-irrigated mountain agroecotype, represented by the
following species: barbarossa, pyrotrix, lutescens, fer-
rugineum, erythrospermum, etc. It is worth noting that
the involvement of biotypes of the barbarossa species in
breeding allows obtaining varieties characterised by an
average grain yield and winter hardiness, a high content
of gluten (36.4 and 37.3%) and protein (15.8 and 18.2%),
in particular, these are the well-known varieties Alatai
and Karasai (Wheat of Kazakhstan, 2020).

In Ukraine, less attention is paid to the study of bi-
otypes of the barbarossa and ferrugineum, in particular
when using induced mutagenesis. In particular, at the
Genetics, breeding and seed production of Bila Tserkva
National Agrarian University from the seeds of mutant 42
(which was obtained by the action of DMS 0.025% con-
centration on seeds of the Ilyichivka variety) re-treated
with ethylenimine 0.125% concentration, forms of dwarf
(<65 cm) and semi-dwarf (>65-80 cm) types of develop-
ment and varieties erythrospermum, suberitrospermum,
and barbarossa were obtained, the latter biotypes were
characterised by average productivity, inferior to the pre-
vious two (Khomenko & Fedorenko, 2011).

It is worth noting that the samples of ferrugineum
are a standard of winter hardiness, such as the sam-
ple Ferrugineum 1239 (9 points) and resistance to the
expression of hybrid necrosis and dwarfism and white-
cap chlorosis genes in common varieties in Armenia
(Alti-agach, Akhtamar, Armyanka, Karmir slfaat, Lenina-
kan 3, Leninakan 216, etc.) (Sadoyan, 2017).

As noted by Yu. Kolupaev et al. (2023), over the past
decades, Ukraine has experienced abnormally high air
temperatures and droughts at different times of the
year, including the autumn period, which leads to the
establishment of stressful conditions for winter cereals,
especially common wheat at the very beginning of on-
togenesis. Therefore, selection to create sources and
donors of valuable traits, including those that will de-
termine the adaptability and quality of the new gene
pool, will not lose its relevance.

Summarising the above, it can be stated that sci-
entists are concerned about the impoverishment of
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the diversity of common wheat, so in many countries
measures are being taken to create genetic banks to
preserve biotypes belonging to varieties with valuable
economic characteristics, in particular erythrospermum,
lutescens, ferrugineum, barbarossa, etc., well-adapted to
local conditions in order to attract them to the breeding
process and obtain forms that are resistant to adverse
environmental factors with high grain yield and quality.

CONCLUSIONS

A low level of variability in the main characteristics of
productivity of the main ear (the length of the ear, the
number of spikelets in the ear,the number of grains and
the weight of grains from the ear) was established for
crossing common wheat varieties erythrospermum with
varieties barbarossa and ferrugineum, which indicates a
high efficiency of selection for these characteristics.

It was found that when crossing common wheat
varieties erythrospermum with common wheat va-
rieties barbarossa and ferrugineum, the number of
genetic recombinations increases, which, in turn, af-
fects a significant number of forms with a complex of
economically valuable traits. Hybrids of erythrosper-
mum x barbarossa were characterised by the number
of plants with a thickened stem, white and tomentous
ear,red and not always naturist grain, medium ripeness,
increased heat resistance, and hybrids of barbarossa x
erythrospermum - vrown, mostly not tomentous ear,
red and naturist grain, increased winter hardiness.

It was determined that hybrids of the ferrugineum x
erythrospermum combinations were characterised by a
tendency to lodging. In F,, forms with a consistently high
level of grain weight from the main ear and a weight of
1,000 grains are identified, compared to the mother form,
which was common wheat of the variety erythrospermum.
It is shown that the highest weight of 1,000 grains had
hybrids selected from the population from crossing the
variety erythrospermum (Kyivopolka, Analog) and fer-
rugineum, which was more than 50, with fluctuations in
variability of about 4 g. This trend was also noted in hy-
brids of the combination of crossing another line of the
erythrospermum variety with the line of the barbarosa
variety, where the weight of 1,000 grains was also high
and ranged from 48.6 to 49.5 g.

It was found that by the weight of grains from the
main ear, the highest degree of heterosis (3.9-7.4%)
was observed in combinations of L 59-95 x Triticum
aestivum L. var. barbarossa, Kyivopolka x Triticum
aestivum L.var. barbarossa, Analog x Triticum aestivum L.
var. ferrugineum, Triticum aestivum L. var. barbarossa x
Triticum aestivum L. var. ferrugineum. Studies of selected
hybrids have shown that the weight of 1,000 grains for
hybrids of erythrospermum x Barbarosa and erythros-
permum x ferrugineum is the most stable feature, in
contrast to the characteristics of the mass of grains and
the number of grains from the main and side ears, the
indicators of which vary to a much greater extent. It
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was found that a number of breeding numbers of com-
binations of common wheat varieties erythrospermum
with barbarossa determined high genotypic effects and
stability of their manifestation in terms of grain quality
indicators (protein content, gluten).

For further breeding to create new varieties, a hy-
brid material of common winter wheat of the erythros-
permum variety was prepared with the participation
of related varieties of winter wheat barbarossa and
ferrugineum with red and amber grain in combination
with high grain quality (protein and gluten content), re-
sistance to lodging and fungal pathogens, and produc-
tivity of the main ear.

Genetic Resources of Ukraine of the V.Y. Yuriev Insti-
tute of Plant Production of NAAS of Ukraine (Kharkiv),
in particular, to Candidates of Biological Sciences
Viktor Kuzmovych Ryabchun and Roman Lvovych
Bohuslavskyi for providing wheat samples and a re-
searcher at the Nosivka Breeding and Research Sta-
tion of the V.M. Remeslo Myronivskyi Wheat Institute of
NAAS of Ukraine (Doslidne, Chernihiv Oblast) Vitalii Iva-
novych Moskalets and Chief Researcher of the Institute
of Horticulture of NAAS of Ukraine, Doctor of Biological
Sciences, Professor Tetiana Zakharivna Moskalets for
close scientific cooperation in the field of wheat breed-
ing and assistance in providing professional advice on
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AHoTauifi. AKTyanbHiCTb AaHOI TEMM NOAAra€ Yy MNOCTIMHOMY MparHeHHi A0 BAOCKOHANEHHS i NOKPALLEHHS COpTiB
NWeHUL MIKOT 03UMOT LLINSIXOM BUKOPUCTAHHS Pi3HUX FEHETUYHUX PeCypCiB i cenekuinHMx MeToaiB AN LOCATHEHHS
Kpaloi afanTMBHOCTI, BULLOI NPOAYKTUBHOCTI i BMLUYKAHOI SKOCTi 3epHa. MeTa poboTu nongrana B po3WMpPEHHI
reHeTMYHOro Pi3HOMAHITTS NLWeHML MIKOT 031MOI, L0 NOEAHYE B COBI BUCOKY NPOAYKTUBHICTb i KiCTb aAaNTUBHICTb
LN Nojanbluoi cenekuii y KOHTEKCTi NpoaoBonbyoi 6e3nekn. Y LOCNIIKEHHAX BMKOPWUCTAHI 3arafbHOMPUMHATI
MeToaMKM Ta X Mopaudikauii, Wwo 3abe3neunnn BUCOKY OBEKTUBHICTb OAEpXaHUX pesynstatie. MeHonorito,
MOPGONOrivHi AOCAIAXKEHHS, OLiHKY CenekuiMHOro maTtepiany 3a rocnofapCbKo-LiHHMMKW O3HAaKaMu MpPOBOAMAM
3rigHO MEeToAMKM NPOBEAEHHS eKCMepTM3u COPTIB POCAMH. 3'9COBAHO, WO 3anyvyeHHs 3paska Ferrugineum 1239
[0 CXpellyBaHHS [03BoNsSE cOpMyBaTHU TibpUAHMIA MaTepian 3 MiABMULLEHOK CTIMKICTIO MPOTU HECTIPUATAUBUX
aBGiOTUUYHMX YMHHWMKIB JOBKINNG, WO BiAMiYEHO HA NociBax cenekuiHux Homepis 0284/18/1,0135/18,0209/18/1 Ta
iH.[loBeAeHo, L0 3 ypaxyBaHHSAM XapakTepy yCnaAKyBaHHS Ta 36epexXeHHs 03HaK efleMeHTIB NPoAYKTUBHOCTI Konoca
Ha PiBHI Kpawmx 6aTbKiBCbKMX KOMMOHEHTIB Yy KOMMNAEKCI 3 BUCOKMMM KiIbKICHUMM O3HAKaMM KiNbKOCTi 3epeH 3
rOfI0BHOIO KOI0Ca, Macu 3epeH 3 rooBHOro Konocy, Mack 1000 3epeH y ribpuaHnX Nonynsuii nepworo NoKoAiHHS
BMLLE3a3HavyeHi koMbBiHauii cxpelyBaHb Triticum aestivum var. erythrospermum 3 Triticum aestivum var. barbarossa,
Triticum aestivum var. erythrospermum 3 Triticum aestivum var. Ferrugineum MoXyTb 6yTV LIHHUMM B cenekLii nweHunLi
M'IKOi 03MMOI. [paKTUYHa LiHHICTb pOBOTH NONAraE B TOMY, LLLO pPe3y/bTaTi J0C/IAXKEHb PO3LUMPIOOTL BiAOMOCTI NPO
BMKOPUCTAHHS B Cenekuii Ha NPOAYKTUBHICTb i AKICTb MLWEeHMLi MAKOi 03MMOi Pi3HOBMAHOCTEN epiTpOCnepMyM i
NIOTECLLEHC iHLWMX Pi3HOBMAIB NWweHUuUb MaKoi: Triticum aestivum var. barbarossa i Triticum aestivumvar. ferrugineum.
B pesynbtati gocniaxkeHb kpawi 3pasku (F,) nepenaHi Ha HociBCbKy CenekuUiiHO-A0CTiAHY CTaHUit0 ANg NoAaNbWOi
cenekuiHoi poboTu

KniouoBi cnoBa: nweHuus Msaka 03uMa; pi3HOBUAHOCTI; erithrospermum Korn.; lutescens Alef.; ferrugineum Alef,;
barbarossa Alef.; cenekuis; HOBI ribpMAHI GOPMU; OLIHIOBAHHS
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adaptive variability. The study of phenological changes showed that, depending on the variety, it takes from 54 to 67
days before the onset of technical ripeness, and the variation of this trait is 8%. The shortest period before harvesting
green beans was characterised by the varieties Zorenka and Casablanca. The variation of the growing season before
the onset of biological ripeness was in the range of 90-108 days (CV=6%). According to the indicator of attachment
of the lower bean, suitable varieties for mechanised harvesting were identified - Zorenka and Casablanca. Analysing
the parameters of adaptability of the “bean weight” and “yield” indicators, a stable variety was found - Fruidor and
highly productive varieties of intensive type Paloma, Laura, Zorenka, and Casablanca. The most productive variety
was Zorenkya - 12.7 t/ha, and the least productive - Fruidor — 1.9 t/ha. In terms of seed yield, the varieties Purpurova
Koroleva, Zorenka, and Casablanca stood out, the yield of which was at the level of 2.22-2.89 t/ha, which is 30.8-
70.6% more than the standard. Analysing the dependence of the growth and development parameters of green bean
plants, it can be seen that these traits depend more on the conditions (CVA, %) in which they were formed than on the
genotypic component (CVG, %). The results obtained provide useful information on commercial and seed production,
productivity and the nitrogen-fixing ability for introduction into industrial production or further breeding practice
and prove that green bean varieties are suitable for both vegetable production and high-quality seeds, as well as for

biologisation of production through the use of biologically fixed nitrogen

Keywords: Phaseolus vulgaris; nitrogen fixation; nutritional value; performance; protein; soluble sugars

INTRODUCTION

A promising task of growing green bean pods in un-
stable conditions of moistening of the Ukrainian For-
est-Steppe is the introduction of elements of adaptive
varietal technology for growing crops, since varieties as
a dynamic biological system belong to one of the main
places in solving the problem of yield growth. Accord-
ing to the FAO (State register...,2023) legumes in world
agriculture occupy about 15% of the acreage. The lead-
ing position is occupied by green bean pods (sugar or
vegetable). The acreage of crops in the world over the
past 10 years has grown by 200 thousand hectares and
amounts to almost 30 million hectares.

Research conducted by Baruah et al. (2022), to as-
sess the productivity of green beans in five different
agroclimatic zones of India, aimed to assess the signs
of growth, yield, and consumer preferences for organo-
leptic indicators and cost-effectiveness of cultivation.
Among the three varieties, it was found that Arka Su-
komal significantly exceeds most of the studied char-
acteristics, such as the longest duration of the growing
season (98 days), the maximum number of beans per
plant (62.86) and the largest bean weight (13.18 g) and
the highest yield (20.75 t/ha).

Thapa et al. (2022) note that when studying green
bean varieties, the plant height was highest in Semi
long ligh (332 cm) and lowest in Trishuli (294.48 cm).
The total number of seeds was highest in Semi Long
Green - 8.6 and lowest in Trishuli - 7. The highest yield
was found in Trishuli - 2.69 t/ha, then Chaumase -
2.56 t/ha, Semi long green - 2.33 t/ha, and the low-
est was in Semi Long Light - 1.51 t/ha. Analysing the
results of the above-mentioned researchers, it can be
seen that the research focused on tall (climbing) va-
rieties of green beans, where an inverse relationship
between plant height and yield can be traced, which
is consistent with the results of Rinku & Sibani (2014)
studies conducted with bush forms of green beans.
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Mazur et al. (2017) and Mazur et al. (2020) studied
the parameters of adaptive ability in the conditions of
the Forest-Steppe of Ukraine and noted that the variety
is the basis of cultivation technology, it is very difficult
to combine the high weight of 1,000 grains with the
stability of this indicator. Seed yield and the constit-
uent structure of the crop are quantitatively inherited
and highly dependent on the environment (Olifirovich
& Olifirovich, 2020), so understanding the relationship
between the crop and its components is important for
establishing effective criteria for selection and seed
production. Several studies of beans have found high
correlations between yield and weight of 100 seeds,
yield and number of beans and seeds per plant (Beebe
et al., 2013; Assefa et al,, 2015; Rao et al., 2017). Thus,
the components of the crop structure were used as se-
lection criteria to improve grain yield.

The potential of green beans as a fresh vegeta-
ble is not fully used and is not produced in sufficient
quantities to meet the needs of the population. A high
yield can be achieved by selecting varieties that have
high adaptability. The selection of this feature invaria-
bly affects a number of related features, which makes it
necessary to determine the relationships between var-
ious performance components (Alice et al., 2018, Reddy
etal, 2021, Bala et al,, 2022).

The purpose of this study was to identify varietal
features of the development of parameters of adaptive
capacity of green beans by indicators of the weight of
pods, g/plant; yield of pods and seeds, t/ha; parameters
of the nutritional value of the pods; development and
functioning of the nodulation apparatus.

MATERIALS AND METHODS

The research was conducted at the experimental sites
of the Department of vegetable growing, in the train-
ing and production department of the Uman National




University of Horticulture in 2020-2022, with geograph-
ical coordinates in Greenwich Mean Time 48°46" N,
30°14’E and an altitude of 245 m above mean sea level.

The soil of the experimental site is podzolic heavy
loamy chernozem (World reference base for soil re-
sources, 2014). The Uman weather station served as
the database of meteorological data. The analysis of
the presented data on air temperature and precipita-
tion during the research period was generally charac-
terised as favourable for the growth and development
of soybeans. The weather conditions of the 2021-2022
agricultural year were characterised by a significantly
lower level of precipitation compared to previous years
and the average annual data, and the temperature re-
gime was close to the average annual data. In general,
weather conditions significantly affected the formation
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Biometric measurements (number of shoots,
pcs./plant; number of beans per plant, and number of
seeds, pcs./pod) and indicators of individual productivity
(weight of beans, g/plant, seed weight, g/plant) were
performed on 100 typical plants. All measurements and
studies were carried out in the phase of technical ripe-
ness of beans (harvesting) - BBCH (Biologische Bun-
desanstalt, Bundessortenamt and CHemical industry),
seed yield was determined in the BBCH 99 phase.

Research on the adaptive and productive potential
of green bean varieties was carried out according to the
scheme, which included seven variants of green bean
varieties: Paloma, Fruidor, Purpurova Koroleva, Laura,
Zorenka, Casablanca, which were grown according to
generally accepted technology. The standard (st) is the
Laura variety because, at the time of research, it was the
most tested and was the longest in the State register
of plant varieties suitable for dissemination in Ukraine
(State register of plant varieties suitable for dissemina-
tion in Ukraine, 2023).

The experiments were set up systematically, with-
out repetition.The area of the experimental plot - 10 m2
Bean seeds were sown in the second ten days of April
according to the 45x10 cm scheme (222,000 pcs./ha).

Yatsenko et al.

of productivity of vegetable soybeans. The growing sea-
son of 2020 was quite favourable for the growth and
development of vegetable soybean plants, as it had a
sufficient amount of precipitation and, accordingly, a
sufficient amount of productive moisture reserves in
the soil, which created optimal conditions from seed
germination to the beginning of bean filling. Thus, the
growing season of plants for 2021 was characterised as
the most favourable due to a large amount of precipita-
tion, especially during the flowering-bean filling phase.
The growing season of 2022 was characterised as unfa-
vourable for the growth and development of vegetable
soybeans due to prolonged droughts and insufficient
precipitation during critical periods and the phase of
bean filling, respectively, the phenomenon of bean ab-
ortisation (Novak & Novak, 2021, 2022).

2021 w2022

w2020 Long term
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Figure 1. Climate map for the research period (2020-2022)

The predecessor of green beans in the experiment was
winter garlic.

The leaf area was determined by the “notching”
method using the equation:

K+Y
S= - * B, (1)
where: S - leaf surface area, cm?; K - number of
notches; Y - area of one notch, cm?; P - weight of
notches, g; B - weight of leaves, g.

Yield accounting was carried out in accordance
with DSTU OOFFV-06 (2007) - by the method of di-
viding weighing during the period of technical ripe-
ness with the division of products into standard and
non-standard

The average weight of beans and green bean fruits
was determined by the true weight method. Determi-
nation of the biochemical composition of green bean
pods was carried out in the laboratory of mass analysis
of the Uman National University of Horticulture.

Sugars were extracted from the ground (1 g) unripe
beans with water and analysed using high-performance
liquid chromatography (HPLC) using the HPLC Wa-
ters-2695 chromatrograph. Sugar content measurements

Scientific Horizons, 2023, Vol. 26, No. 7
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were determined using a waters 410 differential refrac-
tometer using the method by Johansen et al. (1996):

- dryresidue in beans - drying at 105°Cin the drying
cabinet SNOL58/350A according to DSTU 7804:2015
(2015);

- protein content - by the Kjeldahl method, in ac-
cordance with DSTU I1SO 5983-2003 (2003);

- content of nitrates and nitrites - by spectrometric
method according to DSTU ISO 6635: 2004 (2004);

- the number and weight of rhizobia on plant roots
and the content of legoglobin (leghemoglobin) were
determined according to G.S. Posypanov (1991), the
amount of fixed nitrogen - according to Unkovich et al.
(2008). To determine symbiotic productivity, the param-
eters of the total and active symbiotic potential (TSA)
were used, which was calculated by the equation:

TSA=M+M,T, 2)

where: T - period between two adjacent analysis dates,
days; M +M, - average weight of nodules with legoglo-
bin for the period T, kg/ha.

Genetic and statistical processing of results
To systematise the results, the authors used a rank clas-
sification of genotypes based on the ratio of plasticity
(bi) and stability parameters o%d: 1) bi<1, 62d>0 - shows
the best results under unfavourable conditions, unsta-
ble; 2) bi<1, 6?d=0 - shows the best results under un-
favourable conditions, stable; 3) bi=1, 6?d=0 - responds
well to improved conditions, stable; 4) bi=1, 6?d>0 - re-
sponds well to improved conditions, unstable; 5) bi>1,
02d=0 shows better results under favourable conditions,
stable; 6) bi>1, 6?°d>0 - shows the best results under
favourable conditions, unstable. Genotypes with a co-
efficient bi>1 belong to high-plastic (relative to the av-
erage group), and for 1>bi=0 - to relatively low-plastic
(Finlay & Wilkinson, 1963; Eberhart & Russell, 1966).
Homeostasis (variation of the trait) of varieties
(Hom) was calculated by the equation:

Hom =2, (3)

where: X - arithmetic mean by variety; o - generalised
mean square deviation.

The breeding value of the variety was determined
by the equation:

(Se) = X x 2= (4)
opt
X - arithmetic mean by variety; X, - limited arithmetic
mean; X - optimal arithmetic mean.
The multiplicativity coefficient (MC) was used to
avoid a linear artefact of the regression coefficient,
which allows comparing the variability of the feature:

MC = Xi+bi - yi , (5)

Xi
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where Xi - average value of the studied feature in i-th
variety; bi - linear regression coefficient of i-th variety;
yi — average value for all averages for all varieties yi for
each j-th point of the experiment.

The ecological plasticity index was calculated by
the equation:

(UV1 vy uvn)
SUO; ' SUO, SUO;,

EPI = =———2———n, (6)
where UV, UV,, UV - value of the variety indicator in dif-
ferent years of testing; SUO,, SUO,, SUO_ - average value
of the variety indicator in each of the experiment variants.

The annual adaptability coefficient (AC) was calcu-
lated using the equation:

AC = (Xij) X100 x X) , (7)
100

where Xij - yield of a certain variety in the year of test-
ing; X —average variety yield of the year.

The absolute average adaptability coefficient (AAC)
is calculated for the variety using the equation:

AAC = (XiC) x100 x Xb) (8)

100 ’

where XiC - average yield of the variety over the years
of research, Xb - long-term average variety yield.

Stress resistance and compensatory ability of varie-
ties were determined according to Rossielle & Hemblin
(1981):

SR =Ynin — Yimax (9)

— ymin+ ymax
CA = -minomax

(10)

whereY . andY__ - minimum and maximum values of
the variety indicator.

In experiments, the phenotypic, genotypic, and eco-
logical variability of varieties was determined using the
following equations:

Genetic variance:

O'GZ =CMPTCME, (11)
Ecological variance:
of =CM,; (12)
Phenotypic variance:
of =d +a}
Coefficient of genotypic variation:
/ag X100
— (13)
Coefficient of phenotypic variation:
o,%_><100 : (14)

X




Coefficient of ecological variation:

/ofl X100

= ’

X

(15)

where CMp - generalised root-mean-square value of the
population trait; CM_ - generalised root-mean-square
error, r - number of repetitions.

Statistical processing of the obtained results was
performed with the calculation of the arithmetic mean
(x) of standard deviation (SD) calculated using Micro-
soft Excel 2019. Correlation dependencies were deter-
mined using the Statistica 12 software suite.

B Technical ripeness

Yatsenko et al.

RESULTS AND DISCUSSION
Observations show that modern bean varieties are char-
acterised by different growing seasons (60-180 days),
which is conditioned by genetic characteristics. The speed
of passing the main stages of organogenesis is important
in the cultivation of crops. The faster the bean plants fin-
ish forming the vegetative mass and move on to fruiting,
the longer the period of harvesting the pods. According
to the “International classifiers of the CMEA for cultivated
species Phaseolus L. the study included two groups of va-
rieties — medium-early (51-55) and medium-ripening (61-
70 days from germination to technical ripeness) (Fig. 2).
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Figure 2. Duration of periods from the germination to the onset of technical/biological ripeness of green bean varieties
(2020-2022)

Source: obtained as a result of author’s research

Studies have established that the period from ger-
mination to the onset of technical ripeness of green
bean varieties was 54-67 days, CV=8%. The shortest pe-
riod before the onset of technical ripeness was charac-
terised by the Purpurova Koroleva variety - 54 days, and
the Zorenka and Casablanca varieties - 55 days.

The variation of the period from the germination
to the onset of biological ripeness was 6% and was in
the range of 90-108 days. The dynamics of the onset of
biological ripeness remained the same as in the pre-
vious sign. Earlier-maturing varieties were Purpurova
Koroleva - 90 days, and Zorenka and Casablanca - 96
and 97 days, respectively.

A study of the height of green bean plants showed
that on average, the varieties differed significantly over
the years. Thus, the highest were plants of the standard
Laura and Paloma varieties - 49.7 and 49.3 cm, respec-
tively. Plants of the Zorenka, Fruidor, and Casablanca
varieties were 2.3-6.0 cm lower (4.7-12.1%). The Pur-
purova Koroleva variety can be attributed to the dwarf
type, since the height of its plants was 40.7 cm, which
is 9 cm less than the Laura variety (18.1%).

The suitability of the variety for mechanised har-
vesting depends on the height of attachment of the first
bean, so this indicator was also considered. Thus, the
lowest attachment of the first bean was observed in the
varieties Purpurova Koroleva - 11.3 cm and Fruidor -
12.3 cm, and the highest in the variety Laura = 15.3 cm,
but the beans of the varieties Purpurova Koroleva and
Fruidor were tightly collected in internodes, while the
variety Laura had more internodes and it is suitable
for manual harvesting in several samples. Other vari-
eties under study had a height of 1st bean attachment
of 14.0-15.7 cm, which characterises them as varieties
suitable for mechanised harvesting.

Among legumes,beans occupy one of the first places
in terms of the variety of morphological features and
their amplitude. This is due to its strong plasticity and
high adaptability to growing conditions. Bean plants
can form an area of leaves under optimal conditions up
to 36-38 thousand m?/ha. Other data indicate that the
intensity of photosynthetic activity of beans can reach
4-5 m?/1m2. The productivity of the plant and sowing in
general depend on a properly developed leaf apparatus

Scientific Horizons, 2023, Vol. 26, No. 7
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and its functioning. Thus, the largest leaf area was de-
veloped by varieties of green beans Paloma (24.1 thou-
sand m?), Casablanca (27.3 thousand m?), and Zorenka

(28.1 thousand m?), which is 5.1-22.7% more than the
standard. A smaller area of the assimilation surface by
0.4% was formed by the Fruidor variety (Table 2).

Table 1. Growth and development parameters of various varieties of green beans (2020-2022), (Lim*SD) (BBCH 75)

Leaf area of crops, thous. m?

Plant height, cm Height of attachment

Variety of 1-st bean
Lim#SD v, % Lim#SD v, % Lim#SD v, %
Paloma 16.1-30.4%6.0 25 44-54%*41 8 11-16%2.2 15
Frouidor 15.4-28.2¢5.3 24 40-504.3 9 11-14+1.2 10
Purpurova Koroleva 18.8-28.0+3.8 16 37-45£3.3 8 10-12+0.9 8
Laura st 15.5-28.8%5.5 24 44-54%4) 8 12-18%2.5 16
Zorenka 22.1-33.7%4.7 17 45-50+2.1 4 13-18+2.1 13
Casablanca 23.0-31.8%3.6 13 40-48+3.3 8 13-16%1.2 9
Xmed. 2438 46 13.9
F: 8.0 4.4 1.1
o? 36.8 276 6.7
o} 28.8 23.2 5.7
VG, % 114 4.5 74
CVF, % 24.5 114 18.7
CVA, % 21.7 10.4 171
CVG/CVA 0.53 0.44 0.43

Note: * - st - standard
Source: obtained as a result of author’s research

Analysing the dependence of the growth parameters
of green bean plants, it can be seen that these traits are
more dependent on the conditions (CVA=21.7, 10.4 and
17.1%) in which they were formed, rather than on the
genotypic component (CVG=11.4; 4.5 and 7.4%, respec-
tively, according to the attribute). According to the num-
ber of shoots on the plant, a high bushiness index was
noted in varieties Laura, Fruidor, and Casablanca - 3-8
shoots/plant. A dense, erect bush with a small number
of shoots had varieties Purpurova Koroleva, Paloma, and
Zorenka - 3-5 pcs./plant. A large number of beans on the

plant were characterised by varieties Purpurova Koroleva
and Paloma - 12.3 and 13.0 pcs., respectively. Zorenka
varieties had a smaller number of beans than the stand-
ard (10 pcs.), Casablanca (9.3 pcs.) and Fruidor (5.7 pcs.),
which is 9.1-48.5% less. According to the number of
shoots and beans on the plant, the coefficient of varia-
tion of the environment (CVA) was in high limits - 31.9
and 35.8%, and the relationship between the coefficient
of genetic and ecological variation (CVG/CVA) was no-
ticeable (0.47 and 0.44), which indicates very favourable
environmental conditions for growing this crop (Table 2).

Table 2. Parameters of individual productivity of different varieties of green beans (2020-2022), (Lim*SD) (BBCH 75)

Number of shoots, pcs./plant.

Number of beans, pcs./plant

Variety
Lim*SD cv, % Lim*SD Qv, %

Paloma 3-5%0.82 20 8-18+4.2 34
Frouidor 3-7%1.63 33 5-6%0.5 8
Purpurova Koroleva 3-4+0.47 13 11-15%1.6 13
Laura st 4-8%1.70 27 7-16%£3.7 34
Zorenka 3-5%0.94 22 8-14+2.8 28
Casablanca 3-6%1.25 27 8-12+1.9 20
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Table 2, Continued

Number of shoots, pcs./plant.

Number of beans, pcs./plant

Variety
Lim*SD v, % LimSD v, %

Xmed. 4.7 10.2
a§ 0.5 26
of 2.7 16.0
o} 2.2 13.4
VG, % 15.1 15.6
CVF, % 35.3 39.1
CVA, % 31.9 35.8
CVG/CVA 0.47 0.44

Note: * - st - standard
Source: obtained as a result of author’s research

According to the weight of green beans on the plant,
the varieties Zorenka (59.7 g), Casablanca (38.0 g), and
Paloma (31.7 g) and Purpurova Koroleva (31.7 g) were

larger than the standard by 8.0-103.4%, or 2.3-30.0 g.
The Fruidor variety was characterised by a lower indica-
tor relative to the standard by 68.2% (Table 3).

Table 3. Parameters of adaptive capacity and breeding value of vegetable bean varieties
based on “bean weight’, g/plant. (BBCH 75)

Variety Xmed, g/plant o’d bi Hom Sc MC EPI SR cc KAA
Paloma 31.7 339 110 51.1 26 1438 093  -27 30 0.95
Frouidor 9.3 069 001 4.4 0.8 1.37 0.31 1 10 0.04
P;gf;re‘f 31.7 212 035 51.0 26 525 104  -10 33 214
Laura st 29.3 333 1.06 438 24 1497 086  -26 27 0.08
Zorenka 59.7 490 230 1812 49 1588 173 -58 57 1.07
Casablanca 38.0 352 118 73.5 31 13.00 113 -29 36 0.09
Xmed 333
ol 55.7
o 4417
o} 386.0
VG, % 224
CVF, % 63.1
CVA, % 59.0
CVG/CVA 0.38

Note: * - st - standard
Source: obtained as a result of author’s research

Genetic and statistical analysis of this indicator has
shown that the most stable (in terms of indicators o’d
and MC, Hom) was the Fruidor variety. By indicators of
the ratio of plasticity parameters (bi) and stability o’d
varieties Paloma, Laura, Zorenka, and Casablanca had a
ratio of indicators bi>1, 0?d>0 - that is, they have bet-
ter results under favourable growing conditions. Va-
rieties Fruidor and Purpurova Koroleva had a ratio of

indicators bi<1, 6?d>0, i.e., they had better results under
unfavourable conditions and were unstable.

According to the indicator of stress resistance (SR),
the Zorenka variety stood out, which indicates its high
productivity in optimal growing conditions. In terms
of compensatory capacity (CC), the varieties under
study were characterised by a significant variation, but
the Zorenka and Kasalanka varieties had the highest

Scientific Horizons, 2023, Vol. 26, No. 7



86

Agrobiological assessment of green bean varieties by adaptability, productivity, and nitrogen fixation

indicators of this parameter, which allows them to be
attributed to the group of plastic-type varieties.

On the basis of “seed weight” in terms of absolute
adaptability, the most adaptive varieties with an ad-
aptability coefficient (AC) of more than 1 were iden-
tified - Purpurova Koroleva and Zorenka. The Paloma
variety is medium-adaptive and the Fruidor, Laura and
Casablanca varieties are marked as low-adaptive. Low
productivity of bean varieties is confirmed by high ex-
posure to external conditions (CVA=59.0%) and low
CVG/CVA=0.38 ratio.

The yield of green beans (pods) consists mainly
of two structural elements - the number of plants per
unit area and the weight of beans per plant. The “pod

yield” attribute varied on average from 1.9 to 12.7 t/ha
(by year from 1.8 t/ha (2022) for the Fruidor variety to
19.35 t/ha (2021) for the Zorenka variety). The yield of
green bean varieties depended not only on the varie-
tal characteristics of plants, but also on weather con-
ditions. In the years with optimal water supply (2020-
2021), this indicator reached its theoretical maximum,
and in 2022 - a minimum.

According to the “pod yield”, the varieties Zorenka
(12.72 t/ha), Casablanca (8.05 t/ha), Paloma (6.74 t/ha),
and Purpurova Koroleva (6.87 t/ha) were higher than
the standard by 9.8-107.1%, or 0.6-6.6 t/ha. The Fruidor
variety was characterised by a lower indicator relative
to the standard by 68.4%, or 4.2 t/ha (Table 4).

Table 4. Parameters of adaptive capacity and breeding value of green bean varieties
based on “green bean yield’, t/ha (BBCH 75)

Variety Xmed. t/ha o’d bi Hom Sc MC EPI SR CcC KAA
Paloma 6.7 1.61 1.06 10.4 24 399 093 -6 6 0.95
Frouidor 1.9 031 004 0.9 07 137 031 0 2 0.19
Purpurova Koroleva 6.9 0.98 0.35 10.8 2.5 197 1.08 -2 7 2.17
Laura st 6.1 1.61 1.04 8.6 22 424 083 -6 6 0.32
Zorenka 12.7 2.35 2.26 37.0 46 439 1.73 -14 13 4.20
Casablanca 8.1 1.76 1.26 14.8 2.9 3.99 1.12 -7 8 0.36
Xmed 71
o 3.0
of 22.1
o} 19.1
CVG, % 24.6
CVF, % 66.5
CVA, % 61.8
CVG/CVA 0.40

Note: * - st - standard
Source: obtained as a result of author’s research

Genetic and statistical analysis of this indicator has
shown that the most stable (in terms of indicators o’d
and MC, Hom) was the Fruidor variety. By indicators of
the ratio of plasticity parameters (bi) and stability o’d
varieties Paloma, Laura, Zorenka, and Casablanca had a
ratio of indicators bi>1, 6?d>0 - that is, they have better
results under favourable growing conditions. The Fruitor
variety had a ratio of indicators bi<1, o°d > 0, i.e., have
better results under unfavourable conditions, unsta-
ble. The Purpurova Koroleva variety had a ratio of bi=1,
0°d>0 - responds well to improved conditions, unstable

According to the coefficient of ecological plasticity,
the group of high-plastic varieties includes Paloma,
Laura, Zorenka, and Casablanca; the group of low-plas-
tic varieties includes Fruidor and Purpurova Koroleva.
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According to the indicator of stress resistance
(SR), the Zorenka variety stood out, which indicates
its high productivity in optimal growing conditions.
In terms of compensatory capacity (CC), the studied
varieties were characterised by a significant varia-
tion, but the varieties Zorenka, Casablanca, Laura, and
Paloma had the highest indicators of this parameter,
which allows them to be attributed to the group of
plastic-type varieties.

On the basis of “pod yield” in terms of absolute
adaptability (AA), the most adaptive varieties with an
adaptability coefficient (AC) of more than 1 were iden-
tified - Purpurova Koroleva and Zorenka. The Paloma
variety belongs to the medium-adaptive and the Fru-
idor, Laura, and Casablanca varieties are classified as




low-adaptive. The low productivity of bean varieties is
confirmed by the high influence of external conditions
(CVA=61.8%) and the low CVG/CVA=0.40 ratio.

Seed yield consists mainly of two elements of
productivity: the number of plants per unit area and
the weight of seeds per plant. The parameters of this

Yatsenko et al.

attribute on average were in the range of 0.47-2.89 t/ha
(by year: from 0.33 t/ha in 2022 to 3.78 t/ha in 2021).
In terms of seed yield, the varieties Purpurova Koroleva,
Zorenka, and Casablanca stood out, the yield of which
was at the level of 2.22-2.89 t/ha, which is more than
the standard by 30.8-70.6 % or 0.5-1.2 t/ha (Table 5).
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Table 5. Parameters of adaptive capacity and breeding value of green bean varieties
based on “seed yield’, t/ha (BBCH 99)

Variety Xmed., t/ha o’d bi Hom Sc MC EPI SR cC AC
Paloma 1.11 0.50 0.63 13 26 153 0.60 -1 1 0.61
Frouidor 0.47 0.35 0.09 0.2 11 1.18 0.26 0 0 0.67
Purpurova Koroleva 2.22 0.55 0.76 5.1 5.3 1.32 1.24 -1 2 2.64
Laura st 1.69 0.71 1.25 3.0 40 169 091 -1 2 1.82
Zorenka 2.89 0.69 1.20 8.6 6.9 1.39 1.60 -1 3 37.70
Casablanca 2.58 0.92 2.07 6.9 6.1 1.75 1.38 -2 3 2.55
Xmed 1.83
7 0.08
of 1.01
oF 0.93
VG, % 15.2
CVF, % 55.1
CVA, % 529
CVG/CVA 0.29

Note: * - st - standard
Source: obtained as a result of author’s research

Statistical analysis has shown that according to the
indicators of the ratio of plasticity parameters (b/) and
stability od, Laura variety had a ratio of indicators bi>1,
o’d>0 - that is, it has better results under favourable
growing conditions. Varieties Paloma, Fruidor, Zorenka,
and Casablanca had aratio of indicators bi < 1,0%d>0,i.e.,
they had better results under unfavourable conditions
and were unstable. The Purpurova Koroleva variety had
a ratio of bi=1, ¢?d>0 - responds well to improved con-
ditions,unstable. According to the coefficient of ecolog-
ical plasticity, the Laura variety belongs to the group of
high-plastic varieties; all other varieties studied belong
to the group of low-plastic varieties. Rather low seed
productivity of bean varieties is confirmed by the signif-
icant influence of external conditions (CVA=52.9%) and
a low ratio CVG/CVA=0.29.

According to the indicator of stress resistance (SR),
the Casablanca variety stood out, which indicates its
high productivity in optimal growing conditions. In
terms of compensatory capacity (CC), the varieties un-
der study were characterised by sufficient alignment,
but the Zorenka and Casablanca varieties had the high-
est indicators of this parameter, which allows them to

be attributed to the group of plastic-type varieties. On
the basis of “seed weight” in terms of absolute adapt-
ability (AA), the most adaptive varieties with an adapt-
ability coefficient (AC) of more than 1 were identified -
Purpurova Koroleva, Zorenka, Laura, and Casablanca.
Paloma and Fruidor varieties are medium-adaptive.

Vegetable crops, each of which has a unique bio-
chemical composition, make our diet diverse and have
a positive effect on health. The biochemical compo-
sition of green beans is not constant, it is subject to
variability depending on the type and variety, and also
varies under the influence of growing conditions.

Studies have shown that green bean varieties were
characterised by a low variation in biochemical param-
eters (CV=1-9%). The sugar content in pods over the
years was in the range of 1.91-2.78%. On average, over
the years of research, the varieties Purpurova Koroleva
(2.60%), Laura, and Fruidor (2.50%) were distinguished
by this feature, which were at the standard level and/or
exceeded it by 4.0%. Varieties Casablanca, Paloma, and
Zorenka accumulated significantly less sugar compared
to other varieties and the standard in particular - 2.00-
2.40% (Table 6).
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Table 6. Content of individual components of the biochemical composition in the pods of green bean varieties
(2020-2022), (X£SD) (BBCH 75)

Proportion of sugars, %

Ascorbic acid content,
mg/100 g

Nitrate content,
mg/kg

Variety
X*SD v, % X*SD v, % X£SD v, %
Paloma 2.10%0.07 3 16.031.13 7 148.3+3.7 3
Frouidor 2.50%0.02 3 21.41+1.43 7 145.1+6.4 4
Purpurova Koroleva 2.60x0.06 4 16.20£1.02 6 127.9%6.2 5
Laura st 2.50+0.03 1 16.02+1.42 9 136.3¢4.1 3
Zorenka 2.00+0.08 4 13.22#0.91 7 145.8+4.7 3
Casablanca 2.40%0.07 4 14.05%0.89 6 151.2%6.0 4
Xmed. 2.35+0.21 16.202.60 148.3%7.96 3
0.001 0.44 9.4
0.049 8.54 100.8
0.049 8.10 91.5
VG, % 1.47 4.12 2.1
CVF, % 9.59 18.09 7.0
CVA, % 9.48 1761 6.7
CVG/CVA 0.15 0.23 0.32

Note: * - st - standard
Source: obtained as a result of author’s research

In terms of ascorbic acid concentration, the var-
iation was average - CV=16%, and the parameters of
this trait for years ranged from 11.97-22.57 mg/100 g,
depending on the variety. According to the content of
ascorbic acid, only one variety was distinguished, which
accumulated significantly more than the standard -
Fruidor (21.41 mg/100, which is 33.6% more than the
standard). The Paloma and Purpurova Koroleva varie-
ties accumulated slightly more ascorbic acid relative to
the standard, while the Zorenka and Casablanca varie-
ties had significantly lower ascorbic concentrations.

The concentration of nitrates on average varied lit-
tle, and over the years ranged from 119.2-159.5 mg/kg,
depending on the variety. With a low concentration of ni-
trates, the Purpurova Koroleva variety was distinguished,
where this indicator was lower than the standard variety
by 6.2% or 8.4 mg/kg. Varieties Paloma, Fruidor, Zorenka,
and Casablanca were characterised by an increased con-
tent of nitrates relative to the standard by 7.0-10.9%.

The value of green bean varieties for vegetable pur-
poses lies in the high content of protein and dry matter.
In modern conditions, breeding work with green beans
should be aimed at meeting the needs of the process-
ing industry, which will expand the area of cultivation of
the crop and the scope of its use. In the successful solu-
tion of this problem, the leading role belongs to quality
selection. Genetic sources and donors of such traits are
among the most scarce plant resources. In this regard,
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a scientifically based selection of green bean varieties
with their subsequent introduction into industrial pro-
duction is extremely important. According to this feature,
the varieties Fruidor and Purpurova Koroleva with a pro-
tein content of 17.13 and 15.34% were distinguished.

The nutritional value of green beans is high and
is conditioned by the content of various minerals, vita-
mins, macro- and microelements. It is well known that
the biochemical composition of beans is not constant
and is influenced by many factors. Studies have shown
that the dry matter content was stable both in varieties
individually (CV=3-5%) and over the years (CV=9%). In
terms of “dry matter content”, only one variety was dis-
tinguished - Paloma, in which this indicator was at the
level of 11.00% and the standard prevailed by 22.2%.
In the course of experimental studies, it was found that
the protein content varied greatly in the range of 18-
21% for varieties and 12% for years.

With an increased protein content, two varieties
were identified - Fruidor (17.13%) and Purpurova Ko-
roleva (15.34%), which exceeded the standard by 17.3
and 5.0%, respectively, which characterises them as
promising sources of signs of nutritional value for
breeding. Statistical processing data indicate a strong
influence of environmental conditions on the forma-
tion of nutritional value parameters ((VA=9.23-24.24%,
and CVG/CVA=0.21-0.52, although to obtain high
productivity indicators, the CVG/CVA ratio must be close
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to 1. All presented varieties are recommended for use as  Koroleva. The conditional protein yield in the technical
sources of high taste qualities; suitable for canning and  ripeness phase varied at 33%, in the biological ripeness
freezing; creating a conveyor of green beans (Table 7). phase - at the level of 42%, which confirms a strong

With a high content of carbohydrates and fats,two  differentiation of varieties according to the parameters
varieties are distinguished - Fruidor and Purpurova of the biochemical complex. (Fig. 2).

Table 7. Nutritional value of the pods of different green bean varieties (2020-2022), (XSD) (BBCH 75)

Energy, kcal. 100 g dry

Carbohydrates Fats tt
Variety Dry matter, % Protein, % matter
g/100 g dry matter
Paloma 11.00+0.30 14.05%2.77 6.87+1.38 3.36*0.83 113.92+24
Frouidor 9.00£0.23 17.13%3.20 8.23%1.53 3.96*0.79 137.1026
Purpurova Koroleva 9.30+0.49 15.34+3.06 7.70+1.51 3.71+0.86 125.53%£26
Laura st 9.00£0.30 14.60+3.01 7.30£1.51 3.55+0.80 119.55%25
Zorenka 8.60%0.35 11.33%2.05 5.73+0.95 2.90+0.54 94.36%17
Casablanca 8.80%0.25 13.37+2.34 6.70%1.10 3.15+0.68 108.67+20
Xmed 9.30 14.30 7.09 3.44
A 0.03 2.56 0.61 0.19
af 0.77 13.37 3.05 0.89
o} 0.73 10.82 2.45 0.70
VG, % 1.97 11.18 10.99 12.70
CVF, % 9.44 25.57 24.65 27.37
CVA, % 9.23 22.99 22.07 24.24
CVG/CVA 0.21 0.49 0.50 0.52
Note: * - st - standard
Source: obtained as a result of author’s research
0.700
0.586
0.600 0.562 0.549
0.500
0.408
0.400
© 0.295
<
S 0.300 0.226 0233 0248 0.251
0.192
0.200
0.126
0.100 0.071
0.000 .
Fruidor Laura st Casablanca Purpurova Paloma Zorenka
Koroleva
M technical ripeness biological ripeness

Figure 2. Conditional protein yield from pods and mature green bean seeds depending on the variety (2020-2022), t/ha
Source: obtained as a result of author’s research

Scientific Horizons, 2023, Vol. 26, No. 7




90

Agrobiological assessment of green bean varieties by adaptability, productivity, and nitrogen fixation

Thus,according to this feature, in the phase of tech-
nical ripeness of green bean pods, the Zorenka vari-
ety was distinguished with a maximum protein yield
of 0.295 t/ha. In general, all the varieties under study,
except for the Fruidor variety, prevailed over the stand-
ard. In the phase of biological ripeness, the dynamics
were similar, but most varieties increased this indicator
by 98.55-149.19%, and the Paloma variety by only 1.03%.
In the phase of biological ripeness, according to the indi-
cator of conditional protein yield, Casablanca, Purpurova
Koroleva, and Zorenka varieties were identified, where
this indicator was at the level of 0.549-0.586 t/ha.

From the results shown in Table 8, it can be seen
that the varieties Paloma, Fruidor, and Casablanca
formed the largest total number of nodules on one

plant - 14.0-16.3 pcs./plant, all other varieties formed
from 7.7 to 12.7 pcs./plant, which was significantly
less than the above-mentioned varieties. By number
of active nodules the same varieties (Paloma, Fruidor,
Casablanca) stood out - 7.0-8.0 pcs./plant. In other va-
rieties, this indicator ranged from 4.3-6.7 pcs./plant of
active nodules.

The study revealed that the largest weight of ac-
tive nodules (with legoglobin content) were formed by
varieties Paloma, Fruidor, and Laura - 0.09 g/plant, in
other varieties the weight of active nodules was in the
range of 0.05-0.08 g/plant, which was 40.0-41.6% of
the total weight of nodules. Thus, in the varieties that
produced a small number of nodules, all nodules (or
most of them) were active.

Table 8. Development of the nodulation apparatus of green bean varieties (2020-2022) (X£SD)

Number of nodules, pcs./plant

Mass of nodules, g/plant

Variety
total active total active
Paloma 14.0£4.9 7.0%4.2 0.18+0.05 0.09+0.04
Frouidor 15.7£5.7 8.0£5.0 0.20%0.07 0.09+0.02
Purpurova Koroleva 7.7%+2.1 4319 0.12%0.02 0.08+0.01
Laura st 12.0+4.1 5.7%#3.1 0.16%0.05 0.09+0.02
Zorenka 12.7£4.5 6.7£3.8 0.12%0.03 0.05+0.01
Casablanca 16.3%6.5 8.0£5.0 0.20%0.08 0.08+0.01
Xmed 13.06 6.61 0.16 0.08
I 7.83 5.26 0.001 0.0002
af 39.44 22.72 0.005 0.0008
o} 31.61 17.46 0.004 0.0007
VG, % 21.43 34.69 19.25 16.11
CVF, % 48.10 72.10 43.26 36.55
CVA, % 43.06 63.20 38.74 32.81
CVG/CVA 0.50 0.55 0.50 0.49

Note: * - st - standard
Source: obtained as a result of author’s research

One of the qualitative indicators of the symbiotic
apparatus is the content of legoglobin in nodules. The
activity of nitrogen fixation depends more on the con-
tent and concentration of legoglobin in the nodules than
on their amount. Therefore, the study of the influence of
varietal features of legoglobin accumulation is of high
practicalinterest.A high concentration of legoglobin was
noted in nodules of high weight - in the varieties Pur-
purova Koroleva, Laura, and Zorenka - 48.3-60.6 mg/g.
The main reserve for increasing the yield of legumes is
the scientifically based use of the nutritional potential
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of the soil, environmental conditions, and new varie-
ties. It is known that at least half of the yield growth is
achieved through the use of fertilisers. At the same time,
biological nitrogen is an essential source of nutrition.
As a result of research, it was revealed that the highest
activity of the symbiotic potential was found in Paloma
varieties - 3.3 thousand kg-days/ha, while the amount
of fixed nitrogen was 51.5 kg/ha; Fruidor - 3.7 thou-
sand kg-days/ha. and 54.6 kg/ha of fixed nitrogen; and
Casablanca - 4.2 thousand kg-day/ha and 60.9 kg/ha of
fixed nitrogen, respectively (Table 9).
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Table 9. Activity of the symbiotic apparatus of green bean varieties (2020-2022) (X£SD)

Active symbiotic potential, thous.

Amount of fixed nitrogen,

Variety Legoglobin content, mg/g kgxday/ha kg/ha
Paloma 44.5%3.7 3.3%0.8 51.5%19.1
Frouidor 43947 3.7¥1.0 54.6+24.4
Purpurova Koroleva 48.3+19.6 2.2%0.2 37.97.0
Laura st 51.9%12.7 3.1%0.7 50.0%16.2
Zorenka 60.6%9.7 2.6%0.3 36.6+10.5
Casablanca 40.6%5.2 4.2+0.9 60.0+25.9
Xmed 48.3 3.2 485
ol 38.93 0.17 114.06
o? 198.53 1.09 528.79
o} 159.59 0.93 414.73
CVG, % 12.92 12.88 22.05
CVF, % 29.17 33.14 4747
CVA, % 26.15 30.53 42.04
CVG/CVA 0.49 0.42 0.52

Note: * - st - standard
Source: obtained as a result of author’s research

Like all previously analysed indicators, the activity
of the symbiotic apparatus of green beans to a greater
extent depended on the conditions in which the pheno-
type was formed - CVA=26.15 - 42.04%, rather than on
varietal characteristics - CVG=12.88 - 22.05%, which is
explained by the low ratio of CVG/CVA=0.42-0.52.

The obtained data on the indicator “height of at-
tachment of the lower bean” (10-18 cm) coincide with
the data given in the paper by Ovcharuk et al. (2021) -
8.2-16.8 cm and indicates the suitability of green bean
varieties for mechanised harvesting in the technical
ripeness phase. However, according to the indicator
“the number of beans per plant, pcs.” data provided by
Ovcharuk et al. (2021) significantly predominate.

The findings of this study show a significantly lower
yield of green bean pods compared to the data obtained
by Vitanov et al. (2019), where the yield of green beans
at a single harvest was 12.6-14.3 t/ha, and by Habtie
et al. (2021) - 11.5-19.7 t/ba. In this study, a close
level of yield was achieved only in the Zorenka vari-
ety - 12.7 t/ha. Analysing the indicators of individual
productivity of green bean varieties, it can be seen that
the results differ significantly from the results obtained
by Hema and Rana (2020) in subtropical conditions.
Thus, in terms of green bean yield, the studied varieties
were less productive than those indicated by Hema and
Rana (2020) - 18.3-49.9 t/ha; in terms of the number
of beans on the plant, the results were similar - 9.66-
21.10 pcs./plant, in our studies - 5-18 pcs./plant. How-
ever, in terms of the weight of beans from one plant,
the data were low - 9.3-59.7 g/plant, while data noted

by Hema and Rana (2020) - 91.68-249.92, which shows
a strong differentiation of varieties in terms of produc-
tivity and a significant dependence on growing weather
conditions.

In the author’s studies, the yield of green bean
seeds was 0.47-2.89 t/ha, as noted by Garbovska (2019),
the yield of green bean seeds was obtained at the level
of 1.6-2.4 t/ha, which is significantly higher than in this
study, and these results also coincide with the results of
Ovcharuk et al. (2021). This phenomenon is explained
by higher air temperature and lower precipitation and
relative humidity in the conditions of author’s research,
which significantly affects the level of tying and abor-
tivity of bean fruits, which affects the yield.

In this study, the protein content was in the range
of 11.33-17.13%, while in the results of Aquino-Bolanos
et al. (2021), this indicator was between 3.3 and 9.6%.
Aquino-Bolanos et al. (2021) report the sugar content of
4.86-12.5%, while the present study found significantly
less sugar accumulation (in the range of 2.00-2.60%).

The development of the nodulation apparatus also
differed significantly from the results published by Hema
& Rana (2020). Thus, in this study, the number of nod-
ules was 7.7-16.3 pcs/plant with a total weight of 0.12
to 0.20 g/plant, whereas in the results of Hema & Rana
(2020), their number was 7.78-14.59 pcs./plant, weighing
0.075-0.150 g. The comparison of the findings with the
results of other researchers showed a significant differ-
entiation of varieties by morphological and economic
characteristics, which is explained by genetic differences
and soil and climatic conditions.

Scientific Horizons, 2023, Vol. 26, No. 7



92

Agrobiological assessment of green bean varieties by adaptability, productivity, and nitrogen fixation

CONCLUSIONS

The results confirm the advantages of green beans as
a dietary product with a high protein content in the
technical ripeness phase - Purpurova Koroleva, Paloma,
Zorenka, and Casablanca; Purpurova Koroleva and
Zorenka - in the biological ripeness phase of the grain.
The mostvaluable in terms of caloric content were green
beans of the varieties Fruidor, Purpurova Koroleva, and
Laura st - 113.92-137.10 kcal per 100 g of raw weight.

Varieties with the shortest period before the onset
of technical ripeness are identified - Purpurova Koroleva,
Zorenka, and Casablanca (54-55 days). Evaluating vari-
eties by growth indicators, it was found that the leaf
area of crops is the most variable indicator (CV=13-25%
depending on the variety), and plant height is the most
stable indicator (CV=4-8%). Varieties with a high attach-
ment of the lower bean - 13-16 cm (Zorenka, Paloma
and Laura) are also identified, which characterises them
as suitable for mechanised harvesting. Varieties with
compact, dense bushes that are suitable for repeated
harvesting were found - Fruidor, Laura, and Casablanca.
As a result of statistical data processing, it was found
that plant growth indicators are more dependent on en-
vironmental conditions (CVA=10.4-35.8%) than on the
genetic component (CVG=4.5-15.6%). According to the
weight of green beans per plant, the varieties Zorenka
and Casablanca were distinguished, which were char-
acterised by a large weight and alignment of beans.

Assessment of the adaptability and stability of
green bean varieties allows identifying varieties that
belong to the intensive type. According to the results
of research, varieties that are able to successfully adapt
to limiting and stressful factors in Forest-Steppe con-
ditions have been identified. Thus, in the conditions of

using intensive technologies, it is advisable to grow va-
rieties Paloma, Laura, Zorenka, and Casablanca, which
had a ratio of indicators bi>1, 6%d>0 - that is, they have
better results under favourable growing conditions and
were characterised by broad agro-ecological adapt-
ability and belong to intensive varieties on the basis of
‘green bean yield”.

From the data obtained, it can be seen that the
yield depends on the number of beans per plant. The
number of beans per plant was more dependent on
environmental conditions than on varietal characteris-
tics, and the same trend was observed in terms of seed
weight per plant and bean and seed yields.

In the direction of nitrogen fixation in production
or as a source of a trait in the breeding process, it is
necessary to use the varieties Fruidor and Casablanca,
in which the level of biologically fixed nitrogen is 54.6
and 60.0 kg/ha. As a result of an ecological study of
green bean varieties, it was found that the conditions of
the Ukrainian Forest-Steppe are suitable for obtaining
high-quality raw materials for processing and seed pro-
duction. Further research prospects consist in zoning
the varieties under study in other zones of Ukraine and
investigating the elements of seed production.
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AHoTauin. KBaconto HeobXxigHO BMBYATU K €KOMOTIYHMIM OOEKT, 32 AOMOMOroH AKOr0 MOXHA MOMOBHWUTKU 3anacu
CMONyK a30Ty B IPYHTI Ta NiABULLMATM MOro BioNoriyHy akTMBHICTb. 3@ METY CTaBM/I0CS MPOBECTU HAYKOBO OBI'PYHTOBAHE
paloHYBaHHS COPTIB Ta OLUIHUTKU iX afanTUMBHO-NPOAYKTMBHMIM MOTEHLian 33 NOKa3HWKaMWU NPOAYKTUBHOCI Ta
azoTdikcauii. JocnigkeHHS NpoBoAMAM B YMOBAX HABYasJbHO-BMPOOGHWYOro BiAAiny YMaHCbKOro HaLioHaNbHOro
yHiBepcuTeTy cagiBHuuTBa Bnpoaosx 2020-2022 pp., BUKOPUCTOBYBAAM LUICTb COPTiB, NOWMPEHUX Y BUPOOHULTBI.
[nga BMBYEHHS napameTpiB aganTMBHOI MIHAMBOCTI BMKOPWUCTAHO CTaHAAPTHI METOAM FeHEeTUKO-CTaTUCTUYHOMO
aHanisy. JocnigpkeHHs GeHONOriYHMX 3MiH MOKa3ano, WO 3aNeXHO BiA COPTY A0 HACTaHHS TEXHIYHOI CTUIIOCTI
npoxoauTb Bifg, 54 0o 67 aib, a BapitoBaHHA faHOI 03HaKKM cknafae 8 %. HalikopoTiumm nepiofoM Ao 360py 3eneHnx
606iB xapakTepusyBanucs coptm 3opeHbka i Kacabnaxka. BapitoBaHHs nepiogy BereTauii 4o HacTaHHS BionorivyHoi
cturnocTi 6yno y mexxax 90 - 108 pi6 (CV=6 %). 3a NOKa3HMKOM NPUKPINIEHHS HUXKXHBbOrO 606a BMSIBNEHO NpUAATHI
COpPTM L0 MexaHi30BaHOro 360opy Bpoxat — 3opeHbka i KacabnaHka. AHanisyloun napameTpu afanTMBHOCTI 03HaK
«Maca 606iB» Ta «BpOXaWHiCTb» BUSBNEHO cTabinbHuiA copT — Opyifop Ta BUCOKONPOAYKTUBHI COPTU iHTEHCMBHOIO
™mny MNanoma, Jlaypa, 3opeHbka i KacabnaHka. Haibinbw BpoxaiiHum 6yB copT 3opeHkba — 12,7 T/ra, a HalMMeHLW
BpoXalHuM - @pyigop - 1,9 1/ra. 3a BpOXKaNHICTIO HaciHHS Buainunamncsa coptv NypnypoBa Koponesa, 30peHbka Ta
KacabnaHka BpoxaiHicTb SkmMx byna Ha piBHi 2,22-2,89 1/ra, wo binbwe Big ctaHaapty Ha 30,8-70,6 %. AHanisytoum
3a/1eXKHICTb NapaMeTpiB pOCTy i PO3BUTKY POC/IMH KBACOJTi CMApyXeBOi, BUAHO, LLO faHi 03HAKM B BinbLwil Mipi 3anexaTb
Big ymoB (CVA, %) y sakux BoHW (GopMyBanucs, aHix Bif reHoTunoBoi cknagosoi (CVG, %). OTpuMaHi pesynbraTu
HapalTb KOPUCHY iHDOPMaALO WOA0 TOBAapHOiI M HACiHHEBOI, MPOAYKTUBHOCTI Ta a30TdikCyruoi 34aTHOCTI A4
BMNPOBAKEHHS Y NPOMMUCIOBE BUPOOHMLTBO abo NoAanbLLIOi CeNeKLiAHOT NPaKTUKKU | [OBOASTb, LLO COPTU KBACONI
CnapxkeBoi NPMAATHI SK 419 OTPMMaHHS OBOYEBOI NPOAYKLIT, TaK i A9 SKICHOr0 HaCiHHS, @ TakoX Ans 6ionorisauii
BMPOOHMLTBA WASAXOM BMKOPUCTAHHS 6ionoriyHo dikcoBaHoro asory
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mechanisms of clary sage productivity formation on the irrigated lands of the Southern
Ukraine. The experimental basis for the study is the data on crop inflorescence yields,
collected during field investigation of clary sage cultivation technology in the drip-
irrigated lands of the Kherson Oblast during 2013-2018. Theoretical study on the yield
formation depending on the cultivation technology elements was performed through
rank correlation and heteroscedasticity analyses, while the mathematical model for
the crop yield prediction was developed using multiple regression. As a result, the
null hypothesis about the influence of the factors studied on crop yields was denied
according to the Breusch-Pagan and Glejser tests, although the results of the analysis
of variances revealed no significant effect of the depth of the plough and the spacing
of the crop on the yields. Rank correlation analysis revealed that the highest influence
on crop yield is attributed to phosphorus fertilisers. In addition, information on the
influence of each agrotechnological factor on the yield of clary sage was determined,
namely: 1 kg of nitrogen fertilisers applied per ha reduces the yield by 6.34 kg; 1 kg
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of phosphorus fertilisers applied per ha increases the yield by 156.44 kg; 1 extra cm of row spacing reduces the
yield by 3.33 kg; 1 cm deeper ploughing improves the yield by 56.56 kg. The model has moderate fitting quality
(correlation coefficient 0.5885) and reasonably good yield prediction accuracy (mean absolute percentage error
24.12%). The study has no analogues in Ukraine or in the world and provides novel theoretical and practical
insights on the formation of clary sage productivity in the cold Steppe zone

Keywords: variance analysis; drip irrigation; medicinal plants; multiple regression analysis; rank correlation; South

of Ukraine; yield prediction

INTRODUCTION
Crop yields modelling and prediction is an important
task of modern agricultural science.Yield predictions and
forecasts are necessary for rational adjustment of the
agrotechnological aspects of crops cultivation, as well
as economic planning, agricultural market policy forma-
tion, making decisions on food export and import, etc.
(Lykhovyd et al., 2023). Currently, various crop yield pre-
diction models are deeply integrated in decision support
systems; for example, DSSAT, used by agricultural prac-
titioners and stakeholders to improve water, land, soil,
and crop management through empirical modelling of
some major crop responses to changing environmental
and agrotechnological parameters, entered the system.

Empirical and statistical crop modelling is impossi-
ble without previous in-field or in vitro studies. There-
fore, field research is the basis for mathematical and
theoretical work. Modelling the yields of medicinal
plants is not widespread, although it is important to
better understand the processes of their productivity
formation. As far as Ukraine possesses favourable soil
and climate conditions for cultivation of most medici-
nal and aromatic plants, it is necessary both to develop
regional cultivation technologies and deepen theoret-
ical knowledge on the crops’ productivity formation.

Clary sage is a valuable medicinal plant, which
is in high demand on the global market due to the
unique content of volatile compounds in its raw ma-
terial (Acimovic et al., 2022). The essential oil of this
crop is used in the pharmaceutical and perfumery in-
dustries. Currently, the main producers of the raw ma-
terial of clary sage are France, Bulgaria, and Hungary
(Fopa-Fomeju et al., 2020). To improve the production
of clary sage in Ukraine, it is important to develop re-
gional cultivation technology and provide theoretical
substantiation of its elements.

Clary sage cultivation is not sufficiently investigated
in Ukraine and abroad. Besides, in-field studies on clary
sage productivity are limited in the studied factors. For
example, Elgaml et al. (2022) considered the effects of
different irrigation modes (100% and 50% ETo) on the
yield, essential oil output, and physiological aspects of
clary sage growth and development in Egypt.Verma et al.
(2023) studied the effects of different temperature re-
gimes on crop emergence and germination rates, which
is quite a specificand narrow subject.Koul et al.(2017) es-
tablished some patterns of clary sage reaction to different
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altitudes and climate patterns (subtropical or temperate
climate). At the same time, some scientific groups stud-
ied clary sage from the phytoremediation standpoint,
for example, Dobrikova et al. (2021) proved that the
crop is prospective for sanitation of Zn-polluted lands.

Most scientific research on the cultivation technol-
ogy and productivity assessment describe the results,
devoted to the related species Salvia officinalis L., or
common sage. For example, Ukrainian researchers
Panfilova & Fedorchuk (2022) investigated the effi-
ciency of biological preparations and mineral fertilisers
application on the crops of Salvia officinalis L. under
the conditions of the Southern Steppe zone of Ukraine,
while their colleagues Svydenko et al. (2022) performed
robust investigations on the best genotypes for sage
cultivation in the above-mentioned agro-climatic zone.
Kotyuk et al. (2022) conducted one of the most prospec-
tive and valuable studies on the cultivation of Salvia
sclarea L. to establish the possibilities of the introduc-
tion and productivity of clary sage in the conditions of
the Central Polissia zone. As a result, researchers found
that the crop is prospective and deserves the attention
of Ukrainian farmers. The main drawback of the quoted
studies is absence of theoretical mathematical sub-
stantiation of the crop productivity depending on the
environmental, genetic, and agrotechnological factors.

The goals of current study are: 1) to determine the
crop’s productivity depending on tillage, spacing, and
fertilisation options; 2) to derive theoretical mathemat-
ical model of clary sage yield formation in the drip-ir-
rigated conditions of the South of Ukraine depending
on selected agrotechnological factors using multiple
regression analysis.

MATERIALS AND METHODS

The study, described in the paper, was performed in two
separate stages. The first stage included carrying out field
experiments on the influence of agrotechnology on the
yields of clary sage. The second stage included statistical
processing of the data collected in field trials and drawing
conclusions about crop yield modelling and the influence
of each agrotechnological factor on the yield of clary sage.

Stage 1

The experimental study on the influence of cultivation
technology on the yields of clary sage inflorescences
was carried out in the experimental field, located on




the territory of the ‘Dodola’ agricultural farm (Beryslav
district, Kherson Oblast, Ukraine). The study was con-
ducted during 2013-2018 and included the estimation
of such agrotechnological elements as follows:

- Factor A - mineral fertiliser application rates - N,
(0 kg hatin total),N_ P, (90 kg ha' in total), N P

60 30 60 © 60

20 kg ha* in total), N, P, (150 kg ha* in total);
- Factor B - spacing of the plants (the distance be-

tween the rows) - 45 cm, 70 cm;

- Factor C - depth of ploughing - 20-22 cm, 28-30 cm.

The study was performed in four replications using
split plot randomised design method. The average area of
the sown plot was 105 m?,the accounting area was 50 mZ.

The soil of the experimental field was represented
by dark-chestnut, slightly saline, middle-loamy soil with
the bulk density of 1.43 g cm?, field water capacity of
21.5%, wilting point of 9.1%, humus content of 2.18%,
available nitrogen, phosphorus, and potassium content
of 12.5-24.8, 16.8-39.5, 325-380 mg kg, respectively.
Weather conditions in the study period were typical for
the climatic zone of the southern steppe of Ukraine.

Clary sage of Taihan variety was used in the trials.
The predecessor was winter wheat. In the pre-plough-
ing period, double harrowing was conducted to the
depth of 6-8 cm. Mouldboard ploughing was conduct-
ed in late autumn strictly with accordance to the study
design. Mineral fertilisers were applied in the form of
super phosphate and ammonium nitrate as foreseen
by the scheme of the experiment. Clary sage was sown
after pre-sowing soil tillage using standard sowing
machine with accordance to plant spacing, stipulated
by the study design. Plant care included drip irrigation,
which was carried out according to weather conditions
and available soil moisture (2-4 waterings were gen-
erally carried out per growing season) to maintain it
at the level of 70-75% of the field water capacity in
the layer 0-50 cm, and cultivating the space between
the crop rows to a depth of 6-8 cm. Harvesting of clary
sage inflorescences was conducted manually in the first
year of the crop use, and with the harvesting machine
“Ros-2”in the second-fourth years of the crop use, with
immediate weighing of the harvest. In total, clary sage
was harvested four times (four years of crop use). The
cumulative yield of the crop was calculated as the sum
of the yields for each year. The yields were statistically
analysed using standard three-way analyses of variance
(ANOVA) procedure, explained by Schmuller (2021),
within the framework of BioStat v.7 to determine the
significance of the differences between the variants by
the values of the Fisher’s least significant difference at
p<0.05 (LSD,,). Standard deviations in crop yields were
calculated according to Shi et al. (2020).

PO
(

Stage 2

Statistical analysis was performed using the standard
procedure for linear multiple regression and rank corre-
lation in BioStat v.7 software (Fieller et al., 1957; Uyanik
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& Gller, 2013). The strength of the relationship between
the yields of clary sage and the agrotechnological fac-
tors studied was established using the classification pro-
posed by Evans (1996). The influence of the elements of
the cultivation technology on crop productivity was also
assessed by the values of the regression coefficients. The
quality of the fitting of the model for the prediction of
clary sage yield was evaluated by the Pearson correlation
coefficient values, while the accuracy was judged by the
mean absolute percentage error (MAPE) using the guide-
lines of Blasco et al. (2013). The calculations of MAPE
were performed according to De Myttenaere et al. (2016).
Heteroscedasticity of the data was also checked by
Breusch-Pagan test (Breusch & Pagan, 1979) and Glejser
test (Glejser, 1969) to accept or deny the null hypothesis
for the relationship between the cultivation technology
options and clary sage yields. The visual approximation
of the multiple regression model was performed using
the Microsoft Excel 365 graphical toolkit to depict the
fitting quality of the developed equation.

RESULTS AND DISCUSSION

The results of the first stage of the study revealed some
key features of clary sage productivity formation under
the impact of agrotechnological factors, namely, that
the yield of clary sage inflorescences is not statistically
significant effected by ploughing or spacing (Table 1
and Table 2). The highest yield was recorded in the var-
iant of ploughing on 28-30 cm, plant spacing of 45 cm,
and mineral fertiliser applications rates of N, P,.. The
lowest productivity was recorded when the crop was
cultivated in ploughing 20-22 cm with a spacing of
45 c¢cm and no fertilisers were applied. Significant effect
on the yield is attributed to the total dose of mineral
fertilisers applied, where the pairs of 0 vs 120, 0 vs 150,
and 90 vs 150 are significantly different in productivity.
Thus, it was established that the depth of tillage and
the spacing of the crops are not of great importance for
the formation of the productivity of clary sage under
irrigated conditions. Moreover, Giannoulis et al. (2021)
proved that plant density had negative effect on the
yields of a related species Salvia officinalis L., while
their results support the claim of better crop produc-
tivity under mineral fertilisation. Katar et al. (2022) also
supports the statement that salvia productivity benefits
from fertiliser application; however, essential oil yields
could be decreased at higher rates of mineral nitrogen.
There is a gap in scientific literature about the effects
of tillage on the productivity of clary sage, therefore,
current study provides a breakthrough in this subject.

As the cumulative yields of the clary sage inflores-
cences for four years of crop use were calculated and
generalised with correspondence to the options of
cultivation technology and their combinations, Table 3
was created to represent the inputs, used to perform
the modelling and statistical investigation of the yields.
There were 64 data pairs in total.
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Table 1. Yields of clary sage inflorescences depending on the depth of ploughing, crop spacing, and fertilisers
application rates (average for four years of the crop use)

Factor A (total rates of NP fertiliser Factor B Factor C (depth of Clary sage inflorescences yield,
applied, kgxha?) (crop spacing, cm) ploughing, cm) txha'xstandard deviation

19.07£2.57

17.74%*2.40
14.28+1.93
12.81£1.74
19.16%2.58
18.40%2.49
14.28+1.94
14.25%1.93
20.08+3.83
17.72%2.64
14.31£2.52
14.46%2.13
21.06%3.90
17.98%2.77
14.94%2.61
14.22£2.08
28.08+5.08
19.35%£3.95
18.59%2.68
15.21£2.10
28.56%5.32
20.36%3.98
19.13%2.82
15.69%2.22
28.56%6.15
20.07%4.59
19.52%3.22
14.55%2.34
25.67%5.89
21.01#4.19
20.30+3.50
14.78%2.40
37.93%2.73
29.11£2.37
19.57%£1.93
15.77%1.96
38.84£2.90
29.24%2.43
20.61+1.99
16.33£1.93
40.52+3.85
29.55%2.75
23.12%2.66
15.91£1.97
30.21%3.44
29.98+2.86
24.16%2.77
16.67%1.97

45

20-22

70

45

28-30

70

45

20-22

70

90

45

28-30

70

45

20-22

120 70

45 28-30

120 70 28-30
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Table 1, Continued

Factor A (total rates of NP fertiliser Factor B Factor C (depth of Clary sage inflorescences yield,
applied, kgxha) (crop spacing, cm) ploughing, cm) txha**standard deviation

45.51%5.52
33.82%£3.96
23.55%3.15
17.46%2.16
42.47+3.86
30.58%4.08
24.97%3.30
17.70%2.25
46.29+6.28
33.74%4.57
23.68%3.22
17.06%2.32
45.24%6.14
32.34%4.38
27.77%3.78
17.43%2.35

45

20-22

70

150

45

28-30

70

Source: compiled by the authors

Table 2. Average yield of clary sage inflorescences by the studied agrotechnological factors,
and the results of three-way analysis of variance

Factor A gradations Yield, t ha* Factor B gradations Yield, t ha* Factor C gradations Yield, t ha*
0 16.55 45 23.34 20-22 23.08
90 20.59 70 23.26 28-30 23.53
120 26.10 LSD,, 0.75, not significant LSD,, 4.06, not significant
150 29.98
LSD, 8.43, significant

Source: compiled by the authors

Table 3. Inputs for the modelling and statistical analysis of cumulative clary sage yields

R rertilisers, kg ha Spacing, cm Ploughing depth, cm Cumulati\{e clary sage
Nitrogen (N) Phosphorus (P) yield
0 0 45 21 19.07
0 0 45 21 1774
0 0 45 21 14.28
0 0 45 21 12.81
0 0 70 21 19.16
0 0 70 21 18.40
0 0 70 21 14.28
0 0 70 21 14.25
60 30 45 21 28.08
60 30 45 21 19.35
60 30 45 21 18.59
60 30 45 21 15.21
60 30 70 21 28.56
60 30 70 21 20.36
60 30 70 21 19.13
60 30 70 21 15.69
60 60 45 21 3793
60 60 45 21 29.11
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Table 3, Continued

R Fertilisers, kg ha Spacing, cm Ploughing depth, cm Cumulati\{e clary sage
Nitrogen (N) Phosphorus (P) yield
60 60 45 21 19.57
60 60 45 21 15.77
60 60 70 21 38.84
60 60 70 21 29.24
60 60 70 21 20.61
60 60 70 21 16.33
60 90 45 21 45.51
60 90 45 21 33.82
60 90 45 21 23.55
60 90 45 21 17.46
60 90 70 21 42.47
60 90 70 21 30.58
60 90 70 21 24.97
60 90 70 21 17.70
0 0 45 29 20.08
0 0 45 29 17.72
0 0 45 29 14.31
0 0 45 29 14.46
0 0 70 29 21.06
0 0 70 29 17.98
0 0 70 29 14.94
0 0 70 29 14.22
60 30 45 29 28.56
60 30 45 29 20.07
60 30 45 29 19.52
60 30 45 29 14.55
60 30 70 29 25.67
60 30 70 29 21.01
60 30 70 29 20.30
60 30 70 29 14.78
60 60 45 29 40.52
60 60 45 29 29.55
60 60 45 29 23.12
60 60 45 29 1591
60 60 70 29 30.21
60 60 70 29 29.98
60 60 70 29 24.16
60 60 70 29 16.67
60 90 45 29 46.29
60 90 45 29 33.74
60 90 45 29 23.68
60 90 45 29 17.06
60 90 70 29 45.24
60 90 70 29 32.34
60 90 70 29 2777
60 90 70 29 17.43

Source: compiled by the authors

First, data were used to determine the strength of  analysis. The correlation coefficients of Spearman (p),
the relationship between each agrotechnological option  Kendall (1), Pearson (r), Goodman and Kruskal (y) were
studied and the yield of clary sage by rank correlation  calculated and presented in Table 4.
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Table 4. Rank correlations for the relationship between the elements of cultivation technology
and the yields of clary sage

Cultivation technology

Correlation coefficients

element

Spearman (p) Kendall (t) Goodman and Kruskal (y) Pearson (r)
Nitrogen (N) 0.52 0.43 0.70 0.45
Phosphorus (P) 0.59 0.48 0.55 0.59
Spacing, cm 0.03 0.03 0.04 0.01
Ploughing depth, cm 0.04 0.04 0.05 0.03

Source: prepared on the basis of the authors’ genuine research

According to the results of the rank correlation
analysis, the strongest relationship (and the greatest
impact on clary sage yields) is attributed to phospho-
rus fertilisers, while the slightest relationship (almost
absent) is attributed to the spacing of the plants and
the depth of ploughing. Therefore, fertilisation has a

decisive role in the determination of drip-irrigated clary
sage yields. The results of Breusch-Pagan and Glejser
tests are provided in Table 5. The tests confirm that the
null hypothesis is denied, so it could be assured that
the factors studied had a statistically significant influ-
ence on the yields of the studied crop.

Table 5. Results of heteroskedasticity tests for the input data set

Statistical index Value
Breusch-Pagan test
Statistics of the test 2.0720
P-value 0.0004
Degrees of freedom 4
Critical value 9.4877
Null hypothesis Denied
Glejser test
Statistics of the test 22.1300
P-value 0.0002
Degrees of freedom 4
Critical value 9.4877
Null hypothesis Denied

Source: compiled by the authors

Further, linear multiple regression analysis was
performed. The statistics for the analysis and the devel-
oped model are provided in Table 6. It is evident that
the model has moderate fitting quality (according to the

value of correlation coefficient), and reasonable predic-
tion accuracy (according to the value of MAPE, which
falls within the range 20-50%) with a greater inclina-
tion to good accuracy (requires MAPE within 10-20%).

Table 6. Regression statistics and the model’s equation for the prediction of clary sage yields depending on mineral
fertilisers rates, spacing, and depth of ploughing

Statistical parameter Value
Correlation coefficient 0.5885
Coefficient of determination 0.3463
Adjusted coefficient of determination 0.3020
Predicted coefficient of determination 0.2383
Mean absolute percentage error 24.12%

Equation

15.325-6.3403x10°xN+1.5644x10*xP-3.3250%x10*xS5+5.6563x102xD

Note: N - the dose of Nitrogen fertilisers applied, kgxha™*; P - the dose of Phosphorus fertilisers applied, kgxha*; S -

spacing, cm; D - depth of ploughing, cm
Source: compiled by the authors
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According to the modelling results and obtained
values of regression coefficients for each element of
cultivation technology, it is possible to state that every
kg of Nitrogen fertilisers applied per ha reduces clary
sage yields by 6.3403 kg, every kg of Phosphorus fer-
tilisers applied per ha increases clary sage yields by
156.44 kg, every additional cm of between row spacing
reduces the yields by 3.325 kg, and every cm of addi-
tional depth of ploughing above 22 cm improves the
crop yield by 56.563 kg. Therefore, it is quite surprising

50.00
40.00

30.00

|

that Nitrogen fertilisers manifested their action not in
supposed enhancement of clary sage yields but provided
weak inhibitory activity. It is also proved that greater
spacing, meaning lower plant density, results in the
yield losses. Deep ploughing is favourable for obtain-
ing higher yields of clary sage in the south of Ukraine;
therefore, it is reasonable to spend additional labour,
time, and material resources to provide deeper loosen-
ing of the soil under clary sage. Visual approximation
and fitting quality assessment are provided in Figure 1.

20.00

Clary sage yields, t

10.00

0.00

k-,

1 4 7 1013161922 2528313437404346495255586164
The studied pair of data

—Yield (true)

—Yield (predicted)

Figure 1. Visual approximation of clary sage productivity model

Source: compiled by the authors

Current study has no analogues in Ukraine,and it is
the first to provide deep mathematical analysis of clary
sage productivity formation under the drip-irrigated
conditions of the South of Ukraine, as well as to pro-
vide the mathematical equation for yield prediction of
this crop, though the studies on cultivation technology
and biological features of the crop were performed by
Ukrainian researchers (Yurchak & Pobirchenko, 1997).
For example, Knyazyuk et al. (2018) conducted the in-
vestigation of clary sage productivity depending on the
terms of sowing and plant spacing and obtained the
results, which are in agreement with the current study,
that the highest yields of the crop could be harvested
under a spacing of 45 cm. But there was no deep math-
ematical analysis of the formation of crop productivity
in the research papers quoted above. It was also impos-
sible to find any similar work in foreign sources, as most
studies devoted to clary sage productivity investigation
are limited to field work and focused on the interpreta-
tion of the crop productivity with no complicated statis-
tical apparatus engaged (while correlation coefficient
and error calculations are common for almost every
work), and provide no deep statistical analysis, e.g., as
the studies by Singh et al. (2008), Verma et al. (2010),
Fathi et al. (2012), Yaseen et al. (2014), and other for-
eign researchers. Therefore, the current study presents
novel insights for global scientific knowledge on the
formation of clary sage yields under the influence of

Scientific Horizons, 2023, Vol. 26, No. 7

some agrotechnological factors, such as mineral fertil-
isation, plough depth and plant spacing. The results are
of a special value for the South of Ukraine and could
be extrapolated to the areas with similar soil-climatic
conditions with accordance to modern climate classi-
fication - namely, BSk zone, the cold Steppe climate
(Beck et al., 2018).

To sum up the results of the current study, it is re-
quired to note that it has some limitations, mainly with
respect to the number of agrotechnological factors
studied, as many elements of cultivation technology re-
mained out of sight in this research. Furthermore, the
results about the low efficiency of the tillage depth in
the increase in yield could be put under doubt if the
crop is grown in rainfed conditions, as it is believed that
irrigation can lead to the nullification of positive ef-
fects from deep ploughing (Lavrenko et al.,2021). At the
same time, the developed model for clary sage produc-
tivity prediction has no analogues in Ukraine and in the
world,and it is the first one to implement mathematical
methods for better understanding of the crop yield for-
mation under various cultivation technology practices.

CONCLUSIONS

Clary sage’s productivity in the drip-irrigated conditions
of the South of Ukraine mainly depends on fertilisation,
as the depth of ploughing and plants spacing play ne-
glectable role and provide yield increase, which is not




statistically significant according to the ANOVA results.
The best yield capacity (46.29+6.28 t/ha’') is attributed
to the variant with the ploughing 28-30 cm, the spacing
of the plants 45 cm, and the rates of application of min-
eral fertilisers N, P... Statistical analysis testifies about
the highest importance of phosphorus fertilisers (Pear-
son’s correlation coefficient is 0.59) in achieving the
best yield quantity, while plant spacing and ploughing
depth play a secondary role in clary sage productivity.
As a result of our study, a mathematical equation
for the prediction of the yield of clary sage inflores-
cences has been developed based on the rates of min-
eral fertilisers, the spacing and the depth of ploughing.
The model has moderate fitting quality (correlation

Chaban et al.

revealed that nitrogen fertilisers can slightly decrease
yield (per 6.34 kg ha' for each kg ha? applied), al-
though it is commonly expected that they improve crop
productivity. The results of the study have no analogues
in Ukraine or elsewhere and provide valuable scientific
information on the cultivation of clary sage in the cli-
matic zone of the soil of BSk.

Further investigations are to be conducted to
deepen the obtained theoretical knowledge on clary
sage productivity formation, including the factors,
which were not embraced in current study. In addition,
other mathematical and statistical approaches should
be applied to improve the quality of the yielding model.

coefficient is 0.5885) and reasonably good prediction ACKNOWLEDGEMENTS
accuracy (mean absolute percentage error is 24.12%), None.
providing novel information on the specifics of the for-
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AHoTauif. YkpaiHa Ma€ cnpuatauei NpUPOAHI YMOBM A8 BMPOLLYBAHHS NiKapCbKMX Ta apOMAaTUYHUX POCIIUH,
ane BGpakye HayKOBMX 3HaHb Ta NPaKTUYHUX peKoMeHAALiM Wwoao ix BupolwyBaHHs. LLaBnig MyckaTHa € UiHHOKO
Ta NepCnekTUBHOK KynbTypot ang [liBaHa YkpaiHu i 3acnyroBye Ha ocobnusy yeary. Metoto faHoi pobotu €
DOCNIMKEHHS TEOPETUYHMX MeXaHi3MiB GOPMYBaHHA MPOAYKTUBHOCTI LIABAIT MYCKATHOI Ha 3pOLUYBAHUX 3eMASX
MiBaHa Ykpainn. EkcnepumeHTanbHo 633010 LOCNILKEHHS € AaHI NPO BPOXaMHICTb CYLBiTb Ky/NbTYpH, 3i6paHi nig
4yac NonbOBUX AOCNIAKEHb TEXHONOTT BUPOLLYBAHHS WaBii MyCKaTHOI Ha KPanJMHHOMY 3pOLUEHHI B XepCOHCbKIN
obnacTti npotarom 2013-2018 pp. TeopeTnyHe AocnigxXeHHs GOPMYBaHHS BPOXAMHOCTI 3a/eXHO Bif eneMeHTIB
TEXHOSOTii BUPOLLYBaHHS NPOBOAMNOCS 33 AOMOMOrOH PAHrOBOro KOPensLiMHOro Ta reTepockefacTMYHOro aHanisis,
a MaTeMaTM4yHa MofeNb AJ1 NPOrHO3yBaHHS BPOXXaWHOCTi po3pobasnacs 3 BUKOPUCTAHHAM MHOXMHHOI perpecii. B
pe3ynbTaTi Hy/IbOBA rinoTe3a Npo BNAUB A0CANIAXKYBaHUX GAKTOPIB HA BPOXKaWHICTb Oyna CNpoCTOBaHa 3a KpUTepisMu
bpeywa-laraHa Ta [neii3epa, xo4ya pe3ynsraTv AMCNEPCIMHOIo aHanisy He BUSBUAM 3HAYYLLLOTO BNIMBY MMOUHM NTyra
Ta WKMPUHM MDKPSAb HA BPOXaMHICTb. AHani3 paHroBoi kopensuii Nokasas, Wo HaWbinbWmMiA BNAMB Ha BPOXAMHICTb
MatoTb dochopHi fob6puBa. KpiM Toro, BU3HaueHo iHhopMaLito Mpo BMMB KOXHOIO arpoTeEXHONOrYHOro hakTopa Ha
BPOXaMHICTb LWaBAii MyCcKaTHOI, a came 1 Kr a3oTHMX L06puMB, BHeCeHMX Ha 1 ra, 3MeHLYe BPOXaMHICTb Ha 6,34 Kr;
1 kr pochopHmx fobpuB, BHECEHMX Ha 1 ra, 36iNnbluye BpoxXarHicTb Ha 156,44 kr; 1 40AaTKOBUIM CAHTUMETP LUMPUHU
MiXpsAb 3MEHLUYE BPOXAMHICTb Ha 3,33 Kkr; opaHka Ha 1 cM rmwmble nigBuLLye BpoXanHicTb Ha 56,56 kr. Moaenb
Ma€ NOMipHY AKiCTb NiAroHKM (koediuieHT kopensuii 0,5885) i LocUTb XOpOoLLY TOYHICTL NPOrHO3YBaHHS BPOXKAMHOCTI
(cepenHs abcontoTHa BifcOTKOBa Noxmbka 24,12 %). locniokeHHs He Mae aHanoriB B YKpaiHi Ta CBITi i Aa€ HOBI
TEOPETUYHI Ta NPAKTUYHI YSBNEHHS NPO GOPMYBaHHS NPOAYKTMBHOCTI LWAB/IT MyCKaTHOI B 30Hi xonogHoro Creny
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fertilisers with a high potassium content increased the growth rate of the growing season, and preparations rich
in phosphorus had a positive effect on the characteristics of the flowering period. The use of compost provided
an increase in the productivity of strawberries, comparable to the use of synthetic fertilisers. Mulching has been
shown to reduce the risk of fungal infections in plants and to increase growth indicators. The use of the herbicide
was significantly effective in suppressing the growth of pest plants and improving the growth characteristics of
strawberries. It was shown that the use of organic farming methods and reduced concentrations of herbicides and
insecticides allows achieving high efficiency of strawberry cultivation

Keywords: growth characteristics; organic farming; synthetic fertilisers; mulching; fruit and berry crops

INTRODUCTION

Garden strawberries are an important crop for many
farms, providing a significant source of income for them.
It is of particular importance for small entrepreneurs
who can cultivate strawberries on a smaller plot of land
and at the same time earn a high income. This plant is
relatively easy to grow and is suitable for cultivation
in various conditions, which makes it a universal crop.
Garden strawberries are grown in the open ground or
in greenhouses, for which both conventional and or-
ganic farming methods are used. Strawberries have a
short growing season, which means that farms can har-
vest multiple crops in one year. This makes this plant at-
tractive for entrepreneurs who are interested in getting
maximum profit. Strawberries are also an important crop
for the local economy, as they are suitable for sale di-
rectly to consumers. This helps support small and medi-
um-sized businesses and creates jobs in the community.

Strawberries are widely used in the food industry to
make a variety of products, including jams, jellies, syr-
ups, and pastries. Berries are usually consumed fresh, or
frozen, used for preservation, as well as dried and used
in the manufacture of ready-to-eat foods. Strawberry
flavourings are a popular addition to dairy products
such as ice cream, yoghurts, and milkshakes. This plant
is of high importance for environmental protection, as
it is suitable for use in sustainable farming practices
(Romero-Gamez & Suarez-Rey, 2020). In the case of us-
ing natural methods of pest and infection control, as
well as using cover crops and crop rotation to maintain
soil health, farms are able to reduce their negative im-
pact on the environment.

Garden strawberries grow in most soil types, but
A. Van Bruggen et al. (2016) point out that too sandy
soil can lead to drought problems, and heavy clay soils
with poor drainage can cause diseases such as late
blight. Strawberries grow best in fertile soils with a
high content of organic substances. They should be well
drained, but at the same time able to retain a constant
amount of moisture. According to E.P.Bugawisan (2022),
a slightly acidic soil pH is optimal for strawberries.

Fertilisers can be a significant benefit for growing
strawberries, as they provide plants with the nutrients
they need for growth and fruiting.S. Farjana et al. (2023)
report that strawberries require balanced fertilisers
that contain nitrogen, phosphorus, potassium, and trace

elements such as iron, magnesium, and manganese. Or-
ganic fertilisers such as compost, manure, or fish emul-
sion are also used to provide the soil with nutrients.
These types of fertilisers are often preferred by organic
producers because they are less likely to cause environ-
mental problems and can contribute to soil health over
time. However, it is important to use fertilisers cor-
rectly and in the right amount, as excessive use of them
can lead to environmental problems and even harm
the plants themselves. G. Costamagna et al. (2020) have
shown that too much fertiliser can lead to excessive
vegetative growth and impair fruit quality and increase
the risk of disease. In addition, excess fertilisers can be
washed out into ground water or nearby water bodies,
which also leads to environmental problems.

The use of herbicides and insecticides for growing
strawberries is a subject of discussion among produc-
ers and agricultural experts. A. Monteiro and S. Santos
(2022) report that while such compounds can be effec-
tive in controlling weeds and pests, they can also have a
negative impact on the environment and human health
if not used properly. Organic producers can resort to al-
ternative pest and disease control methods, which in-
clude crop rotation, the use of sustainable varieties, and
practices such as pruning and mulching. These methods
can be effective in reducing the pressure of pests and
diseases without the use of synthetic chemicals.

The purpose of this study was to evaluate the influ-
ence of factors such as soil pH, the use of synthetic and
organic fertilisers, various concentrations of herbicides,
fungicides, and insecticides, and mulching practices on
the growth characteristics of various varieties of garden
strawberries.

MATERIALS AND METHODS

The study considers seeds of garden strawberries of
the varieties “Regina”, “Ruegen”, “Alexandria”, and “Baron
Von Solemacher” of the SeedEra company, Ukraine. The
seeds were sown in early spring in closed ground condi-
tions. Before sowing, the seeds were treated with a 1%
potassium permanganate solution to protect against
infections. Seedlings were grown at 25°C in natural
light. After eight weeks, the plants were transferred
to the open ground. Strawberry bushes were planted
on plots of three square metres at a distance of 30 cm
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from each other. Irrigation was carried out once a week,
the volume of water for irrigation was 40 litres per plot.

To test the effect of the soil pH indicator on the
efficiency of growing garden strawberries, experimen-
tal plots were treated with solutions of aluminium sul-
phate and limestone. Aluminium sulphate was used in
the amount of 200 g per site,and limestone materials in
the amount of 900 g in terms of CaO per site. A manual
pH meter model AZ-8694 (AZ-Instruments, Taiwan) was
used to determine the pH. The results obtained were
compared with soil that was not treated with chemi-
cals, the pH value of which was 6.5.

Fertilisers of the Verde line by Yochem, Ukraine,
were used for testing fertilisers. The effectiveness of us-
ing VerdeGrow, VerdeBloom, and VerdeMicro separately,
a complex of all three preparations, and the effective-
ness of using compost and growing garden strawberries

without using fertilisers, was evaluated. VerdeGrow is
designed to improve the growth and development of
young plants and contains 2% by weight of nitrogen in
the form of NO, and NH,*, 1% phosphorus in the form of
P,0,, and 6% potassium in the form of K,0. These ma-
cronutrients are most important for balanced plant de-
velopment. Verdebloom fertiliser is designed to nour-
ish the plant during flowering and fruiting and contains
8% phosphorus in the form of P,O, and 4% potassium
in the form of K,O. VerdeMicro fertiliser is designed to
provide plants with the necessary trace elements and
contains 5% nitrogen in the form of NO, and NH,*, 3%
potassium in the form of K,0, and 5% calcium, 0.01%
boron, 0.0005% cobalt, 0.01% copper, 0.1% iron, 0.05%
manganese, 0.0008% molybdenum, and 0.015% zinc.
The number of millilitres of fertiliser concentrate per
40 litres of irrigation water is shown in Table 1.

Table 1. Use of fertilisers, ml of concentrate per 40 [ of irrigation water

Week 1-6 Week 7-14 Week 15-21 Week 22-25
VerdeGrow 8 16 12 4
VerdeMicro 8 12 12 12
VerdeBloom 8 4 12 16

Source: developed by the authors

Trichodermin (Enzim Agro, Ukraine) was used to
test the fungicide. The effectiveness of the drug was
evaluated when it was applied in the amount of 1, 0.5,
and 0.25 ml per site.Abamectin (Syngenta, Switzerland)
was used to test the insecticide. The effectiveness of
the substance was evaluated when it was applied in
the amount of 6, 3,and 1 mg per site. Fluazifop-p-butyl
(Syngenta, Switzerland) was used to test the herbicide.
The effectiveness of the substance was evaluated when
it was applied in the amount of 90, 60, and 30 mg per
site. The results were compared with the growth char-
acteristics of strawberry plants without the use of syn-
thetic chemicals when using mulching methods and
without it.

To determine the effectiveness of growing plants
for each site, such indicators as the average number of
whiskers after two weeks of growth, the average number
of trifoliate leaves at the time of the first flowering, the
number of days before the appearance of the first visible
flower buds, the number of days before the ripening of
the first berries, the number of flowers on the site for
the entire flowering period, and the total weight of fruits
from the site were evaluated. To assess the effectiveness

of the fungicide and mulching practices, the number of
plants affected by diseases was also evaluated.All exper-
iments were performed in three repetitions. The tables
show average statistically reliable data.

RESULTS

The application of aluminium sulphate allowed reduc-
ing the pH of the soil to an average value of 5.2. When
using limestone materials, this indicator increased to
7.1.Data on the influence of soil pH on the growth char-
acteristics of garden strawberry plants of various varie-
ties are shown in Table 2.

The pH value of the soil did not significantly affect
the number of whiskers formed by strawberry plants
after two weeks of cultivation in open-ground condi-
tions. It is worth noting, however, that for most of the
varieties, this characteristic was somewhat less when
using limestone materials. Acidification of the soil had
a positive effect on the number of triple leaves at the
time of the first flowering for the varieties “Regina’,
“Ruegen’, and ‘Alexandria”. An increase in the soil pH
value reduced this indicator for the varieties “Ruegen”
and “Baron Von Solemacher”.

Table 2. Influence of the soil pH value on the growth characteristics of garden strawberry plants

Number of Number of

Number of

Variety whiskers per trifoliate leaves Dzz‘s’v:t:if:;e 2:;51,?;::'-:;25 flowers from the l::ritpmii?:)t
plant per plant plot
Regina 2.8 5 28.3 62.7 130.3 2.645
pH 6.5 Ruegen 2.7 5.6 30.3 58.7 155.7 2.976
Alexandria 2.4 4.5 25 53.3 112 2.765
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Table 2, Continued

Number of Number of Days before  Days before the Number of Fruit weight
Variety whiskers per trifoliate leaves lewerin ﬁrs‘; fruits ripen flowers from the er lot!(; )
plant per plant 9 P plot perplotig
pH 5 baronvon 31 6.1 34 65 1373 2.988
Solemacher
Regina 2.7 6.2 26.3 63 158.3 2.875
Ruegen 2.7 7.1 32 57.7 186.7 3.144
PH5.2  Alexandria 2.5 5.6 24.7 56.3 1473 3.072
Baron Von 3 6 32.3 68.3 1653 3.256
Solemacher
Regina 2.8 49 30.7 59 122.7 2.561
Ruegen 2.8 3.2 29 62.3 1437 2.875
PH71  Alexandria 2.2 46 26.7 57.7 105.3 2.634
Baron Von 29 45 373 66 129.7 2.899
Solemacher

Source: developed by the authors

For plants of the “Regina” and “Alexandria” varieties,
the introduction of limestone materials did not signifi-
cantly affect this growth characteristic. There was also
no significant effect of the soil pH value on the num-
ber of days before the appearance of the first visible
flower buds and the ripening of the first fruits. However,
this indicator had a significant impact on the number
of flowers on the site for the entire flowering period
for all the studied varieties of garden strawberries. It
was shown that the number of flowers was on average
20% higher when using aluminium sulphate compared
to the control variant. For the strawberry variety “Al-
exandria”, this indicator was 130% of the results from
the site that was not treated with pH regulators. The
number of flowers in the areas treated with limestone

materials was slightly lower than the control areas for
all the studied varieties of garden strawberries. The to-
tal weight of fruits from the site directly correlated with
the number of flowers and inversely with the pH value
of the soil. The use of aluminium sulphate in the stud-
ied concentration demonstrated the greatest effective-
ness for growing strawberry plants. The results show
that the optimal soil pH for strawberries is shifted to a
more acidic side, which can theoretically be explained
by the greater bioavailability of nutrients.

The use of fertilisers had a significant impact on
the growth characteristics of garden strawberries. Data
on the effect of fertilisers and compost on the growth
characteristics of strawberry plants of different varie-
ties are shown in Table 3.

Table 3. Influence of fertilisers and compost on the growth characteristics of garden strawberry plants

Number of Number of Davs before Days before Number of Fruit weight
Variety whiskers per trifoliate leaves ¥S bel the first fruits  flowers from the 9
flowering . per plot (g)
plant per plant ripen plot

Regina 2.8 5 28.3 62.7 130.3 2.645

Ruegen 2.7 5.6 30.3 58.7 155.7 2.976

N Alexandria 24 4.5 25 53.3 112 2.765

Baron Von 3.1 6.1 34 65 137.3 2.988
Solemacher

Regina 4.5 6.9 253 60.3 139.3 2.756

Ruegen 3.9 8.7 27.3 57 162.7 3.051

VG Alexandria 5 71 223 54.7 1213 2.890

Baron Von 6.3 9.2 31.3 62.7 145.7 3.076
Solemacher

Regina 29 4.8 24.7 59.7 172.3 2.831

Ruegen 2.6 5.9 253 54 201.3 3.144

VB Alexandria 2.6 5.1 21 60.3 156.7 2917

Baron Von 3.3 6.7 29.7 61 178 3114
Solemacher

WM Regina 3.4 5.7 243 61 154.7 2.813

Ruegen 3.8 6.2 29 55.7 176 3.077
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Table 3, Continued

Number of Number of Davs before Days before Number of Fruit weight
Variety whiskers per trifoliate leaves Ys bel the first fruits flowers from the 9
flowering . per plot (g)
plant per plant ripen plot
Alexandria 33 4.9 23.7 51.7 134.3 2.987
Baron Von 4 71 33.3 64 142 3.054
Solemacher
Regina 39 6.8 233 57.3 149.7 2.915
Ruegen 37 7.2 24.7 56.3 188.7 3.354
VA Alexandria 4.4 6.7 19.3 58 128.3 3.267
Baron Von 48 71 30 59.7 152 3162
Solemacher
Regina 3.6 7.5 26.3 60 157.3 2.789
Ruegen 41 7.8 27.3 56.7 172.3 3.073
C Alexandria 39 7.3 22.7 49.7 139.7 2.890
Baron Von 338 78 31 63 146.3 3.183
Solemacher

Note: N - control areas, VG - VerdeGrow, VB - VerdeBloom, VM - VerdeMicro, VA - complex of all three synthetic

fertilisers, C — compost
Source: developed by the authors

The greatest positive effect on the number of
whiskers formed by plants after two weeks of cultiva-
tion and the number of triple leaves at the time of the
first flowering was demonstrated by VerdeGrow. The
reason for this effect is probably an increased potas-
sium content. The largest indicators of these growth
characteristics were possessed by plants of the “Rue-
gen” variety. It is worth noting that all the tested fer-
tilisers had a positive effect on the growing season of
garden strawberries. The use of compost proved to be
quite effective and showed results comparable to those
in areas where VerdeMicro and VerdeBloom prepara-
tions were used. The use of both organic and synthetic
fertilisers reduced the number of days before the first
visible flower buds appear, as well as the duration of
ripening of the first fruits. The most effective prepa-
ration was VerdeBloom, which may be conditioned by
the high phosphorus content in this fertiliser. The best

indicators were shown by the varieties “Regina” and ‘Al-
exandria”, the effect on plants of the varieties “Ruegen”
and “Baron Von Solemacher” was slightly lower.

The use of VerdeBloom, and a complex of all three
fertilisers, significantly increased the number of flowers
on the site for the entire flowering period. The use of
compost also had a positive effect on this characteristic.
The largest number of flowers was formed by strawberry
plants of the “Ruegen” variety when using VerdeBloom.
There was a significant increase in the total weight of
fruits from the site when using organic and synthetic
fertilisers. The highest productivity was demonstrated
by plants of the varieties “Ruegen” and ‘Alexandria” in
combination with all three fertilisers of the Verde line,
which indicates the importance of a balanced content
of all micro- and macronutrients. Data on the effect of
the fungicide and mulching practice on the incidence of
strawberry plant disease are shown in Table 4.

Table 4. Effect of trichodermin and mulching practices on the incidence of garden strawberry diseases

Number of affected plants per site

Variety
Powdery mildew Septoria Brown spotting Grey rot
Regina 0 1.3 1.7 0
Ruegen 0 0 0.3 0
Control plots
Alexandria 0 1 0 2.3
Baron Von Solemacher 0 2 13 2.7
Regina 0 0 0 0
Ruegen 0 0 0 0
Trichodermin, 1 ml
Alexandria 0 0 0 0
Baron Von Solemacher 0 0 0 0
Regina 0 0 0.3 0
Ruegen 0 0 0 0
Trichodermin, 0.5 ml
Alexandria 0 0 0
Baron Von Solemacher 0 0 0.7
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Table 4, Continued

Number of affected plants per site

Variety
Powdery mildew Septoria Brown spotting Grey rot
Regina 0 0 0.3 0
Ruegen 0 0 0 0
Trichodermin, 0.25 ml
Alexandria 0 0 0 1.3
Baron Von Solemacher 0 1 0 2
Regina 0 0.7 0
) Ruegen 0 0 0
Mulching
Alexandria 0 0.3 0 0.7
Baron Von Solemacher 0 1.3 0.3 2.7

Source: developed by the authors

The most vulnerable to diseases were plants of the
“Baron Von Solemacher” variety. The use of a fungicide
in amounts of 1, 0.5, and 0.25 ml per site significantly
reduced the frequency of infection of garden strawberry
plants with diseases such as septoria, brown spotting,
and grey rot. The use of mulching practices has also
demonstrated significant effectiveness in controlling
these fungal infections, although slightly less compared

to fungicide. However, in the case of plants of the “Bar-
on Von Solemacher” strawberry variety, mulching and
using a fungicide in the amount of 0.25 ml per site did
not demonstrate effectiveness in combating fungal dis-
eases due to the high sensitivity of this variety. Data on
the effect of the fungicide and mulching practice on the
growth characteristics of garden strawberry plants of
various varieties are shown in Table 5.

Table 5. Effect of trichodermin and mulching practices on the growth characteristics of garden strawberry plants

Number of Number of Davs before Days before Number of Fruit weight
Variety whiskers per trifoliate leaves ¥S el the first fruits flowers from the 9
flowering . per plot (g)
plant per plant ripen plot

Regina 2.8 5 28.3 62.7 130.3 2.645

Ruegen 2.7 5.6 30.3 58.7 155.7 2.976

N Alexandria 2.4 4.5 25 53.3 112 2.765

Baron Von 3.1 6.1 34 65 137.3 2.988
Solemacher

Regina 3 6.8 26 61 156.7 2.867

Ruegen 2.5 5.9 32 60 161.3 3.001

17 Alexandria 2.8 6.2 23 51 135.3 2.987

Baron Von 3.3 6.6 35 63 166 3.127
Solemacher

Regina 2.9 5.7 27 64 155.7 2.976

Ruegen 2.8 5.6 31 62 151.3 3.016

0.5T Alexandria 2.8 6.4 22 54 139.7 3.056

Baron Von 3.2 6.3 32 67 1587 3.218
Solemacher

Regina 29 6.1 27 61 135.7 2.645

Ruegen 2.6 5.8 32 60 149.7 2.899

0.25T Alexandria 2.7 46 24 55 108.3 2.765

Baron Von 36 6.9 31 64 143.7 2.988
Solemacher

Regina 31 5.7 27.7 63.3 129.7 2.901

Ruegen 3 7.8 29 57.3 157.3 3.140

M Alexandria 2.8 5.5 24 53.7 1233 2.907

Baron Von 3.6 7.2 337 64 129.7 3177
Solemacher

Note: N - control areas, 1T - 1 ml of trichodermin, 0.5T - 0.5 ml of trichodermin, 0.25T — 0.25 ml of trichodermin, M — mulching

Source: developed by the authors
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The positive antifungal effect allowed achieving
slightly higher indicators of such vegetation character-
istics as the number of whiskers that plants formed af-
ter two weeks of cultivation and the number of trifoliate
leaves at the time of the first flowering. It is worth noting
that the use of mulching practice led to an increase in
these growth characteristics for the Ruegen variety, even
though the plants of this strawberry variety were practi-
cally not affected by fungal infections in the control are-
as.Asimilar effect was not reproduced with the use of the
fungicide. This indicates the existence of additional pos-
itive effects of mulching, in addition to direct infection
control. The growth indicators of plants of the “Ruegen”
variety in the control areas and areas that were treated
with a fungicide did not differ significantly. The use of
a fungicide and mulching practice did not significantly
affect such indicators as the number of days before the
appearance of the first flower buds and the duration of
ripening of the first fruits. At the same time, the use of
a fungicide in the amounts of 1 and 0.5 ml per site sig-
nificantly increased the number of flowers for the entire
growing season and the total weight of fruits from the
site for all the studied varieties of garden strawberries.
The most pronounced effect was observed for plants of
the Baron Von Solemacher variety when using the maxi-
mum concentration of the drug. The practice of mulching

did not significantly affect the total number of flowers
from the site for the entire growing season, but its use
led to an increase in the total weight of fruits, due to
an increase in the average weight of individual berries.
Data on the effect of insecticide in different amounts on
the growth characteristics of garden strawberry plants of
different varieties are shown in Table 6.

Most often, strawberry plants were affected by
pests such as mole crickets, may beetle larvae, straw-
berry-blossom weevils, and strawberry mites. The use
of insecticide in the amount of 6 and 3 mg per plot led
to a significant positive effect in the control of garden
strawberry pests, which was expressed in an increase in
growth characteristics. The study preparation at maxi-
mum concentration resulted in an increase in the num-
ber of triple leaves at the time of first flowering and an
increase in the number of whiskers after two weeks of
cultivation for most of the studied varieties. The use of
insecticide in the amount of 3 mg per plot increased
the growth indicators of the growing season of straw-
berry plants of the “Regina” and “Ruegen” varieties. It
is worth noting that the number of trifoliate leaves of
plants of the “Regina” variety at the time of the first
flowering slightly increased even with the use of the
study drug in the amount of 1 mg per plot, which indi-
cates a special sensitivity of this variety to pests.

Table 6. Effect of abamectin on the growth characteristics of garden strawberry plants

Number of Number of Davs before Days before Number of Fruit weiaht
Variety whiskers per trifoliate leaves ¥S bel the first fruits  flowers from the 9
flowering . per plot (g)
plant per plant ripen plot

Regina 2.8 5 28.3 62.7 130.3 2.645

Ruegen 2.7 5.6 30.3 58.7 155.7 2.976

N Alexandria 24 45 25 53.3 112 2.765

Baron Von 31 6.1 34 65 1373 2.988
Solemacher

Regina 4.1 7 25.3 55.3 156.3 2.910

Ruegen 35 59 273 54.7 187.7 3.303

6A  Alexandria 31 5.1 22.3 497 134.3 3.042

Baron Von 33 6.4 30.7 60.7 150 3.212
Solemacher

Regina 3.6 5.7 24.7 59.7 147.7 2.777

Ruegen 3.2 6.4 28.3 55.3 179.3 3.125

3A Alexandria 26 47 23.7 493 1283 2.903

Baron Von 3.1 6.3 32.7 61.3 145.3 3.137
Solemacher

Regina 2.7 5.4 26.3 60.3 136.3 2.617

Ruegen 29 5.4 28.7 54.7 172.7 3.007

1A Alexandria 2.5 44 23 50.3 121 2.792

Baron Von 32 5.8 31.7 62.3 1277 3.017
Solemacher

Note: N - control sites, 6A — 6 mg abamectin, 3A - 3 mg abamectin, 1A - 1 mg abamectin

Source: developed by the authors
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The use of insecticide allowed reducing the num-
ber of days before the first visible flower buds appear
by an average of 11% and the period required for the
first berries to ripen by an average of 7% compared
to the control areas. The most pronounced reduction
in the ripening period of fruits by 12% was observed
for strawberry plants of the “Regina” variety. The use
of 6 mg of insecticide per site had a positive effect
on the number of flowers during the entire flowering
period and the total weight of fruits from the site.The
highest results of fruiting productivity in this exper-
iment were demonstrated by plants of the “Ruegen”
variety when using the maximum amount of the test
drug. It is worth noting that small concentrations of
insecticide, namely 3 and 1 mg per plot, also had a
positive effect on the total weight of fruits from the

Shahini et al.

plot for most of the varieties of garden strawberries.
The results obtained indicate that even low concen-
trations of insecticides can effectively eliminate this
negative factor.

The growth of pest plants was observed in all
areas where the herbicide was not used. The most
pronounced growth was observed in areas where or-
ganic and synthetic fertilisers were used. When using
the maximum amount of herbicide, it was possible to
achieve complete elimination of pest plants at all ex-
perimental sites, but this led to a decrease in a number
of indicators of strawberry plants themselves, which in-
dicates the sensitivity of this crop to fluazifop-p-butyl.
Data on the effect of herbicide in different amounts on
the growth characteristics of garden strawberry plants
of different varieties are shown in Table 7.

Table 7. Effect of fluazifop-p-butyl on the growth characteristics of garden strawberry plants

Number of Number of Davs before Days before Number of Fruit weiaht
Variety whiskers per trifoliate leaves YS bel the first fruits  flowers from the 9
flowering . per plot (g)
plant per plant ripen plot

Regina 2.8 5 28.3 62.7 130.3 2.645

Ruegen 2.7 5.6 30.3 58.7 155.7 2.976

N Alexandria 24 45 25 53.3 112 2.765

Baron Von 31 6.1 34 65 1373 2.988
Solemacher

Regina 22 47 27.3 63.7 1147 2.546

Ruegen 2.1 5.1 317 57 175.3 3254

90F Alexandria 1.9 46 26.3 527 98.7 2.645

Baron Von 25 5.8 353 64.3 120.7 2.872
Solemacher

Regina 35 6.4 26 573 127.7 2.634

Ruegen 34 7.2 25.7 497 176.3 3.199

60F Alexandria 2.5 44 23 493 122.7 2.701

Baron Von 39 7.8 313 58.3 145 2.933
Solemacher

Regina 33 5.2 27.7 63.3 132.7 2.654

Ruegen 3.2 54 26.3 52.3 161 3011

30F Alexandria 2.8 47 243 51.7 109.7 2.785

Baron Von 37 5.9 323 63.3 1483 2.876
Solemacher

Note: N - control sites, 90F - 90 mcg fluazifop-p-butyl, 60F - 60 mcg fluazifop-p-butyl, 30F - 30 mcg fluazifop-p-butyl

Source: developed by the authors

The greatest positive effect of the studied prepa-
ration was demonstrated on the growth parameters of
the vegetation period, such as the number of trifoliate
leaves at the time of the first flowering and the number
of strawberry whiskers after two weeks of cultivation.
This effect was observed due to the fact that strawberry
plants are most sensitive to competition in the early
periods of their growth. The introduction of herbicide

in the amount of 60 microgrammes per plot increased
these indicators in garden strawberry plants of the va-
rieties “Regina”, “Ruegen” and “Baron Von Solemacher”.
The use of the test drug in the amount of 60 micro-
grammes per site also reduced the periods required for
the appearance of the first visible flower buds and berry
ripening by an average of 8% and 12%, respectively. The

most pronounced effect of reducing these periods was
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observed for strawberry plants of the “Ruegen” variety
when using an herbicide in the amount of 60 and 30
microgrammes per plot, which indicates an increased
sensitivity of this variety to pest plants. The introduction
of the herbicide did not lead to a significant increase in
the total number of flowers from one site during the
flowering period and the total weight of fruits. The use
of the test drug in the amount of 90 microgrammes
per site, on the contrary, led to inhibition of flowering
and fruiting productivity of experimental sites. The ex-
ception was strawberry plants of the garden variety
“Ruegen’, which showed an increased number of flow-
ers and total fruit weight even when using the maxi-
mum amount of herbicide, which suggests an increased
tolerance of this strawberry variety to herbicides.

DISCUSSION

The pH value of the soil is an important factor that
affects the growth and development of plants. Accord-
ing to G.W. Thomas (1996) the pH level determines the
presence of nutrients and the activity of microorgan-
isms in the soil. Different plants have different pref-
erences for soil pH, and maintaining an optimal pH
range for a particular species can contribute to better
growth, yield, and overall crop health. A. Lauchli and
S.R. Grattan (2017) have shown that if the soil pH is
too low or too high, it can cause nutrient deficiencies,
toxicity, and other problems that can negatively affect
plant growth. Their findings suggest that too acidic
soil can reduce the availability of essential nutrients
such as phosphorus, calcium, and magnesium, leading
to stunted growth, yellowing leaves, and other symp-
toms of nutrient deficiency. On the other hand, if the
soil is too alkaline, it can reduce the availability of trace
elements such as iron, manganese, and zinc, which
can also lead to a corresponding deficiency and poor
plant growth and fruit quality. According to G.M. Darrow
(1966), the optimal soil pH for strawberries ranges from
5.7 to 6. In this paper, the pH of untreated soil was 6.5,
which exceeds the limits of the optimal range estab-
lished from literature sources. Reduction of this indica-
tor by adding aluminium sulphate allowed improving
the characteristics of the growing season of strawberry
plants and increasing the number of flowers and the
total weight of fruits from the site. This may indicate
that the bioavailability of minerals for garden strawber-
ries is higher at more acidic soil pH values. Maintaining
this factor in the optimal range is essential to ensure
that plants have access to the nutrients they need for
healthy growth, flowering, and fruit formation.
Nitrogen, phosphorus, and potassium, often ab-
breviated as NPK, are three important macronutrients
crucial for strawberry growth and development. Each
of these nutrients plays a unique role in supporting the
plant’s physiological processes, including photosynthe-
sis, energy production, and root, flower, and fruit de-
velopment. The greatest stimulating effect in the early
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stages of strawberry plant development was demon-
strated by VerdeGrow with a high potassium content.
According to A K. Srivastava et al. (2020), this macro-
nutrient is involved in many aspects of plant growth,
including water balance regulation, enzyme activation,
and stem and root development. R.Johnson et al. (2022)
have shown that proper potassium levels can help in-
crease plant resistance to environmental stresses such
as drought, cold, and heat. A mixture of all three fertil-
isers, including VerdeMicro, which also contains a sig-
nificant amount of potassium, demonstrated a stimu-
lating effect on fruit development, which is consistent
with data from Lliterature sources. According to A. Nakro
et al. (2022) potassium is important for fruit quality, es-
pecially in terms of improving taste, colour, and texture.

VerdeMicro with a high nitrogen content has
demonstrated significant effectiveness at all stages of
strawberry plant development. According to the study by
J.Wang et al. (2021), the bioavailability of nitrogen has
been shown to have a positive effect on the growth of
plant leaves and stems. This element is a key component
of chlorophyll, and, therefore, is necessary for photosyn-
thesis and the formation of new plant tissues. Data by
S. Farjana et al. (2023) indicate that the correct level of
nitrogen is crucial for the development of strawberry leaf
plates, which can effectively photosynthesise and sup-
port fruit growth. G. Costamagna et al. (2020) reported
that excessive levels of this element can lead to undesir-
able vegetative growth, reduced flowering and fruiting,
and increased susceptibility to pests and diseases. The
results obtained did not demonstrate a decrease in the
intensity of flowering and fruiting when applying maxi-
mum nitrogen concentrations. The question of the effect
of fertilisers on the susceptibility of strawberry plants to
biotic factors requires further investigation.

The most effective preparation from the standpoint
of stimulating flowering was VerdeBloom with a signifi-
cant phosphorus content.L.T.Le et al. (2021) have shown
that this element plays a crucial role in root develop-
ment, flowering, and fruiting processes. It is involved
in the generation of DNA, RNA, and ATP. The necessary
levels of phosphorus can help strawberry plants form
a strong root system, which is essential for absorbing
nutrients and water. AJ. Abbott (1968) indicated that
phosphorus is important for the development of straw-
berry flowers and fruits, which is also consistent with
the results obtained. An important aspect of this study
was the comparison of organic and synthetic fertilisers.
The findings show that the use of compost shows re-
sults comparable to some of the tested fertilisers. Thus,
the use of natural fertilisers allows achieving efficient
cultivation of garden strawberries, which can reduce
the intensity of use of synthetic fertilisers and, accord-
ingly, the negative impact on the environment.

Fungal diseases can have a significant negative
effect on the growth and vyield of strawberries. Ac-
cording to S.T. Koike et al. (2007), the most common




pathogens of such diseases are fungi of the genera
Fusarium, Phytophthora, Botrytis, and Verticillium. During
the experiment, Botrytis cinerea (Grey rot) fungi posed a
significant problem for a number of garden strawberry
varieties under study. M. Panth et al. (2020) have shown
that fungal diseases can lead to a delay in plant growth
and a decrease in their overall growth rates, which can
lead to a decrease in yield. The use of trichodermin and
mulching practices allowed eliminating the negative
effects of infectious agents, which led to an increase in
the growth parameters of strawberries. The “Baron Von
Solemacher” garden strawberry variety turned out to be
the most sensitive to fungal diseases, so the effect of
using a fungicide and sanitary practice was the most
pronounced for it. Mulching showed a positive effect on
the growth parameters of strawberries, even for those
varieties that suffered little from infections. J.P. Pinto
et al. (2022) claim that mulching helps retain moisture
in the soil, reducing the need for frequent watering.
This is especially important for strawberries, which have
shallow roots and are sensitive to drought. D. Neri et al.
(2021) have shown that mulching can suppress weed
growth by reducing competition for water, nutrients, and
light. According to M. Meyer et al. (2021), mulching has
been shown to help lower soil temperature, keeping it
cooler in hot weather and warmer in cold weather. Dur-
ing heavy rains, mulching can help prevent soil erosion
by reducing runoff and holding it in place during heavy
rains. When mulching breaks down, it turns into a kind
of organic fertiliser that promotes root growth and over-
all plant health. Thus, the results obtained regarding the
effectiveness of mulching practices for growing garden
strawberries are consistent with the data of other re-
searchers. The results of this study showed that mulch-
ing shows an effect comparable to low concentrations of
trichodermin and can serve as a more environmentally
friendly alternative to the use of fungicides.

Insect pests can have a significant negative im-
pact on strawberry plants and their fruits. According to
S. Lahiri et al. (2022), this may include a decrease in
yield,a decrease in fruit size, their deformation,and pre-
mature rotting of plants. The results obtained partially
confirm this, because the use of insecticide made it pos-
sible to increase the total weight of strawberry fruits
from the site. However, this effect was observed not by
increasing the size of fruits, but by increasing their total
number. The most resistant to pests was the “Ruegen”
garden strawberry variety. This variety also proved to be
the most sensitive to plant pests and at the same time
the most resistant to the negative effects of high con-
centrations of fluazifop-p-butyl. The findings showed
that even small amounts of insecticide and herbicide
show a significant positive effect on the growth charac-
teristics of garden strawberries. By reducing the use of
these drugs, farmers can reduce the negative impact on
the environment, while maintaining high productivity
of strawberry plants.

Shahini et al.

CONCLUSIONS

The study considered the impact on the growth charac-
teristics of different varieties of garden strawberries of
such factors as the introduction of soil pH regulators, the
use of organic and synthetic fertilisers, the use of differ-
ent concentrations of trichodermin, abamectin and flu-
aziphop-p-butyl, and the use of mulching practices was
tested. It was found that the introduction of aluminium
sulphate in the amount of 200 g per plot of three square
metres to reduce the pH value of the soil has a posi-
tive effect on the efficiency of growing strawberry plants
of the varieties under study. The reduced pH of the soil
turned out to be more optimal for this type of plant. The
use of both organic and synthetic fertilisers allowed in-
creasing the growth characteristics of the growing sea-
son, reducing the time before flowering and fruiting,and
increasing the productivity of garden strawberry plants.
The most pronounced effect on the characteristics of the
growing season, such as the number of whiskers from
the plant and the number of triple leaves in the sec-
ond week of cultivation, was demonstrated by the drug
with a high potassium content VerdeGrow. VerdeBloom,
which contains a significant concentration of phospho-
rus, most effectively improved the characteristics of the
flowering period. The combination of all three synthetic
fertilisers under study had the highest positive effect on
the productivity of garden strawberries.

In the course of the work, it was shown that the
effectiveness of compost is also quite high and com-
parable to the use of VerdeMicro. Trichodermin concen-
trations of 1, 0.5, and 0.25 ml per three square metres
eliminated the effects of fungal infections on straw-
berry plants for most of the varieties. At the same time,
the practice of mulching also showed a significant
positive effect on the growth characteristics of garden
strawberries. Abamectin in amounts of 6, 3, and 1 mg
per three square metres was effective for controlling
insect pests. The use of fluazifop-p-butyl in amounts
of 60 and 30 microgrammes per three square metres
reduced the negative impact of plant pests. At the same
time, at a concentration of 90 microgrammes per site,
this drug reduced the growth characteristics of most of
the strawberry varieties under study. The findings show
that the use of organic fertilisers, natural farming prac-
tices, and the use of a reduced amount of herbicides
and insecticides facilitates high productivity of garden
strawberry plants. The obtained data allow adjusting
the approach to growing this type of plant towards
greater environmental friendliness and productivity.
The effectiveness of using combinations of these fac-
tors requires further investigation.
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AHoTauia. MeTol UbOro AOCHiAKEHHS Oyno OUiHUTM ePeKTUBHICTb BMPOLLYBAHHA CYHWLi 33 BMKOPUCTAHHA
perynatopis pH, CUMHTETMYHMX Ta OPraHiyHMX A0OPUB, NPAKTUKM My/bYYyBaHHS Ta 3aCTOCYBaHHSA GYHriUMAIB,
iHcekTMUMAiB i repbiumaie. PiBeHb pH rpyHTY perynioBanu LUASXOM BHECEHHS CynbdaTy antoMiHil0 Ta BaMHsAKY
y kinbkocTi 200 Ta 900 r Ha Tpu KBagpaTHWX MeTpu BignoBigHo. [lns nepeBipku Aii LOOPWMB BUKOPUCTOBYBANM
CMHTETMYHI NpenapaTtu 3 Pi3HUMKU MAKpO- i MiKpoeNneMeHTaMu, a TaKoX OpraHiyHuin koMnocT. OuiHBanu pocToBi
XapaKTepUCTUKM BereTaLiMHOro nepioay, BKKYAUM MOKA3HUKK LBITIHHA Ta NIOAOHOLWEHHS. Pe3ynbTati nokasanu,
L0 3HMXKEHHS pH FPYHTY NO3UTUBHO BNIMBAE HA ePEKTUBHICTb BUPOLLYBAHHS AOCAIAXKYBAHUX POC/IMH. 3aCTOCYBAHHS
[06pMB 3 BMCOKMM BMIiCTOM Kanito 30inblWwyBano WBMUAKICTb NPOXOAXKEHHS BEreTaliiMHOro nepiogy, a npenapartu,
6araTti Ha pocdhop, NO3UTUBHO BMNAMBAIM HA XapaKTEPUCTUKM NePioay LBITiHHS. 3aCTOCYBaHHS KOMNOCTY 3abe3neunno
36iNblIEHHS NPOAYKTUBHOCTI CYHUL,,MOPiBHAAHHE 3 BUKOPUCTAHHAM CUHTETUYHMX A06pUB.[10BEAEHO, L0 MYNIbYYBAHHS
3HUXYE PU3MK PO3BUTKY FPMOKOBMX iH(DEKLI Y pOCIMH Ta MiABMLLYE NMOKA3HWKM POCTY. 3aCTOCYBaHHS repbiumay
6yn0 3HaYHO ePEeKTUBHILLMM AN NPUTHIYEHHS POCTY POCAMH-LIKIAHWKIB Ta MOKPALLEHHS POCTOBUX XapaKTepUCTHK
CyHuui. [oka3aHo, Wo 3aCTOCYyBaHHS METOLIB OPraHiuyHOro 3eM1epo6CTBa Ta 3HUXKEHMX KOHLLEHTPaALi repbiuunais Ta
iHCeKTULMAIB A03BONSE AOCAITU BUCOKOI eDeKTUBHOCTI BUPOLLYBAHHS CyHULL
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of Kazakhstan, an assessment of agrobiological properties, productivity, and adaptability was made. The purpose
of the article is to study the range of chard varieties and assess the influence of soil properties, temperature,
and illumination on productivity, biochemical composition, and biological activity. The following methods were
used in the studies: laboratory - including monitoring and evaluation of the biochemical composition of plant
material; biometrics - assessment of the parameters of a comprehensive analysis of the environment and the
qualitative characteristics of the crop; phenology - observation of the phases of development; statistics — analysis
of information to assess the adaptive capabilities of chard. A wide range of tolerance to growing conditions was
observed in the Mercury and Buru varieties, a moderate one in the Bull's Blood and Bride varieties, and a narrower
one in the Rubin variety. Under greenhouse conditions, the duration of vegetation in the spring turnover was 45-56
days: variety Mercury v 55 days, Buru — 50 days, Bull's blood - 45 days, variety Bride - 53 days and Rubin — 55 days,
respectively. For three years of cultivation, the average yield of chard was Mercury - 5.27 kg/m?, Buru - 4.51 kg/m?,
Rubin - 4.86 kg/m?, Bride - 5.09 kg/m?,Bull’s blood - 5.54 kg/m?Z. In the conditions of 2022, active accumulation of
photosynthetic material took place in the leaves of most chard varieties. In particular, the practical significance of
the methods of growing green vegetables in greenhouse conditions, the organizational and economic processes
of greenhouse cultivation, the study of economic and biological characteristics and the yield of various chard

varieties form the development strategy for the vegetable growing industry

Keywords: variety; greenhouse; biochemical composition; productivity; biological activity

INTRODUCTION

Growing environmentally friendly vegetable products
in protected ground conditions is an important strate-
gic task of the agro-industrial complex of the Republic
of Kazakhstan (RK). The modern understanding of ra-
tional and proper nutrition requires the consumption
of a sufficient amount and an increase in the range of
green vegetable products, which allows diversifying
the nutrition of the population to a certain extent. RK
is one of the most developed agricultural regions with
great potential, but indoor cultivation of early ripe and
green vegetables remains a significant problem. Ac-
cording to the Greenhouse Association of Kazakhstan
(2023), today there are more than 1.8 thousand hec-
tares of land under greenhouse facilities in the country,
from industrial complexes to mini-greenhouses. On the
basis of the association, training courses for consulta-
tion and support are organized, as well as the manage-
ment of international exhibition centres for managers
and agronomists of greenhouse farms.

In their work, N. Asylkhan and N.T. Dauzhanov
(2022) report that the production of green crops in the
Republic of Kazakhstan is insufficient and accounts for
about 2% of the total vegetable production, while in
the European Union (EU) — more than 30%. According
to K. Zhambakin and K. Zhapar (2020) overcoming the
seasonality of greenhouse cultivation and year-round
consumption of vitamin products is an important task,
but to solve it, it is necessary to improve the structure
of vegetable growing by introducing new valuable veg-
etable plants, creating varieties and hybrids for differ-
ent growing regions; creation and use of preparations
for the protection of plants from diseases and pests;
application of new biotechnological methods for envi-
ronmental protection; increase in productivity and pre-
cocity with the expansion of the zone of distribution of
vegetables.

D.Wang et al. (2022) argue that the species diver-
sity of plants available for cultivation in the Republic of
Kazakhstan and the methods of their cultivation, col-
lection, storage, and use depend on the following fac-
tors: the natural and climatic conditions of the region,
national traditions, modern food culture and technical
capabilities, as well as the availability of suitable prem-
ises for growing and storing products. In agricultural
crop production, about 20 thousand plant species are
grown and consumed, of which 15 thousand are veg-
etable-growing. In the industrial vegetable growing of
the Republic of Kazakhstan, about 40-50 types of green
vegetables are grown, while in personal subsidiary
plots the range reaches up to 150 types of plants.

S.Ajibade et al. (2022) assessed chard, chard, which
widely distributed in EU countries, China, Georgia,
Armenia, Turkey, USA,Japan, and India. Chard has its ori-
gins in the Mediterranean, but is most commonly grown
in Switzerland, where it is known as Swiss chard. Veg-
etable growers need to pay more attention to the cul-
tivation and use of this species, which can offer a wide
range of vitamin products among green vegetables.
Chard differs from red beets in that it has no roots, and
the leaves are edible, as well as the presence of a two-
year growth cycle: in the first year, green inflorescences
are harvested, and in the second year, in addition to the
green mass, seeds ripen.

A.B. Idrisova et al. (2022) described the chard de-
pending on the shape and cut of the leaves: petiolate
and leafy. Leafy chard is characterized by a lush rosette
of large, fleshy leaves and narrow petioles, cultivars
and hybrids called Romaine Kale or Spinach Kale can
easily be used in place of leafy vegetables such as spin-
ach, lettuce, and other leafy green vegetables. Petioled
chard form bushes with numerous large stems. The
leaves of these varieties are smaller, but the petioles
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are very tasty, juicy, replacing asparagus celery in the
diet. To achieve larger stems, when growing chard, the
leaves are cut off, leaving the petioles.

|. Gonzalez-Fernandez et al. (2016) give a detailed
description of chard varieties according to varietal dif-
ferences that differ in stem colour: whitish, yellowish,
light green and dark green, red. Leaves can be either
curly or smooth. Lyon chard is distinguished by a low
but powerful rosette of delicate, salad-coloured leaves.
Swiss chard is characterized by erect, yellow-green,
blister-curly and relatively large leaves. Chard-Lukullus
is characterized by larger and curly leaves than those
of the Swiss, with a white wide petiole. Silver curly
chard has heavily curly-bubbly leaves. Silver smooth
chard differs from the previous variety - smooth wav-
iness. Yellow-petiolate chard is an ornamental variety
with bright yellow petioles. The red-petiolate variety
of Mangold is early ripening, and forms a large, com-
pact rosette of slightly wavy dark green leaves. The Pet-
ioles are slightly ribbed, bright red, of medium width
within 3-4 cm. The Dark green chard is mid-ripening,
its rosette consists of highly raised wavy-bubble green
leaves, petioles are slightly ribbed, white, of average
width within 4-6 cm.

The purpose of this study is to study the spectrum
of varieties with low distribution and to evaluate the
influence of greenhouse soil characteristics, moisture,
and light conditions on the yield, biochemical composi-
tion and biological activity of chard.

THEORETICAL OVERVIEW

Chard (Beta vulgaris L. var. cicla) is a biennial her-
baceous plant that belongs to the amaranth family
(Amaranthdceae), one of the varieties of leaf beet with
a wide rosette, large leaves and short stems, besides,
contrasting veins give the culture a special elegance.
H. He et al. (2022) in their work report that based on
the DNA analysis of two geographic groups of chard
(African and North American), a gene pool sequence
was established, including 7 sections Lactuca and
Lactuca Cyanicae, Phoenixopus, Mulgedium, Lactucopsis,
Tuberosae, Micranthae and Sororiae.

S.PA. de Oliveira et al. (2021) characterize vegeta-
ble crops, including chard, which is the least demand-
ing on growing conditions and is not afraid of diseases
and pests. Having a long root, the chard easily tolerates
a dry period and is resistant to low temperatures. In the
period of 25-40 days after the appearance of sprouts,
it produces marketable products, and the leaves are
constantly renewed during the summer and autumn. As
noted by A. Libutti et al. (2023), the yield of chard is
very high. From one square meter, it is possible to get
up to 30 kg of leaves and up to 10 kg of cuttings per
season, while the yield of spinach is about 5-6 kg. Chard
is cold-hardy and drought-tolerant. Chard is grown by
sowing seeds into the soil, leafy forms are sown in mid-
April with a row spacing of 25-30 cm, and petiolate
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Common chard 45-60 cm, it is also allowed to re-sow
in July. The seeding rate is 5 g per 1 m2. The sprouts are
thinned out, leaving the plants at a distance of 8-10 cm,
and then - 15-20 cm.

R. Brown and R. Gbesbm (2021) note the following
types of chard: according to the shape of the leaves -
narrow and long; petioles are tall and fleshy. Chard
leaves are classified into horizontal, sinuous, with a
smooth or blistered surface, round, oval, elongated; en-
tire and with serrated edges. The root system of the
chard is rather weak, but regenerates well and grows
quickly, so the plants easily tolerate transplantation,
but at the same time require constant uniform soil and
moisture. Chard varies in colour from light yellow and
dark green to dark red, with some varieties having dis-
tinctive anthocyanin spotting and leaf margin pigmen-
tation. The stem of the chard is highly developed and
reaches 4-5 cm or more in diameter.

Z.T. Teshome (2022) reports that soil cultivation of
chard requires loosening and weeding during the grow-
ing season. The best predecessors of chard are potatoes
and nightshade vegetables. During dry periods, increased
watering after cutting the leaves is recommended. If
a soil crust has formed, there is not enough air in the
ground, with a prolonged decrease in temperature, wa-
terlogging of the soil, its increased acidity, diseases can
develop on crops, in particular root rot and black leg.

M.K. Bozokalfa et al. (2011) concluded that chard
leaves and stems are rich in protein, monosaccharides,
and a high content of ascorbic acid was also noted -
30 mg%. The content of B vitamins indicates numerous
macro- and microelements in easily digestible chelate
forms in the form of sodium, iron, chlorine, calcium, phos-
phorus ions, etc. Leaves and petioles rich in vitamins are
eaten fresh and boiled. Chard roots are not edible. The
plant has a high decorative value and is good for health.

Z. Mzoughi et al. (2019) when creating a new va-
riety of chard recommends using the method of indi-
vidual-family selection for 7 generations from a hy-
brid population obtained by free cross-pollination of
varieties. M. Gamba et al. (2021) described changes
in the productive characteristics of the variety carried
out according to the following indicators: high stable
yield of green mass over the years; leaf blade with an-
thocyanin frame; rounded relatively large root crop,
which is characterized by high keeping quality during
storage of mother liquors, ensuring the suitability of
using beam products together with the root crop; the
ability of leaves to grow back after cutting; resistance
to biotic and abiotic environmental factors; resistance
to the formation of flowering shoots in the second year
of vegetation; high seed productivity.

MATERIALS AND METHODS
The following methods were used in the study: lab-
oratory - included monitoring and evaluation of

the biochemical composition of plant material;




biometric - parameters of a comprehensive analysis
of environmental conditions and qualitative charac-
teristics of the variety and yield; phenological - ob-
servations of the stages of plant ontogenesis; sta-
tistical — analysis of information on assessing the
adaptive abilities of chard.

In order to expand the range of green vegetable
products in the period 2020-2022, in accordance with
generally accepted methodological recommendations
and taking into account the biological characteristics
of species, studies of chard were carried out in inno-
vative closed greenhouses based on Kazakh National
Agrarian Research University, Almaty. Estimate morpho-
logical signs of chard sowing carried out according to
Order of the Minister of Agriculture of the Republic of
Kazakhstan No.06-2/254 “Methodology of the State va-
riety testing of agricultural crops” (2011). To study the
adaptive abilities of sowing chard, the sowing of the
varieties Mercury, Buru, Rubin, Bride, and Bull’s blood
was carried out, and the morphological-identification,
biometric and biochemical characteristics of the crop
were evaluated. The soils of greenhouse plots are rep-
resented by chernozem with a humus content of 3 to
6%, leached, heavy loamy typical for the southeast of
the Republic of Kazakhstan for signs and properties.

The total area of the greenhouse was 500 m?, by
design it was divided into 2 sections of 250 m2. Layered
and pyramidal structures allowed more than 4 floors
with shelves. The number of rows of the pyramid in
which the plants were planted consisted of 8-9 tubes.
A favourable microclimate was provided by automated
irrigation, air conditioning, lighting, and ventilation sys-
tems at all levels. Before sowing seeds and seedlings
in the greenhouse, the equipment, cassettes, and sub-
strates used were sterilized.

Planting of seedlings in the spring turnover of closed
greenhouses was carried out in the second decade of
April according to the scheme 20x15 cm. The depth of
planting seeds in the soil was between 2.5-3 cm. The
optimal distance between rows was 25 cm. The seeds
were sifted at a distance of 1 cm. The location of the
plots was randomized with quadruple repetition.

During the growing season of chard sowing, pheno-
logical observations of sowing, mass shoots, technical
ripeness and biometric measurements (height and di-
ameter of the leaf rosette, number of leaves, thickness,
and length of the petiole) were carried out in the re-
search and scientific National Agrarian Research Uni-
versity. The chard varieties of the 2020-2022 sowing
crop were analysed for the content of total sugar by
the Bertrand method; dry matter by drying in a ther-
mostat at 105°C to constant weight; ascorbic acid by
titration with Tillmans stain; the content of pigments
carotene, chlorophyll A and B was carried out on a
gasoline extract by the spectrophotometric method at
a wavelength of the spectrophotometer 450, 663 and
645 nm, respectively. In laboratory conditions, the seed
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suitability of chard for seed germination and germina-
tion energy was determined, which on average for all
varieties was 93-97%.

Statistical processing of experimental data on yield,
biometric and biochemical indicators of chard sowing
was carried out by the method of analysis of variance
for the reliability of the difference between the average
values using the dispersion method based on the data
of S.M. Lourenco (2019).

RESULTS

To expand the range of vegetable products, varieties of
chard were studied in a greenhouse; they differed in
the colour of the stems and the roughness of the leaves.
In some varieties, the stems are better tasting than the
leaves, like rhubarb and celery. The most promising are:

1. The chard variety Mercury - from early ripening,
growing season — 55 days, before harvesting 95 days,
the average yield is 4.4-4.9 kg/m2. The variety is marked
by a semi-vertical arrangement of large leaves. The
leaves are intensely coloured red with an anthocyanin
tinge. In terms of taste, it has a delicate, crisp texture
of leaves with a folded surface. The rosette is 27 cm
high, and the diameter of the rosette is 27-31 cm. The
approximate weight of one plant is 450 g. The seeds
are sown in April-May. When grown for seedlings, seeds
are sown in March-April, and planted in May. To form
a powerful rosette, regular and moderate watering is
required to prevent stagnation of water and drying of
the soil substrate.

2. The chard variety Buru is mid-season, the grow-
ing season is 48 days, before harvesting 85 days, the
yield is 4.2-4.8 kg/m? Representatives of Buru chard
have an upright rosette of leaves, slightly spreading in
the upper part, 54-61 cm high. The leaf is large, elon-
gated-oval, purple-green. The edge is slightly wavy. The
surface is slightly bubbly. The length of the leaf blade
is 23-25 cm, the width is 16-17 cm. The length of the
petiole is 27 cm, the colour is raspberry-red, with the
presence of anthocyanin.

3. The chard variety Bride is a mid-season variety
that takes 55 to 65 days from germination to harvest.
Young leaves and stalks of chard contain many vitamins
and minerals. The leaf rosette is upright, compact, up to
60 cm high. The leaves are medium, dark green, slightly
bubbly, tender and tasty. Petioles are long, wide, juicy,
golden-white, 30-45 c¢cm long. This variety is relatively
drought-resistant and cold-resistant. Sow in open ground
to a depth of 2.5 cm at the end of April. Multiple cleaning
included. The yield of leaves and petioles is 6-7 kg/m2.

4. The chard variety Rubin is a mid-season spe-
cies, which is represented by a medium-sized rosette,
consisting of green leaves with red veins and petioles.
When grown directly in the ground, seeds are sown in
early May; seedlings are planted in mid-May. The leaves
begin to bear fruit 35-40 days after germination. The
greens are harvested several times during the summer.
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The plant is cold-resistant, prefers humidity, with pur-
ple-green leaves and dark red petioles 20-30 cm long.

5. The chard variety Bull's blood is a mid-season
species, the growing season from germination to mass
harvesting is observed within 100-110 days. The variety
can be grown for microgreens. The variety has a rich
ruby colour, without white streaks, and with frost, the
colour of the foliage intensifies. The leaves of the vari-
ety are rounded and smooth, delicate and soft in taste.
The yield of leaves and petioles is 4-5 kg/m?.

It is important to establish microclimate parame-
ters for the formation of chard sowing due to changes
in biometric indicators. Not only the quantity of the
crop, but also its quality characteristics, depended on
the growing conditions. The taste of the leaves and
stem of chard is affected by: the composition of the soil,
adherence to agricultural practices, optimal tempera-
ture, lighting and other factors.

Common chard was sown in fertile, loose, well-wa-
tered soil, as on poor, heavy clay soils with an acidity
below pH 6, the leaves will be rougher and the taste
will be worse. Chard does not tolerate waterlogging,
so planting in stagnant soils is not allowed. Crop ro-
tation was also taken into account, since in one place
chard and beets are grown at intervals of 3-4 years.
When choosing a site, crop rotation rules are observed,

recommended predecessors: carrots, radishes, legumes,
tomatoes, cucumbers, radishes, do not grow well af-
ter spinach and fodder root crops. In autumn, nutrient
components were introduced into the soil to a depth
of 30 cm: compost, peat, humus, or other organic fer-
tilizers - 4-5 kg per 1 m?; superphosphate - 20-25 g;
potassium chloride - 15-20 g.Also, often, in heavy soils,
dense and clayey, sand is added to loosen the structure.
The optimal temperature for growing chard is 16-25°C,
the flowering period is 20-25°C, with good watering,
growth is possible at 35°C. Seeds germinate at a tem-
perature of 6-7°C. Young plants with 3-4 true leaves
can tolerate low temperatures down to -3°C.

When planting in partial shade, it should be borne
in mind that due to lack of sunlight, nitrates, and nitrites
can accumulate in the leaves, and prolonged shading
can slow down growth and cause the leaves to become
small. Chard grows well in both full sun and partial
shade and requires a lot of light, but keep in mind that
the less light, the more delicate the taste of the leaves
and the lower the yield. Conducted phenological obser-
vations on average for 2020-2022 assumed to take into
account the beginning and main phases of the develop-
ment of chard varieties. It is noted that the bequeathing
stage of growth occurred with the appearance of 8-10
leaves, data on all studied varieties are noted in Table 1.

Table 1. Duration of phenological phases of leafy chard varieties

Period from sowing to, days

The period from sowing to

Varieties the growth of shoots,days  Real 1 sheet  Real 3-4 sheets Real 8-10 sheets End of the growing season
Mercury 4 18 31 55 94
Buru 4 16 30 48 84
Ruby 5 17 32 55 96
Bride 6 16 31 53 95
Bull’s blood 4 15 31 45 85

Source: compiled by the authors

Under the conditions of hydroponic cultivation, the
first shoots were observed on the 5-6th day after sowing
the seeds. Varieties of the studied chard with the appear-
ance of 10 leaves or vegetative ripeness, were estab-
lished during the period from sowing: 55 days - the Mer-
cury variety, 50 days - the Buru variety, 45 days - the Ox’s

blood variety, 53 days - the Bride variety, 55 days - the
Rubin variety. The studied samples differed not only in
the rate of development, but also in biometric parame-
ters according to the averaged data for 2020-2022, Table
2 shows the data of chard varieties during harvesting in
the spring turnover when grown in a closed greenhouse.

Table 2. Biometric indicators of chard varieties

Varieties Rosette height, cm Outlet diameter, cm Number of leaves, pcs
Mercury 22.4%0.15 33.5+0.07 23.2%0.12
Buru 22.3%0.51 33.5%0.13 24.5%0.45
Ruby 21.3%£2.05 33.0+2.44 24.3%2.67
Bride 26.9%1.05 33.6+1.18 24.4%0.85
Bull’s blood 30.7+1.83 34.5+¥1.40 29.4%1.95

Source: compiled by the authors
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The reactions of varieties to greenhouse growing con-
ditions are manifested by the degree of variability of bi-
ometric parameters, which are divided into three groups:

1. Wide range of tolerance to the conditions of the
variability of all biometric parameters less than 10%
(Mercury and Buru);

2.The average range of tolerance to the conditions
of the variability of at least one biometric indicator by
10-20% (Bull's blood and Bride);

3. A narrow range of tolerance to the conditions

Idrissova et al.

of the variability of at least one biometric indicator is
more than 20% (Rubin).

Chard cultivars Mercury, Buru, Rubin, Bride, and Bull’s
blood formed medium-sized rosettes with a leaf height
of 21.3-30.7 cm, and a rosette diameter of 32.3-34.5 cm.
29 pcs. Accounting for the yield of the leaf mass of chard
sowing was carried out separately according to variants
and repetitions.Changes in greenhouse conditions for the
current 2020-2022 research, identified varietal differences
in the formation of the crop, which are detailed in Table 3.

Table 3. Productivity and marketability of chard varieties

Varieties 2020 Pmduc;:zt:- kg/m* 2022 Av:;;gig l:nt Marketability, %
Mercury 4.90 5.56 5.34 204 92
Buru 4.77 4.23 4.53 197 86
Ruby 4.94 4.75 4.89 198 87
Bride 5.12 4.99 5.15 198 88
Bull's blood 5.16 5.45 6.02 222 95

Source: compiled by the authors

When evaluating the vyield, it was found that in
the varieties of chard Bride, Rubin, Mercury, Buru - 4.8-
5.6 kg/m?, these indicators were inferior to the variety
Bull's blood - 5.5 kg/m2 Similarly, there was a trend in
terms of average weight and marketability. Given the dif-
ference in growing conditions over the years, the yield
of chard varieties changed. In 2020, moderate direct
illumination of plants was used, with an average daily

temperature in May of 13-18°C. In 2021, a high level
of direct illumination was noted with an average daily
temperature in May of 16-20°C. In 2022, moderate con-
ditions of a high level of illumination were established
with an average daily temperature in May of 14-19°C.
Biochemical analysis of leaves for the content and ratio
of energy pigments - chlorophyll (A, B) and carotenoids
for the period 2020-2022 is noted in Table 4.

Table 4. Composition and content of pigments

Chlorophyll, mg/g

Varieties Years of cultivation A B Carotene, mg/g
2020 0.42 0.31 0.18
Mercury 2021 0.39 0.44 0.16
2022 0.40 0.37 0.23
2020 0.57 0.63 0.11
Buru 2021 0.59 0.59 0.09
2022 0.43 0.54 0.14
2020 0.61 0.58 0.15
Ruby 2021 0.57 0.31 0.10
2022 0.47 0.56 0.12
2020 0.48 0.74 0.15
Bride 2021 0.46 0.24 0.07
2022 0.65 0.72 0.18
2020 0.41 0.52 0.23
Bull's blood 2021 0.59 0.78 0.14
2022 0.12 0.68 0.24

Source: compiled by the authors
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The content of chlorophylls A and B, regardless of
the variety, decreased relative to the increase in tem-
perature and the level of direct solar energy in the
greenhouse during the period from 2020 to 2022. The
total content of pigments in the leaves of the varie-
ties Bull's Blood and the Bride is higher, in contrast

to Mercury, Buru and Rubin. In the Bull’s blood vari-
ety, a low content of chlorophyll A was noted, due to
the individual composition of this variety, but it was
compensated by the content of carotene. The results
of biochemical research in 2020-2022 are detailed in
Table 5.

Table 5. Biochemical composition of chard varieties, %

Varieties Years of cultivation Dry matter total sugar organic acids
2020 94.26 0.94 0.44
Mercury 2021 94.88 0.82 0.32
2022 94.21 0.84 0.26
2020 94.35 1.18 0.48
Buru 2021 94.96 1.16 0.56
2022 94.56 1.24 0.47
2020 94.55 1.15 0.34
Ruby 2021 94,.24 1.42 0.36
2022 95.52 1.08 0.42
2020 94.83 0.64 0.64
Bride 2021 95.02 0.38 0.56
2022 94.80 0.62 0.66
2020 94.69 1.27 1.28
Bull’s blood 2021 95.62 1.47 1.31
2022 94.24 1.87 1.22

Source: compiled by the authors

The biochemical composition of chard leaves is di-
verse, but the content of individual components is low.
The accumulation of dry matter, sugars and organic ac-
ids, regardless of the variety, was more active in 2022.
In the Bull's Blood variety, a high content of dry matter
was noted 94.2-95.6%, total sugar - 1.3-1.9%, organic
acids - 1.2-1.3%.

DISCUSSION

Greenhouse farming can provide an increase in crop
yields throughout the year. At the same time, agricul-
tural producers have more and more opportunities to
control and create the optimal climatic conditions nec-
essary for plant growth. It has been established that
the greenhouse cultivation of chard increases the pro-
ductivity and taste of chard, as well as the yield, which
averaged 4.2-6.0 kg/m?in comparison with the culti-
vation of these crops in open ground. Optimal green-
house conditions, increased carbon dioxide concentra-
tion enhance photosynthesis, leading to highly efficient
vegetable growing in a shorter time compared to open
ground. In general, when analysing biometric data,
greenhouse cultivation was higher in almost all indi-
cators, but the Bull's blood variety turned out to be the
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leader with an average annual yield of 5.54 kg/m?, as
well as plant height, rosette diameter and a number of
leaves were the largest. Staying in the enclosed space
conditions of a greenhouse prevents damage to crops
from climate change, rising or falling temperatures,
possible drought, and keeping birds and other animals
away from crops.

H. Kabir et al. (2018) found that yields per m? in-
crease threefold or more when greenhouses are imple-
mented in combination with digital technologies and
hydroponics strategies. The light period of greenhouse
conditions during the daytime lasts 16 hours, and at
night — 8 hours, the optimum temperature was at the
level of 23°C, relative humidity 70%, the allowable val-
ues of CO, in the air were 1000 ppm or in terms of a
percentage of 0.1%. F.J. Rodriguez Pulido et al. (2022)
compare greenhouse conditions for chard cultivation
with alternative open-field farming, where the yield
of commercial chard cultivation is in the range of
2-2.5 ¢/ha, although it is quite possible to increase the
yield in the range of 8-10 c/ha.

Chard at different stages of development does not
consume the same amount of water, it especially needs
high soil moisture during seed germination and in the




first weeks after germination, so it is recommended
to sow in spring in moist soil. Uneven rainfall or wa-
tering carried out with long interruptions adversely
affect growth, as well as the emergence of seedlings
stretched over time. V. Zunic et al. (2022) argue that as
a result of more efficient use of resources, less waste
can be generated, which contributes to greener pro-
duction, which in turn can lead to increased profits.
Leafy vegetables such as chard, basil, microgreens, aru-
gula, spinach are increasingly grown in hydroponic or
semi-hydroponic systems. With the growing popularity
of organic food production, growing vegetables in or-
ganic conditions, without the use of inorganic fertiliz-
ers or chemical plant protection products, and using a
greenhouse environment for growing and cultivating
chard is the basis for modern methods for the produc-
tion of functional foods.

Biometric measurements of height, diameter, and
number of leaves in a rosette in chard varieties depend
on varietal characteristics. In general, in the analysis of
biometric data, the leader in almost all indicators was
the Bull's blood variety, where the height of the rosette
was 30.7 cm, the diameter of the rosette was 34.5 cm,
and the number of leaves was 29.4 pieces. Among the
varieties of chard, the earliest was the Bull’s blood va-
riety, and the latest — Mercury and Rubin. At the same
time, chard of the Bull's blood and Mercury varieties
was noted for the best commercial qualities - 92% and
95%, respectively. According to a study by G.D. Martins
et al. (2021), comparing the obtained results of biomet-
ric indicators of the early spring and summer periods of
growing lettuce of various varieties, it was found that
the determining factor in productivity during the sum-
mer period was the photosynthetic activity of the leaf
apparatus, namely, an increase in the length and width
of the leaf blade, as well as the number of leaves in the
head. During the summer period of lettuce cultivation,
all varieties obtained a total yield that exceeded this
indicator during the spring planting period by 1.5 t/ha -
the Iceberg variety; 1.9 t/ha - Romen; 3.5 t/ha - Lollo
Rossa; 2.3 t/ha - Frisse. It should also be noted that all
varieties of lettuce have a high marketability relative to
chard during the summer planting period, although on
average it was 0.6% inferior to the marketability at the
spring time of 0.8%.

The biochemical composition of chard leaves is
very diverse, but the content of individual components
is quite low. The study of the products of primary and
secondary metabolism allows determining the required
components for the daily diet. In the Bull's blood va-
riety, a high content of dry matter was noted - 94.2%,
total sugar - 1.9%, organic acids - 1.2%. In a study by
P.Wagacha et al. (2022) estimated the dry matter index
in the biochemical composition of chard: 11.3-12.5% in
leaves, 22-27% in stems. Given the content of essential
nutrients, chard contains more than 1% of total sugar,
1.5-1.7% of crude fibre, crude protein - 1.7-1.9%, crude
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fat up to 0.2%.The content of macro-and microelements
in the form of mineral salts of calcium 4.5-5.1 mg/kg,
iron 0.2-0.3 mg/kg, potassium - 35-38 mg kg, sodium -
20-22 mg/kg, phosphorus - 4.5-4.8 mg/kg.

Chard is rich in essential amino acids methionine
and aspartic acid, as well as a number of organic acids -
malic, oxalic and succinic. Based on data from A. Libutti
and A.R. Rivelli (2021), rated biochemical analysis of
leaves for the content of ascorbic acid, which is an
important quality trait for all leafy vegetable crops, in
chard its content ranges from 12.0 to 16.0 mg. Chard
leaves contain hydroxycortic acids - caffeic, quinic,
chlorogenic, which belong to phenolic compounds
and are activators of growth processes. Chard contains
water-soluble vitamins, represented by thiamine (B,),
riboflavin (B,), nicotinic acid (PP), rutin (P), folic acid,
and ascorbic acid (C). Fat-soluble vitamins in chard are
represented by carotene (provitamin A), tocopherol (E),
and phylloquinone (K). The study of the biochemical
parameters of chard is necessary for breeding work in
order to separate promising varieties from those that
are developing intensively.

It is necessary to take into account the main energy
costs that are associated with the creation of conditions
for photosynthesis, in which absorption reactions occur,
the conversion of light quanta into organic substances
from carbon dioxide and water with the participation of
the photosynthetic pigment chlorophyll. Chard leaves
are rich in chlorophylls (A and B), carotenoids, as well
as various anthocyanin derivatives, tannins, and rutins.
M. lammarino et al. (2022) report that pigments are in-
volved in the absorption and transmission of light to
reaction centres and have a protective effect against
reactive oxygen species produced during photosynthe-
sis. With a significant content of the above pigments, a
decrease in the amount of nitrate content is observed.
V.Barone et al. (2019) argue that the protective proper-
ties of green vegetables are primarily associated with
the antioxidant properties of their components: vita-
mins, flavonoids, anthocyanins, polyphenols, a number
of trace elements with antioxidant action, such as sele-
nium, zinc, cuprum, ferum. In vegetable growing, several
directions are intensively developing, expanding the
range of vegetable products, which makes it possible to
form a diet with more harmonious and nutritious sub-
stances with a high content of antioxidants. According
to M. D’lmperio et al. (2019), the use of hydroponic sys-
tems and natural biostimulants has become a very at-
tractive option for growing green vegetable crops due
to the economic value in terms of reducing fertilizer
use and maximizing yields.

CONCLUSIONS

In recent years, there has been an active introduction
of new and fairly popular varieties of chard in European
countries, among green vegetable crops. Based on the
results of three-year studies of the adaptive ability for
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the period 2020-2022, it can be concluded that the
cultivation of chard under greenhouse conditions in
the spring turnover from germination to technical
ripeness is promising. A detailed study of the products
of primary and secondary metabolism makes it possi-
ble to determine the compounds that are important
for human health, evaluating the indispensability of
culture in the daily diet.

Planting seedlings in the spring turnover of closed
greenhouses should be carried out in the second half of
April according to the 20x15 scheme in closed green-
houses.Awide range of tolerance to growing conditions
was noted in the Mercury and Buru varieties; the aver-
age range of tolerance is in the varieties Bull's Blood
and Bride; a narrow range of tolerance - in the Rubin
variety. The duration of the growing season in the spring
turnover under the conditions for leaf-type chard was
45-56 days: separately for the Mercury variety - 55 days,
the Buru variety - 50 days, the Bull's blood variety - 45
days, the Bride variety - 53 days, the Rubin variety - 55
days. The average yield of sowing chard varieties over
a three-year growing period was: for the Mercury vari-
ety, 5.27 kg/m?; Buru - 4.51 kg/m?; Ruby - 4.86 kg m?;
Bride - 5.09 kg/m?; Bull’s blood - 5.54 kg/m?2. Active ac-
cumulation of photosynthesis products in the leaves of
most chard varieties took place under the conditions of
2022, especially in the Bull’s blood variety - 6.02 kg/m2.

Under saturated light, the content of chlorophylls A
and B changed towards equal content regardless of the
variety, and total carotene changed depending on the
chard variety, mainly with the typical red colour of the
stems and leaves of Buru and Bull's blood varieties. In
the spring crop rotation, the best properties are shown
in red-leaved forms. The conducted accounting of pro-
ductivity in the cultivation of chard varieties showed a
fairly high productivity, while no significant differences
due to varietal affiliation were found.

Chard is still little grown on the territory of the Re-
public of Kazakhstan, but at the same time, the culture
has a number of advantages: unpretentious in culti-
vation, decorative appearance, and most importantly,
it has a rich potential for use not only in human nu-
trition, but also in fodder production. Given the yield
data, biometric and biochemical indicators, the studied
chard varieties can be recommended for development
in agro-formation of all forms of ownership and man-
agement in various climatic zones of the Republic of
Kazakhstan, with open and closed cultivation.
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AHoTauif. Cnocib BMpOLLYBAHHA 3€1eHUX OBOYEBUX KYMbTYP Y TEMAMLI, OCHALLEHIA CY4aCHUMM TEXHOMOTiMU,
[O3BONSE KOHTPONMOBATU BOJOTICTb, OCBITNIEHICTb, TEMMNEPATYPY, PiBEHb BYIMEKUCIOrO rasy, UMPKYAsLil0 NOBITPS
Ta 6araTto iHworo. 3a 4ONOMOro iHGOPMALIAHUX Ta LUDPOBUX TEXHOMOTI KOHTPOMIOETHCS LWBMAKICTb 3pOCTAHHS
06p0o6AtOBAHUX KYNbTYP, MiABULLYETLCS BPOXAWMHICTb, @ BMKOPUCTAHHS BOAM Ta pecypciB BiabyBaeTbcs Hinbl
eeKTUBHO, HiXX 33 TpaauLiMHNX MeToaiB 00pobiTKy. Ha niacTaBi npoBefeHWX HAyKOBO-AOCNIAHMX POBIT y nepiog
2020-2022 pp. 33 TEXHONOTIED BUPOLLYBAHHS MAHIO/bAY MOCIBHOMO B 3aKpUTUX Tenauusax M. Anmatu, Pecnybniku
KazaxcTtaH,npoBefeHo OLiHKY arpobionoriyHux BNacTMBOCTEN, BPOXKAMHOCTI Ta aLaNTUBHOCTI. MeTa CTaTTi — BUBYEHHS
ACOPTUMEHTY COPTIB MaHrofbAy NOCIBHOMO Ta OLWiHKA BMAMBY BNACTMBOCTEM IPYHTY, TeMMepaTypu, OCBITAEHOCTI
Ha BPOXaMHiCTb, BIOXIMIYHUMI Ccknag, BioNOriyHy akTUBHICTb. Y JOCNIAXKEHHIX BMKOPUCTOBYBAIMCSA TaKi METOAM:
NnabopaTopHi — fKi BKAOYAKTb MOHITOPMHT Ta OLLiHKY 6i0XiMiYHOIO CKnady pOC/IMHHOIO MaTepiany; 6ioMeTpii - ouiHka
napameTpiB KOMMIEKCHOro aHanisy cepefoBuLLa Ta SKICHUX XapakTepUCTUK YpoXKato; GeHONOorii — CrocTepexeHHs
3a $asamMu po3BUTKY; CTaTUCTUKM — aHaANi3 iHPOpMaLii 3 OLIHKM aJanTUBHMUX MOXAMBOCTEN MaHronbaa. Lnpokui
[iana3oH ToONepaHTHOCTI 40 YMOB BMPOLLYBaHHS CrocTepiraBcsa y copTie Mepkypiti Ta bypy, noMipHuii — y copTiB buua
KpoB Ta HapeueHa Ta 6inbL By3bkuid — y copTy Py6iH.Y TeNIMYHMX yMOBAX TPMBaNiCTb BereTaLii y BECHSIHOMY 060poTi
ctaHoBuna 45-56 gHie: copt Mepkypit = 55 gHis, bypy - 50 gHis, buua kpos - 45 aHiB, coptT HapeueHa - 53 gHi Ta
Py6iH — 55 gHiB, BianoBiAHO. 33 TPU POKM BUMPOLLYBAHHS CEpefHS BPOXAMHICTb MaHIoNbAy CKaana coptu Mepkypiin -
5.27 kr/m?%, bypy - 4.51 kr/m?%, Py6in - 4.86 kr/m?, HapeueHa - 5.09 kr/m? Ta buya kpos - 5.54 kr/mM2. Y 2022 poui
Y NUCTi BiNbLWOCTi COPTiB MaHroNbaa BiadyBanocs akTMBHE HAKOMUYEHHS GOTOCMHTETUYHOIO MaTepiany. 30KpeMa,
NPaKTUYHE 3HAYEHHS METOLIB BMPOLLYBAHHS 3€NeHMX OBOYIB Y TEMIMYHMX YMOBAX, OPraHi3auiiHO-eKOHOMIYHI
npoLecu TeNIMYHOTO BMPOLLYBAHHS, BUBYEHHS TOCMNOAAPCbKO-6i0N0riYHNX 0COBAMBOCTEN Ta BPOXAWHOCTI Pi3HUX
COpTiB MaHronbay GopMyHTb CTPATEril0 PO3BUTKY ranysi OBOYiBHULTBA

KniouoBi cnoBa: copt; Tennunus; 6ioxiMiyHWiA CKNaa; ypoXKaiHicTb; BionoriyHa akTUMBHICTb
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goal. As a result of the study, it was identified that the formation of high yields of winter wheat is closely related
to the use of nitrogen-containing fertilisers in crop rotation, which contributes to the accumulation of nitrate
nitrogen in the soil. The substantial effect of ammonium nitrate and granulated superphosphate on the nitrogen
regime of the soil was also noted. The concentration of carbon-ammonium-soluble phosphates is determined
by the actions of ammonium sulphate, ammonium nitrate, and all forms of phosphorus fertilisers, but no special
changes in the phosphate regime of the soil under the influence of forms of phosphorus fertilisers were identified.
However, when using complex fertilisers, a slight accumulation of mobile phosphorus in the soil was noted.
The introduction of ammonium nitrate ensures the yield of winter wheat grain at the level of 56 centner/ha,
ammonium sulphate - 53.1 centner/ha. granulated superphosphate provided the highest level of winter wheat
yield - 55.5 centner/ha and the highest increase in yield against the background of nitrogen-potassium nutrition -
8.7 centner/ha. Therefore, for winter wheat, after rowed precursors, it is preferable to apply ammonium nitrate
from nitrogen forms of fertilisers. As an alternative to it - ammonium sulphate or urea, from phosphorus forms of
fertilisers — granular superphosphate. The practical importance of the results of the study allows for developing
more effective methods of using fertilisers and increasing the productivity of grain crops on grey-meadow soils of
Kyrgyzstan and in other regions with similar soil and climatic conditions

Keywords: nitrate nitrogen; carbon-ammonium-soluble phosphorus; crop rotation; agriculture; macronutrients

INTRODUCTION

Winter wheat needs a certain amount of nutrients for
normal growth and development. Complex fertilisers
should be balanced in nitrogen, phosphorus, potassium,
and other necessary trace elements. In addition, in the
issue of optimising the nutrition conditions of winter
wheat, an important place belongs to the scientifically
based choice of the best forms of mineral fertilisers
(Wen et al, 2020). The investigation of the effective-
ness of forms of mineral fertilisers and their impact on
the productivity of winter wheat on grey-meadow soils
of Kyrgyzstan is urgent for several reasons. Firstly, grey-
earth-meadow soils are one of the main types of soils
in Kyrgyzstan, and winter wheat is one of the main agri-
cultural crops. Secondly, the use of mineral fertilisers is
one of the main methods of increasing the yield of grain
crops, including winter wheat. However, to achieve max-
imum effect, it is necessary to choose the right forms of
fertilisers and their dosage (Aziz et al,, 2020).

Scientific studies show that the use of mineral fertil-
isers can increase the productivity of winter wheat. Thus,
V.Vona et al. (2022) identified that the use of ammonium
nitrate against the background of phosphorus-potassium
nutrition led to an increase in the yield of winter wheat
grain by 12% compared to using phosphorus-potassium
fertilisers alone. According to the study by K. Muydinov
et al. (2021), conducted in Uzbekistan, the right combina-
tion of different types of fertilisers can lead to an even
higher yield of winter wheat grain. For example, a study
conducted in the Andijan region showed that the use of a
complex fertiliser containing nitrogen, phosphorus, and
potassium, combined with micro-fertilisers, increased
the yield of wheat grain by 50-60% compared to the con-
trol without fertilisers.

L.Liang et al. (2021) believe that some forms of fer-
tilisers may be more effective on certain types of soils
than on others. For example, in areas with low nitrogen
content in the soil, the use of ammonium nitrate may
be the most effective, while on soils with high nitrogen
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content, it is better to use more balanced forms of fer-
tilisers, such as carbamide or amophoska. In addition,
some forms of fertilisers, such as potash fertilisers, can
be especially useful on soils with low potassium con-
tent. B.U. Suleymenov et al. (2019) also indicate that
combining different types of fertilisers can increase soil
nutrition and improve its structure, which contributes
to better plant growth and development. In addition,
according to A.A. Shpedt et al. (2021), proper application
of mineral fertilisers can increase the quality of winter
wheat grain. Mineral fertilisers contain nutrients neces-
sary for the plant, such as nitrogen, phosphorus, potas-
sium, magnesium, and other trace elements that play
an important role in the formation and development of
wheat grain and can improve its quality.

However, it should be considered that the effec-
tiveness of the use of mineral fertilisers may depend
on many factors, such as climatic conditions, soil com-
position, wheat varieties used, and fertiliser dosages.
Therefore, to achieve maximum productivity of winter
wheat, it is necessary to consider all these factors. It
is important to note that in Kyrgyzstan today the pro-
duction does not have scientifically based recommen-
dations on the use of more effective forms of nitrogen,
phosphorus,and complex fertilisers for winter wheat. In
this regard, a comparative assessment of the effect of
various forms of mineral fertilisers for winter wheat on
grey-meadow soils is quite relevant and has great sci-
entific importance, is of particular interest for practice.

The purpose of the study is to examine the effec-
tiveness of various forms of mineral fertilisers on the
formation of winter wheat yields. The following tasks
were set and implemented to achieve this goal: analyse
the effect of forms of mineral fertilisers on the content
of nitrate nitrogen in grey-meadow soil, the effect of
forms of phosphorus fertilisers on the content of car-
bon-ammonium-soluble phosphates in the soil,and ex-
amine the productivity of winter wheat grains.




MATERIALS AND METHODS

Afield experiment was conducted to examine the effect
of mineral fertilisers on the productivity of winter wheat
in 2019-2021. The venue is the experimental field of
the Educational-experimental Farm of the Kyrgyz Na-
tional Agrarian University, named after K..Skryabin. The
study was conducted on grey-earth meadow soils of
Kyrgyzstan, which are characterised by an average con-
tent of humus, carbonates, and alkalinity. The content
of humus in the arable soil layer is 2.3%, the content
of gross nitrogen - 0.18%, phosphorus - 0.2, and po-
tassium - 3.05%, mobile forms of phosphorus - 2.8 mg
per 100 g of soil, the amount of exchangeable potas-
sium - 52.2 mg per 100 g of soil. The pH value of the
soil is 8.5.Since climatic factors are of substantial impor-
tance for the formation of the winter wheat harvest, it
is necessary to note that the Educational-experimental
Farm of the Kyrgyz National Agrarian University, named
after K.I. Skryabin is located in the northern part of the
republic in the Chui River basin. The zone is irrigated,
characterised by a dry continental climate, with hot
summers and relatively cold winters. During the study,
depending on the prevailing conditions of the year, veg-
etation irrigation was conducted in the tubing phase
and during the grain filling period with an irrigation
rate of 700-800 m3/ha of water per hectare.

The study of the effectiveness of forms of mineral
fertilisers for winter wheat was conducted in an eight-
field crop rotation with the following alternation of
crops: spring barley + alfalfa, winter wheat, corn, win-
ter wheat, corn, winter wheat. The annual fertiliser rate
(NPK) was Ny P, K. . The following forms of fertilisers
were examined in the experiment: ammonium nitrate
(N,) - 34% N, urea (N ) - 46% N, ammonium sulphate
(N_) - 21.7% N, urea formaldehyde fertiliser (UFF) (N ) -
37.7% N, granulated superphosphate (Pgs) -19.5%P,0,,
double superphosphate (P,) - 40.2% P,O,, fluorinated
phosphate (P,) - 31.5% P,0,, ammophos (AM) - 11.2%
N,42.5% P ,O., ammonium phosphate (AMP) - 5.6% N,

Akhmatbekov et al.

44% P,0, and potassium chloride K_- 57% K,0. There-
with, P15 in rows - control. Fertilisers were applied in
fractions: under winter ploughing, in rows during sow-
ing, and in top dressing. The variants of the experiment
had a fourfold repetition, the arrangement of plots in
the experiment was multi-row-stepped. The total area
of the plots - 201.6 m? (length - 24 m, width - 8.4 m),
accounting - 84 m? (length - 20 m, width - 4.2 m).

Nitrate nitrogen was determined in a fresh sam-
ple using an ion-selective electrode on an EK-74 de-
vice. Mobile phosphorus was analysed in dry samples
in a 1% carbon-ammonium extract by the Machigin
method in the modification of the Central Agrochem-
ical Agricultural Service Institute on the photo-electr-
ocolorimeter KFK-2 (GOST 26205-91). Harvesting was
conducted using a plot-by-plot direct combining with
the weighing of bunker grain from the accounting area.
In addition, the study analysed the influence of forms
of mineral fertilisers on the content of nitrate nitrogen
in the soil and the influence of forms of phosphorus
fertilisers on the content of carbon-ammonium-soluble
phosphates in the soil and examined the productivity
of winter wheat, which was formed under the influence
of the introduction of mineral fertilisers. All experi-
ments were repeated three times for each variant of
the experiment. The obtained results were processed
for reliability using the MANOVA multivariate method
of variance analysis using Microsoft Excel software and
the Statistica 10 software package. Differences in the
results obtained are possible at the importance level
P<0.05 according to the Student’s criterion.

RESULTS

As a result of the study, it was identified that when us-
ing highly soluble forms of nitrogen fertilisers, such as
ammonium sulphate, ammonium nitrate, and urea, the
content of nitrate nitrogen in the soil increases mark-
edly in relation to the background, although there are
no special differences between them (Table 1).

275
Table 1. Influence of forms of mineral fertilisers on the content of nitrate nitrogen in the soil, mg per 100 g of soil
(average for 2019-2021)
Phases of development of winter wheat A;verahge
. . or the
Variant Soil layer (cm) Tillering Stem elongation  Earing M:;gz;vg::y ripiiléss gs?;’:i:nng
0-25 2.9 2 1.8 1.9 1.3 2
25-50 24 1.5 15 0.7 0.6 1.3
P, in rows (control) 50-75 2.7 1.9 0.4 04 0.5 1.2
75-100 1.7 2.1 0.2 1 0.5 1.1
average 24 1.9 1 1 0.7 14
0-25 3.7 2.9 2 1.2 1.2 2.2
25-50 2.5 1.4 0.6 0.5 14 1.3
Pgch (background) 50-75 1.3 1.6 1.1 1.5 0.7 1.3
75-100 2 1.7 1.3 1.5 0.7 1.4
average 24 1.9 1.3 1.2 1 1.6
0-25 3.7 3.5 2.9 1.3 1.4 2.6
Background+N
o 25-50 31 2.9 1.9 1.6 1.8 2
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Table 1, Continued

Phases of development of winter wheat Average
Variant Soil layer (cm) Milky-waxy Full for t!‘e
Tillering Stem elongation Earing . . growing
ripeness ripeness season
50-75 4.5 2.3 2.3 2.5 1.3 2.6
Background+N_ 75-100 3.5 3.2. 2.6 1.6 1 2.3
average 37 3.1 2.5 1.7 1.4 2.4
0-25 3.5 3 2.8 2.1 2.6 2.8
25-50 3.3 2.8 1.1 11 1.6 1.8
Background+N, 50-75 2.6 2.9 2.7 0.8 1.1 2
75-100 2.7 4 1 0.8 0.5 1.8
average 3.6 3.8 1 1.2 1.5 2.3
0-25 3.9 3.4 2.5 1.7 2.5 2.8
25-50 2.7 2.4 1.9 1.2 1.1 1.9
Background+N__ 50-75 3.4 3.2. 1.9 1.9 1.3 2.3
75-100 2.1 3.5 2.8 1.9 13 2.3
average 3 3.1 2.3 1.7 1.6 2.3
0-25 4.3 5.1 3.6 3.1 3.1 3.8
25-50 4 3.9 2.2 2.8 2.1 3
Background+N . 50-75 3.5 2.7 3 1.5 1.5 2.4
75-100 2.8 2 2.9 1.7 1.5 2.2
average 3.7 3.9 2.9 2.3 2.1 2.8
0-25 3.6 3.6 2.3 4.5 4.2 3.6
25-50 44 3.1 2.6 4.7 2.8 3.5
N, K, (background) 50-75 5.5 2.1 2.2 4.3 24 3.3
75-100 4.2 4.3 3.9 3.6 1.5 3.5
average 4.4 3.2. 2.8 4.3 2.7 3.5
0-25 4 3.8 3.2 3.2 3.5 3.5
25-50 3.5 2.8 2.6 2.8 2.6 2.9
Background+P 50-75 3 2.9 2.5 2.5 2.7 2.7
75-100 24 2.2 21 2.5 2.5 2.3
average 3.2. 2.9 2.6 2.8 2.8 2.9
0-25 3.1 3.8 3 3.7 3.8 3.5
25-50 3.5 2.3 2 3.5 2.6 2.8
Background+P 50-75 2.6 2 19 24 2.5 23
75-100 2.8 3.4 1.8 2.3 1.8 2.4
average 3 3.2. 2.2 2.9 2.7 2.7
0-25 4.5 4 2.8 2.1 2.3 3.1
25-50 3.5 3.8 2.7 1.8 2.3 3
Backgroundﬂ:’fp 50-75 3 2.3 1.7 2.1 2.1 2.3
75-100 4.1 1.5 1.4 1.8 1.5 2.1
average 3.9 2.3 2.2 1.9 2.1 2.6
0-25 -5.4 4.7 3.4 1.7 2 3.5
25-50 5.9 3.6 3.7 2.2 2.1 3.5
K+NP__ 50-75 3.5 3.7 2.2 2.1 1.6 2.6
75-100 3.3 3.3 2.1 2.4 1.7 2.6
average 4.6 3.8 2.9 2.1 2 3.1
0-25 5.6 5.7 3.4 3.2 3.6 4.3
25-50 5.5 4.3 2.5 3.1 2.4 3.6
KNP, 50-75 4.1 3.3 1.4 2.6 3.2. 2.9
75-100 4.1 1.3 1.6 2.7 2.4 2.4
average 4.9 2.7 2.2 2.8 2.9 3.3

Note: N, - ammonium nitrate; N, - urea; N, — ammonium sulphate; UFF - urea-formaldehyde fertiliser; P . - granu-
lated superphosphate; P, - double superphosphate; pr - fluorinated phosphate; AM - ammophos; AMP - ammonium
phosphate; K_- potassium chloride

Source: compiled by the authors
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When applying a urea-formaldehyde fertiliser, in
which nitrogen is in the form of slightly soluble com-
pounds, a tendency to increase the content of nitrates
is observed. This is due to the fact that urea in such
fertilisers is presented in the form of poorly soluble
compounds that gradually turn into ammonia and other
nitrogen compounds, and with their relatively low re-
moval by agricultural crops, which contributes to the
accumulation of nitrates in the soil. In the course of
investigating the influence of forms of phosphorus
fertilisers on the content of nitrate nitrogen in the
soil, a rather substantial accumulation of nitrogen-po-
tassium background (without phosphorus) and a de-
crease in the content of nitrates under the action of
phosphorus fertilisers was established. The accumu-
lation of nitrate nitrogen is associated with the weak
use of nitrate nitrogen by plants, due to the absence
of phosphorus in the composition of the fertiliser. A
decrease in the nitrate content under the action of
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phosphoric fertilisers is associated with an increase
in crop vyields, as a result of which the absorption of
nitrates from the soil increases to create an additional
crop. Therewith, there is almost the same content of
nitrate nitrogen in the soil, regardless of the forms
of phosphorus fertilisers used, and when applying
complex fertilisers such as ammophos and ammo-
phosphate, a slight increase was noted. The content
of available phosphorus compounds in the soil may
depend on the amount and forms of mineral fertilisers
used since phosphorus is one of the main elements of
plant nutrition and its availability to plants can sub-
stantially affect their growth and development. The
results obtained indicate that there are no substantial
changes in the phosphate regime of the soil under the
influence of forms of nitrogen fertilisers. This is due
to the fact that nitrogen and phosphorus are different
elements of plant nutrition, which have different ways
of absorption and movement in the soil (Table 2).

Table 2. Influence of forms of phosphorus fertilisers on the content of carbon-ammonium-soluble phosphates in the
soil, mg per 100 g of soil (average for 2019-2021)

Phases of development of winter wheat Average
Variant Soil layer Stem Full for t!1e
(cm) Tillering elongation Earing Milky-waxy ripeness ripeness gsr(:a‘\’::)nng
0-25 2.2 2.3 2.9 2.5 1.9 24
25-50 1.1 2 1.6 1.5 1.2 1.5
P, in rows (control) 50-75 0.7 1.1 0.9 0.9 1 0.9
75-100 0.7 0.2 0.9 0.7 0.8 0.7
average 1.2 14 1.6 14 12 14
0-25 2.9 3.8 4 3.2 3.4 3.5
25-50 1.6 1.8 1.5 1.7 2 1.7
P_.K. (background) 50-75 0.8 1.6 0.9 1.2 0.9 1.1
75-100 0.7 0.8 0.9 0.9 0.8 0.8
average 1.5 2 1.8 1.8 1.8 1.8
0-25 3.4 3.6 2.6 2.7 2.5 3
25-50 1.5 2.6 1.6 1.7 1.5 1.8
Background+N__ 50-75 0.7 0.7 1.1 1.2 0.9 0.9
75-100 0.7 0.6 1 1 0.7 0.8
average 1.6 1.9 1.6 1.6 14 1.6
0-25 4.2 3.9 34 3.8 3.7 3.4
25-50 1.7 1.3 14 1.9 1.8 1.6
Background+N 50-75 1 0.9 0.9 1.4 1.2 1.1
75-100 0.8 0.7 0.9 0.9 0.9 0.8
average 1.9 1.7 1.6 1.9 1.9 1.7
0-25 3.6 34 3.3 3 3.5 3.4
25-50 2.7 1.5 14 1.6 1.8 1.8
Background+N__ 50-75 0.9 12 0.9 15 0.8 11
75-100 0.8 0.7 1 0.9 0.7 0.8
average 2 1.7 1.7 1.8 1.7 1.8
0-25 3.4 3.8 4.3 3.6 3.6 3.7
25-50 1.6 2.3 2.3 1.9 2.2 2.1
Background+N, .. 50-75 1.1 11 1 1.2 1.2 1.1
75-100 1 0.8 0.9 1 1 0.9
average 1.8 2 2.1 1.9 2 1.9
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Table 2, Continued

Soil L Phases of development of winter wheat Afverahge
. oil layer or the
Variant (cm) Tillering eloit;an:ion Earing Milky-waxy ripeness ripFel#tlass ‘.Js':;’:i)"ng
0-25 2.5 2.8 2.6 2.5 1.8 2
25-50 1.8 1.7 1.5 1.2 1.2 1.5
N_ K_(background) 50-75 0.9 1.4 1 0.8 0.9 1
75-100 0.6 0.7 0.8 0.7 0.8 0.7
average 1.5 1.9 1.5 1.3 1.2 14
0-25 3.5 4.4 4.3 3.6 2.6 3.7
25-50 1.2 1.9 1.8 2 1.4 1.7
Background+P 50-75 1 1.2 0.9 0.9 0.9 1
75-100 0.7 1.1 0.8 0.9 0.8 0.9
average 1.6 2.2 2 1.9 14 1.8
0-25 3.5 4.3 3.6 3.6 3.7 3.7
25-50 2.2 2.9 2 1.9 2.1 2.2
Background+P 50-75 1.1 1.3 1 1.2 1.2 1.2
75-100 0.8 0.9 0.9 0.9 0.9 0.9
average 1.9 2.3 1.9 1.9 1.9 2
0-25 3.7 3.3 3.1 2.3 3.2. 3.1
25-50 2.5 1.7 1.6 1.2 2.2 1.8
Background+P, 50-75 0.9 1.1 1 0.8 1 0.9
75-100 0.8 0.9 0.8 0.8 0.8 0.8
average 2 1.7 1.6 1.3 1.8 1.7
0-25 5.3 5.9 4.7 4.8 5.5 5.2
25-50 3.3 29 29 3.7 3.5 3.2.
KA+NP__ 50-75 1.9 1.3 1.2 2.2 1 1.5
75-100 1.1 0.9 0.9 1.2 0.9 1
average 2.9 2.7 2.4 3 2.7 2.7
0-25 5.1 5.6 4.4 4.5 5 4.8
25-50 3 2.5 2.7 3.3 3.2. 2.8
K#NP_ 50-75 1.5 1.1 1 2 1 1.3
75-100 1 0.8 0.9 1.1 0.9 0.9
average 2.6 2.5 2.2 2.7 2.5 2.5

Note: N_ - ammonium nitrate; N - urea; N - ammonium sulphate; UFF - urea-formaldehyde fertiliser; Pgs - granulated
superphosphate; P, - double superphosphate, pr - fluorinated phosphate; AM - ammophos; AMP - ammonium

phosphate; K_- potassium chloride
Source: compiled by the authors

The influence of forms of nitrogen fertilisers on
the phosphate regime of the soil may be insubstantial.
However, when using large doses of fertilisers, includ-
ing both nitrogen and phosphorus, competition may
arise between these elements for absorption by plants,
which may lead to a change in the phosphate regime
of the soil. Therefore, when applying mineral fertil-
isers, it is necessary to consider not only the amount
and forms of fertilisers, but also their ratio, and the
properties and condition of the soil. It was also iden-
tified that the introduction of phosphorus fertilisers
against the background of nitrogen-potassium nutri-
tion is accompanied by an increase in the content of
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carbon-ammonium-soluble phosphates in the soil.
However, there are no substantial changes in the ac-
cumulation of mobile phosphorus under the influence
of phosphorus-containing fertiliser. Therewith, the least
accumulation of mobile phosphorus occurs when using
fluorinated phosphate due to the absence of water-sol-
uble phosphorus in its composition. Complex fertilisers
have a more substantial effect on the phosphate re-
gime of the soil than fertilisers containing only one
element of nutrition. This is due to the fact that when
using complex fertilisers containing, for example, both
nitrogen and phosphorus, there is a more rational use
of these nutrients by plants. Nitrogen and phosphorus




in such fertilisers are in optimal ratios, which helps to
improve their interaction in the soil and increase ac-
cessibility for plants. In addition, complex fertilisers
may contain phosphates that are more readily available
to plants than other forms of phosphorus contained,
for example, in organic fertilisers. This can lead to an
increase in the content of available phosphorus com-
pounds in the soil and improve its availability to plants.
The food regime created by the use of various forms of
mineral fertilisers affected the productivity of winter
wheat. Thus, the unequal effect of the examined forms
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of nitrogen fertilisers on the yield of winter wheat
grain has been established. The most positive effect
was provided by water-soluble forms of nitrogen fer-
tilisers, among which ammonium nitrate stands out in
value and importance, which provided 56 centner/ha
of grain, which is 8.8 centner/ha more than the back-
ground. Ammonium sulphate is slightly inferior to it -
53.1 c/ha.The lowest grain yield increases in relation to
the phosphorus-potassium background were obtained
using urea 4 centner/ha and urea-formaldehyde form
of fertiliser - 1.1 centner/ha (Table 3).

Table 3. Influence of forms of mineral fertilisers on the yield of winter wheat, kg/ha

Year Increase, centner/ha
Variant Average for 2019-2021
2019 2020 2021 to control to the background
P, in rows (control) 37.8 44.6 42.2 415 - -
P_K. (background) 39.2 53.5 49.1 472 5.7 -
Background+N_ 457 60.9 61.4 56 14.5 8.8
Background+N, 41.3 55.6 56.9 51.2 9.7 4
Background+N__ 435 57.9 58.1 53.1 11.6 5.9
Background+N, .. 40.2 55.1 49.5 48.3 6.8 11
N_ K_(background) 38.1 51.3 51.1 46.8 5.3 -
Background+P 46.7 58.9 60.9 55.5 14 8.7
Background+P 40.1 54.9 54.8 49.9 8.4 3.1
Background+P 423 577 55.9 52 10.5 5.2
KANP__ 429 56.6 58.5 52.7 11.2 -
KANP_ 39.4 53.1 54.9 49.1 7.6 -
S, % 4.1 3.3 35
HCP_.., centner/ha 4.7 4.2 4.4

095?

Note: N - ammonium nitrate; N, - urea; N . — ammonium sulphate; UFF - urea-formaldehyde fertiliser; Pgs - granulated
superphosphate; P, - double superphosphate; pr - fluorinated phosphate; AM - ammophos; AMP - ammonium

phosphate; K_- potassium chloride
Source: compiled by the authors

Among the forms of phosphorus fertilisers, the
most preferred position in terms of their effect on the
yield of winter wheat grain is granulated superphos-
phate. Its use as a phosphorus fertiliser provided the
highest level of winter wheat yield - 55.5 centner/ha
and the highest increase in yield against the back-
ground of nitrogen-potassium nutrition - 8.7 cent-
ner/ha. The introduction of fluorinated phosphate
slightly reduces this indicator to 5.2 ¢/ha. The weakest
effect on the formation of the yield of winter wheat
was observed in double superphosphate, with which
the increase in crop yield against the background is
only 3.1 centner/ha. The predominant effect of granu-
lated superphosphate on the formation of a high yield
of winter wheat grain is due to the presence in its com-
position of a concomitant component of gypsum, which
has a reclamation effect on slightly alkaline soils. Thus,
when using ammonium nitrate against the background

of phosphorus-potassium nutrition, a larger yield of
winter wheat grain is formed, and the introduction of
granulated superphosphate provides a noticeable in-
crease in the yield of winter wheat compared using
other forms of phosphorus fertilisers.

DISCUSSION

The correct dietary regime is one of the important fac-
tors affecting the yield of agricultural crops, including
winter wheat. Fertilisers are the main source of nutri-
ents for plants, and their proper application helps to
provide plants with the necessary nutrients for opti-
mal growth and development. In addition, the nutri-
tional regime of plants affects the presence of easily
digestible forms of nitrogen and phosphorus in the soil,
since plants absorb nutrients through the roots, and
this, in turn, affects the composition of the soil. Plant
nutrition conditions include factors such as the level
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and chemical composition of the soil, the use of fer-
tilisers, harvesting, and crop rotation. The use of fertil-
isers containing nitrogen and phosphorus can increase
the availability of these elements for plants, whereas
harvesting without subsequent fertilisation can lead
to soil depletion. Using crop rotations in farming can
help preserve soil fertility and increase the availability
of nutrients for plants (Chen et al.,, 2019).

Studies by S. Tandy et al. (2021) and M.N. Ashraf
et al. (2021) show that the application of only nitrogen
and potash fertilisers without phosphorus can lead to
the accumulation of nitrate nitrogen in the soil. This
is due to the fact that potash fertilisers can increase
the assimilation of nitrate nitrogen by plants, and ni-
trogen fertilisers can stimulate its accumulation in the
soil. Therewith, phosphorus fertilisers can improve the
absorption of other forms of nitrogen by plants, such
as ammonium and amide, which do not accumulate in
the soil in such large quantities as nitrate. Notably, the
accumulation of nitrate nitrogen in the soil may be un-
desirable, as this can lead to contamination of ground-
water and aquatic ecosystems and a decrease in the
quality of agricultural products. Therefore, it is impor-
tant to combine fertilisers correctly, consider the needs
of crops and soil characteristics to achieve optimal re-
sults in agriculture. All this actualises the solution of
the problem of nitrate accumulation in the soil in the
context of modern agriculture.

K. Ibrahim et al. (2021) in their paper note that the
introduction of phosphorus fertilisers against the back-
ground of nitrogen-potassium nutrition can reduce the
content of carbon-ammonium-soluble phosphates in
the soil and increase the availability of phosphorus for
plants. In addition, N. Kokovic et al. (2021) believe that
the use of fluorinated phosphate, which does not con-
tain water-soluble phosphorus, can lead to the least ac-
cumulation of mobile phosphorus in the soil. Water-sol-
uble phosphorus can quickly pass into the soil solution
and become available to plants, but it can also be easily
washed out of the soil by rainwater, which can lead to
environmental pollution. Thus, the right combination
of fertilisers, considering the needs of plants and soil
characteristics, can substantially increase the produc-
tivity of crops and reduce fertiliser costs.

According to Q. Wu et al. (2020), different forms of
fertilisers may have different effectiveness on different
types of soil. For example, nitrogen fertilisers can be
represented in various forms, such as ammonium ni-
trate, urea, or ammonium salts. Some of these forms
may dissolve better in acidic soils, while others may
be more effective on alkaline soils. In addition, low
availability of phosphorus is often observed in acidic
soils, which can reduce the effectiveness of the use of
phosphorus fertilisers. Therefore, to ensure the best ef-
ficiency of the use of fertilisers, it is necessary to con-
sider the type of soil and its chemical composition in
each specific area, and recommendations for the use of
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fertilisers. This will help to use resources as efficiently
as possible and achieve high crop yields with minimal
environmental impact.

A study by M. Berca et al. (2017) shows that the use
of ammophos can have a positive effect on the yield
of winter wheat grain, but it will not necessarily have
advantages over a mixture of fertilisers. Thus, the use
of ammophos at a dosage of 120 kg/ha affected the
increase in winter wheat grain yield by 7.6%, compared
with the control group without fertilisers. However, a
mixture of fertilisers containing nitrogen, phosphorus,
and potassium, at a dosage of 100 kg/ha, also gave an
increase in grain yield by 7.5%, which indicates that
this fertiliser can be no less effective. In addition, ac-
cording to J. Singh et al. (2013), the use of ammonium
nitrate in combination with phosphorus-potassium
fertiliser can lead to the formation of a higher yield
of winter wheat grain than when using only phospho-
rus-potassium fertilisers, which was also identified in
the course of the study.

Similar results were obtained in a study conducted
by L. Prysiazhniuk et al. (2023), according to which, the
use of ammonium nitrate against the background of
phosphorus-potassium nutrition led to an increase in
the yield of winter wheat grain by 5-10% compared to
only using phosphorus-potassium fertilisers. Therewith,
not only the quantity of the crop increases but also the
quality of the grain - its size, weight, and protein con-
tent.M.B.H.Ros et al. (2020) also claim that ammonium
nitrate is a nitrogen fertiliser that promotes acceler-
ated plant growth and increases their yield. In addition,
nitrogen is necessary for the formation of chlorophyll,
which plays a key role in photosynthesis, and for the
formation of proteins, which are an important element
of grain. Granulated superphosphate has a substantial
effect on the formation of winter wheat grain yield. It
contains 19.5% of phosphoric acid, which is one of the
most important macronutrients for plants, especially
for winter wheat. Phosphorus contributes to the devel-
opment of the root system, strengthening of the stem,
grain formation, and improvement of its quality (Keller
et al., 2021). In addition, granulated superphosphate has
good solubility, which allows it to quickly enter the plant
and have a positive effect on its development. Due to
the granular form of the fertiliser, its application is sim-
plified, since it is evenly distributed in the soil, which
ensures maximum efficiency (De Oliveira et al,, 2020).

The results obtained correspond to those of a study
by H.S.Jat et al. (2019), indicating that the use of granu-
lated superphosphate can have a positive effect on the
formation of a high yield of winter wheat grain, con-
tributing to an increase in yield by 5-15%, depending
on the dose. In addition, a study conducted in the fields
of Kazakhstan showed that the use of granulated su-
perphosphate at a dosage of 30 kg/ha gave an increase
in the yield of winter wheat grain by 8.6%, compared
with the control variant without fertilisers (Buntic et al.,




2019). Similar results were obtained in studies con-
ducted in Ukraine, according to which, the use of gran-
ulated superphosphate at a dosage of 60 kg/ha gave
an increase in the yield of winter wheat grain by 13%,
compared with the control option without fertilisers
(Solodushko et al.,, 2021).

Considering the mentioned studies, and the results
obtained in this one, it can be argued that the use of
complex fertilisers containing all three main macronu-
trients - nitrogen, phosphorus, and potassium, provides
the greatest effectiveness of the impact on winter wheat
and increases its yield. However, it is necessary to con-
sider the characteristics of the soil and follow the recom-
mendations on the dosage and method of fertilisation to
minimise the negative impact on the environment.

CONCLUSIONS

Obtaining a high yield of winter wheat is closely re-
lated to the use of nitrogen-containing fertilisers in
crop rotation, which contributes to the accumulation
of nitrate nitrogen in the soil. The highest concentra-
tion of nitrate nitrogen under winter wheat was noted
when using a urea-formaldehyde form of fertiliser, with
a decrease in its content when using ammonium ni-
trate, urea, and ammonium sulphate. No substantial
changes in the nitrate content under the influence of
phosphorus-containing mineral fertilisers have been
established. It is also important to note that complex
fertilisers, compared with a mixture of separate fertil-
isers, slightly increase the content of nitrate nitrogen
in the soil. In addition, the accumulation of carbon-am-
monium-soluble phosphates in the soil increases un-
der the influence of forms of phosphorus fertilisers,
but no substantial differences in the content of mobile
phosphorus in the soil were identified. However, the
tendency of increasing the accumulation of carbon-am-
monium-soluble phosphates during the application of
complex fertilisers was established.

Thus, it can be stated that it is preferable to use
ammonium nitrate for winter wheat in crop rota-
tion after rowed precursors from nitrogen forms of
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fertilisers. As an alternative, ammonium sulphate can
also be used, and in extreme cases, urea. The use of the
urea-formaldehyde form of fertilisers in the conditions
of grey-meadow soils is ineffective. The introduction of
granular superphosphate is more effective among the
forms of phosphorus fertilisers. The action of fluorinated
phosphate and especially double superphosphate is
less effective, but in the absence of superphosphate,
they can also be used for application under winter
wheat. Among the complex fertilisers, ammophos con-
tributes to the formation of a higher yield of winter
wheat than ammonium phosphate. It was also identi-
fied that ammonium nitrate ensured the yield of winter
wheat grain at the level of 56 centner/ha, ammonium
sulphate - 53.1 centner/ha. The use of granulated su-
perphosphate as a phosphorus fertiliser provided the
highest level of winter wheat yield - 55.5 centner/ha
and the highest increase in yield against the back-
ground of nitrogen-potassium nutrition - 8.7 cent-
ner/ha. The weakest effect on the yield of winter wheat
was observed in double superphosphate. Consequently,
on the grey-earth-meadow soils of Kyrgyzstan, with the
correct selection of forms of mineral fertilisers in the
crop rotation after corn, it is possible to obtain a har-
vest of winter wheat grain of more than 55 centner/ha.

The practical importance of the research results
lies in the possibility of developing more effective
methods of using fertilisers and increasing the yield of
grain crops on grey-meadow soils of Kyrgyzstan and in
other regions with similar soil and climatic conditions.
The prospect of further research is to examine the
economic efficiency of using various forms of mineral
fertilisers, which can help agricultural producers make
more informed decisions about which fertilisers to use
and in what doses.

ACKNOWLEDGEMENTS
None.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

137

REFERENCES

[1] Ashraf, M.N., Hu, C., Wu, L., Duan, Y., Zhang, W., Aziz, T., Cai, A., Abrar, M.M., & Xu, M. (2020). Soil and microbial
biomass stoichiometry regulate soil organic carbon and nitrogen mineralization in rice-wheat rotation subjected
to long-term fertilization. Journal of Soils and Sediments, 20, 3103-3113. doi: 10.1007/511368-020-02642-y.

[2] Aziz,M.Z.,Yaseen,M,Naveed, M.,Wang, X., Fatima, K., Saeed, Q., & Mustafa, A. (2020). Polymer-Paraburkholderia
phytofirmans PsIN coated diammonium phosphate enhanced microbial survival, phosphorous use efficiency,
and production of wheat. Agronomy, 10(9), article number 1344. doi: 10.3390/agronomy10091344,

[3] Berca, M., Horoias, R., & Pasctt, G.(2017). Studies on the use of ammonium nitrate versus urea, on wheat crop,
in Burnas plateau area, Teleorman county, Romania. Scientific Papers Series Management, Economic Engineering
in Agriculture and Rural Development, 17(2), 9-12.

[4] Buntic, AV., Stajkovic-Srbinovic, 0.S., Knezevic, M.M., Kuzmanovic, D.Z., Rasulic, N.V., & Delic, D.I. (2019).
Development of liguid rhizobial inoculants and pre-inoculation of alfalfa seeds. Archives of Biological Sciences,
71(2),379-387.

[5] Chen, Z., Wang, L., Wei, A., Gao, J., Lu, Y., & Zhou, J. (2019). Land-use change from arable lands to orchards
reduced soil erosion and increased nutrient loss in a small catchment. Science of the Total Environment, 648,
1097-1104. doi: 10.1016/j.scitotenv.2018.08.141.

Scientific Horizons, 2023, Vol. 26, No. 7



https://link.springer.com/article/10.1007/s11368-020-02642-y


https://www.mdpi.com/2073-4395/10/9/1344
https://managementjournal.usamv.ro/pdf/vol.17_2/Art1.pdf
https://managementjournal.usamv.ro/pdf/vol.17_2/Art1.pdf
https://www.serbiosoc.org.rs/arch/index.php/abs/article/view/3503
https://www.sciencedirect.com/science/article/abs/pii/S004896971833105X?via%3Dihub

138

The effectiveness of forms of mineral fertilisers and productivity of winter wheat on grey-meadow soils of Kyrgyzstan

[6] De Oliveira, L.E.Z., de Souza Nunes, R., de Sousa, D.M.G., & de Figueiredo, C.C. (2020). Dynamics of residual
phosphorus forms under different tillage systems in a Brazilian Oxisol. Geoderma, 367, article number 114254.
doi: 10.1016/j.geoderma.2020.114254.

[7] Ibrahim,K.,Wang,Q.,Wang,L.,Zhang,W.,Peng, C., & Zhang, S.(2021). Determine the optimal level of soil Olsen
phosphorus and phosphorus fertilizer application for high phosphorus-use efficiency in Zea mays L. in black
soil. Sustainability, 13(11), article number 5983. doi: 10.3390/su13115983.

[8] Jat,H.S.,Datta,A., Choudhary, M., Yadav,A.K., Choudhary, V., Sharma, P.C., Gathala, M.K.,Jat,M.L., & McDonald, A.
(2019). Effects of tillage, crop establishment and diversification on soil organic carbon, aggregation, aggregate
associated carbon and productivity in cereal systems of semi-arid Northwest India. Soil and Tillage Research,
190, 128-138.doi: 10.1016/j.5till.2019.03.005.

[9] Keller, T., Lamande, M., Naderi-Boldaji, M., & de Lima, R.P. (2021). Soil compaction due to agricultural field
traffic: An overview of current knowledge and techniques for compaction quantification and mapping. In
Advances in Understanding Soil Degradation (pp. 287-312). Cham: Springer Cham. doi: 10.1007/978-3-030-
85682-3 13.

[10] Kokovic, N., Saljnikov, E., Eulenstein, F., Cakmak, D., Buntic, A., Sikiric, B., & Ugrenovic, V. (2021). Changes in soil
labile organic matter as affected by 50 years of fertilization with increasing amounts of nitrogen. Agronomy,
11(10), article number 2026. doi: 10.3390/agronomy11102026.

[11] Liang,L.,Zhang,F., & Qin,K.(2021).Assessing the vulnerability of agricultural systems to drought in Kyrgyzstan.
Water, 13(21), article number 3117. doi: 10.3390/w13213117.

[12] Muydinov, K., Turgunov, M. M., Jurayeva, K., Avazbekov, A., & Fayzullayeva. M. (2021). Efficiency of the quantity
of mineral fertilizers in cultivation of wheat and repeated crops. Innovative Technologica: Methodical Research
Journal, 2(05), 103-108. doi: 10.17605/0SF.10/58MXQ.

[13] Prysiazhniuk, L., Khomenko, T., Liashenko, S., & Melnyk, S. (2023). The growing factors impact the productivity
of new soft winter wheat varieties. Plant Varieties Studying and Protection, 18(4), 273-282.doi: 10.21498/2518-
1017.18.4.2022.273989.

[14] Ros, M.B.H., Koopmans, G.F., van Groenigen, KJ., Abalos, D., Oenema, O., Vos, H.MJ., van & Groenigen, J.W.
(2020). Towards optimal use of phosphorus fertilizer. Scientific Reports, 10, article number 17804. doi: 10.1038/
s41598-020-74736-z.

[15] Shpedt,A.A., & Aksenova, YV.(2021). Modern assessment of soil resources of Kyrgyzstan. /OP Conference Series:
Earth and Environmental Science, 624, article number 012233. doi: 10.1088/1755-1315/624/1/012233.

[16] Singh,J., Kunhikrishnan, A.,Bolan, N.S., & Saggar, S. (2013). Impact of urease inhibitor on ammonia and nitrous
oxide emissions from temperate pasture soil cores receiving urea fertilizer and cattle urine. Science of the Total
Environment, 465, 56-63. doi: 10.1016/j.scitotenv.2013.02.018.

[17] Solodushko, M.M., Gasanova, l.I, Pedash, 0.0. Yaroshenko, S.S, Drumova, O.M., & Astakhova, Y.V. (2021). Effect of
mineral nutrition on winter wheat yield after sunflower in Ukrainian steppe zone. Ukrainian Journal of Ecology,
11(7),179-184.doi: 10.15421/2021 256.

[18] Suleymenov, B.U., Saparov, A.A., Kan, V.M., Kolesnikova, L.I., & Seytmenbetova, A.T. (2019). The effect of foliar
treatment on the vield of spring barley in the conditions of the Almaty region. Soil Science and Agrochemistry,
3,80-85.

[19] Tandy, S., Hawkins, J.M.B., Dunham, SJ., Hernandez-Allica, J., Granger, S.J., Yuan, H., McGrath, S.P., & Blackwell,
M.S.A. (2021). Investigation of the soil properties that affect Olsen P critical values in different soil types
and impact on P fertiliser recommendations. European Journal of Soil Science, 72(4), 1802-1816.doi: 10.1111/
ejss.13082.

[20] Vona, V., Centeri, C., Biro, Z., Vona, M., Kalocsai, R., Jakab, G., Kauser, J., Kulmany, [.M., Kovacs, AJ., & Milics, G.
(2022). Comparing different phosphorus extraction methods: Effects of influencing parameters. Sustainability,
14(4), article number 2158. doi: 10.3390/su14042158.

[21] Wen, Y.C,, Li, H.Y., Lin, Z.A., Zhao, B.Q., Sun, Z.B., Yuan, L., Xu,J.K., & Li, Y.Q. (2020). Long-term fertilization alters
soil properties and fungal community composition in fluvo-aquic soil of the North China Plain. Scientific
Reports, 10, article number 7198. doi: 10.1038/s41598-020-64227-6.

[22] Wu,Q.,Zhou,W.,Chen,D.,Cai,A.,A0,J., & Huang,Z.(2020).Optimizing soil and fertilizer phosphorus management
according to the yield response and phosphorus use efficiency of sugarcane in Southern China. Journal of Soil
Science and Plant Nutrition, 20, 1655-1664. doi: 10.1007/s42729-020-00236-8.

Scientific Horizons, 2023, Vol. 26, No. 7



https://www.sciencedirect.com/science/article/abs/pii/S0016706119319305?via%3Dihub
https://www.mdpi.com/2071-1050/13/11/5983
https://www.sciencedirect.com/science/article/pii/S0167198718309620?via%3Dihub
https://link.springer.com/chapter/10.1007/978-3-030-85682-3_13
https://link.springer.com/chapter/10.1007/978-3-030-85682-3_13
https://www.mdpi.com/2073-4395/11/10/2026
https://www.mdpi.com/2073-4441/13/21/3117
https://osf.io/58mxq/
http://journal.sops.gov.ua/article/view/273989
http://journal.sops.gov.ua/article/view/273989
https://www.nature.com/articles/s41598-020-74736-z
https://www.nature.com/articles/s41598-020-74736-z
https://iopscience.iop.org/article/10.1088/1755-1315/624/1/012233
https://www.sciencedirect.com/science/article/abs/pii/S0048969713001812?via%3Dihub
https://www.ujecology.com/articles/effect-of-mineral-nutrition-on-winter-wheat-yield-after-sunflower-in-ukrainian-steppe-zone.pdf
https://cyberleninka.ru/article/n/vliyanie-vnekornevoy-obrabotki-na-urozhay-yarovogo-yachmenya-v-usloviyah-almatinskoy-oblasti
https://cyberleninka.ru/article/n/vliyanie-vnekornevoy-obrabotki-na-urozhay-yarovogo-yachmenya-v-usloviyah-almatinskoy-oblasti
https://bsssjournals.onlinelibrary.wiley.com/doi/10.1111/ejss.13082
https://bsssjournals.onlinelibrary.wiley.com/doi/10.1111/ejss.13082
https://www.mdpi.com/2071-1050/14/4/2158
https://www.nature.com/articles/s41598-020-64227-6
https://link.springer.com/article/10.1007/s42729-020-00236-8

Akhmatbekov et al.

EdeKTUBHicTb popM MiHepanbHUX AO6GPUB | NPOAYKTUBHICTb O3UMOI NLWIEHULi
Ha Cipo3eMHO-NyYHUX 'pyHTax KupruscraHy

MycakyH AxmaT6ekoBuy AxMaT6eKkoB

[loKTOp CiNnbCbKOrocnoaapcbkux Hayk, npodecop
Kuprusbkuii HauioHanbHuiA arpapHuii yHiBepcuTeT iMeHi K.I. CkpsabiHa
720005, Byn. Menepoga, 68, M. bilukek, Knuprmscran
https://orcid.org/0000-0003-1075-3551

YpaH6ek AgiiioBuu Llleprasies

[OKTOp CiNlbCbKOrocnoaapCbkmx Hayk, npodecop
Knprmsbkuii HauioHanbHUIM arpapHuin yHiBepcuteT iMeHi K.l CkpsibiHa
720005, Byn. Meneposa, 68, M. bilukek, Knuprmscran
https://orcid.org/0000-0002-4203-4060

Kymyw6ek bekitaeeBuy MambeToB

KaHaunaaT CinbCbKOrocnoaapCbKnx Hayk, AOLEHT
Knprusbkuii HauioHanbHUIM arpapHuin yHiBepcuteT iMeHi K.l CkpsibiHa
720005, Byn. Meneposa, 68, M. biukek, Knuprmuscran
https.//orcid.org/0000-0003-1867-9560

CoBetbek AcaHrasiiioBuy MaMUTKaHOB

KaHamMpaT CcinbCbKOrocnoaapcbKnx HayK, AOLEHT
Kuprusbkuii HauioHanbHui arpapHuii yHiBepcuTeT iMeHi K.I. CkpsbiHa
720005, Byn. Meneposa, 68, M. biwkek, Kupruscran
https://orcid.org/0000-0002-4322-8377
Hypain Oyiwem6iiosny [yinwemobies
[loKTOp CiNnbCbKOrocnoaapcbkmx Hayk, npodecop
Kuprusbkuii HauwioHanbHWi arpapHuii yHiBepcuTeT iMeHi K.I. CkpsabiHa

720005, Byn. Meneposa, 68, M. biwkek, KnpruscraH
https://orcid.org/0000-0003-3052-0405

AHoTauif. YoobpeHHs 03MMOi nuweHuui HeobxiaHe, Wo6 3abe3neynTn KynbTypy MOXMBHUMM pEYOBUHAMM ANS
ONTUMANILHOTO POCTY, PO3BUTKY Ta GOpMyBaHHS Bpoxato. OaHak, ebeKTUBHICTb LOOPUB MOXe 3anexaTu Bif, iXHbOT
$hopMu, a TAKOX Bif, FPYHTOBMX YMOB i KNliMaTy. MeTa pob0Tu — BUBUYMUTU e(DEKTUBHICTb 3aCTOCYBaHHS Pi3HUX GOpM
MiHepanbHUX LOOPUB Ha HOPMYBAHHS MPOAYKTUBHOCTI MWEHUL 03MMOI Ha CipO3eMHO-TYYHUX IPpyHTax KupruscraHy.
[na pocsrHeHHs noctaeneHoi metn y 2019-2021 pp. npoBoaunu nonboBui pocnif y HaBuyanbHO-poCHiAHOMY
rocnofapctei Kuprusbkoro HauioHanbHoro arpapHoro yHisepcutety iMm. K.l CkpsibiHa. Y pe3ynbraTi LOCHioKEHHS
BCTAHOB/EHO, WO HOPMYBaHHS BUCOKOI BPOXKAMHOCTI MLUEHMLLi 031MOI TICHO NOB13aHe i3 3aCTOCYBAHHSM Y CIBO3MIHI
a30TOBMIiCHUX A0OPUB, LLO CNPUSE HAKOMUYEHHIO B I'PYHTI HITPATHOMO a30Ty. TaKOX BiAMIY€HO CYTTEBY Ait0 HA a30THUM
pexuM rpyHTY amiayHoi cenitpu 1a cynepdocdaty npoCcToro rpaHyNb0BaHOro. KOHLEHTpaLis ByrneaMoHIMPO3YMHHMX
docdaTiB BM3HAYAETbC AisMM cynbdaTy aMOHit0, aMiauyHoi cenitpu Ta BCix dopm dochopHux nobpus, ane
0C06/MBUX 3MiH Yy DOoChaTHOMY pexuMi IpyHTy nig BnaMeom dopM dochopHux fobpuB He BusBaeHo. OaHAK 3a
BMKOPUCTAHHS CKNAAHWX A0OPUB BiA3HAYEHO HE3HAYHE HAKOMWYEHHS pyxomoro docdopy B rpyHTi. BHeceHHs
aMiayHoi ceniTpu 3abe3neyye BpOXKaMHICTb 3epHa 03MMOI MLeHMLi Ha piBHI 56 L/ra, cynbdaTy amoHito - 53,1 w/ra.
Cynepdocdat nNpocTuit rpaHynboBaHuUi 3abe3neunB HaMBULIMIA piBEHb YpOXal 03MMOI nweHuui — 55,5 wu/ra
Ta HavBuLLy NpubaBKy L0 BpOXat Ha (OHi a30THO-KaNiMHOro XmeneHHs - 8,7 u/ra. OTxe, Nif 03MMy MLUEHULIO
nicns npocanHMx nonepeaHukiB 3 a3oTHMX GopM JOOPMB Kpalle BHOCMTU aMiauHy Cenitpy, a K ii anbTepHaTuBy —
cynbdaT aMoHito abo cevyoBuHY, 3 pochopHMx dopm 006puB - cynepdocdat NPOCTUI rpaHynboBaHWiA. [pakT1yHa
3HAYYLLICTb pe3y/bTaTiB AOCIIKEHHS LAE€ MOX/MBICTb pO3pobUTH Hinbll edeKTUBHI METOAN BUKOPUCTaHHS 40OpUB
i 30iNblIEHHS NPOAYKTUBHOCTI 3€PHOBMX KYMbTYp Ha CipO3€MHO-NYYHWUX IpyHTax KupruscraHny, a Takox B iHLWMX
perioHax 3i CXOXMMU IPYHTOBO-KNIMAaTUYHUMM YMOBaMMU

KniouoBi cnoBa: HiTpaTHMI a30T; BYrNE€aMOHIMPO3UYMHHMI  dochop; CiBO3MIHA; CiNbCbKe rOCNOLAPCTBO;
MaKpoeieMeHTH
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experimental research. The planning of the experiment met the current standards, and computer graphics systems
and Microsoft Excel software suite were used for statistical data processing. Based on the conducted studies,
the amount of liquid that one nozzle can pass in 1 min at pressures of 300, 400, and 500 kPA was determined. It
was found that the lowest result was shown by a nozzle with a diameter of 0.1 mm with a pressure of 300 kPA -
10.493 ml/min, and the highest - a nozzle with a diameter of 0.8 mm and a pressure of 500 kPA - 146.379 ml/min.
At the same time, injectors with a diameter of 0.4-0.6 mm used almost the same amount of liquid at pressures
of 300 and 500 kPA. The amount of liquid that can be poured per 1 ha using a six-row seeding machine with a
working width of 4.2 m per sowing unit of corn was calculated. The obtained data can be used to improve any
systems that use similar nozzles, such as calculating the rate of discharge of agricultural sprayers or systems that
allow cooling pig farms during the summer period

Keywords: operation of the sowing complex; nozzle; yield; pressure; spout rate; seed coating; biologics; fertilisers;

microorganisms; sowing quality

INTRODUCTION

The issue of seed inoculation is quite relevant today.
Humanity is trying to improve the global environment,
and therefore, reduce the use of chemicals in agricul-
ture. Inoculants, as a means to increase yields and im-
prove the quality of plant products, have proven them-
selves quite well. For example, in studies on the effect
of an inoculant (strain Rhizobium) on chickpea plants
under salinity conditions, not only an increase in yield
was recorded, but also an increase in the protein and
oil content in seeds (Khaitov et al., 2020). An increase in
protein content was recorded with the use of Microgu-
min, Diazophyte, and mineral fertilisers in studies of oat
cultivation (Avena nuda L. and Avena sativa L.) (Ilchenko
et al., 2019). And during the investigation of the effects
of four strains of Bacillus spp. on corn plants under wa-
ter stress, an increase in the mass of raw and dry matter,
the length of plants, and the amount of photosynthetic
pigments in them was observed (Azeem et al,, 2022).
Therefore, against the background of complicated op-
portunities for the supply of fertilisers from abroad and
the need to provide crops with the necessary substances,
inoculants or other biologics that are recommended to
be used during sowing are a very promising due to their
relatively low price, environmental friendliness, posi-
tive effect on crop yields, and most importantly - the
ability of domestic producers to provide farmers with
this product (Polischuk et al.,, 2023).

The advantages of settling microorganisms on the
seed surface (inoculation) before sowing have been
proven by many researchers (Stassinos et al, 2021;
Datsko, 2021). The history of their use began in 1896,
when the first patent for an inoculant was registered
in the United States (Santos et al, 2019). Inoculation
of seed material allows populating the necessary mi-
croorganisms in the rhizosphere of agricultural crops
for better interaction and increase plant productivity
(Sandini et al., 2019). Mostly, when it comes to inocula-
tion procedure, most suggest that it applies only to leg-
umes, however, this is not a fair expression. Studies us-
ing inoculants have also been conducted for crops such
as corn (Stoffel et al., 2020), wheat (Erdemci, 2021), rice

(Guimaraes et al,, 2020; Singh et al, 2020), rapeseed
(Premachandra et al., 2020) etc.

Inoculation in production is mainly carried out
with the help of seed treatment machines and in
addition to or simultaneously with seed treatment.
However, the method of liquid inoculation has signif-
icant disadvantages, which can lead to an increase in
the cost of production or to the death of microorgan-
isms contained in the inoculant. The first and most
important of them is that the operation with a liquid
inoculant is quite a time-consuming process, since
it is usually recommended to apply microorganisms
immediately before sowing, which requires the addi-
tional use of the necessary equipment and people in
a short time. Second, direct exposure to sunlight on
already treated seed material can lead to the death of
beneficial microorganisms (Ushkarenko et al., 2016).
The reason for this harmful effect of solar radiation on
bacterial cells is ultraviolet light, which has a bacteri-
cidal effect (Bilokonska, 2018).

Therefore, researchers of Sumy National Agrarian
University decided to develop and implement a system
that will simplify the inoculation process and conduct
it during corn sowing. Since the methods used by ag-
ricultural producers for inoculation are outdated and
energy-consuming, the purpose of this study was to
obtain data that will allow assessing which nozzles
should be used to create a seed inoculation system that
can be installed in any sowing complex.

MATERIALS AND METHODS

Structure of the test system for determining required noz-
zle diameter and operating pressure. Since the system
is designed and manufactured from scratch, it became
necessary to investigate the properties of components
and select the necessary parameters. To begin with, the
pressure needed to be created in the system and the
diameter of the nozzles to be used were considered.
To do this, the volume of liquid that the nozzle can
pass through with a certain pressure was measured for
one minute for each of the options in triple repetition.
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Laboratory balances (Radwag, WLC 0.2/C/1, Poland) were
used to accurately determine the weight of liquid. The
pressure was created using a high-pressure diaphragm

pump (Good PUMPs, 12V, 6A, 72W, China). The low-pres-
sure mist-forming TW6010 ... TW6080 with a diameter
of 0.1; 0.2.....0.8 mm were chosen as nozzles (Fig. 1).

Figure 1. Low-pressure mist forming nozzles TW60

A pressure gauge, quick-release connections, hoses,
clamps, and a digital pressure sensor (Ebowan DC 5V

2

G1/4,12 MPA, China) were also used to create the test
sample, the connection diagram is shown in Figure 2.

Figure 2. Connection diagram of devices for determining the required nozzle diameter and operating pressure for
creating a stand, where 1 - tank; 2 - pressure gauge; 3 - water pump; 4 - pressure sensor; 5 - actuator; 6 - nozzle

Based on the requirements of inoculant manufac-
turers,a darkened tank was used to minimise the contact
of microorganisms with ultraviolet rays. The liquid filled
into the tank is sucked in by a pump that pumps pres-
sure into the main line, which contains a pressure gauge
for visual monitoring and a digital pressure gauge for
maintaining pressure. An actuator valve regulates the
period of use of the nozzle (Shelest et al., 2022).

After conducting the study, the appropriate equation
was used to determine the actual amount of liquid that
can be poured per 1 ha by a six-row row seeding ma-
chine with a working width of 4.2 m. (Bosoy et al.,, 1980):

600
- e, g

where Q - actual working fluid discharge, l/ha; 600 -
coefficient; n - number of sprayers; g - liquid flow rate
through one sprayer, I/min.; L — working width of the
unit, m; V - actual velocity, km/h.

For statistical processing of the spray fluid flow rate,
the root-mean-square deviation (2) and the coefficient
of variation (3) were determined:

Scientific Horizons, 2023, Vol. 26, No. 7

o :\/(qle_ﬁ)z"'(qze_i)z"' ----- +(Qne‘ﬁ)2; (2)
where g, , q,.....q,. - amount of liquid consumed by the
sprayer in 1 minute, g; g - arithmetic mean; n - num-
ber of experiments.

Qietqzet - qne
n

a:

The coefficient of variation was determined by the
equation:

-100. (3)

To evaluate the results of the study of nozzles of
different sizes when using a pressure of 300-500 kPA,
a two-fold variance analysis with repetitions was con-
ducted in MS Excel.

As a liquid, water-based injectors were first tested,
and then Leanum biologic preparation was used, which
contains effective microorganisms and organic matter,
and is approved for use by “Organic Standard” It is evident




that the density of different liquid fertilisers/biologics
may differ, different volumes of working solution can be
used in different dosages (200-300 l/ha), depending on
the manufacturer’s recommendations.

RESULTS AND DISCUSSION

Investigation of the amount of liquid that the nozzles can
pass in 1 min. Studies were conducted on nozzles of

Shelest et al.

different diameters and at different pressures of liquid
supply to them for the same period of time. Analys-
ing the data in Table 1, the dependence of the volume
of liquid through the nozzles on the diameter of the
hole is observed: with an increase in the nozzle diam-
eter from 0.1 mm to 0.2 mm at a constant pressure of
300 kPA, the weight of liquid that was sprayed in 1 min
increased from 10.373 g to 13.445 g, which is 22.2%.

Table 1. Result of the study of nozzles of different sizes at a pressure of 300 kPA

Nozzle size,

Experiment number

mm 1 2 3 4 5 6 -9 @9 V¥
01 10373 10609 10511 10.456 10.305 10.702 10493 013 13
0.2 13.445 1356 13.472 13.601 1327 13.602 13492 012 09
0.3 35.69 35822 35973 35.599 35.984 35.902 35828 014 04
0.4 527 52329 52629 52.485 52.502 52.688 52556 013 02
0.5 65426 65429 65408 65.281 65.29 65.692 65421 014 02
0.6 81.03 81243  81.207 81.401 81.011 81.102 81166 014 02
0.7 92385 92729 92921 92.393 92.829 92.809 92678 021 02
0.8 114926 11506 115203 115182 114903 115102 115063 012 0.1

Source: obtained by the authors

Starting from the nozzle diameter of 0.3 mm, the
weight of the liquid relative to the original diameter
increased by almost 3.5 times. As the injector nozzle di-
ameter increased from 0.3 mm to 0.8 mm, the increase
in the volume of liquid pouring through the nozzles
significantly increased from the minimum water mass
of 35.69 g to 114.926 g, which is an average increase
of 69%. During statistical data processing, the root-
mean-square deviation was in the range of 0.12-0.14 g,
with the maximum value for the nozzle diameter of
0.7 mm - 0.21 g. The coefficient of variation decreased
and corresponded to an increase in the nozzle diameter
and was a minimum value of 0.1% for 0.8 mm and a
maximum value of 1.3% for 0.1 mm.

When analysing the weight values of the spray
liquid at a constant pressure of 400 kPA in 1 minute

(Table 2), the lowest value of the weight of liquid
through the nozzles of low-pressure mist-form-
ing nozzles was 0.1 mm - 12.146 g and 0.2 mm -
15.101 g. When the diameter of the mist-forming noz-
zles increases from 0.3 mm to 0.7 mm, respectively,
the liquid flow rate increases from 40.907 g/min up
to 97.443 g/min. The highest consumption of sprayed
liquid is 142.209 g/min with a nozzle diameter of 0.8
mm, because the increase relative to 0.7 mm is the
largest — 45 g/min. When evaluating the data in Ta-
ble 2, a root-mean-square deviation was determined
with a minimum value of 0.05 g for a nozzle diameter
of 0.8 mm and a maximum value of 0.32 g for 0.5 mm.
The coefficient of variation was reduced from 1% for
nozzle diameters of 0.1 mm and 0.2 mm to 0% for
nozzle diameters of 0.8 mm.

143

Table 2. Result of the study of nozzles of different sizes at a pressure of 400 kPA

Nozzle size, Experiment number 5 . 0. V%
mm 1 2 3 4 5 6 °
0.1 12.509 12.183 12.146 12.231 12.403 12.307 12.297 0.13 1.0
0.2 15.576 15.32 15.101 15.297 15.477 15.218 15.332 0.16 1.0
0.3 40.428 40.869 40.695 40.641 40.445 40.907 40.664 0.19 0.5
0.4 57.871 58.225 58.184 57.698 58.308 58.274 58.093 0.23 0.4
0.5 72.606 73.005 72.504 72.695 73.105 72.315 72.705 0.27 0.4
0.6 92.746 91.993 92.328 92.629 91.899 92.537 92.355 0.32 0.3
0.7 9741 97.417 97.503 97.269 97.381 97.68 97.443 0.13 0.1
0.8 142.202 142.073 142.192 142.152 142.102 142.209 142.155 0.05 0

Source: obtained by the authors
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At a constant pressure of 500 kPA, the volume
of sprayed liquid increases accordingly with an in-
crease in the diameter of fine nozzles from 0.1 mm
to 0.8 mm: from a minimum value of 13.696 g/min at
0.1 mm to a maximum of 146.827 g/min at 0.8 mm
(Table 3). From the nozzle diameter of 0.3 mm, there
is an increase in the flow rate of the sprayed liquid
relative to the diameter of 0.1 mm by almost 3.5 times.

From the statistical analysis of the table data, the
minimum root-mean-square deviation is 0.19 g from
the arithmetic mean of 17.094 g for a nozzle diam-
eter of 0.2 mm, and the maximum is 1.1 g from the
arithmetic mean of 64.388 g for a diameter of 0.4 mm.
The coefficient of variation increased from 0.2% for
0.7 mm and 0.8 mm nozzle diameters to 1.7% for a
nozzle diameter of 0.4 mm.

Table 3. Result of the study of nozzles of different sizes at a pressure of 500 kPA

Experiment number

Nozzle size, mm 1 5 5 s P 5, g 0,9 V., %
0.1 13.947 13.836 13.811 13.748 13.696 13.947 13.831 0.09 0.7
0.2 17.181 16.758 17.399 17.123 16.992 17.109 17.094 0.19 1.1.
0.3 44764 45.088 44.68 45.141 44592 44799 44844 0.20 0.5
0.4 62.576 65.427 65.765 63.599 64.966 63.997 64.388 1.11 17
0.5 81.557 80.993 81.648 81.312 80.898 81.203 81.269 0.27 0.3
0.6 98.416 98.336 98.432 97.892 98.598 98.692 98.394 0.25 0.3
0.7 113.408 113.499 113.509 113.101 113.791 113.521 113.472 0.20 0.2
0.8 146.375 146.372 146.394 146.102 146.827 146.201 146.379 0.23 0.2

Source: obtained by the authors

By increasing the fluid supply pressure to the
0.1 mm diameter nozzle from 300 kPa to 500 kPa, the
fluid output increased by 32%. On average, at a pressure
of 500 kPA, all injectors delivered almost 580 g/min,
which is 9.16% more than at a pressure of 400 kPA, and
24.21% more than at a pressure of 300 kPA.

Calculation of the amount of liquid per 1 ha. The flow
rate of the working fluid of the nozzle with a diameter
of 0.1 mm at different pressures ensures the discharge
of liquid in the range of 1.12-1.48 l/ha (Fig. 3), and the
nozzle with a diameter of 0.2 mm - 1.44-1.83 l/ha,
while the difference between the values of the 0.1 mm
nozzle with a pressure of 500 kPA and the 0.2 mm noz-
zle at a pressure of 300 kPA is only 2.7%, which is not
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a critical deviation, but when working in the field to
save energy resources, it is undoubtedly better to use
a nozzle with a diameter of 0.2 mm and a pressure of
300 kPA. A similar pattern can be observed in 0.4 and
0.5 mm nozzles, where the difference between the
values at a pressure of 500 and 300 kPA is 1.7%. A sim-
ilar pattern is observed between the 0.5 and 0.6 mm
injectors, the difference between the indicators is also
not significant and amounts to 0.2%. At the same time,
there is no similar trend between 0.6 and 0.7 mm injec-
tors and the same pressure, but this phenomenon again
becomes true for 0.7 and 0.8 mm injectors, while the
difference between the liquid output at a pressure of
500 and 300 kPA is 1.3%.
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Figure 3. Flow rates through the TW6010...TW6080 nozzles at different pressure values
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Therefore, the diagram shows that injectors with
a diameter of 0.1 and 0.2 mm provide extremely low
use of the working solution per hectare, which casts
doubt on the effectiveness of their use. At the same
time, nozzles with a diameter of 0.3 to 0.8 mm have
the potential for use in the designed pre-sowing inoc-
ulation system.

Other researchers have also created a sowing
complex that can carry out seed inoculation during
corn sowing (Drazi¢, 2017). However, their research is
somewhat inconsistent with the subject matter and the
need for creating a seed inoculation system. For exam-
ple, the paper by Klaedtke et al. (2022) contains infor-
mation about the amount of liquid passed by nozzles
per minute under different pressures, but they do not
contain specifics about the diameter of the injectors.
Pathan et al. (2019) provide information about working
under different pressures for three nozzles (diameter
13.1; 16.2; 19.3 mm), however, these nozzles have a
fairly high output of liquid, while this study is based
on saving water and creating a mist for more uniform
treatment of seeds with a working solution. A similar
experiment was conducted by Han et al. (2020), how-
ever, using a different type of nozzle.Wang et al. (2020)
investigated the efficiency of using larger nozzles and
higher pressures (from 1 to 8 mPA). However, according
to the estimates, a pressure greater than 500 kPA is not
appropriate for a mobile inoculation system, as it re-
quires high energy consumption.

In the literature, attention is drawn to the fact that
seed treatment with biologics is more effective than
their foliar application (Barbosa et al., 2022),and the ef-
fect is noticeable in the growth of the root system, the
concentration of nutrients in the leaf-stem mass, and
grain, which ultimately affected the yield. But biologics
can have one or more strains of microorganisms, and
depending on weather and soil conditions, their effec-
tiveness may decrease or not appear at all in temperate
climates (Reis et al.,2022). However, the application of
biologics and fertilisers in liquid form is more effective
than in the form of powder and granules, and the most
important thing at the beginning is uniform applica-
tion to the seed and good adhesion, since the seeds
of different agricultural plants have different shapes,
structures, sizes, and germination rates (Paravar et al,,
2022; Veremeenko et al, 2023). That is, considering
seed treatment with biologics only in organic farming,
then the purpose of this event is to directly affect the
seed and the plant will better resist abiotic and biotic

Shelest et al.

stresses through rhizobiome (Kharchenko et al., 2022;
Orozco-Mosqueda, 2022). By using xerotolerant micro-
organisms in the seed coating, it is possible to promote
better plant development in conditions of prolonged
moisture limit (Romao et al.,, 2022).

Thus, data on the amount of solution pouring
through different nozzles were obtained in other pa-
pers, but the effectiveness of using different pressures
and diameters of nozzles, and the density of fertiliser
liquids and pesticides was not fully investigated. The
development of complexes for inoculation with mini-
mal moisture and energy consumption is relevant and
requires further study.

CONCLUSIONS

Based on the data obtained, it can be concluded that
the smallest liquid output per minute in a nozzle with
a diameter of 0.1 mm with a pressure of 300 kPA is
1.247 |/ha,while the largest output in nozzles of 0.8 mm
with a pressure of 500 kPA is 15.683 l/ha. The range
of fluctuations in these values is quite high, so further,
more in-depth studies of injectors with a diameter of
0.3-0.6 mm are needed. Nozzles with a diameter of 0.1
and 0.2 are not suitable for further research, as they
pass too little liquid from 1.127 to 1.831 |/min at differ-
ent pressures, while nozzles with a diameter of 0.7-0.8
are rejected because they have too unstable indicators.
Moreover, an interesting pattern was noticed in the 0.4,
0.5, and 0.6 nozzles at a pressure of 500 and 300 kPA:
the amount of liquid that they can pour per 1 ha is al-
most similar and the difference between these values
does not exceed 2.7% (and some even less), which is
insignificant. These circumstances suggest the feasibil-
ity of using a nozzle with a smaller diameter and higher
pressure in the inoculation system, or with a larger noz-
zle diameter and lower pressure, which would directly
affect the amount of energy consumed by the tractor
during the use of this system.
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AHotauis. [lepegnociBHa iHOKYNALiA CilbCbKOrOCNOAAPCHKMX KYNbTYyp [AO3BOASE MiABULLMTM NapameTpu, Lo
BMNIMBAKOTb Ha YPOXAMHICTb Ta AKiCTb BpOXato, Le Oyno poBeaeHo 6araTbMa YKpaiHCbKMMK Ta 3aKOPAOHHUMM
focnifHukamu. Metoto poboTu Byno BCTaHOBMTM pobodi mapaMeTpu GOPCYHOK 33 Pi3HOMO TUCKY, WO A3N0 3Mory
po3paxyBaTu HOpMY BMJIMBY POBOYOro po3umHY Mif, Yac CiBbu ons CTBOPEHHS CUCTEMM MPUNOCIBHOT iHOKYNALii, Wo
[03BOJSIUTb CMPOCTUTM NpoLLeC 06p0O6KM HACIHHS Ta NIABULLMUTU eHeproePeKTUBHICTb rocnofapcTs. [1ns npoBefeHHs
eKcnepuMeHTanbHUX AOCNIAKEHb BUKOPUCTOBYBAIMCSA METOAM CUCTEMHOIO Ta CTPYKTYPHOMO aHani3y, MaTeMaTUYHOI
CTaTUCTUKK, abCTparyBaHHsa Ta MaTEMATMYHOIO MOAENIOBAHHS Ha OCHOBI piBHAHHS EMnepa-JlarpaHxa, a Takox 3
BMKOPUCTAHHAM OCHOB TEOPETUYHOI MexaHiku, di3nKun Ta Teopii MalKH. [NaHyBaHHSA ekcnepuMeHTY BiAMNOBIAaN0
LilYMM CTaHpapTaMm, a Afig CTaTUCTUYHOI 00pobKM AaHMX BUMKOPWUCTOBYBANUCA CMCTEMM KOMMOTEPHOI rpadiku Ta
nporpamun Microsoft Excel. 3aBasku npoBeaeHUM JOCNIOKEHHAM 6yN0 BCTAaHOBMIEHO KiNbKiCTb PiAMHM, WO MOXeE
nponyctutn ofHa dopcyHka 3a 1 xB nig Tuckom 300, 400 i 500 klMa. byno BusiBneHo, Wo HaiMeHWHA pesynbraT
nokasana gopcyHka giametpoMm 0,1 mm 3 Tuckom 300 kla - 10,493 mn/xB, a HanbinbWwwuii — GOpCyHKa AiaMeTpoMm
0,8 MM i TuckoMm 500 klMa - 146,379 mn/xB. BogHouac, popcyHku giametpom 0,4 — 0,6 MM BUKOPUCTOBYHOTb Maiixe
O[LHaKOBY KinbKicTb pianHu nig tmckoM 300 Ta 500 kla. byno po3paxoBaHO KifbKiCTb piAnHK, WO MOxe ByT BUAUTO
Ha 1 ra 3a BUKOPUCTaHHS WeCTMPSAHOI NPOCANHOI CiBafikK i3 LUMPUHOK 3aXBaTy 4,2 M Ha OAHY NOCIBHY OAMHULLIO
KyKypya3su. OTpuMaHi faHi MoxyTb ByTM BUKOPUCTaHI Npy BAOCKOHANEHHI Byab-SKMX CUCTEM, e BUKOPUCTOBYHOTHCS
CXOXi OPCYHKU, K TO ANF PO3PaxXyHKYy HOPMU BUAMBY CiSlbCbKOTOCMNOAAPCbKMX OMPUCKYBAYIB YU CUCTEM, LLO
[03BONISIIOTb OXONOAXYBATU CBMHOKOMIMIEKCH Mif Yac NiTHLOro nepioay

KniouoBi cnoBa: ekcnnyaTauis MOCIBHOro Kommnekcy; GOpCyHKa; YPOXaWHICTb; TUCK; HOPMa BWUAMBY; MOKPUTTA
HaciHHs; 6ionpenapaTtu; [o6pMBa; MiKpOOpraHi3Mu; aKicTb CiBbK
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The top 7 data sets (slope, available-P, evapotranspiration, soil type, rainfall, organic-C, and pH) yielded the highest
accuracy based on the test results for the three-parameter groups. The coefficient of determination has the highest
value, 0.855, while the RMSE test for the model using the top 7 data set has the lowest error value at 0.354 t/ha
and 18.71%, respectively. By developing location-specific rice yield predictions using a Bayesian method, farmers
and agricultural practitioners can benefit from more accurate and reliable estimates of crop productivity

Keywords: Agricultural sustainability; Bayesian Neural Network (BNN); food security; rainfed rice field; yield

prediction

INTRODUCTION
While just 26.91 million tonnes of rice were produced
nationally in Indonesia in 2020, the country’s overall
rice consumption topped 30 million tonnes (Lotulung,
2020; Ministry of Agriculture, 2020). In order to meet the
country’s food needs, rainfed lowland areas are antici-
pated to provide for Indonesians who eat rice as their
primary source of nutrition (Wihardjaka et al, 2020). In
Central Java, there are 77,532 hectares of rainfed paddy
fields, and 342,777 tonnes of Milled Dry Grain (MDG)
are produced annually, according to BPS Central Java
Province, (2018).As a result, following irrigated lowland
rice, rice produced from rainfed lowland rice now con-
tributes the most to national rice production. The Indo-
nesian government is still working on expanding the
nation’s rice production in several ways, one of which is
by growing rice on drylands, such as rainfed lowland rice.

Difficulties in increasing rice yield in Indonesia in-
clude using inefficient farming techniques and parts
of its rainfed rice fields, which are highly vulnerable
to climate change (Ruminta et al., 2017). According to
Rahayu (2014) the productivity of irrigated lowland rice
fields is more significant due to more frequent planting
than rainfed rice fields, which can only yield 1-2 times
a year. In order to boost rice output, rainfed rice fields
can be a valuable resource that needs to be adequately
managed (Sinaga et al., 2014).

As rainfed rice fields are typically nutrient deficient,
often suffer from drought, and require more financing
to sustain farming activities, production outcomes are
unstable and unpredictable (Novia & Satriani, 2020).As
noted by Murniati et al. (2017), in order to grow rain-
fed rice, farmers must be able to adapt to the environ-
ment and available resources. To maximise the yield of
rainfed rice fields, farmers need to be aware of climate
change, crop types, cropping patterns, irrigation man-
agement, and the right sowing period. Therefore, a yield
prediction model is needed as a guide for adaptation
during cultivation to facilitate effective management of
rainfed rice fields.

Estiningtyas & Syakir (2018) argue that in crop pro-
duction, the level of production is determined by three
main factors: climate, soil, and plants. These three fac-
tors need to interact together with proper management
to produce optimal yields. The lack of any one factor
will affect production results. Site-specific cropping
practices are a way of adapting cultivation to the local
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agro-ecosystem. According to Anupama & Lakshmi
(2021), farmers need advice on the right planting time
and cultivation methods with the best yield prediction
model that is expected to yield the highest profit with
little investment.

One of the most complex issues in precision ag-
riculture is yield prediction. Since crop yields rely on
various factors, including climate, soil, fertiliser use,and
seed variety, yield prediction requires numerous data
sets (Van Klompenburg et al.,, 2020). The machine learn-
ing model is a methodology that can forecast yields
since it can ascertain how plants react to elements that
have an impact on crop output, such as the soil, the
environment, cultivation methods, and seed kinds used
(Pant et al., 2021). Machine learning algorithms attempt
to forecast crop yields based on empirical correlations
between yield-driving elements and historical yield re-
cords rather than modelling biophysical processes in
crop agriculture (Wang et al., 2020). The Bayesian model
is the machine learning model used in this research.
According to Drury et al. (2017), Bayesian is appropriate
for agriculture because it can represent interdependent
causal elements or factors, give a general overview of
partial or uncertain information, combine new informa-
tion, and draw new conclusions using new information.
Liu et al. (2017) pointed out that machine learning al-
gorithms play a role in data-driven models to improve
forecasting accuracy.

This research was conducted to identify yields
in rainfed rice fields with a harvest prediction model
based on specific soil and climate characteristics to
provide recommendations regarding cultivation man-
agement efforts and planting time to reduce the risk of
crop failure, especially in the Sumbing-Sindoro topose-
quences. Soil and climate characteristics variables were
used in this study as a prediction basis for estimating
crop yields. This prediction model is expected to help
farmers determine the inputs and adaptations to obtain
optimal results.

MATERIALS AND METHODS

Study area. The research was carried out on two moun-
tain toposequences in Central Java, Indonesia, specifi-
cally on the southern slopes of Mount Sumbing and the
southwest of Mount Sindoro (Fig. 1). To assess the nu-
trient level, soil samples were collected for the survey.




The study site’s rainfed rice crops produced an average
of 1.87 t/ha in harvest. This research used 21 site loca-
tions as research samples. These location points were
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made up of elevation, which were created at specific re-
search locations based on the variety of environmental
variables present there.

Legend

] Location of sample
D Sample area
0 >700 mast
400-700 masl

<400 masl

Scale =1 : 300.000
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Figure 1. Location of research toposequence (the southern slopes of Mount Sumbing
and the southwest of Mount Sindoro)

Research parameter. Characteristics of the soil and plant

yield data recap. According on field observations and the

outcomes of laboratory analyses of soil properties, this
study employed data on soil characteristics in the field.

Table 1. Research parameter about soil characteristics and yield on location-specific toposequence

Toposequences
Soil and plant characteristics (unit)
Mount Sumbing Mount Sindoro
Soil Characteristics
pH 6 5-6
Organic-C (%) 1.45-5.27 1.18-5.98
Total-N (%) 0.54-1.40 0.64-1.01
Available-P (ppm) 2.39-9.55 0.29-7.65
Available-K (me/100g) 0.33-0.55 0.29-0.47
Type of soil Inceptisols and Alfisols Entisols, Inceptisols and Ultisols
Slope (%) 0-25 0-25
Plant yield data recap
Yield (t/ha) 1.24-3.72 0.62-3.87

Note: Analysis of soil characteristics based on Indonesian Soil Research Institute procedures (2009) and data on plant
yield recap based on social survey carried out by researchers immediately at the research site
Source: compiled by the authors

Characteristics of the climate. Climate is used in
the model to assume the amount of water available
and usable by plants. In the yield prediction model,
climate factors affect crop productivity, and rainfall

and air temperature are the main factors determin-
ing crop yields (M & B, 2021)which is a difficult task
because of the climatic factors, soil fertility, nutrients
and so on. Precise crop forecast requires fundamental
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understanding of the functional association between
crop and input parameters and to predict the crop
yield in advance we developed an Adaptive Lemuria
algorithm. Our proposed model comprises of Deep Be-
lief Network for feature learning and pre-training, De-
cision tree & K-Means clustering (HDTKM. Two factors

are used in this prediction model: rainfall and evapo-
transpiration. This analysis used rainfall and air tem-
perature data as a database. The data were taken from
climatology stations at the research site (2012-2021).
The evapotranspiration calculation process uses the
Thornthwaite method.

Table 2. Research parameter about climate characteristics on location-specific toposequence

Toposequences

Climate (unit)

Mount Sumbing

Mount Sindoro

Rainfall (mm/year)

3.954-4.874

3.024-3.445

Evapotranspiration (mm/day)

1.47-2.93

5.27-5.81

Note: Analysis of climate characteristics based on climatology stations at the research site (2012-2021)

Source: compiled by the authors

Particularly in rainfed rice fields, which require al-
most no input and rely on rainwater for irrigation, the
specifics of a location’s soil and climate significantly
impact agricultural production. Soil and climate charac-
teristics are used in this study as the primary predictor
parameters in the model. Using the information on the
physical properties of the land and the actual climate
in the field, it will be conceivable to describe the land’s
potential for crop production (Abdalla et al., 2019).

Bayesian Neural Network (BNN). The Bayes’ theorem
was developed into the BNN method, which utilises the
posterior probability value of the input data to offer
information through particular parameters. Machine
learning research yields BNN, a tool for examining de-
cision-making under ambivalent circumstances. Using
probabilities that define the relationship between vari-
ables, Bayes’ theorem can be used to reflect the impact
on existing data in practice (Batta, 2020). The Bayes’
theorem can be expressed as:

P(Y) = P(’I?(j)(") @)

In this study,the BNN method was used because, pre-
cisely, BNN can estimate the distribution of predictions

Soil Characteristics

L.

Climate Characteristics
Data Collection J
v

Data >

BNN Analysis

through the interpretation of the uncertainty of the input
parameters. The BNN analysis results used 21 data sam-
ples, with 10 input parameters consisting of 2 indicators:
soil and climate. The data is running and tested using
different numbers of neurons to get the most effective
results and close to the actual results. A trial and error
method is used to get the optimal number of neurons in
a prediction model (Liu et al, 2001). The framework of
the analysis carried out in this study is shown in Figure 2.

This research uses BNN to produce accurate yield
predictions through various input parameters. The con-
cept is expected to explain the relationship between
variables and produce a predicted crop yield that is
close to the actual crop yield. The prediction model for
rainfed rice yields was developed using regional and
field data to obtain an accurate model through 2 moun-
tain toposequences. In particular, the model developed
based on the input parameters can be seen in Figure 2.
By incorporating factors of land characteristics in the
form of climate and actual soil characteristics in the
field as supporting parameters to increase the accuracy
of the prediction model, this research was conducted to
obtain: machine learning model prediction of rainfed
rice fields with actual and location-specific parameters.

» Validation and Verification ™  Predistion Yield

Figure 2. Framework of prediction yield using BNN

Model accuracy analysis. The predictive model’s capac-
ity and reliability are evaluated using accuracy analysis,
which is also used to rate the model. The coefficient of
determination (R?), root mean square error (RMSE), and
mean absolute percent error were all calculated during
the analysis (MAPE). The following equation is used:
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RMSE = /—Z?ﬂ(i"‘”z )

MAPE =3, |yy;y| x 100% )

Note: yi = prediction result; y = average actual yield; n =
amount of data sample




The research’s reliance on the RMSE accuracy
model aims to standardise the measurement of a mod-
el’s inaccuracy in forecasting quantitative data, demon-
strating how dispersed the data are around the most
appropriate line (Ali et al,, 2023). The RMSE is calcu-
lated by dividing the error (yi-y) by the number of data
points (n). Unlike the MAPE accuracy model, which is
used to estimate a model’s relative error magnitude,
the MAPE approach is helpful when determining the
forecast’s accuracy depending on the size or magnitude
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of the forecast variable; in other words, MAPE tells how
significant the prediction mistake is (Son et al.,, 2022).

RESULTS AND DISCUSSION

Examining BNN neurons. Using the BNN methods, pre-
dictions of the rice crop in rice fields that receive rain-
water were analysed. To find a model with the highest
coefficient of determination (R?) and the lowest RMSE
value, prediction analysis using BNN starts by trial and
error testing the data and the number of neurons.

Table 3. Comparison of model accuracy and the number of neurons employed

Number of neurons employed

Model accuracy

1 2 3 4 5 6 7 8 9 10
R? 0.79% 0.741 0.716 0.695 0.683 0.677 0.669 0.694 0.655 0.656
RMSE (t/ha) 0.448 0.505 0.530 0.549 0.560 0.564 0.572 0.550 0.583 0.582

Note: R?= higher is better; RMSE = lower is better; = better

Source: compiled by the authors

Input layer

Soil Characteristics >

Climate

Hidden layer

Output layer

I

Figure 3. Neuron of prediction yield using BNN

The analysis was repeated ten times. Each checked
the value of the neurons from 1 to 10, so that this anal-
ysis of BNN predictions was completed. According to
the Table 3 above, neurons 1 through 10 have different
R? and RMSE values. According to Table 3, the forecast
of the rice harvest in fields that get rainwater is most
suited for the criterion since it has an R? value of 0.793
and an RMSE of 0.448 t/ha. As the number of neurons
used rises, performance in neuron testing declines.

BNN model performance. This research assessed
the accuracy of two approaches for forecasting

40 -
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30 A
25 -
20 -
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0.5
0.0

Yield (t/ha

rainfed lowland rice yields. Stepwise Regression
(SR) and Multiple Linear Regression (MLR) were the
techniques utilised to compare the BNN model (SR).
Multiple linear regressions, or MLR, is a statistical
technique for predicting a value by integrating mul-
tiple parameters. While SR constructs the regression
function based on the chosen parameters that have a
strong relationship with the dependent variable, SR
is a statistical development method from the regres-
sion method. Model evaluation criteria include RMSE,
Pearson correlation, and R2

Yield actual

8 91011121314151617 18192021

153
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Figure 4. BNN model performance compared to MLR and SR
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Figure 4 demonstrates that the results from the
three prediction models are consistent with the actual
yields. However, according to the statistical analysis used,
the BNN model’s performance has the highest accuracy,
with an RMSE value of 0.448 t/ha, which compares to
the MLR and SR models, indicating the lowest error de-
viation. These findings are further supported by the BNN

model’s Pearson correlation coefficient and coefficient of
determination, which have the highest values at 0.890
for Pearson and 0.793 for R2. The accuracy of the SR ap-
proach, on the other hand, is the lowest, with a Pearson
value of 0.729 and an R? of 0.532. This demonstrates that
the sensitivity of the BNN model outperforms that of the
MLR and SR prediction techniques.

Table 4. Comparison of an RMSE value to the MLR, SR, and BNN models

Model accuracy MLR SR BNN
R2 0.643 0.532 0.79%"
Pearson correlation 0.802 0.729 0.890°
RMSE (t/ha) 0.522 0.597 0.448

Note: R?= higher is better; RMSE = lower is better; = better

Source: compiled by the authors

According to (Abbaszadeh et al., 2022),yield predic-
tion is essential for agricultural planning and manage-
ment and production and food security on a national
and international level (Khaki & Wang, 2019) environ-
ment, and their interactions. Accurate yield prediction
requires fundamental understanding of the functional
relationship between yield and these interactive fac-
tors, and to reveal such relationship requires both
comprehensive datasets and powerful algorithms. In
the 2018 Syngenta Crop Challenge, Syngenta released
several large datasets that recorded the genotype and
yield performances of 2,267 maize hybrids planted in
2,247 locations between 2008 and 2016 and asked par-
ticipants to predict the yield performance in 2017. As
one of the winning teams, we designed a deep neural
network (DNN. The Bayesian Neural Network is one of
the models utilised in this study. Harvest prediction has
now been widely established (BNN) (Semenova et al,
2020). The two key input parameters for the model
created in this study are soil and the actual field cli-
mate (Tables 1 and 2). Figure 3 findings demonstrate
that when compared to the MLR and SR approaches,
the prediction of rice harvest using BNN analysis yields

Term

results nearly identical to the actual and expected har-
vest values, with an R? coefficient of determination of
0.793. The research results of Singh Boori et al. (2022)
showed that machine learning-based harvest prediction
models produce higher sensitivity and accuracy with
the regression method. Yield prediction using machine
learning is a complex development influenced by soil
parameters and environmental conditions (Velmurugan
etal., 2021).

Features importance analysis. The Pareto chart of
standardised effects approach, which can display a pa-
rameter’s impact on crop yields from largest to small-
est, is then used in this research to examine the signif-
icance of parameters in the BNN model. To obtain the
ideal parameter sampling design, parameter distribu-
tion is directly and simultaneously optimised using an
optimisation technique based on Pareto optimality. A set
of parameters with the maximum accuracy is produced
using Pareto-measured importance features and the val-
ues of R, RMSE, and MAPE. The authors suggest the top
3,top 5, and top 7 parameters as three crucial ones. The
effectiveness of these three parameter sets concerning
the entire set of parameters is then evaluated.
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Figure 5. Pareto chart of standardised effects
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The top 7 data sets yielded the highest accuracy
based on the test results for the three-parameter groups
(Fig. 6). According to parameter set testing, accuracy rises
when more parameters are added but falls when the
entire data set is used. The coefficient of determination
has the highest value, 0.855, while the RMSE test for the
model using the top 7 data set has the lowest error value
at 0.354 t/ha and 18.71%, respectively. It is preferable
to use the top 7 data sets, including slope, available-P,
evapotranspiration, soil type, rainfall, organic-C, and pH.
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Although irrigated rice fields are Indonesia’s largest
source of rice (Indonesia Ministry of Agriculture, 2020),
rainfed rice fields still produce comparatively little rice
compared to irrigated rice fields. Rainfall affects whether
the rice harvest in fields nourished by the rain is suc-
cessful or unsuccessful. According to Chakraborty &
Newton (2011), irregular rainfall patterns and decreas-
ing rainfall, which result in water stress throughout the
plant growth stage, are to blame for the productivity of
rainfed lowland rice fields.
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Figure 6. BNN model by different feature sets; (a) top 3; (b) top 5; (c) top 7; (d) full set

Using the Pareto approach, an experiment was con-
ducted to improve performance and identify parameters
that significantly impact yield prediction (Vojnov et al,
2022) along with wheat, the most important staple crop
in the Republic of Serbia, which is of great significance
for ensuring national food security. With the increas-
ing demand for food and forage, intensive agricultural
practices have been adopted in the maize production
systems. In this direction, considerable research efforts
have been made to examine the effects of different
types of cover crops as a green manure on maize pro-
ductivity; however, no consistent conclusions have been
reached so far. Therefore, the objective of the present
study is to examine the possibility of predicting the ef-
fects of winter cover crops (CC. Following the tests, it

was discovered that, as shown in Figure 6c, the model
containing the top 7 data set parameters had the best
accuracy. The accuracy of the yield from the prediction
model and the actual outcomes are strongly correlated.
An accuracy test can be used to verify this. The MAPE
value obtained from this study is 18.71% and is within
a reasonably practicable forecasting model capacity (0-
20%), according to the BNN model accuracy test find-
ings with the top 7 data sets (Maricar, 2019) a company
can be running. The income in a company can be said
is uncertain every few. So the required a calculation to
predict the income of a company every few. In this case
the applied calculation analyze methods of moving av-
erage with exponential smoothing with the value of
the alpha 0.1, 0.5, 0.9, to calculate earnings forecasts
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on the XYZ Company. Both methods compared to get
a better method that have the highest accuracy value
(the value of the smallest error. The results of the RMSE
analysis, which measures the magnitude of the predic-
tion results’ error rate, likewise indicated good results
with a value of 0.354 t/ha. The RMSE value measures a
forecast’s accuracy; the smaller (near 0) it is, the better.
While Babaee et al. (2021) used input data on rainfall,
permeability, soil texture, soil type, evapotranspiration,
as well as inflow and outflow of water into paddy fields
using the artificial neural networks (ANN) method, the
study by Ma et al. (2021)the United States supplies more
than 30% of the global corn production. Accurate and
timely estimation of corn yield is therefore essential for
commodity trading and global food security. Recently,
several deep learning models have been explored for
corn yield forecasting. Despite success, most existing
models only provide yield estimations without quanti-
fying the uncertainty associated with the predictions.
Also, the traditional deep learning approaches typi-
cally require a large training set and are easily prone to
overfitting when the number of samples in the training
set is relatively small. To address these limitations, in
this study, we developed a county-level corn yield pre-
diction model based on Bayesian Neural Network (BNN
regarding the prediction of corn harvest using satellite,
climate, and soil data using the BNN method shows an
RMSE value of 1.03 t/ha.

Smaller inputs will not reveal much about the al-
gorithm’s pattern throughout the BNN model’s develop-
ment, leading to a narrower stretch model (Baldos et al.,
2019).Typically, the input layer gathers various data from
the outside world, and the neural network uses this data
to process it for learning, recognition, or other purposes.
Pareto analysis can improve the accuracy of the final
prediction model and help with input efficiency in ma-
chine learning applications. In order to lower the danger
of outliers when the BNN learns patterns from this al-
gorithm, it is possible to delete factors from the Pareto
process that are irrelevant to crop yields. By lowering the
size of the stress-strain curve, Pareto makes the neural
network less complex and increases the neural network’s
capacity for learning (He et al., 2022).

Since BNN prediction analysis has been shown to
have high accuracy and sensitivity, it has become a fas-
cinating issue to explore in this era, particularly for di-
verse plant commodities (Hafezi et al., 2021) a novel
Learning Scenario Development Model (LSDM. The ac-
curacy of the model with location and treatment-specific
parameters has been demonstrated to enhance with
the addition of more parameter components, particu-
larly off-farm, in future research. Based on the results
of this investigation, it was discovered that the BNN
model predicts rainfed lowland rice yields with rea-
sonable accuracy using input characteristics related to
the soil and climate. The decrease of parameters while
developing a model with superior performance proves
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that the outcomes of constructing the BNN model with
Pareto are also satisfactory.

Crop yield predictions is crucially important in ag-
ricultural planning and management. It is also crucial
to food production and security on a regional to global
scale (Chhogyel et al., 2020). Crop yield prediction that is
reliable and timely allows for timely import and export
decisions to promote and reinforce national food secu-
rity (Basso & Liu, 2019). This is becoming increasingly
essential as global warming and population growth
continue. In agriculture, empirical connections have
been routinely employed for crop production prediction.
These approaches primarily rely on the assumption of
linearity between crop output and other parameters
such as canopy reflectance and meteorological data. The
yield projections are particularly prone to overfitting due
to severe non-linearity and a high degree of autocorrela-
tion among these variables. To address this issue, many
studies have effectively used Machine Learning (ML)
models to estimate crop productivity.

CONCLUSIONS

By applying the Bayesian Neural Network (BNN) method
to analyse prediction models across 12 geographical
units, the study achieved the highest accuracy in yield
predictions compared to the MLR and SR models. The
BNN model demonstrated an RMSE value of 0.448 t/ha,
indicating a low level of error deviation.

To optimise the parameter sampling design, an opti-
mization technique based on Pareto optimality was em-
ployed, resulting in the selection of the top 7 variables
(slope, available-P, evapotranspiration, soil type, rainfall,
organic-C, and pH) that yielded the highest accuracy for
the three-parameter groups. The coefficient of determi-
nation reached a value of 0.855, indicating a strong re-
lationship between the variables. Additionally, the RMSE
test for the model utilising the top 7 data set achieved the
lowest error value at 0.354 t/ha and 18.71%, respectively.

The findings of this study contribute to the field of
rainfed rice cultivation by providing location-specific
predictions of rice yield, which can assist farmers and ag-
ricultural practitioners in making informed decisions and
optimising resource allocation. By considering soil and
climate variables, the developed model offers valuable
insights into improving agricultural productivity and mit-
igating the risks associated with nutrient deficiency and
droughtinrainfedrice fields.Future researchinthe field of
rainfed rice cultivation and yield prediction should focus
onrefining prediction models,expanding to other regions
and crops, incorporating additional variables, conducting
long-term monitoring and validation, integrating remote
sensing and satellite data, and assessing the socio-eco-
nomic implications for sustainable agricultural practices.
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AHortauif. Ockinbki Ha 6orapHMX pUCOBMX NOASAX 3a3BMYAM BPaKye NOXKMBHUX PEHOBMH, BOHM YaCcTO CTPaXAAtoThb Bif
nocyxu i noTpebytoTb Hinblue KOWTIB AN NiIATPUMKM CiNbCbKOroCNoAapCbKMX onepawii, pe3ynstat BUpoOHMLTBA
CTatoTb HecTabinbHUMK | HenepepbavyBaHMMK, Lle pocnigkeHHs Ma€e Ha MeTi NobyayBaTM NPOrHO3M BPOXKAMHOCTI
pucy Ha borapHux pucosux nonsx ytonocucremi Cymb6iHr-Cinnopo, LleHTpanbHa 518a, 3 BUKOPUCTaHHAM BalECIBCKOrO
MeToAY AN KOHKPETHOI MicLeBoCTi. Lle AoCNifXeHHS € ONUTYBAHHAM 3 AOCNIAHMLBLKOK OMMCOBOK METOA0MOTIED,
O IPYHTYETbCS HAa AAHMX MObOBUX i NabopaTOpHUX [OCNiAKEHb. AHANI3 MOAENi MPOrHO3YyBaHHS 3 BUKOPUCTAHHSM
MeToay HelpoHHMX Mepex baiieca (BNN) Ha 12 reorpadiuHmx o4MHMLAX, TOUKM BUBipKM Bynm 06paHi HaBMUCHO. bynu
BMMIPSAHI HACTYMHi 3MiHHI: FPYHT (piBeHb pH, opraHiyHnin Byrneup, 3arafibHUii a3oT, LOCTYNHMI docdop, [OCTYMHUA
Kanin, TMNW FPyHTIB, BUCOTA, CXMN) Ta KNIMaT (KiNbKiCTb ONaaiB, BUNapoBYBaHHS). BiAnoBiAHO [O BMKOPUCTAHOIO
CTAaTUCTUYHOIO aHanisy, mogenb BNN Mae HalMBuLly TOYHICTb i3 cepegHbOKBaApPaTUUHMM BigxuneHHam (RMSE)
0,448 t/ra, wo nopieHaHO 3 Mogenamm MLR Ta SR BKasye Ha HalHWX4Ye BiAXMAEHHS MOMUAKWU. [Ing oTpUMaHHS
ineanbHOro Am3aiHy BUbipkM napaMeTpiB, po3noain napamMeTpis Oyn10 onTMMi3oBaHO 6e3nocepesHbo i 0LHOYACHO
3a JONOMOro MeToAy OMTMMI3aLii, 3aCHOBAHOMO Ha ONTMMAsbHOCTI 3a llapeTo. 3a pe3ynsTataMu TecTyBaHHA A4
rpyn 3 TpboMa MapaMeTpaMu HaMBULLY TOYHICTb MOKa3anu 7 HaWkpawux HabopiB AaHWX (Haxun, JOCTyMHWiA P,
BMMAPOBYBAHHSA, TUM IPYHTY, KiNbKiCTb ONaAais, opraHiyHui Byrneub 1a pH). KoediuieHT aeTepMinauii Mae HamsuLe
3HaveHHs — 0,855, B Toi yac sk Tect RMSE gna mopeni, Lo BMKOPUCTOBYE 7 HAWKpaLMx HAabOpiB AaHUX, MAE
HalHWK4e 3HaYeHHs noxmbkun — 0,354 1/ra Ta 18,71 % BignoBigHo. Po3pobnstoumn NporHo3un BPOXAMHOCTI pUcy Ans
KOHKPETHOI MiCL,eBOCTi 3a JOMNOMOrol H6areciBcbkoro Metoay, depMepu Ta arpapHi NpakTMKM MOXYTb OTPUMATU
BMroAy Bif 6inbll TOYHMX i HAAIMHUX OLIHOK MPOAYKTUBHOCTI KY/bTypK

KniouoBi cnoBa: cinbCcbkorocnoapcbka CTinkicTb; HelMpoHHa Mepexa baiteca (BNN); nposoBonbya 6e3neka; borapHe
pucoBe none; NPoOrHO3yBaHHS BPOXAWHOCTI
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abstraction, forecasting and modelling. The article examines the level of demand satisfaction, the current situation
and opportunities depending on the scale of the market, the volume of goods and services, based on the fact that
the satisfaction of consumer demand is one of the current problems in the world. The relationship between the
development of agriculture and meeting the demand for food products and solving the problem of starvation was
emphasized. Factors affecting consumer demand in agriculture — consumption costs, number of consumers, gross
agricultural product, consumer price index, consumer incomes were analysed. On the basis of econometric analysis,
the dependence between the optimization of consumer demand and the indicators related to it was determined.
Using multi-factor linear correlation and multi-factor linear regression models, were described the level of actual
and regression model consumption costs, as well as the forecast for the next years. The study contributes new

knowledge to assess the level of demand for agricultural products

Keywords: modelling; forecasting; revenue; consumption expenditure; price index

INTRODUCTION

With the deepening of the globalization process and
the increase in the world population, the role of con-
sumer demand in the market of goods and services
is changing significantly. As economies become more
interconnected and borders fade away, understanding
and analysing consumer demand is becoming a press-
ing issue for the global economy. Estimating the scale
and structure of consumer demand, as well as forecast-
ing future trends, has become important for economic
planning and decision-making. From this point of view,
the assessment of the scale and structure of consumer
demand, the perspective of its change is considered one
of the most urgent problems of the world economy. The
learning of demand also makes it possible to predict
the size and capacity of the market, expected changes
in the geography of production and consumption of
goods and services. Thus, the assessment and forecast-
ing of the current state of consumer demand plays a
fundamental role in better adapting economic subjects
to the current market conditions. Consumer demand in
terms of food supply is directly related to the devel-
opment of agriculture, which is considered one of the
most important spheres of the economy. Of course, if
the demand for food products in the world continues, it
is inevitable that the consumer demand for agricultural
products will also increase (Yan et al.,, 2020; Tapki et al.,
2021). At the same time, the deepening of the starva-
tion problem in many countries highlights the problem
of improving the level of satisfaction of consumer de-
mand for agricultural products. As such, it should be
acknowledged that the study of consumer demand for
agricultural products and ensuring that it is met to the
greatest possible extent is still relevant.

Currently, a significant number of scientists are
studying the issues of consumer satisfaction. As such,
X. Liu & Zh. Kao (2022) investigated the factors that
influence customer satisfaction with certain types of
agricultural products in e-commerce. Based on the em-
pirical study, the authors provide a list of factors that
would help businesses improve customer satisfaction
in such companies. A similar study was conducted
by Zh. Lei et al. (2022), although they concluded on

another industry that is not related to agriculture. The
peculiarities of consumer behaviour in the agricultural
sector were studied by R. Sridevi (2021). The scientist
described the role of this factor in the agricultural seg-
ment and provided some advice for employees of the
sector’s enterprises in terms of further work with cli-
ents. W. Chunshang (2020) also addressed this issue in
his study, building a model for factor analysis of satis-
faction in the agricultural supply chain using e-com-
merce technologies. The scientist shows that among
the satisfaction factors, the price of products no longer
plays a leading role, while the quality of service and the
products themselves become more important.

Thus, the research aims to investigate consumer
demand for agricultural products and identify the main
factors influencing this component. This will allow to
meet the needs of the population more effectively in
terms of consumption of agricultural products both by
the state and individual enterprises.

MATERIALS AND METHODS

As part of the study, a regression-correlation model was
created to assess the level of consumer demand satis-
faction based on some of its characteristics. The model
was built in the following stages:

1. Selection of factors included in the model: iden-
tification of factors affecting the dependent variable;
checking the collinearity between the factors and se-
lecting the next factors based on comparative assess-
ment; final selection of factors and evaluation of the
importance of criteria.

2. Selection of factors affecting the result among
the factors.

3. Evaluation of criteria.

4. General evaluation and analysis of the model.

5. Evaluation of the results obtained as a result of
practical use of the model and forecasting.

In correlation-regression analysis, the regression
function X, X,, ..., Xz is used to characterize the rela-
tionship between the result (Y) and the factors influ-
encing the result (X). This, in turn, determines how the
Y expression will change for specific indicators of X. If
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there are many factors affecting the result, a multivar-
iate regression model is used. In this case, the goal is
to design a model with multiple factors and determine
their effect on the result (1):

y = f(xbxz,...,xm) +e, (1)

where: € — random model error rate for different fac-
tors; x - characterising factors of independent varia-
bles; y - dependent variable. In this situation, x,, X,, ...,
x must meet the following requirements: they must be
expressed with quantitative indicators; must be closely
related to the outcome factor; factors should not be de-
pendent of each other. In practice, depending on the
forms of dependence, are used linear and non-linear
models of the multifactor regression model. So, accord-
ing to the linear regression model, the coefficients aj,
j=1, 2, ..., m characterizes the average change of the
result with the change of the xj factor, in case other
factors remain unchanged and expressed in the follow-
ing form (2):

Y = a4+ ajx; + azx ... Fapx, + €, (2)

where: a, (=0, 1,2 ... m) - coefficients that characterise
the average change in the output variable. It should be
noted that within this study the y - is consumer costs,
X, — consumer demand; x, - total agricultural output; x, -
consumer income; x, — consumer product price index.

Thus, many different scientific methods were used
in the research. One of them was analysis, which al-
lowed to draw conclusions based on the selected qual-
itative and quantitative data and use them in further
work. Modelling was used to build a correlation and
regression model and assess the impact of selected
factors on consumer demand for agricultural products.
Abstraction allowed to avoid assessing the impact of
individual minor factors. Forecasting allowed to con-
clude in terms of the future volume of consumer de-
mand for agricultural products.

RESULTS

Consumer demand is formed under the influence of
many factors. From this point of view, in the research on
the level of satisfaction of consumer demand, statistical
data covering the last 15 years on important indica-
tors such as consumer expenses, number of consum-
ers, consumer price index, gross agricultural product,
and consumer incomes. Considering the multitude of
factors affecting the level of satisfaction of consumer
demand, it is necessary to include various independent
variables in the modelling of consumer demand. How-
ever, a significant increase in the number of factors in

a dynamic model requires an increase in primary data.
This increases the importance of the consumer de-
mand model. Considering the mentioned, comparative
analysis, multivariate correlation-regression analysis
and forecasting methods are used in the research based
on the necessary statistical data on agriculture. The
model provides a basis for predicting the future behav-
iour of each indicator on the change of any element by
determining the characteristics of the factors affecting
consumer demand. Thus, the model clearly shows all
the relationships of the variables, is expressed in terms
of quantity, and allows to prepare a more accurate and
qualitative forecast.

Modelling consumer demand for agricultural prod-
ucts is important in determining the factors affecting
the level and possibilities of demand satisfaction, as
well as the volume of products that consumers will
demand in the future. In fact, each factor affects the
volume of demand to a different degree. In this regard,
the modelling of the factors affecting consumer de-
mand - consumption costs, number of consumers, con-
sumer price index, gross agricultural product, consumer
income - based on regression-correlation analysis is
accompanied by high accuracy and stability. Regression
and correlation analyses are carried out to determine
the effect of various independent variables depending
on the changes occurring in the studied object. In the
optimization of consumer demand, the study of the de-
pendence between the indicators related to necessity
of great importance and makes the implementation of
econometric analyses.

Looking at the level of satisfaction of consumer de-
mand based on the annual consumption norms of the
main types of agricultural products in the minimum
consumption basket and the actual consumption per
person, it becomes clear that in the years 2005-2021,
in the analysis was carried out generally increasing dy-
namics is observed. Changes in other types of products,
except for eggs, potatoes, vegetables and melon prod-
ucts, can be grouped into 3 periods: 2005-2010 - the
period when the level of satisfaction of consumer de-
mand was lower than the annual consumption norms
(only in 2010 in milk and milk products result recorded
as 101.1%); 2011-2016 - the period when growth
fluctuated between 3-6% and 2017-2021 - the period
when growth rose to 30%. In 2005-2014, the demand
for egg products was not met, in other years there was
an increase in the indicator, while in potato, vegetable
and melon products, of the analysis the level of satis-
faction of consumer demand exceeded the annual con-
sumption norms (Tables 1-3).

Table 1. Annual consumption norms of the main types of agricultural products for the minimum consumption basket, kg

Products Consumption norms
Meat and meat products 31.5
Milk and milk products (by turning into milk) 2323
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Table 1, Continued

Products Consumption norms
Eggs, pcs 153
Potato 50.6
Vegetables and melon products 96.9

Source: Annual consumption norms of the main types of food products for the minimum consumption basket (2022)

Table 2. Actual consumption per person, kg

Meat and meat products (by Milk and milk products (by Vegetables and melon

Years turning into meat) turning into milk) Eggs, pcs Potato products
2005 29 170 98 91 175
2006 28 173 86 96 181
2007 30 174 106 88 175
2008 30 176 118 81 163
2009 31 221 127 81 157
2010 31 235 125 73 160
2011 32 246 131 72 166
2012 32 241 127 73 157
2013 33 243 138 74 152
2014 33 247 152 73 148
2015 33 246 154 72 154
2016 35 236 156 75 146
2017 37 238 158 75 143
2018 40 240 153 73 148
2019 41 246 165 82 166
2020 41 258 175 83 172
2021 41 253 170 84 176

Source: Per capita consumption of food products (2022)

Table 3. Level of satisfaction of consumer demand, %

Products
Years Meat and meat products Milk and milk products Eggs, pcs Potato Vegetables and melon
(by turning into meat) (by turning into milk) i products

2005 92 73.1 64 179.8 180.5
2006 88.8 744 56.2 189.7 186.7
2007 95.2 74.9 69.2 173.9 180.5
2008 95.2 75.7 77.1 160 168.2
2009 98.4 95.1 83 160 162
2010 98.4 101.1 81.6 144.2 165.1
2011 101.5 105.8 85.6 142.2 171.3
2012 101.5 103.7 83 144.2 162
2013 104.7 104.6 90.1 146.2 156.8
2014 104.7 106.3 99.3 144.2 152.7
2015 104.7 105.8 100.6 142.2 1589
2016 1111 101.5 101.9 148.2 150.6
2017 1174 102.4 103.2 148.2 147.5
2018 126.9 103.3 100 144.2 152.7
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Table 3, Continued

Products
Years Meat and meat products Milk and milk products Eggs, pes Potato Vegetables and melon
(by turning into meat) (by turning into milk) ? products
2019 130.1 105.8 107.8 162 171.3
2020 130.1 111 114.3 164 1775
2021 130.1 108.9 1111 166 181.6

Source: compiled by the authors

As it can be seen, the analysis of the level of satis-
faction of consumer demand in the natural expression
does not allow to determine the factors affecting it. As
mentioned above, the level of satisfaction of con-
sumer demand is formed by the influence of various
indicators. In this regard, it is important to consider that
consumer spending means the amount, directed to the
satisfaction of consumer demand. That is, the need to
determine the effect of those indicators on individual
product types not in natural terms, but in terms of value,
requires the investigation of the factors that shape con-
sumption costs. This situation gives a reason to take
consumer expenses as the dependent variable in con-
sumer demand modelling and regression-correlation
analysis, and the number of consumers, the consumer

price index, the total agricultural product, investments
in the agricultural sector, and consumer income as the
independent variables. In general, correlation-regres-
sion analysis, which is considered one of the main
methods of econometrics, expresses the relationship be-
tween economic variables with quantitative indicators.

For the research, a regression-correlation model
was constructed, some of the characteristics and fea-
tures of which are described in Materials and Methods.
Based on the above, using statistical data, the relation-
ship between consumer spending (Y), which forms the
level of consumer demand, and the number of con-
sumers (X1), total agricultural output (X2), consumer
incomes (X3), consumer price index (X4) can be deter-
mined (Table 4).

Table 4. Consumer spending and the dynamics of main indicators affecting it

Vears  expemseomillon  Numberofconsumers, UG S bk, Consumerncomes, el
manats (Y) million manats (X2) (X4)
2005 5532.6 8553.1 1844.8 8063.6 110.9
2006 6873.1 8666.1 21155 10198.5 1119
2007 9374.6 8779.9 2918.6 14558.2 116.2
2008 13286.2 8922.5 3505.9 207354 128.6
2009 15048.9 8997.6 3805.5 22601.1 98.5
2010 16528.5 91111 3877.7 25607 107.2
2011 19216 9235.1 4525.2 30524.6 110.4
2012 21389.9 9356.5 4844.6 34769.5 100.2
2013 24150 9477.1 5244.6 37562 102.2
2014 26582.6 9593 5225.8 39472.2 101
2015 30595.3 9705.6 5635.3 41744.8 106.1
2016 35196.7 9810 5632.4 45395.1 114.7
2017 40210.2 9898.1 6580 49187.9 116.4
2018 43067.3 9981.5 7010 53103.7 101.7
2019 46797.8 10067.1 7836.7 56769 103.8
2020 43899.5 10119.1 8428.9 55754.1 105
2021 48378.2 10156.4 9163.4 57181.5 108.1

Source: compiled by the authors

First, let’s build a multifactor linear regression model.
With this probability, the double linear regression analysis
shows that the influence of other factors on consumer

Scientific Horizons, 2023, Vol. 26, No. 7

spending is stronger, except for the consumer price index.
Therefore,a regression analysis by removing the consumer
price index from the model can be conducted (Tables 5-7).
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Table 5. Multifactor linear correlation model
Column 1 Column 2 Column 3 Column 4 Column 5
Consumer spending 1
Number of consumers 0.986373329 1
Common agricultural product 0.976433181 0.978809859 1
Consumers’ incomes 0.985859563 0.99709786 0.984041652 1
Consumer price index -0.264944043 -0.313870079 -0.302063766 -0.327146296 1
Source: compiled by the authors
Table 6. Multifactor linear regression model
Regression statistics
Multifaceted R (multiple R) 0.9896874
R? determination coefficient 0.9794811
Normalized R 0.974746
The standard error 2301.2225
Observations 17
Analysis of variance
DF SS MS F F-importance
Regression 4 3.29E+09 1.1E+09 206.8543 3.22E-11
Residue 13 68843124 5295625
Total 16 3.36E+09

Source: compiled by the authors

Table 7. The result of a big number of regression model for the factors affecting consumption expenditure

Coefficient 3;3?;?;ﬁ T-statistics P-importance Low 95% Top 95%

Intersection -163640.89 124426.7 -1.31516 0.211183 -432448 105166.7

X, 19 15.00513 1.266395 0.227594 -13.4142 51.41903

X, 2.1 1.209197 1.734086 0.106536 -0.51546 4.709163

X, -0.01 0.513562 -0.01763 0.986199 -1.11854 1.100428

X, -163640.89 124426.7 -1.31516 0.211183 -432448 105166.7

Source: compiled by the authors
Based on the linear regression model is obtained Using this formula, the level of consumer spending
the formula (3): according to the regression model can be determined
Y = —163640.89 + 19x; + 2.1x, — 0.01x5. (3) (Table 8, Fig.1).

Table 8. Actual and regression model level of consumption expenses, in million manats

Years Consumer spending Consumer spending (based on model)
2005 5532.6 2661.4

2006 6873.1 5355.6

2007 9374.6 9160.7

2008 13286.2 13041.6

2009 15048.9 15079.1

2010 16528.5 173571.1

2011 19216 21023.7
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Table 8, Continued

Years Consumer spending Consumer spending (based on model)
2012 21389.9 23958.6
2013 24150 27062.1
2014 26582.6 29205.6
2015 30595.3 32182.2
2016 35196.7 34123.2
2017 40210.2 37749.1
2018 43067.3 40197.6
2019 46797.8 435234
2020 43899.5 45765.2
2021 48378.2 48002.03
Source: compiled by the authors
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Figure 1. Graphical representation of the actual and regression level of consumer spending

As can be seen from the chart, the actual and re-
gression model level of consumer spending changed in
different directions over the years of the study. Thus,
the actual consumption costs are ahead of the growth
rate of consumption costs according to the regression
model in 2005, 2006, 2015, 2016, 2017,2018,2019.The
opposite situation, that is, according to the regression
model, the increase of consumption expenses com-
pared to actual consumption expenses coincides with
the years 2007-2014,2019-2021. One of the main goals
of the research is the forecasting of consumption costs
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according to the regression model. The corresponding
calculations for the period up to 2030 show that the dy-
namic increase of consumption costs according to the
regression model (in the range of 51830.92-78633.2
million manats) is expected due to the influence of the
factors included in the model. At the same time, one of
the points that is important to pay special attention to
is the consideration of the purchasing power of all age
groups of the population along with the average indi-
cators in the regularity between consumption costs and
consumption demand (Fig. 2).
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Such an approach can make it possible to deter-
mine the possibilities of meeting the consumer de-
mand for all categories of the population and eliminate
the problems that may arise in time.

DISCUSSION

According to the neo-classical theory of demand, the
main decision-maker regarding the realization of prod-
ucts is the consumer. Consumer demand is formed not
only based on need, but also on the basis of consum-
ers entering the market as buyers. Cang & Wang (2021)
one of the famous economists of the 19t century, argued
that the growth rate of the world’s population would be
higher than the rate of food production with his popula-
tion theory. Accordingly, greater problems are predicted
to emerge in the future if the balance is not tipped in fa-
vour of food production. Based on the theory put forward
by the German economist Jaeger et al. (2023) as the in-
come of individuals increases, the share allocated to food
products from this income increases in absolute value,
and the share allocated to better goods and services
rises proportionally. Guo et al. (2022) also gave special
importance to the importance of agricultural products,
which have an important place in human nutrition. Liu
et al. (2023) extensively researched consumer demand
for agricultural products in terms of purchasing power
and identified factors affecting consumer behaviour.
Based on research, it can be noted that consumer behav-
iour is formed by the influence of product, market, and
environmental factors. Consumer behaviour affects the
change in the level of social productivity and the stand-
ard of living of consumers (Lopez-Bonilla et al., 2021).

Liu & Zhang (2023), Nie et al. (2021), and Sun et al.
(2023) have also conducted extensive research and put
forward various opinions on the formation, forecasting
and modelling of consumer demand. As the main com-
mon feature of the studies conducted based on gener-
alizations, it can be shown that consumer demand has
subjective characteristics, acceptance, and defence of
the idea that consumer demand is formed depending
on the current economic and social situation. Although
the need for food products has universal characteris-
tics, consumer demand manifests itself in the presence
of differences between countries, even between individ-
ual regions of the same country. This requires a complex
approach to the problem not only in terms of general
aspects, but also in terms of determining and predicting
the impact of quantitative indicators.

The role of customer satisfaction is described by Xie
etal. (2022) and Tang et al. (2023). The authors note that
consumers are more attracted to the products/services
of organisations that most closely meet their specific
needs in any market segment. In other words, private
sector representatives should pay more attention to the
needs of their target audience and try to meet them. This
will not only increase their profits but will also improve
the efficiency of the economy and the overall welfare of

Amrahov et al.

the country. The factors that influence user satisfaction
in agricultural e-commerce applications were studied by
AN. Nusifera et al. (2020). Their study found that most
agricultural e-commerce users were women in their
20s and 30s, often married and well-educated. They
worked as private employees or civil servants. In as-
sessing user behaviour, the researchers concluded that
variables such as price and customer service did not
have a significant impact on satisfaction, while others
had a more significant impact. Therefore, the research-
ers conclude that to maintain satisfaction and loyalty,
suppliers should simplify the delivery process and
provide good information about it both on specialised
platforms and in offline meetings. The researchers also
note that the data collection was conducted before the
COVID-19 pandemic, and therefore the actual data may
vary slightly. Overall, this study provides insights into
how to ensure a higher level of satisfaction with the
consumption of agricultural products at the enterprise
level, while the research above analyses the situation
at a more global level.

The possibilities of meeting the needs of consum-
ers of agricultural products were also considered by
S.Yekimov et al. (2021). The researchers emphasise the
increasing role of the quality of products on the struc-
ture of demand for them.They note that in a highly com-
petitive market, the focus of production on high-quality
products is the basis for the successful functioning of
an enterprise,and the usefulness of a product or service
for its consumer is not limited to its material character-
istics but is also inextricably linked to the purchase of
this product or service. Thus, scientists also highlight
the role of non-price factors and the importance of tak-
ing them into account by enterprises when creating their
policies in the context of doing business in the agricul-
tural sector. More globally, G. Guan et al. (2022). Their
study shows that COVID-19 has a significant impact on
logistics, products, and platform factors. It was found
that logistics factors, i.e., the ability to deliver products
efficiently and easily, as well as product (quality) and
platform (through which the product was sold) factors
had the greatest impact on customer satisfaction. Given
that among the three selected factors, the COVID-19 cri-
sis had the greatest impact on the logistics component,
it can be understood that this significantly reduced the
ability to meet the demand for agricultural products.
Unfortunately, the authors pay little attention to the
price factor. A detailed study of the demand for agri-
cultural products was conducted by T. Tempesta et al.
(2019). They focused on social farms, i.e., those where
production is conducted in compliance with all ethical
standards. Their study showed that consumers are will-
ing to pay extra to be able to consume products grown
on such farms. This again underlines the changes tak-
ing place in terms of demand for agricultural products,
which are aimed at moving away from traditional price
values in shaping demand towards new ones.
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Thus, the satisfaction of consumer demand shows
an upward trend over the years, with fluctuations ob-
served in different periods. The regression analysis
showed that there are a significant number of factors
influencing the consumption of agricultural products
other than the consumer price index; moreover, its re-
moval from the model made the model more accurate.
All of this makes it somewhat difficult to make fore-
casts for future consumption of agricultural products,
but it still allows to make some estimates, as demon-
strated in the paper above. The finding that consumer
demand is significantly influenced by factors other
than the price suggests that changes in policy in this
area are needed among government officials. In ad-
dition, the private sector should also change some
of its behavioural patterns in the market to optimise
external demand.

CONCLUSIONS

Based on the research, authors can note that the study
of the level of satisfaction of consumer demand for
agricultural products is important, first, in terms of
determining the possibilities of meeting the needs of
the population more fully. Agriculture can develop con-
tinuously if the demand for the products of this field
increases. This is possible provided that the consumer
demand for the products is determined and its economic
justification is provided.

The research of consumer demand is aimed at de-
termining the trends of its formation, determining the
factors affecting the change in demand. When studying
the demand, it is necessary to differentiate between re-
alized, unsatisfied and expected demand. Realized de-
mand determines the actual satisfaction of consumers’
demand for individual products. Unsatisfied demand
reflects unsatisfied demand due to unavailability of

needed products or low purchasing power of consum-
ers. The purpose of studying expected demand is to
consider changes that may occur due to the introduc-
tion of new products to the market or the expansion of
demand. The research of consumer demand is used to
determine the range and quality of manufactured prod-
ucts, as well as existing and expected demands, based
on the analysis of the data obtained in this process. In
this regard, the study of the factors affecting consumer
demand allows to draw a number of generalized con-
clusions in this field: the correlation model requires to
make reasonable assessments by determining the level
of influence of the number of consumers, the volume
of the total product, the income of consumers and the
consumer price index on the consumption costs that
determine its level; on the basis of the regression
model, it was possible to determine the change trends
of consumption expenses under the influence of the
mentioned factors; correlation-regression models
make it possible to predict the changes that may oc-
cur for the next years by calculating the individual and
complex effects of factors.

Thus, based on what has been mentioned, it can be
said that the econometric models built for the purpose
of determining and forecasting consumer demand for
food products are fundamental factors in determining
the measures to increase the volume of production, de-
liver the manufactured products to consumers, improv-
ing the quality of products, increasing the purchasing
power of the population, and regulate the price level.
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3a00BONIEHHS CMOXXMBYOIo NMOMUTY Ha CiﬂbeKOFOCHOJJ,apCbe I'IpOAyKLI,iIO:
MOXXJ/IMBOCTi Ta NMPOrHo3
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AHoTauif. Y cyyacHOMY CBiTi CMOXMBYI NepeBarn Ta NONUT HA CifIbCbKOroCnoAapCbKy NPOAYKLLi 0 MOCTIMHO 3MiHIOKTBLCS.
EdekTBHE Ta pe3ynbTaTMBHE 33[0BOJIEHHS LMX BUMOT MA€E BUpIilLaibHe 3HAYeHHS AN CTIMKOCTi Ta MpubyTKOBOCTI
CiNbCbKOroCnoAapCcbKoro CekTopa. ToMy aKTyasbHUM 3aNMLIAETbCS BUBYEHHS MOMWTY Ha CilbCbKOrOCNOAapChbKy
NPOAYKLi0 Ta MOLWYK METOAIB MOro MporHO3yBaHHA. MeTol A0CNiOXEeHHS € BUBYEHHS OCHOBHMX (aKTopiB, WO
BMNIMBAKOTb HAa MOMWUT HAa CiNbCbKOrOCNoAapcbky npoaykuito. OCHOBHMMU MeTOoAAaMW, BUKOPUCTAHUMU B LbOMY
LOCNIKEHHI, € aHani3, abcTpakLuif, MPOrHo3yBaHHA Ta MOLENOBAHHS. Y CTaTTi AOCNILKEHO piBeHb 33[40BOSIEHHS
NOMnuTY, NOTOYHY CMTYaL|it0 Ta MOX/IMBOCTI B 3a/1€XHOCTI Bif, MacluTaby puHKyY, 0bcary ToBapis i NOCAYr, BUXOASYM 3
TOrO, L0 3340BOJIEHHS CMOXMBYOr0 NONUTY € OAHIEID 3 aKTyaslbHMX NpobnieM y CBiTi. HaronoweHo Ha B3aEMO3B3KY
PO3BMTKY Ci/IbCbKOTO FOCNOAAPCTBA i3 33L0BOIEHHAM MOMUTY HA MPOAYKTU XapyyBaHHS Ta BUPilIeHHAM npobnemu
ronopy. MpoaHanizoBaHo (GakTopw, WO BNIMBAKOTb HA CNOXMBYUIA MONUT Y CiIbCbKOMY FOCNOAAPCTBI — BUTPATK Ha
CMNOXMBAHHS, KiNbKiCTb CMOXMBAYiB, BalOBMM CiZIbCbKOrOCNOAAPCHKMIM NPOAYKT, iHAEKC CMOXMBYMX LiH, LOXOAM
CNoXuBayis. Ha 0OCHOBI EKOHOMETPUYHOIO aHani3y BCTAHOBMIEHO 3aN1eXHICTb MiXK ONTUMI3aLLi€0 CNOXMBYOIO NOMNUTY
Ta NOB3aHUMM 3 HEl NMOKa3HMKaMK. BUKOpUCTOBYOUM BaraTopakTopHyY NiHiMHY KopensuiiHy Ta 6aratodakTtopHy
NiHIMHY perpeciiHy Moaeni, onMcaHo piBeHb GaKTUYHMX Ta perpecinHuX Moaenein CNoXMBaHHS, @ TaKOX MPOrHO3 Ha
HacTynHi poku. [locnigXeHHs BHOCUTb HOBI 3HAHHS A1 OLiHKM PiBHA MOMMUTY HA CiNbCbKOroCnoAapCbKy NpoAyKLito
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