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Patterns of winter wheat ear productivity formation

regression equations of the dependence of the mass of grains of ear* of winter wheat on the content of potentially
bioavailable Fe, Mn, Zn, Cu in the soil, arguments and explanations of such subordinations under the conditions
of environmentally friendly fertilization systems. The following methods were used in the study: field, laboratory-
analytical, mass-spectrometric, mathematical-statistical (Student’s t-test, ANOVA, correlational, single- and
multivariate regression analyses). The applied green fertilization systems based on pea straw or pea straw +
N,,P,.K,s, or N, P, K., only N, P, K, caused an increase in the weight of grains of one ear of winter wheat, the
content of mobile forms of Fe, Mn, Zn, Cu in the grey forest soil under this culture (earing phase), compared to
the control (without fertilizers). Substantial and significant Pearson correlation coefficients between the mass of
grains of an ear of wheat and the content of mobile Fe, Mn, Zn, Cu in the soil, the corresponding contents of Mn
and Zn, Cu and Zn, as well as the coefficients of partial correlation of the mass of grains of ear? of wheat - Cu,
Mn - Zn testified to the complex structure of interdependencies between the traits under study. Reliable, relevant
single- and multifactorial regression dependences of the mass of grains of ear? on linear combinations of products
of independent variables (the content of mobile Fe, Mn, Zn, Cu in the soil) and/or such variables in indicators of
natural powers 2-4 (fragments of the Kolmogorov-Gabor polynomial) were found. The coverage of regularities in
the formation of the productivity of the ear of winter wheat depending on the content of potentially bioavailable
microelements in the soil under the conditions of environmentally friendly fertilization systems will enable the
theoretical substantiation and development of the latest strategies of mineral and ecological engineering of

agricultural systems to maintain prominent levels and biological safety of the harvest of the specified crop

Keywords: ecological fertilization systems; winter wheat; trace elements; correlation; regression

INTRODUCTION

The problem of unbalanced management of soil re-
sources, the use of intensive technologies without
proper replenishment of nutrients and limitations of
biological approaches has led to nutrient deficiencies
and imbalances in soils of various genesis, as well as
to stagnation of productivity in many countries. Special
problems are observed in grey forest podzolized soils
of Ukraine due to soil-forming processes that cause
glaciation and leaching of trace elements. Solving
these problems involves the development of “soft” ap-
proaches to increasing the efficiency of ecosystem ser-
vices of agrophytocenoses using eco-friendly fertilizer
systems (EFS). EFSs include moderate rates of mineral
fertilizers with bio-effectors and/or trace elements to
improve the yield of agricultural crops. Currently, it is
important to investigate the patterns of formation of
the final productivity of winter wheat depending on the
content of mobile forms of essential microelements in
the soil when using EFS on grey forest podzolized soils.

According to established ideas, conceptualized,
specifically, by A.K. Shukla et al. (2018), the need of
plants, including cereals, for micronutrients for optimal
growth and development is undeniable, while the prob-
lem of deficiency of such chemical elements has been
significant in many agricultural lands of the world for at
least the last seventy years. According to the theoretical
and methodological approaches that proceed from the
above, A. Jalal et al. (2020) found that the number of
days to flowering, productive shoots, plant height, wheat
yield components were significantly dependent on the
rates of application of ZnSO,-7H,0 or FeSO,-7H,0 to
the soil (interactive effects occurred several days be-
fore flowering). However, in recent years, the frontier of
scientific questions concerning the aspects of mineral
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nutrition of plants has shifted towards harmfulness
and dualistic role (e.g., hormesis) of micronutrients
in the life of plants, bioremediation, as stated, specif-
ically, in the studies by E. Muszynska and M. Labudda
(2019), A. Rizvi et al. (2020). A considerable alternative
to the above-Llisted areas of scientific research, as well
as established organic, integrated agriculture, etc., are
developed by German authors B. Zimmermann et al.
(2021) approaches of Mineral-Ecological Cropping Sys-
tems (MECS), in which new and existing technologies
are combined with agro-ecological practices to stimu-
late natural regulatory processes, non-chemical plant
protection (generally, complete rejection of pesticides),
as well as optimization of mineral fertilizer rates. It
is advisable to casually apply the components of pre-
cision farming and/or treatment of soil, plants with
bio-effectors, microelements with the specified set of
measures. In this context, it is important to use microbi-
ological fertilizers (e.g., soil inoculation), which contain
cellulose-destroying (generally, biodegrading) microor-
ganisms, with the aim of accelerated decomposition of
crop residues (Yadav & Sarkar, 2019).

It is also known that the systematic involvement
of various crop rotations in organic farming practices
leads to increased inoculation of the root system with
arbuscular mycorrhizal fungi (AMF), and the subsequent
increase in the amount of absorption of nutrients by
plants (AMF, as an alternative to chemical fertilizers)
(Kaur & Purewal, 2019). It is appropriate to note the ar-
guments of Y. Su et al. (2021) regarding the ambiguous
influence of straw return on the accumulation of heavy
metals and trace elements in soils. According to these
authors, “dissolution effects” caused by a decrease or
differential changes in soil pH, a transient decrease in




the redox potential, and the formation of considerable
amounts of dissolved organic matter (DOM) after the
introduction of straw, as well as complex formation be-
tween DOM and metal ions, microbial methylation of
metals in the soil lead to the release of macro-and mi-
croelements from the indicated plant residues, which
can affect the physiological, biochemical, and biome-
tric indicators of plants. The stated positions partially
contradict the previous notion that the return of straw
has the properties of mainly reducing the bioavailabil-
ity of metals in the soil, however, it is consistent with
the analysis performed by S.S. Dhaliwal et al. (2019)
towards the ability of soil OM (SOM), namely plant res-
idues, to increase the levels of mobility and bioavaila-
bility of trace elements. It is worth reminding that mi-
cronutrients and heavy metals can enter the soil from
impurities contained in commercial mineral fertilizers
(Ali et al., 2020).

An alternative to the bioeffectors listed above in
MECS, EFSs are biostimulants (BS), which, according to
the du Jardin classification, include humic substances
(HS), compositions of proteinogenic and non-protein
amino acids (AA), growth stimulants (microorganisms
or phytohormones), etc., which have properties aimed
at increasing the level of plant tolerance to abiotic
stress (Halpern et al., 2015). Under the conditions of
both applications to the soil and treatment of plants,
HS cause a considerable improvement in the absorp-
tion of macro- and microelements (e.g., N, P, Fe, Mn,
Zn, Cu) due to, among other things, an increase in their
solubility, chelation, other signs of bioavailability, aux-
in-like activity of stimulating the development of root
hairs, roots, including lateral ones (Halpern et al., 2015).
AA, which are part of BS, are often directly or indirectly
involved in the regulation of the redox state of plants
and play an important role in protecting the growth of
these organisms from oxidative stress and detoxifica-
tion of heavy metals (Garcia-Garcia et al., 2020). Cyto-
kinins (CK), which are part of BS or, e.g., biohumus, take
part in many key events and functions at all levels of
plant organization, specifically, activation of the cell
cycle, the possibility of which depends on the level of
providing plants with nutrients; also CKs play a crucial
role in the control mechanisms of bacterial pathogen-
esis and contribute to mitigating the adverse effects of
abiotic stress in plants (Wong et al., 2020).

Thus, all the components, their combinations,
based on which the ESFs proposed in this study are
built, have real or potential properties towards changes
in the levels of providing agricultural crops with macro-
and microelements. However, the formation patterns of
the final productivity of winter wheat depending on the
content of the necessary bioavailable microelements in
the substrates depleted by them under the conditions
of EFSs, the corresponding mathematical and statistical
formalizations and interpretations resulting from them,
still lack coverage in the scientific literature.

Stasiv et al.

The purpose of this study was to investigate the
regularities of formation of (1) the productivity of the
ear of winter wheat, (2) the content of potentially bi-
oavailable Fe, Mn, Zn, Cu in the grey forest podzolized
soil under these plants; to formalize the dependence
of wheat traits (1) on soil properties (2) and to find rel-
evant interpretations of such dependences using the
methods of two- and multivariate statistics.

MATERIALS AND METHODS

The field experiment was conducted in 2019-2020
under the conditions of an experiment to investigate
the productivity of crop rotations of the Institute of Ag-
riculture of the Carpathian Region, Stavchany village,
Lviv district, Lviv region. Micro-plot experiment, plot
area - 1 m?, distance between plots - 1 m, repetition -
6 times. The scheme of the field experiment was as
follows: 1) control - without fertilizers; 2) pea straw;
3) pea straw + N, P, K, ; 4) pea straw + N, P, K, + BS

300 45 7452 30" 45 45

(biological stimulator); 5) pea straw + N, P,.K,. + BS +

HF (humus fertilizer); 6) pea straw + N, P, K,  + BS + MF
(microbiological fertilizer); 7) pea straw + N, P, K, . + CF

30" 45 "45
(chelated fertilizer); 8) NP, K.,; 9) N, Py Ky+ BS; 10)
N,oPsoK

«PsoKg + BS + manure (aﬁeraction)?olio) cf’\(l)éoPgoK% +
BS + HF; 12) N, P, K, + BS + MF; 13) N, P, K. + HF.
On the listed micro-plots, winter wheat (Triticum aes-
tivum L.) of the Benefis variety was grown after field
peas (Pisum sativum L.). Therefore, experimental ferti-
lization systems were composed on the basis of pea
straw, pea straw + N, P,.K . (variants - var. 2, 3-7) or
N,PsoKqo @and N, P, K with the addition of BS, HF, MF,
CF (var. 8,9-13).

The soil of the experimental plots was grey forest
with a superficial glaciation, light loam. Physical and
chemical and agrochemical parameters of the soil
(depth 0-30 cm) before the experiment, characteristics
of biological preparations, methods of their use were
described earlier (Dubytskyi et al., 2022).

Climatic conditions in the autumn of 2018 and
2019 were characterized by a uniform distribution of
the sums of active temperatures (average - 0.3-0.5°C
higher than the long-term annual average - LAA), pre-
cipitation amounts (PA; close to LAA). In April 2019,
2020, there was a 27-38% decrease in PA, in May -
an increase of 1.3-1.6 times, compared to LAA. In the
phase of earing and filling of grain, there was a 10-12%
lack of moisture (2019) or overmoistening with temper-
atures, on average, 2.6°C higher, relative to LAA (2020).
In general, the vegetation conditions ensured satisfac-
tory growth and development of winter wheat.

The selection of soil samples (depth 0-30 cm) from
experimental variants and their preparation for lab-
oratory and analytical work was carried out pursuant
to DSTU ISO 11464-2001 (2003) after the onset of the
earing phase of winter wheat. The contents of mobile
forms of trace elements MF-Fe, MF-Mn, MF-Zn, MF-
Cu were determined according to DSTU 4770.6:2007
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(2005): by extracting from air-dry soil with 1 M ammao-
nium acetate buffer solution (AAB, pH 4.8), and in the
following - measuring the absorption values of the
obtained extracts at A = 248.3, 279.5, 2 13.9, 324.7 nm,
respectively, using a C¢-115M1 atomic absorption spec-
trophotometer (3 repetitions, 2 analytical parallels, n=6).
The mass of ears of grain? per plant was determined in
the phase of wax maturity (analytical balance Radwag
AS 220/R2,Poland (*0.0001 g); 3 repetitions, 4 plants per
repetition, n=12). The specified indicator was calculated
according to certain principles of generally accepted ap-
proaches (Yeshchenko,2014) and their specifications.The
final values of each characteristic were obtained by aver-
aging their values over 2 years of research (2019-2020).

Group analysis of statistical significance of differ-
ences in results was performed using ANOVA (a=0.05) in
Excel 11.0.6560.0. In addition, in the specified program,
estimates of the standard errors of the differences be-
tween the means (SEDM), Student’s t-test, df, according
to the formulas given in (Woodward, 2014), of the corre-
sponding P values were calculated. Data were tested for
normal distribution in Gretl 2021b. The Pearson corre-
lation coefficients, partial correlation, and their signifi-
cance levels were calculated in STATISTICA Version 10.
The parameterization of linear univariate and multivar-
iate regression equations using the method of ordinary

least squares (OLS) (dependent variable y is the mass
of grains per ear™ per plant; independent variables x,,
X, X, X, are the content of MF-Fe, MF-Mn, MF-Zn, MF-
Cu, respectively, in soil), as well as principal component
analysis (PCA, the PC number = number of independent
variables) were performed in Gretl 2021b. OLS regres-
sion on PC (PCR), iterative Ridge regression methods
(IRR, number of A values = 100), ILASSO (Iterative Least
Absolute Shrinkage Regression and Selection Opera-
tor, number of A values = 100) on standardized x_, ...,
x. ,were performed in the same program. To calculate
the empirical OLS-regression coefficients (b, ; ) from
the PCR coefficients (Bj{PCR))’ the authors of this study
used the ratios of the corresponding matrices given
by W.F. Massy (1965) and G. Sanchez and E. Marzban
(2020). Briefly: the equation of the multiple regression
of y_on the standardized x_, ..., x_ ,was substituted into
the OLS regression expression of the standardized y, on
PC, in symbolic form, where the coefficients were the
loads p,,, ..., p,, of the eigenvector P,. - the algorithm
according to K.O. Ekvall (2022). Grouping the terms in
the last equation helped find expressions for b, ¢ ,..

The general expression of the Kolmogorov-Gabor
polynomial (KGP) for the dependences of y on x,, ...,
x, was constructed according to R. Brito et al. (2016),
H. Moosanezhad-Kermani et al. (2021):

_ =4 =4 =4 = = = = = = =
y = by + XI5 bix; + XI5 X701 bijxix; + X5 Yoy YRt bijrxixix + XI5 XY SRzt XIS byjraxixixixy s (1)

where b, b, b, b, b, are coefficients, n=4 is the num-
ber of independent variables. OLS-regression of y on
fragments of the Kolmogorov-Gabor polynomial was
performed according to the rules that determined the
formation of y dependencies from: 1) 2"-order interac-
tions - sums of b xx, + b, x . x x.x,, both with and with-
out x?, x7? 2) 3*-order interaction - sums of b, xxx,
by XXX, byXXX; 3) 4t-order interaction - sums
of b11ktX1X1ka1’ bJZkIXJXZka[’ b15k1X1X3kal; 4) b1254X1XzX3X4;
5) sums of x;, and x, or x; and X, in which each variable
was in natural powers 2-4; 6) dependence of y on only
x?, x?, x*. In items (2), (3) permutations with repetitions
and X110 X222 X335 X X111 X 22220 X 3333 X 4004 WETE excluded.
The latter - because they caused a significant deteri-
oration of the performance metrics of OLS-regression
models.

The main performance metrics of OLS-regression
models, specifically, the significance values of regres-
sion coefficients, factual F -ratios, standard errors of
regressions (S), adjusted R? (R?,,), mean absolute per-
centage errors (MAPE), log-likelihoods, information
criteria of Akaike, Schwarz, Hannan-Quinn (logL, AIC,
BIC, HQC, respectively), Theil coefficients U1, UM dis-
placement proportions, regressions UR, UD pertur-
bations were obtained from Gretl 2021b. In addition,
this program performed a typical set of analyses and
tests for models for multicollinearity, leverage, linearity,
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heteroscedasticity, normal distribution of residuals,
Chow test. The Durbin-Watson (DW) statistic was calcu-
lated according to O.l. Cherniak (2009), P. Turner (2020).
The corresponding critical values (dL, dU, P=0.05) were
obtained in Gretl 2021b. The presence or absence of
autocorrelations was assessed according to a gener-
ally accepted algorithm (Cherniak, 2009). F -ratios and
MAPE for PCR, IRR, ILASSO were calculated in Excel
11.0.6560.0 according to (Ahmadi & Rodehutscord,
2017) and (Levine et al., 2019), respectively. The mod-
el was considered significant if F -ratio > F standard
(P<0.05) and MAPE<5.0-6.0%.

RESULTS

The obtained results (Figure 1) showed an increase
in the content of MF-Fe, MF-Mn, MF-Zn, MF-Cu in
the soil of variants 2, 8 by 2.3-12.2% and 16.7-24.1%
(P<0.001), respectively, compared to the control (var. 1;
earing phase of winter wheat). In addition, MF-Mn, MF-
Zn experienced an increase in var. 3-7 by 12.7-22.6%,
4.8-10.8% and on var. 10-13 by 1.3-7.7%, 3.4-19.5%
(P<0.001-0.01), relative to var. 2 and var. 8, respectively.
Therewith, on var. 9, the content of MF-Zn in the soil
was 1.1% (P<0.01) higher, while the content of MF-Mn
did not differ significantly from the value of this indica-
tor in var. 8. Ambiguous patterns of changes in MF-Fe,
MF-Cu were found on var. 3-7, 9-13, relative to var. 2,




8. Admittedly, MF-Fe underwent growth on var. 3-5, 7
by 2.3-9.5%, while MF-Cu - on var. 5-7 - by 0.4-11.2%
(P<0.001-0.01), compared to var. 3. Conversely, on var.
6, and var. 3, 4, a decrease in MF-Fe, MF-Cu by 1.3%

MF-Fe, mg kg-1 of soil
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and 1.1-2.2% (P<0.001-0.01) was noted, relative to var.
3. Furthermore, an increase in the values of MF-Fe was
observed on var. 9 by 0.9%, and MF-Cu on var. 9-13 by
6.1-14.3% (P<0.001-0.05), compared to var. 8.

MF-Mn, mg kg-1 of soil
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Figure 1. Changes in the content of mobile forms of trace elements MF-Fe (a), MF-Mn (b), MF-Zn (c), MF-Cu (d) in the
soil under winter wheat under the EFS conditions based on pea straw (var. 2), pea straw + N, P, K, (var. 3-7), N_P. K

300 45 45 27 760" 90" "90

(var. 9-13), including the control (var. 1 - without fertilizers) and solely N_P. K. (var.8) (wheat earing phase, 2019-2020)

60" 90" "90

Note: For var. 1-13 significance levels of differences between means according to ANOVA data a, b, ¢, d - P<0.001, for var.
1-7 - P<0.01, P<0.001, P<0.001, P<0.001, var. 8-13 - P<0.001, Symbols %, 1, ¥ - significance levels of differences (Student’s
t-test on means) relative to variants 1, 2, 8, respectively, P<0.001-0.05

Source: developed by the authors of this study

Thus, EFS based on pea straw (var. 2), pea straw +
N,,P,K,s (var. 3-7), NP, K, (var. 9-13), and solely
N P, K. (var.8) undoubtedly caused an increase in the

cg%tcéontggf mobile forms of Fe,Mn,Zn, Cu in the grey for-
est soil under winter wheat (earing phase), compared
to the variant without fertilizers (var. 1). Therewith, the
patterns of formation of MF-Fe, MF-Mn, MF-Zn, MF-Cu
increments, relative tovar. 1,2, 8,significantly depended
on the applied basic elements of fertilization systems
(pea straw or N, P, K ) and the type of particular fer-
tilization system. To compare MF-Fe, MF-Mn, MF-Zn,

MF-Cu with productivity, the pattern of changes in the
mass of grains of ear! per one plant of winter wheat
under the conditions of the fertilization systems under
study was investigated (Fig. 2, waxy ripeness phase). On
var. 2, 8 there was an increase in the specified indicator
by 5.4%, 55.9% (P<0.01-0.001), respectively, compared
to var. 1. The mass of grains of ear-1 increased on var.
3-7 by 19.4-35.7% and on var. 9-11, 13 by 4.8-11.0%
(P<0.001-0.05), relative to var. 2 and var. 8, respectively. No
significant differences were found between the values
of this indicator for var. 8 and var. 12 (P=0.130).
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Figure 2. Variation of the weight of ears of grain'1 based on one plant of winter wheat under the EFS conditions
based on pea straw (var. 2), pea straw + N, P, K. (var 3-7), Ny Py Ky, (var. 9-13), including the control (var. 1 - without
fertilizers) and solely N, P, K, (var. 8) (waxy ripeness phase, 2019-2020)

Note: For var. 1-13, 1-7, 8-13 significance levels of differences between means according to ANOVA data were P<0.001;
Symbols % 1, ¥ - significance levels of differences (Student’s t-test on means) relative to variants 1, 2, 8, respectively,

P<0.001-0.05
Source: developed by the authors of this study

It was established that the Pearson correlation r .. .=0.8532,r, . . ,=0.6946, P<0.001-0.05. The
coefficients r for the interdependencies between the fact that there was r>0.4,0.7 = r>0.7 among r between
mass of grains of ear® (y) and MF-Fe, MF-Mn, MF-Zn, independent variables indicates the presence of mul-
MF-Cu (x,, x,, X, x,, respectively) were 0.5837-0.9191 ticollinearity between predictors. Since all partial cor-
(P<0.001-0.05) (Table 1). Close two-dimensional relation coefficients were smaller compared to the
correlations x,-x,, x,-x, were also found: r=0.8347, corresponding r, the effect of variable suppression
0.6989, P<0.001-0.01, respectively. Among the sig- was absent. Conversely, y and x, depend on several un-

nificant partial correlations were only the following: accounted factors.

Table 1. Pearson’s correlation coefficients and partial correlation coefficients between the mass of grain ear?
(per plant) of winter wheat and MF-Fe, MF-Mn, MF-Zn, MF-Cu

Pearson correlation coefficients

y X, X X X

2 3 4
y
X, 0.5837°
X, 0.6936° 0.4998
X 0.7957¢ 0.4296 0.8347¢
X, 0.9191¢ 0.5160 0.4996 0.6989°
Partial correlation coefficients
y
X, 0.1537
X, 0.4313 0.2773
X; 0.0509 -0.2482 0.69462
X, 0.8532° 0.0859 -0.5282 0.2808
Note: y, xl, » X, X, are mass of grains of ear’ based on one plant of winter wheat (g), MF-Fe, MF-Mn, MF-Zn, MF-Cu

(mg kg* of so:l) pamal correlations y-x, were calculated under the conditions of invariance x, x, x,, partial correlations
XX, = under the conditions of i /nvar/ance Y, X, X,; indices a, b, ¢ are the significance level of the correlat/on coefficient
P<O 05, P<0.01, P<0.001, respectively

Source: developed by the authors of this study
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Given the significant >0 between y and each of
x,-x, (Table 1), a search was made for univariate OLS
regression models among the following specifica-
tions: linear, semi-logarithmic, linearized exponential,
power, modified sigmoid logistic (n ((2:1/y) - 0) = b, +
b x,, modified lognormal [n (10-1/y) = b, + b Inx , (0, 2,
10, and 1 were empirical constants selected “by hand”
using OLS and y,__, respectively; for a general deri-
vation of the last 2 functions, see, e.g., (Yahya et al.,
2019)), as well as power polynomials. No equations
were found that were characterized by both sufficient
levels of significance of F -ratios, MAPE values, on the
one hand, and adequate test scores, on the other hand,
or relevantly significant £ -ratios in combination with
significant equation coefficients; obtaining models
with b>0 was also problematic (b,<0 contradicts the
definition of ear productivity).

Notably, the samples y, x,, x, were characterized
by a normal distribution (ND) of the data according to
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the Doornik-Hansen test, Shapiro-Wilk W-statistics, Lil-
liefors, Jarque-Bera tests, while x, were characterized
significant deviations from the ND; x, was normally
distributed according to the second and fourth criteria,
and deviated from ND according to the remaining tests
applied. Data were not logarithmised, given the gen-
erally satisfactory values of the correlation coefficients
and their significance. In addition, deviation of regres-
sion residuals from ND among the specifications listed
above occurred only once.

Considering the results of the correlation analysis,
it is reasonable to assume multivariate dependences of
y on x,-x,. The following OLS models were created and
analysed:

factoring in partial correlations

y =—0.833" + 1.704" x, + 0.049"x, x5, (2)

multivariate additive regression model (MAM)

y = —1.483" + 0.021x; + 0.068x, + 0.108x5 + 1.740"x,, (3)

sequential exclusion of variables from MAM
y =-1.348" +0.078"x, + 1.818"x,, 4)

semi-logarithmic modification of the latter
y =0.571"Inx, + 1.900" Inx, . (5)

Here “*”, " - P<0.01-0.05. Corresponding F -ra-
tios = 22,956-2592,530 > F standard (P<0.001), Rzadj -
0.880-0.907, MAPE - 3.43-3.95%. Evidence of strong
multicollinearity was found (Adkins et al., 2015) for the
first three models: 2 condition numbers (CN)>10 (first), 4
and 1 CN>30 (second and third), corresponding variance
proportions (VP) - 0.999, 1.000, 0.999-1.000. It is pos-
sible that multicollinearity is the reason for the insig-
nificance of b,-b, in the second model (Thompson et al.,
2017), and b,<0 in the first three equations (Adeboye
et al., 2014). In the fourth among these models, b,=0.

According to existing ideas, to minimize or elimi-
nate the effects of multicollinearity between endoge-
nous variables in MAM, it is advisable to use regular-
ized multiple regression methods (Cankaya et al., 2019).
However, PCR, IRR, ILASSO performed in this study were
not successful in the parameterization of the equation
y=b,+bx +bx,+bx +bx,.The obtained regression
coefficients were as follows: 1) PCR (by the first com-
ponent) - -14.796, 0.398, 0.322, 4.367, 2.880; 2) IRR -
-8.135-10%, 0.097, 0.198, 0.149, 0.610; 3) ILASSO -
-5.872-10%, 0.056, 0.273, 0.033, 0.730, respectively.
The values of t-Student, P for these coefficients were
not calculated, since the models were insignificant and,
therefore, could not be used for a full interpretation of
the multivariate dependences of y on x -x,. Correspond-
ing F -ratios - 2.011-2.255<F standard = 3.838 (P=0.05),
MAPE - 111.195-244.783%. For all these regressions,
the inequalities SSR>SST, MSE>MST were true, which

made it impossible to calculate R? (Levine et al., 2019),
and therefore Rzad/.. Due to the insignificance of the PCR
equation, as well as to save space, the details of this
approach are not given.

The features of the above OLS-multifactor models,
PCR, IRR, ILASSO testify, most likely, in favour of the
opinion that the considered specifications, namely, sim-
ple MAM for the dependences of y on x,-x, are irrele-
vant and/or ineffective. It is possible that the consid-
ered multivariate system of variables can be described
by the above-unanalysed nonlinear dependences of y
on each x; or x,-x, (OLS for linearized specifications or
nonlinear least squares methods). However, the authors
of this study did not find any assumptions about the
form of such dependencies in the scientific literature.
In this regard, the possibilities of presenting this mul-
tidimensional system of variables with OLS-regression
models on fragments of the Kolmogorov-Gabor poly-
nomial (KGP) were implemented. The latter includes
standard additive and multiplicative models as partial
cases, nonlinear terms of higher order. This makes it
expedient to solve, using KGP, the tasks of formal and
comparative structural-parametric identification of in-
dividual models of multifactor evaluation (Skakalina,
2018). For this, the group method of data handling
(GMDH) was used according to genetic and several
other algorithms (Stepashko, 2018). In this study, the
model of the dependences of y on x,-x, was specified
as fragments of the KGP, which included partial cases of
interactions of factor variables separately of the 2™, 39,
and 4" orders, as well as additive combinations of x,,
X, Or X,, X, in which each variable was raised to powers
of 2, 3, 4, the dependence of y on x?, x?, x*. The follow-
ing were the most relevant (namely, b,>0, significant
values of performance metrics, adequate estimates for
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all tests, absence of autocorrelations, uncertainty inter-
vals), among such OLS-parameterized models, or their
improved versions (logarithmisation of independent

variables, transformation into a linearized modified
lognormal dependence).
y = 1.148" — 0.231"x; + 0.007 " x;x, + 0.164 " x,x, , (6)

y = 0.793™ + 0.033"x%x, — 0.470"x%x5 + 0.014" x?x, — 0.0317x;x% + 0.421"x; x, %3, 7)
y =0.399" — 0.086 x,x% + 0.171 " x,x3x,, (8)

y = 1.491" + 0.834™ In(x3x2), 9)

y = 0.943™ + 0.003"x5x, — 0.049"x3 x5 + 0.001"x3x, — 0.003"x7xZ + 0.044 " x%x,x3, (10)
y = 0.527" + 0.007 " x,x,x2, (11)

y =0.580" — 0.100"x,x3 + 0.181 " x,x2x,, (12)

In(100 - 1/y) = 5.479" — 0.505 " x; x3, (13)

y = 0.471" 4 0.008"x,x,x3%,, (14)

y =20.660" — 1.056 xZ + 0.127 x5 — 0.004" x5 + 4.680"x} — 3.075 x%, (15)

y = 1.410" + 1.073™ In(x2?). (16)

63

In equations (6)-(16), the symbols “, “**” indicate
the significance of coefficients P<0.05, P<0.01, re-
spectively; in (13) the numbers 100, 1 are the empir-
ical coefficient selected “manually” using OLS, y_ ,
respectively. Individual performance metrics of OLS
regression models (6)-(16) are presented in Table 2.
Clearly, the best among these models are characterized
by equations (15), (10), (7) (the largest Rzadj, combined
with sufficiently low levels of S, MAPE, U1,and optimally
high DW); the worst among them are (14), (16) (smallest
Rzadj, combined with high levels of S, MAPE, U1) (Table 2).
This quality classification is consistent with the values
of logL, AIC, BIC, HQC for these models. Admittedly, for
(15), (10), (7) the specified characteristics were 21.816-
29.071,-46.840--28.243, while for (14), (16) - 13.416-

14.170,-24.572--21.703, respectively. Strong evidence
of multicollinearity of OLS regression models (6), (7),
(8), (10), (12), (15) was found: 1-5 CN>10, 1-3 CN>30,
VP=0.625-1.000; for (6), (8), (10), (12) Variance Inflation
Factor (VIF)=2.882-12.401, for the rest among these
equations VIF>1000. However, sufficient levels of sig-
nificance of such models, their coefficients, high R?_,
low S, MAPE, U1, adequate evaluations by all tests,
strongly suggest that the corresponding dependencies
are close to the variables really existing in the system
under study. An overestimation of ear productivity un-
der conditions corresponding to b=0 in models (13),
(15), and, probably, (6), (9), (16) is not excluded; the
above calls into question the use of such dependencies
for extrapolations.

Table 2. Numerical values of efficiency metrics of OLS regression models (6)-(16)

Number of F R? s

equation ; o MAPE u1 um UR ub bw
6 31.118* 0.883 0.076 3.65 0.023 0 0 1 2.756
7 29.831" 0.923 0.062 2.88 0.017 0 0 1 2.297
8 47318 0.885 0.075 4.08 0.024 0 0 1 2.640
9 97.836" 0.890 0.074 4.26 0.025 0 0 1 2.266
10 30.277* 0.924 0.061 2.79 0.017 0 0 1 2.254
11 87.469" 0.878 0.077 4.76 0.026 0 0 1 2.188
12 34.326" 0.847 0.087 5.32 0.028 0 0 1 1.667
13 54.142* 0.816 0.076 1.30 0.008 0 0 1 1.303
14 56.391* 0.822 0.094 5.27 0.032 0 0 1 2.391
15 93.951* 0.975 0.035 1.50 0.010 0 0 1 3.171
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Table 2, Continued

Number of F R? s MAPE U1 UM UR uD bw
equation a adj
16 64.675" 0.841 0.088 5.75 0.030 0 0 1 1.574

Note: F, Rza p S, MAPE, U1, UM, UR, UD, DW - factual F -ratio, adjusted coefficient of determination, standard error of
regression, mean absolute percentage error, Theil coefficient, bias proportions, regressions, perturbations, Durbin-Watson
statistics, respectively; * - the level of significance of the factual F -ratio (> F standard) P<0.001

Source: developed by the authors of this study

Thus, the OLS-regression models represented by
equations (6)-(16) proved the presence of dependences
y (mass of grain ear? of winter wheat; waxy ripeness
phase) on linear combinations of factor variables x,, x,,
X, X, (content, respectively, of MF-Fe, MF-Mn, MF-Zn,
MF-Cu in grey forest soil; earing phase), each of which is
included in a nonlinear mathematical expression. Spe-
cifically, in equations (6), (14) or (15), (16), the specified
regularities were implemented due to the inclusion, re-
spectively, of products of independent variables or such
variables in indicators of natural powers 2-4, while in
models (7)-(13) - products of factor variables, some of
which are in indicators of natural powers 2-4. Notably,
most of the OLS regression models (6)-(16) include x?
and/or x? and/or x* in the absence of corresponding
x, (power index = 1). Such forms of equations can be
interpreted as the dependence of an exogenous varia-
ble on unidentified factors that affect y simultaneously
with x, and this influence is integrated at the level of
the formation of subordination of y to the values of x’
and/or x?, and/or x* with the simultaneous levelling
of dependencies on x, (corresponding b=0), namely,
according to semi-logarithmic or modified lognormal
regularities (for partially similar, but mathematical ex-
planations, see, e.g., (Aquilar et al., 2020).

DISCUSSION

In podzolized, specifically grey forest soils, to which
the substrate used in this study belongs, the typical
redistribution of the silty fraction leads to the leach-
ing of trace elements from the upper eluvial horizons
and their accumulation in the illuvial ones. In turn, the
depth of such processes depends on the intensity of
podzolization (Fatiiev & Pashchenko, 2003). In general,
low total concentrations of microelements, typical for
podzolic soils, cause a deficiency of one and/or sev-
eral elements in these soils. In addition, glaciation, as
a result of imperfect drainage under conditions of clay
enrichment and, therefore, the development of high ad-
sorption capacity of such soils lead to Mn, Cu, Zn defi-
ciency in the soil (Alloway, 2013). Clearly, the ability to
increase the content of MF-Fe, MF-Mn, MF-Zn, MF-Cu
in the grey forest surface-glazed soil revealed in this
study is an important positive feature of the applied
fertilization systems.

According to the existing ideas given in the stud-
ies of Schulin et al. (2010), partially expanded by
Vatansever et al. (2017), the conditions of insufficient
or excessive supply of plants with trace elements have

the properties to substantially change the intensity
and direction of several physiological and biochemical
processes, morphological features, life cycle, etc., and
therefore, the values of the components of the produc-
tivity of agricultural crops. It is appropriate to assume
that the improvement of the conditions of provision of
mobile forms of trace elements can lead to an increase
in the level and quality of the final productivity of ag-
ricultural crops. An increase in the application rate of
ZnS0,-7H,0 caused an increase in Zn-DTPA (diethylen-
etriaminepentaacetic acid) in the soil, optimization of
the distribution of Zn in the roots, an increase in the
concentration of Zn in shoots and grain, an increase in
yield, elements of wheat productivity (field, vegetation
experiments) (Liu et al., 2017). Applying ZnSO, to the
soil led to an increase in the number of ears, thousand
kernel weight (TKW), yield, while foliar application of
MnS0O, - TKW of wheat during some years of the study
(Pahlavan-Rad & Pessarakli, 2009). In the same study,
significant interactive effects of Zn and Fe (FeSO,, foliar
feeding) caused an increase in the number of grains in
the ear, TKW.Application of fertilizers containing Fe-ED-
DHA (ethylenediamine-N,N’-bis (2-hydroxyphenylac-
etic acid)), ZnS0,-7H,0,MnS0,-H,0, CuS0,-5H,0 caused
a significant increase in grain yield, straw yield, TKW,
number of seeds per ear of wheat (Ziaeian & Malakouti,
2001). DTPA-extracted micronutrients were identified
as, among others, the most likely to explain the varia-
bility of wheat grain quality in artificial neural network
(ANN) for hilly regions of western Iran (Ayoubi et al.,
2014). A significant positive correlation was found be-
tween Fe-DTPA and total yield, grain yield, TKW, Cu-DT-
PA and TKW, Mn-DTPA and total yield, TKW of wheat
(r=0.21-0.61, P<0.01-0.05) (Ajami et al., 2020).
Therewith, the scientific literature holds ambigu-
ous assessments of the interdependencies between the
content of mobile forms of micronutrients in the soil
and the signs of productivity of grain crops. Admittedly,
Menna (2022) documented no significant correlations
between soil available Cu, Mn, Fe, Zn concentrations
and total aboveground biomass or wheat grain yield.
It was demonstrated that chitosan nanoparticles in a
complex with Zn caused an increase in the content of
Zn in grain, without affecting grain yield, protein con-
tent,the number of ears in an ear, TKW, etc. Furthermore,
H. Liu et al. (2017) found that Fe and Zn concentrations
in grain were significantly and negatively correlated
with wheat grain yield. It was suggested that interde-
pendencies between productivity and concentrations
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of mineral elements in the body of agricultural plants
can be positive on soils depleted of mineral elements
(Gregorio et al., 2002). There are no potential obstacles
to formulating assumptions about the presence of in-
terdependencies between the content of mobile forms
of trace elements in substrates depleted by them, spe-
cifically the considered soil, and signs of the final pro-
ductivity of winter wheat grown under such conditions.

The coefficients of two-dimensional and partial
correlations obtained in this study revealed a complex
structure of interdependencies between exogenous
(the mass of grains in ear? of winter wheat; waxy ripe-
ness phase) and endogenous variables (the content of
MF-Fe, MF-Mn, MF-Zn, MF-Cu in the grey forest soil;
earing phase), the presence of the subordination of the
listed variables to factors not considered in this study.
in addition, the analysed regression models, including
those specified as fragments of KGP equations (6)-(16),
proved that the development of winter wheat ear pro-
ductivity does not depend linearly on the content of
MF-Fe, MF-Mn, MF-Zn, MF-Cu as such, in the grey forest
soil, taken both separately and in the form of additive
combinations. On the other hand, the indicated feature
of plants is largely determined by linear combinations
of interactions of trace elements among themselves
(products of independent variables),as well as a number
of predictors not identified in this study (independent
variables in indicators of natural powers 2-4). Among
other things, the latter may include several soil charac-
teristics (pH, content of mineral components, dissolved
and solid phases of organic matter, etc.), components of
the rhizosphere, namely the root system of plants.

The formulated assumptions are, at least partially,
consistent with experimental results and corresponding
concepts existing in the scientific literature. It is known
that after entering the soil system, specifically through
weathering of primary minerals, trace elements are first
absorbed during initial reactions, then slowly adsorbed
and, thus, undergo transformations and redistribution
into numerous chemical forms with different mobili-
ties, toxicity, and bioavailability (Ali et al., 2020). Some
factors, including pH, ORP (Oxidation Reduction Po-
tential), total metal concentrations, properties of trace
elements, soil structure, concentrations of complex-
ing agents (organic and inorganic), competing cations,
content of organic matter (OM), etc., can affect solubil-
ity, bioavailability, uptake by plants, and movement of
trace elements in the soil profile (Shukla et al., 2018).
Furthermore, soil pH and OM (SOM) have properties to
change the direction and depth of metal ion speciation
processes in the environment (Schulin et al., 2010).

Partitioning between the solid and liquid phases of
the soil environment may be accompanied,among other
things, by competition between complexation with dis-
solved organic matter (DOM) and sorption/deposition,
particularly of Cu and Zn, in the solid phase. In addition,
ions of trace elements and common metals (e.g., Fe and
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K) can compete for adsorption sites (Liao et al., 2021).
It is known that in soils with a low Zn content (high pH
and low Zn) complexation with DOM, controlled by hu-
mic and fulvic acid fractions (HA and FA), is important
for the formation of available forms of this element
(Klinkert & Comans, 2020). This is consistent with the
predictions obtained in the same study (NICA-Donnan
multisurface model) regarding the preferential binding
of Zn to dissolved HA in the soil solution. Typically, Fe
and Mn form poorly or insoluble oxides in soil that serve
as adsorption surfaces, and yet the aforementioned Fe,
Zn, and especially Cu can interact relatively easily with
DOM or SOM. Therewith, Zn often stays more “soluble”
than Cu (Zahedifar et al., 2017). Controlling the pro-
cesses of sorption/deposition, the SOM cycle has a pos-
itive effect on the solubility of trace elements, namely
Fe,Mn,Zn, Cu, the ratio of water-soluble and exchange-
able Fe, amorphous and crystalline Fe oxides, specifi-
cally adsorbed inorganic Mn oxide. In addition, the cycle
of SOM and DOM, playing a key role in the distribution
of metal ions between solid particles and the soil solu-
tion, contributes to increasing the content of available
forms of trace elements, during the decomposition of
the first and accumulation of the second among the in-
dicated fractions (Zaragueta et al., 2021). It is interest-
ing that the bioavailability of Fe, Mn, Zn, Cu correlated
positively and significantly with the content of silt, clay,
OC, but negatively and significantly with sand, CaCO,,
soil pH. Notably, for the interactions of Fe, Mn, Zn, Cu,
Mg, in the context of the growth and formation of pro-
ductivity of agricultural crops, antagonism occurs much
more often than synergism (Rietra et al., 2017). At least
in part, this can be explained by competition between
cations in comparable uptake mechanisms involving
root cell transport systems. However, both antagonism
and Liebig-synergism can occur between N and certain
elements that improve symbiotic nitrogen fixation in
plants, specifically Cu. Synergism of macroelements-Zn
on calcareous soils, N NH-fertilizers-Mn under condi-
tions of Mn-deficiency was also revealed, while the in-
troduction of N-, S-fertilizers stimulated the production
of phytosederophores and caused an increase in Zn, Fe
in wheat (Rietra et al., 2017).

Considering the above, in general, the authors of this
study consider it reasonable to assume that all applied
fertilization systems affected the rate of SOM circulation
in the grey forest surface-glazed soil under winter wheat
in the earing phase. In turn, this led to changes in pH, sol-
ubility of microelements, ratios in the accumulation of
Fe,Mn,Zn, Cu complexes with DOM, SOM, fine and coarse
clay and silty minerals, suspended particles, etc., as well
as interactions between themselves, a number of other
micro- and macroelements in the soil, transport systems
of root cells, rhizosphere microorganisms. Interdepend-
encies of trace elements with the listed and probably
several other soil characteristics formed a multidimen-
sional system of predictors of the soil environment in




the earing phase, which did not linearly affect the forma-
tion of the final productivity of winter wheat, levelling
the expected response to the content of MF-Fe, MF-Mn,
MF-Zn, MF-Cu as such. In the future, it is advisable to
investigate the regularities of the formation of winter
wheat productivity depending on the simultaneous
influence of the listed trace elements and some ag-
ronomically important soil characteristics, specifically,
potential, exchangeable, hydrolytic acidity, the degree
of saturation with bases, the content of exchangeable
Ca?*, Mg?, easily hydrolyzable N, available P, K, water-
and NaOH-soluble labile OC, etc. in the earing phase, and
during spring tillering — waxy ripeness.

CONCLUSIONS

The studied ecological fertilization systems based
on pea straw, pea straw + N, P, K, N, P, K = as well
as solely NP, K, led to a significant increase in the
mass of grains of ear® of winter wheat (waxy ripeness
phase), the content of mobile forms of Fe, Mn, Zn, Cu
(earing phase) in grey forest surface-glazed soil under
this culture, compared to the control (without fertiliz-
ers). There were significant Pearson correlation coef-
ficients between mass of grains of ear?! of wheat and
the content of mobile forms of Fe, Mn, Zn, Cu in the soil,
the corresponding contents of Mn and Zn, Cu and Zn
(0.5837-0.9191, P<0.001-0.05), as well as reliable coeffi-
cients of partial correlation between the mass of grains
of ear! - Cu, Mn, Zn (0.6946-0.8532, P<0.001-0.05).
There is a number of strong evidences regarding the
presence of complications for the presentation of the
dependence of mass of grains of ear? on the content of
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mobile forms of Fe, Mn,Zn, Cu in the soil by meaningful
and/or appropriate single- and multivariate linear and
linearized nonlinear (method of least squares) or regu-
larized least squares regression equations. As a result
of the specification of such dependencies as fragments
of the Kolmogorov-Gabor polynomial, their subsequent
parameterization using the method of least squares, re-
liable, relevant one- and multifactorial regressions of
the mass of grains of ear! on linear combinations of
products of independent variables and/or such varia-
bles in indices of natural powers 2-4 were found. There-
with, the linear and additive subordination of mass of
grains of ear?! to the values of the content, as such, of
mobile forms of Fe, Mn, Zn, Cu in the grey forest soil
were levelled. The obtained results were interpreted as
the dependence of the productivity of the ear of winter
wheat on linear combinations of interactions of micro-
elements with each other and/or unidentified in this
study predictors in the multidimensional space of soil
characteristics under the conditions of eco-friendly fer-
tilization systems. In the future, it is expedient to cover
the regularities of the formation of the productivity of
the ear of winter wheat depending on the content of
trace elements, as such, in combination with the soil
characteristics not considered in this study, formed by
the actions of the specified fertilization systems.
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AHorTauis. BuBueHHs natTepHiB GOpMyBaHHS MPOAYKTMBHOCTI KOM0CA 3a/1€XHO Bif, BMiCTY MOTEHLIMHO 6ioA0CTyMHUX
Fe, Mn, Zn, Cu y rpyHTi, cToxacTuyHa (opmanisauis TakMx 3aKOHOMIPHOCTEM € BAX/MBUMW AAS MOrMMbNeHoro
PO3YMiHHS KOHLENTyasbHMX | MeXaHiCTUYHMX acnekTiB NignopsaKOBaHOCTENM PO3BUTKY YPOXAMHOCTI PiBHAM
3abe3neyeHHs MWeHULi 03MMOI MOXMBHUMKM PEYOBMHAMM 33 YMOB €KO/IOM30BaHMX cUCTeM yaobpeHHs. MeTa
poboTM monsirana y BifHAXOMXKEHHI CTaTUCTUYHO AOCTOBIPHMX B33AEMO3ANEXHOCTEN, 3HAYYLIMX | peneBaHTHUX
0[lHO- ab0 6araToaKTOpPHWUX PErpeciiHUX PiBHSAHb 3aNIEXKHOCTI MacK 3epeH Konoc™! mweHuui 03MMoi Big BMicTy
noTeHuiiHo 6iogocTynHux Fe, Mn, Zn, Cu y rpyHTi, apryMeHTauigx Ta pO3FCHEHHAX TakMX MignopsaKoBaHOCTEN
3a YMOB €KOJIOTi30BaHMX CUCTEM yA00peHHs. Y LOCNiIXKEHHSIX BUKOPUCTAHO Taki METOAM: MObOBI, 1abopaTopHO-
QHaNITUYHI, MaC-CNEeKTPOMETPUYHUI, MATEMATUKO-CTAaTUCTUYHI (t-TecT CTbtopgeHTa, ANOVA, kopensiuiinHuia, ogHo- Ta
6aratoakToOpHUI perpeciiHuii aHanisu). 3aCTOCOBaHi €KON0ri30BaHi CUCTEMU YA0OPEHHS Ha OCHOBI CO/IOMU FOPOXY
abo conomu ropoxy + N, P, K, abo N P, K., nmwe N, P, K, sukaukanu 36insweHHs Macu 3epeH Koaoc ' nuweHuyi
o3umoi, emicmy pyxomux ¢opm Fe, Mn, Zn, Cu y cipoMy nicoBoMy rpyHTI Mif, Wi€l0 KynbTypoto (dhasa KONocCiHHS),
MOPIBHSAHO 3 KOHTpoNeM (6e3 Lo6pwmB). ICTOTHI i 3HauYLLi KoediLieHTH kopensuii MipcoHa Mix Macoto 3epeH konoc™?
nweHuui 1 emicmom pyxomux Fe, Mn, Zn, Cu y rpyHTi, BianoBigH1Mu BMictaMu Mn i Zn, Cu i Zn, a Takox KoediLieHTH
4yacTkoBOi Kopensauii Maca 3epeH konoc™ - Cu, Mn - Zn 3acBifgumMam cknagHy CTpyKTypy B3a€EMO3aNEXHOCTEN Mix
BMBYEHMMM O3HaKaMu. BigHanaeHO AOCTOBIpHI, peneBaHTHi 04HO- 1 6araTodaKTOPHI perpecivHi 3aneXHOoCTi Macu
3epeH Konoc™! Big NiHiMHMX KOMBIHaLi OBYTKIB HE3aNEXHMX 3MiIHHUX (BMICT pyxomux Fe,Mn, Zn, Cu y rpyHTi) i/abo
TakMX 3MIHHMX Y MOKa3HMKaX HaTypanbHMX cTeneHiB 2-4 (GparmeHTn noniHoma Komoroposa-fabopa). Po3kputTa
3aKOHOMIpHOCTeN (OPMYBaHHA NPOAYKTUBHOCTI KOMOCA MIUEHMLI O03MMOI 3anexHO BiA YMICTYy NOTEHLUiAHO
6i0f0CTYMHUX MIKPOENEMEHTIB Yy FPYHTI 32 YMOB €KOJIOTi30BaHWUX CUCTEM YAOOpEHHS [03BONUTb TEOPETUYHO
00OrpyHTYBaTU i pO3POOUTH HOBITHI CTpaTerii MiHepanbHO-EKONOMYHOTO IHXMHIPUHTY CUCTEM 3eM/1epOBCTBA 3 METOHD
NiATPMMAHHS BUCOKMX PiBHIB i 6ionoriyHMx 6e3nek ypoxatro 3a3HaueHoi KynbTypu

KniouoBi cnoBa: ekonorizoBaHi cucTeMu yooOpeHHS; MEHMLSA 03MMa; MiKpOENEMEHTU; KopensLis; perpecis
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was conducted on 15 intervarietal hybrids. F, and parental components were analysed for traits such as plant
height, spike length, number of spikelets per spike, number of grains per spikelet, and grain weight per spikelet.
Field research methods (phenological observations), laboratory methods (structural analysis of the material under
study), and mathematical-statistical methods (objective evaluation of the experimental data obtained) were used.
A prominent level of the coefficient was observed for the trait ‘grain weight per spikelet”, ranging from 0.66 to
0.88 in hybrid populations OM 11-3007/Abel, OM 2803/Abel, Percy Can/Inermis, Percy Can/Abel. The analysis of
the second-generation F, intervarietal hybrids of naked oat allowed the identification of transgressions for all the
studied traits. The highest number of positive transgressions was found for the following productivity traits: spike
length (Tf 31.82 - 59.09%, Td 7.53 - 15.49%); number of spikelets per spike (Tf 27.30 - 54.50%, Td 8.85 - 26.49%);
number of grains per spikelet (Tf 45.50 - 77.27%, Td 16.63 - 27.62%); and grain weight per spikelet (Tf 63.64 -
81.80%, Td 18.12 - 25.36%). The selection-genetic analysis of studying the nature of heritability, frequency, and
degree of transgressive variation in spikelet productivity traits of F, naked oat hybrids allowed the identification
of a considerable number of transgressive forms, in which productivity elements vary widely, indicating successful
selection work in creating promising high-yielding breeding material

Keywords: naked oat; productivity traits; hybrid combinations; parental components; heritability, transgression

INTRODUCTION

Naked oat is a relatively new grain crop that is currently
perceived as niche. However, with each passing year, the
demand for products made from naked oat is increas-
ing, as more people seek to consume quality and healthy
food. The rising demand for healthy food products, such
as organic, bio, fitness, and farmer’s products, produced in
limited quantities, has been observed (Tinker et al.,2022).
L.0. Udova (2018) also confirms this trend in Ukraine.

Nevertheless, it remains a tradition to primarily
cultivate hulled oats, while naked oat occupies insig-
nificant areas in production. However, this makes na-
ked oat a unique crop in its own way. Some opinions
attribute the limited use of naked oat in modern pro-
duction to its insufficient study, higher demands for cul-
tivation conditions, and certain biological drawbacks
that ultimately affect its yield and quality (Hoptsiy &
Kravchenko, 2023).

According to Necheporenko and Orlov (2020), in-
creasing oat yield through selection is the most chal-
lenging task. T.P. Lozinska (2019) believes that address-
ing this challenge, along with enhancing resistance to
abiotic and biotic factors, is possible through genetic
and selective improvement of varieties, which, in turn,
depends on the availability of suitable starting material
with valuable breeding traits (Bilyavska & Rybalchenko,
2020). Incorporating valuable genotypes into the
breeding process to create new varieties allows for the
combination of valuable agricultural traits in hybrids,
improves grain quality, and ultimately enhances the
economic efficiency of oat cultivation (Haleem et al.,
2022). To achieve this goal, breeders employ various
selection methods, but interspecific hybridization re-
mains the most effective method (Lozinsky et al., 2021).
According to Nimbala Anisa and Neik Rudra (2021), the
creation of hybrids should be purposeful, and knowl-
edge of the patterns of trait “heritability” enables more
efficient selection, elimination of low-value forms, and
preservation of promising genotypes.
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The use of positive transgressions is common in
the creation and improvement of self-pollinating plants
(Shchuts, 2019; Rauf et al., 2020). Researchers empha-
size the significance of transgressions and consider pos-
itive transgressions to be the most effective approach in
working with breeding materials. Positive transgressions
resulting from recombination of different economi-
cally valuable traits are particularly valuable in breeding
(Tomaszewska & Kosina, 2019; Lozinsky et al., 2021).

Tromsiuk and Bugayov (2021) highlight the impor-
tance of obtaining positive transgressions through the
application of the ecogeographic principle in selecting
parental pairs for hybridization.However,in their studies,
Koroluk et al. (2022) pointed out that the genetic diver-
gence of parental components can yield both positive
and negative results. On one hand, it allows obtaining
hybrid populations with certain traits that significantly
exceed those of the parental forms. On the other hand,
the hybrids may not conform to the desired model.

The analysis of breeding and genetic research
shows that scientists have achieved some results in
understanding the occurrence of transgressive varia-
bility to some extent. However, there is still no unified
theory of trait transgression and adequate explanations
for this genetic phenomenon (Lekhman, 2019; Lozinsky,
2021). Therefore, the question of the heritability of
productivity elements and their transgressive variabil-
ity in F, hybrids of naked oat remains relevant, as its
resolution can enhance the selection value of hybrid
combinations and contribute to the development of
promising genotypes. Hence, this study was conducted
to determine the coefficient of heritability and the fre-
quency and degree of transgression for key productivity
elements in F, hybrid generation of naked oats.

MATERIALS AND METHODS

The research was conducted from 2018 to 2021 at the
Scientific-Educational Production Centre “Experimental




Field” of V.V. Dokuchaev Kharkiv National Agrarian Uni-
versity (since September 2021, State Biotechnological
University). The soil cover of the experimental field con-
sisted of typical chernozem, slightly eroded, low humus
content, heavy loamy on forest loam. According to the
Department of Soil Science at V.V. Dokuchaev Kharkiv
National Agrarian University, the humus content in one
soil layer (according to Turin) was 5.0%.

During 2018, the collection samples of naked oat
obtained from the National Plant Genetic Resources Cen-
tre were studied and analysed for key agronomic traits.
Based on the analysis, nine varieties were selected:
Skarb Ukrainy, Inermis, Pushkinskyi, Holz, Vandrounik,
Marafon, Samuel, Percy Can, Abel, and four inbred lines:
OM 11-3007, OM 28-03, TR 12-115, and w/o No. Ren
Nuda, of naked oat from domestic and foreign breeding,
were selected for hybridization. Parental components for
crossing were selected based on the level of expression
of key agronomic traits and the ecological-geographical
principle, which formed three groups: 1) hybridization
of varieties and inbred lines of domestic origin among
themselves; 2) hybridization of varieties and inbred lines
of domestic origin with varieties from different ecolog-
ical-geographical groups (foreign origin); 3) hybridiza-
tion of varieties from different ecological-geographical
groups (foreign origin) among themselves.

In 2019, hybridization was conducted through me-
chanical castration of flowers of the maternal plant, fol-
lowed by forced pollination after 2 days using the Shishlov
method. Plant isolation was ensured with paper bags.
Based on the selected parental material, 15 hybrid com-
binations were created and studied in the hybrid nursery
in 2020. In the F, hybrids, the level of phenotypic domi-
nance, true and hypothetical heterosis were determined.

In 2021, the second-generation hybrid populations
were studied to establish the coefficients of heritability
and the frequency and degree of transgressive variation
for key productivity elements. The sowing of F, hybrid
population seeds and parental forms was carried out in
the second decade of April in the hybrid nursery using
the “parental form - F, - parental form” scheme with a
row width of 15 cm. Throughout the vegetation period,
phenological observations were conducted. Plant har-
vesting was done at full maturity, with all oat plants
harvested with their roots. Structural analysis of hybrid
plants and parental forms was conducted individually
for traits such as spike length, number of spikes and
grains per spike,grain weight per spike,and plant height.

The coefficient of heritability in the “broad sense”
(H) was determined in F, using A.A. Zhuchenko’s
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formula (1980), which is considered a quantity that
reflects the real situation and can be used for the ef-
fective selection of transgressive forms. According to
0.Ya. Ala’s classification (1976), the coefficients of her-
itability were divided into: high - H?=0.66-1.00; me-
dium - 0.33-0.65; low - 0.00-0.32. The degree (7d) and
frequency (Tf) of transgression were calculated using
the Voskresenska-Shpot method (1967).

During the research, the meteorological conditions
in 2021 were favourable for the growth and develop-
ment of the obtained oat hybrids, although there were
certain deviations in some periods both in terms of air
temperature and precipitation. For instance, May to
June, the period when productive stems and the num-
ber of grains in the spike are actively formed, character-
ized by an adequate amount of precipitation with slight
deviations from the monthly norm. The amount of pre-
cipitation in April was 37.3 mm, in May - 52.1 mm, and
inJune - 82.0 mm (compared to the long-term norms of
349 mm, 43.7 mm, and 65.7 mm, respectively). The air
temperature was also close to the average long-term
indicators. However, July and August were dry months,
with air temperatures of +24.5°C and +24.1°C, and pre-
cipitation of 26.6 mm and 12.9 mm, respectively.

RESULTS AND DISCUSSION

Special attention was paid to analysing the investi-
gated F, populations, focusing on the manifestation of
positive transgressive forms of productivity traits. Un-
derstanding the mechanisms of their heritability can
lead to the creation of valuable parental material for
future new cultivar development.

Regarding the length of the panicle, the manifesta-
tion of positive transgression was observed in 12 (80%)
F, combinations (Table 1). However, their frequency and
degree varied significantly. The frequency of transgres-
sions ranged from 4.55% to 59.09%, while the degree
of transgression ranged from 1.41% to 15.49%. Three
combinations showed no transgression. The most prom-
ising populations were as follows: Samuel/Percy Can
(Tf = 59.09%, Td - 15.49%), Skarb Ukrainy/Abel (Tf -
40.91%, Td - 10.53%), Skarb Ukrainy/w/o No. Ren Nuda
(Tf - 36.36%, Td - 8.95%), OM 11-3007/TR 12-115 (Tf -
27.27%, Td — 9.85%), OM 2803 / Abel (Tf - 31.82%, Td -
8.37%), and Marafon/Abel (Tf - 45.45%, Td - 7.53%).

The heritability coefficient, which exceeded 0.50,was
observed in the population of Samuel/Percy Can, with a
value of 0.51. In the populations of OM 11-3007/Push-
kinskyi, TR 12-115/Vandrounik, and Holz/TR 12-115, no
manifestation of transgressive forms was observed.

Table 1. The heritability coefficient, frequency, and degree of transgression for panicle length
in F, naked oat populations (2021)

Crossing combinations ?

X*Sx

d H? Tf, % Td, %

Skarb Ukrainy/w/o No.Ren Nuda 17.70

18.9%0.5

17.00 0.18 36.36 8.95
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Table 1, Continued

Crossing combinations g X£Sx d H? Tf, % Td, %
Skarb Ukrainy/Abel 17.7 18.6%0.7 17.2 0.42 36.36 10.53
OM 11-3007/TR 12-115 18.90 19.4+0.7 177 0.37 27.27 9.85
OM 11-3007/Holz 18.90 19.3£0.6 18.5 0.15 18.18 8.95

OM 11-3007/Pushkinskyi 18.90 18.88+0.5 18.6 0.00 - -
OM 11-3007/Samuel 18.9 19.8%0.5 19.1 0.15 31.82 1.48
OM 11-3007/Abel 18.9 19.6%0.6 17.2 0.28 40.91 6.90
OM 2803/Marafon 18.10 18.9£0.7 15.6 0.28 22.73 493
OM 2803/Abel 18.10 20.0x0.6 17.2 0.24 31.82 8.37

TR 12-115/Vandrounik 17.70 17.60.4 171 0.00 - -

Holz/TR 12-115 18.50 18.5£0.6 17.7 0.00 - -
Marafon/Abel 15.6 18.6x0.4 17.2 0.01 36.36 7.53
Samuel/Percy Can 19.1 21.4%0.9 19.7 0.50 54.55 15.49
Percy Can/Intermis 19.7 20.0£0.5 184 0.24 13.64 1.88
Percy Can/Abel 19.70 19.7£0.5 17.2 0.08 4.55 0.00

Note: Max Q3 - maximum value of the trait in parental forms, XtSx - mean value of the trait in F, H? - coefficient of

heritability in the broad sense, Tf - transgression frequency, Td - transgression degree
Source: compiled by the authors of this study

According to the trait “number of spikes per pan-
icle”, positive transgressive forms were observed in
all the combinations analysed within the F, hybrid
populations (Table 2). Among them, the population of
Holz/TR 12-115 exhibited a high degree of expression
of the heritability coefficient (0.69), eleven populations
showed a moderate level (0.34-0.60), and three com-
binations, OM 11-3007/Pushkinskyi, Skarb Ukrainy/w/o
No. Ren Nuda, OM 2803 / Marafon, displayed a low her-
itability coefficient (0.26, 0.18, and 0.14, respectively).

The frequency of transgressive expression ranged
from 4.50% to 54.50%, while the degree of transgres-
sion varied from 5.67% to 26.49%. The populations
with the highest frequency and degree of transgres-
sion were OM 2803 / Abel (Tf - 54.50%, Td - 24.88%),
Marafon/Abel (Tf - 50.0%, Td - 8.85%), Samuel/Percy
Can (Tf - 31.80%, Td - 26.49%), OM 11-3007/Pushkin-
skyi (Tf - 31.80%, Td - 13.33%), OM 11-3007/Samuel
(Tf - 27.3%, Td - 20.75%), and Skarb Ukrainy/Abel (Tf -
27.30%, Td - 15.84%).

Table 2. Heritability coefficient, frequency, and degree of transgression for the number of spikes

per panicle in F, naked oat (2021)

Crossing combinations ? X£Sx J H T, % Td, %
Skarb Ukrainy/w/o No.Ren Nuda 37.8 41.0+1.8 33.6 0.18 18.20 4.46
Skarb Ukrainy/Abel 37.8 39.2%£2.3 36.7 0.48 27.30 15.84
OM 11-3007/TR 12-115 37.8 38.4%1.8 31.3 0.36 22.75 6.09
OM 11-3007/Holz 37.8 38.5+2.5 371 0.38 27.30 12.68
OM 11-3007/Pushkinskyi 37.8 42.9%2.3 38.0 0.26 31.80 13.33
OM 11-3007/Samuel 37.8 38.2¥4.0 37.8 0.60 27.30 20.75
OM 11-3007/Abel 37.8 39.3+1.8 36.7 0.34 22.30 8.43
OM 2803/Marafon 36.2 39.7%2.1 344 0.14 18.20 10.07
OM 2803/Abel 36.2 42.3%£2.5 36.7 0.47 54.50 24.88

TR 12-115/Vandrounik 31.3 39.7%1.8 36.4 0.39 13.60 5.67
Holz/TR 12-115 371 38.3%4.1 31.3 0.69 22.70 23.17
Marafon/Abel 344 38.3+1.8 36.7 0.41 50.0 8.85

Scientific Horizons, 2023, Vol. 26, No. 8




Kravchenko et al.

Table 2, Continued

Crossing combinations g X£Sx d H? Tf, % Td, %
Samuel/Percy Can 37.8 40.8%4.6 32.8 0.54 31.80 26.49
Percy Can/Inermis 32.8 39.9+35 377 0.37 22.70 17.90

Percy Can / Abel 32.8 39.8£2.3 36.7 0.34 4.50 19.66

Note: Max Q& - maximum value of the trait in parental forms, XSx - mean value of the trait in F, H? - coefficient of
heritability in the broad sense, Tf - transgression frequency, Td - transgression degree

Source: compiled by the authors of this study

The number of grains in the best parental plants
ranged from 37.5 to 52.5 pcs. In F,, this parameter var-
ied from 49.5 to 64.0 grains (Table 3). Positive trans-
gressions were observed in all F, combinations. The
heritability coefficient in most investigated populations
(67.6%) was moderate, ranging from 0.34 to 0.64, while
the other five populations exhibited a low coefficient
value. The frequency of transgressions ranged from
18.2% in the population Marafon/Abel to 77.27% in the
population OM 2803/Abel. The degree of transgres-
sion for this trait ranged from 4.63% to 40.15%. The
highest degree of transgression was observed in the

populations OM 11-3007/Samuel (40.15%), Holz/TR
12-115 (29.42%), OM 2803/Marafon (27.62%), Skarb
Ukrainy/w/o No.Ren Nuda (25.25%),and OM 2803/Abel
(22.85%).

The best populations, which exhibited a higher
degree and frequency of transgressions for the num-
ber of grains per panicle, were OM 2803 / Abel (Tf -
77.27%, Td - 22.85%), Skarb Ukrainy / w/o No. Ren Nuda
(Tf - 59.10%, Td - 25.25%), OM 11-3007 / Abel (Tf -
45.50%, Td - 17.15%), OM 2803/Marafon (Tf - 50.00%,
Td - 27.62%), and OM 11-3007/Holz (Tf - 50.00%, Td -
16.63%), OM 2803 /Abel (Tf-77.27%, Td — 22.85%).

Table 3. Heritability coefficient, frequency, and degree of transgression for the number of grains
per panicle in F, of naked oat (2021)

Crossing combinations ? X£Sx 3 H 1, % Td, %
Skarb Ukrainy/w/o No. Ren Nuda 41.6 54.2%2.8 46.2 0.52 59.10 25.25
Skarb Ukrainy/Abel 41.6 54.9%2.2 52.5 0.39 27.30 5.66
OM 11-3007/TR 12-115 48.4 51.8%1.4 41.2 0.12 4091 7.65
OM 11-3007/Holz 48.4 54.2+1.8 46.0 0.18 50.00 16.63
OM 11-3007/Pushkinskyi 48.4 53.33£2.4 46.2 0.51 54.60 18.55
OM 11-3007/Samuel 48.4 58.3+3.7 46.7 0.64 50.00 40.15
OM 11-3007/Abel 48.4 62.61.7 52.5 0.17 45.50 17.15
OM 2803/Marafon 453 58.1+1.5 40.2 0.09 50.00 2762
OM 2803/Abel 453 62.6%1.6 52.5 0.28 7727 22.85

TR 12-115/Vandrounik 412 49.5+2.3 47.8 0.40 40.90 8.07
Holz/TR 12-115 46.0 52.2+39 412 0.63 22.73% 29.42
Marafon/Abel 40.2 48.6%2.7 525 0.44 18.20 4.63
Samuel/Percy Can 46.7 51.4%2.8 37.5 0.49 41.00 19.81
Percy Can/Inermis 37.5 54.1+25 50.5 0.50 36.40 17.64
Percy Can/Abel 37.5 56.2+28 52.5 0.46 31.80 14.24

Note: Max Q& - maximum value of the trait in parental forms, XSx — mean value of the trait in F, H? - coefficient of
heritability in the broad sense, Tf - transgression frequency, Td - transgression degree

Source: compiled by the authors of this study

The grain weight per panicle in the best parental
varieties ranged from 1.11 to 1.33 g. In F,, this trait
ranged from 1.24 to 1.52 g. Analysis of the mean values
of parental forms and F, populations revealed the pres-
ence of positive transgressive variability in all (100%)
hybrid combinations of F, (Table 4). In 10 populations,
the heritability coefficient was high, ranging from 0.66
in the population of OM 11-3007/TR 12-115 to 0.88 in

the populations of OM 2803/Abel and Percy Can/Abel.
High values of the heritability coefficient may indicate
high genotype variability for this trait, which resulted
in relatively high values of heritability coefficient, fre-
quency, and degree of transgression.

The frequency of transgression ranged from
18.20% to 81.80%. The degree of transgression ranged
from 2.31% to 25.36%. The most valuable populations
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for selection based on grain weight per panicle are
Samuel/Percy Can (Tf - 81.80%, Td - 20.30%), Percy
Can/Inermis (Tf-72.73%, Td - 18.12%), Percy Can/Abel
(Tf-68.20%, Td - 25.36%), Marafon/Abel (Tf - 63.64%,
Td - 19.97%), and others. Variation in plant height in

115) to 99.3 cm (Samuel/Percy Can). Transgressions
for this trait were absent in 10 (67.7%) populations.
In the populations Skarb Ukrainy/w/o No. Ren Nuda,
OM 11-3007/Holz, Marafon/Abel, Skarb Ukrainy/Abel,
the frequency of transgressions ranged from 0.19%

the F, populations ranged from 75.4 cm (Holz/TP 12-  to 0.61%.

Table 4. Heritability coefficient, frequency, and degree of transgression for grain weight
per panicle in F, of naked oat (2021)

Crossing combinations ? XSx d H? Tf, % Td, %
Skarb Ukrainy/w/o No. Ren Nuda 1.20 1.24+0.02 111 0.31 22.73% 2.31
Skarb Ukrainy/Abel 1.20 1.31%0.01 1.31 0.55 27.30 4.62
OM 11-3007/TR 12-115 1.31 1.33%0.02 1.28 0.66 18.20 441
OM 11-3007/Holz 131 1.31+0.02 1.25 0.20 40.90 2.94
OM 11-3007/Pushkinskyi 1.31 1.32%0.02 1.25 0.65 31.80 2.94
OM 11-3007/Samuel 131 1.40+0.03 1.30 0.72 54.55 11.76
OM 11-3007/Abel 1.31 1.38+0.03 1.31 0.81 59.10 10.29
OM 2803/Marafon 1.29 1.36%0.03 1.25 0.69 45.45 8.89
OM 2803/Abel 1.29 1.39+0.04 131 0.88 36.40 11.76

TR 12-115/Vandrounik 1.28 1.30+0.03 1.27 0.69 40.90 5.93
Holz/TR 12-115 1.25 1.28+0.05 1.28 0.55 31.82 9.63
Marafon/Abel 1.25 1.42%0.04 131 0.76 63.64 19.97
Samuel/Percy Can 1.30 1.52#0.05 1.33 0.72 81.80 20.30
Percy Can/Inermis 1.33 1.38+0.05 1.25 0.81 72.73% 18.12
Percy Can/Abel 1.33 1.49+0.06 131 0.88 68.20 25.36

Note: Max Q& - maximum value of the trait in parental forms, XSx - mean value of the trait in F, H? - coefficient of
heritability in the broad sense, Tf - transgression frequency, Td - transgression degree
Source: compiled by the authors of this study

Table 5. Coefficient of inheritance, frequency, and degree of transgression for plant height in F, of naked oat (2021)

Crossing combinations ? XSx d H? Tf, % Td, %
Skarb Ukrainy/w/o No. Ren Nuda 86.3 88.5+0.8 77.6 0.19 18.20 5.90
Skarb Ukrainy/Abel 86.3 87.6%1.4 80.6 0.61 36.40 8.40
OM 11-3007/TR 12-115 98.7 90.0£0.7 92.6 - - -
OM 11-3007/Holz 98.7 98.9+0.9 89.4 0.33 27.30 5.15
OM 11-3007/Pushkinskyi 98.7 88.4%£0.9 94.4 - - -
OM 11-3007/Samuel 98.7 95.2+0.7 94.9 0.01 18.20 0.29
OM 11-3007/Abel 98.7 86.8%1.3 80.6 - - -
OM 2803/Marafon 92.8 79.0£1.3 78.6 - - -
OM 2803/Abel 92.8 93.6%0.6 80.6 - - -
TR 12-115/Vandrounik 92.6 88.0+0.8 91.0 - - -
Holz/TR 12-115 89.4 75.4%£0.9 92.6 - - -
Marafon/Abel 78.6 79.0£0.9 80.6 0.35 9.10 0.82
Samuel/Percy Can 104.7 99.3£1.5 104.7 - - -
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Table 5, Continued

Crossing combinations ? X£Sx 3 H? T, % Td, %
Percy Can/Inermis 104.7 87.1+¥1.9 99.1 - - -
Percy Can/Abel 104.7 91.4+0.7 80.6 - - -

Note: Max Q& ~ maximum value of the trait in parental forms, XtSx — mean value of the trait in F, H? - coefficient of

heritability in the broad sense, Tf - transgression frequency, Td — transgression degree

Source: compiled by the authors of this study

The conducted selection-genetic analysis of stud-
ying the nature of inheritance, frequency, and degree
of transgressive variability of productivity traits in F, of
naked oat helped identify transgressive forms in which
productivity elements varied widely. The hybrid popula-
tions differed in the frequency and degree of transgres-
sion. Notably, the nature of heritability H? had a con-
siderable influence on the transgression parameters,
which is determined, to a greater extent, by the geno-
type-specific characteristics of the parental components.

Inthe studies of Ukrainian and foreign scientists, the
results of research on transgressive variability in vari-
ous agricultural crops have been presented (Lozinsky
etal.,2021; Cazzola et al.,2020; Al-Bakry, 2021). In most
studies, breeding lines and varieties were obtained that
were characterized by certain quantitative traits more
pronounced compared to the parental forms (Ahamad
et al., 2022). For instance, A. Koroluk et al. (2022) ob-
served a prominent level of variability in productivity
traits in F, hybrid populations.

In their research, L.P. Necheporenko and S.D. Orlov
(2020) emphasized the importance of focusing on hy-
brid generations, starting from F,, in the initial stages
of the selection process. The scientists involved ge-
netically diverse domestic and foreign varieties and
samples of different ecological and geographical ori-
gins in the breeding process to ensure a wide range of
formative processes in hybrid generations.As a result of
crosses, the oat breeding material significantly differed
in key indicators during the research.

N.l. Vasko (2018) notes that the study of ear length
is essential for breeding improvement, and selection
based on this trait allows the creation of the desired
length in combination with a greater number of ears,
grains, and larger grain size. Research by several scien-
tists has provided numerous facts about the emergence
of new forms in ear length and other characteristics not
present in the parental plants, which can be attributed
to transgression.

In their research on oat ear productivity in sec-
ond-generation hybrids (F,), Petrov et al. (2017) deter-
mined that the coefficient of heritability (H?) for this
trait exhibited high values in all hybrid populations,
along with positive transgressions. However, concern-
ing the trait of the number of grains in the ear, the
scientists observed a segregation towards the inferior
parental component when parents with different levels
of this trait were involved in the crossbreeding. On the
other hand, when the parental components had mostly

similar values for this trait, the manifestation of nega-
tive transgression occurred. During the investigation of
the inheritance pattern of this trait, the researchers ob-
tained high heritability coefficients (H?), which ranged
from 53.2 to 68.2, depending on the specific hybrid
combination.

A.A. Trushko and S.P. Khaletsky (2019), during their
research, identified transgressive forms in all F, cross-
ing combinations. In their studies, the scientists paid
special attention not only to the inheritance pattern
and manifestation of transgressions concerning ear
productivity traits but also to the plant height. How-
ever, regarding the latter trait, they were interested in
both positive and negative transgressions. Meanwhile,
N.I. Vasko (2018), studying barley, notes that selecting
for plant height is promising, although its impact on
productivity is indirect. However, in the breeding pro-
cess, the level of expression of this trait must be consid-
ered, as a reduction in plant height may lead to a loss
of yield due to a decrease in vegetative mass and nu-
trient assimilation. Nevertheless, the aforementioned
researchers identified high transgressions both among
tall and short forms in their studies. The analysis of
yield elements such as “number of grains in the ear”
and ‘grain weight per ear” allowed them to identify
transgressions in 60% of hybrid combinations obtained
through crossbreeding local ecotypes of oats with geo-
graphically distant ones.

Scientific literature has accumulated a wealth of
evidence regarding transgressive variability and inher-
itance patterns of quantitative traits in crops such as
wheat, barley, and rye. However, oats, in genetic terms,
are still relatively understudied, necessitating a more
detailed analysis of trait characteristics and transgres-
sive variability.

CONCLUSIONS

The most valuable hybrid combinations for breeding
work aimed at increasing yield are those that exhibit
positive transgression in productivity traits. Productivity
is the result of the integrated interaction of genes that
control all its structural elements, which, in turn, can be
inherited independently of each other. Thus, productiv-
ity has numerous variations in the interaction of plant
traits, resulting in a wide spectrum of manifestations.
The research revealed that the heritability coeffi-
cient varied from low to high depending on the gen-
otype, but for most studied oat traits, an intermediate
value predominated. Transgressions were observed in

Scientific Horizons, 2023, Vol. 26, No. 8



30

Transgressive variation in productivity traits in F, naked oat hybrids

all studied traits of F, naked oat hybrids. Among the F, hy-
brid populations, the best ones were identified based on
the degree and frequency of positive transgression: for
ear length - Samuel/Percy Can, Skarb Ukrainy/Abel, Skarb
Ukrainy/w/o No. Ren Nuda, OM 11-3007/TR 12-115, OM
2803/Abel, and Marafon/Abel; for the number of ears in
the panicle - OM 2803/Abel, Marafon/Abel, Samuel/Percy
Can, OM 11-3007/Pushkinskyi, OM 11-3007/Samuel, and
Skarb Ukrainy/Abel; for the number of grains per ear -

The obtained initial material of naked oats will fa-
cilitate the continuation of breeding work to create new
high-yielding and adapted varieties for the conditions
of the eastern Forest-Steppe of Ukraine and to expand
the existing genetic diversity.
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AHoTauif. OgHMM 3 HalleDeKTUBHILLUMX METOLIB MiABULLEHHS BPOXAWHOCTI, CTIMKOCTI 40 abioTMUYHMX Ta BIOTUUYHMX
YMHHUMKIB CEPEAO0BMLLA E FTEHETUYHO-CeNeKLiMHe MOoNinLWeHHs CopTiB.BupilleHHS umX 33434 MOXK/INBE 3 BUKOPUCTAHHAM
NO3UTUBHUX TPAHCIPEeCii, 9Ki Ha AaHOMY eTani cenekuii MatoTb BaXK/IMBE NPaKTUYHE 3HAYEHHS. MeTo JoCNiaXeHb
6yn0 BCTaHOBNEHHS KoedilieHTy yCnaaKoBYBAHOCTI B LUMPOKOMY CeHci (H?), cTyneHs i 4acToTu TpaHcrpeciit 3a
efleMeHTaMM NPOAYKTUBHOCTI Y ribpuaiB Lpyroro MoKoMiHHS BiBCa rON103€pHOI0, CTBOPEHMX B pe3ybTaTi CXPeLLyBaHHS
3a ekonoro-reorpadivyHnMM NpUHLMNOM Ta f06ip rocnoaapcbKo-LiHHUX 6ioTMNIB AN NOAANbLIOI CenekuiiHoi poboTu.
Mpotarom 2021 poky NpoBOAMAM AOCNIIKEHHA 15 MixcopToBMX ribpuais. AHanisysanu F, 1a 6aTbKiBCbKi KOMMOHEHTH
33 03HAaKaMU: BUCOTA POCAUH, AOBXMHA BONOTI, KiNbKiCTb KOMOCKIB B KOMOCI, KiNbKiCTb 3€peH 3 BONOTI Ta Maca 3epHa 3
BOJ0TI. BUuKkopucTOBYBanu NonboBUiA METOA, LOCNIAXKEHHS (MpOBeAeHHS DEHONOTIYHUX CNOCTEPeXeHb), 1abopaTopHuii
(CTPYKTYPHUI aHani3 AocnifxyBaHOro matepiany) Ta MaTeMaTUYHO-CTaTUCTUUYHUI (OBEKTUBHA OLHKA OdepXaHWUxX
eKcnepuMeHTanbHMUX AaHWX). Bucoknin piseHb KoedilieHTa CnoCTepiraBcs 3a O3HAKOK «Maca 3epHa 3 BONOTI» B
mexax 0,66 - 0,88 y ribpuaHumx nonynauin OM 11-3007/Abel, OM 2803/Abel, Percy Can/MHepmuc, Percy Can/Abel.
AHanis gpyroro nokoniHHa F, MixcopToBMX ribpuiiB BiBCa roN03epHOro A03BOMMB BUAINIUTM TPaHCrpecii 3a BCiMa
[OCNiAKYBAaHUMMU 03HaKaMu. Haibinbla KinbKiCTb MO3UTUBHUX TPAHCrpeciin BCTAHOBAEHO 33 TaKUMK eneMeHTaMu
NPOAYKTUBHOCTI: AOBXMHA BonoTi (Tu 31,82 - 59,09 %, Tc 7,53 - 15,49 %); kinbkicTb konockis y Bonoti (Tu 27,30 -
54,50 %, Tc 8,85 - 26,49 %), kinbKicTb 3epeH 3 BonoTi (Tu 45,50 - 77,27 %,Tc 16,63 - 27,62 %.) Ta Maca 3epHa 3 BONIOTI
(Tu 63,64 - 81,80 %, Tc 18,12 - 25,36 %). CenekuiAHO-reHETUYHMI aHANI3 BUBYEHHS XapaKTepy yCnaLKOBYBaHOCTI,
YacTOTU | CTyneHs TpaHCrpeCMBHOI MIHAMBOCTI O3HAK MPOAYKTMBHOCTI BOMOTI F, BiBCa ronosepHoro, AO3BOAMB
BUAINNTU 3HAYHY KiNIbKiCTb TPAHCTPECUBHUX GOPM, B SKMX €1eMEHTU NPOAYKTUBHOCTI BapitolOTh B LUMPOKMX MEXaX,
O CBIAYMTb NPO YyCNillHEe NPOBEAEHHS CenekLiinHoi poboTn B CTBOPEHHI NMepCNeKTMBHOMO BUMCOKONPOAYKTUBHOIO
cenekuiHoro matepiany

KniouoBi cnoBa: oBec ronosepHuii; eneMeHTM NPOAYKTUBHOCTI; ribpuaHi koMOiHaLii; 6aTbKiBCbKi KOMMOHEHTH;
yCNaaKyBaHHS; TpaHCrpecis
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processing. The sowing rates of the variety Kharkivskyi 1 were investigated under conditions of sufficient moisture
on dark-grey forest soil. It was found that the field germination varied with different sowing rates.At a sowing rate of
0.2 million seeds/ha, the field uniformity was 70%, but it decreased to 60% at a sowing rate of 1.2 million seeds/ha,
representing a 10% decrease. Higher sowing rates resulted in greater plant density. In the seedling stage, there
were 14 plants per 0.2 million seeds/ha sowing rate, while at 1.2 million seeds/ha, the number of plants increased
to 72/m?. Plant survival during the vegetation period sharply decreased with increased planting density, from 86% at
a sowing rate of 0.2 million seeds/ha to 45% at a sowing rate of 1.2 million seeds/ha. Therefore, before harvesting,
the plant density was adjusted to 12-32 plants/m?2 The best combination of the main elements of the structure was
found to be 21 plants/m? and 26 plants/m? with a grain weight per plant of 20.4g and 16.1g, respectively.The highest
grain yield of amaranth variety Kharkivskyi 1 was obtained at sowing rates of 0.4 million seeds/ha and 0.6 million
seeds/ha, resulting in 4.28 t/ha and 4.20 t/ha, respectively. Any increase or decrease in sowing rates led to a decrease
in the yield level. The results of this study can be used for further establishment and improvement of the main elements

of amaranth cultivation technology by both scientific institutions and agricultural farms

Keywords: amaranth; sowing rate; crop structure; productivity

INTRODUCTION

Amaranth is a fast-growing multipurpose crop that
thrives on poor soils and exhibits high resilience to ex-
treme stress conditions. Its grain is considered a poten-
tially valuable supplementary food crop, as it provides
significant amounts of micro and macro nutrients as a
single crop, unlike many staple food crops in the world.
Amaranthis particularlyrich in lysine compared to other
cereals and pseudo-cereals. Another noteworthy char-
acteristic is its adaptability to various environments,
making it a competitive crop suitable for cultivation
worldwide (Weerasekara, 2020). In the African conti-
nent, amaranth is among the most widely cultivated
and consumed local crops (Olaniyi, 2022). The increas-
ing global population, especially in arid and semi-arid
regions facing food and land shortages, necessitates
the use of lands unsuitable for traditional agriculture
due to soil salinity. Soil salinity is a significant issue
affecting approximately 24% of Africa. To address this
problem, cultivating salt-tolerant, high-yielding ama-
ranth genotypes proves to be a solution (Doza et al.,
2019). Currently, amaranth is grown in many countries
across the Americas, Southeast Asia, and Africa. How-
ever, in Europe, its cultivation potential and utilization
remain underestimated (R6zewicz, 2021).

Amaranth belongs to the crops characterized by
limited cultivation technologies. For the normal growth
and development of amaranth plants, they require an
adequate area of nutrition, providing sufficient nutri-
ents and water for the formation of necessary vegetative
mass and grain. Therefore, the formation of high-yield-
ing amaranth crops largely depends on the optimal
sowing rate, which is determined by climatic conditions,
soil fertility, fertilization system, biological character-
istics of the variety, sowing dates, methods, seed qual-
ity, and other factors. Yield decreases both in sparse
and dense plant placements on the field. Agrophyto-
cenoses are known for their ability to self-regulate and
are sensitive to excessive crop density, which leads to
significant reduction of already formed morphological
elements: premature drying and wilting of lower layers
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of leaves, decrease in stem and leaf mass, reproductive
organs, and overall plant biomass, resulting in reduced
grain yield (Dudka, 2019).

The grain yield level of amaranth largely depends
on the number of plants per unit area and their individ-
ual productivity. The number of plants is mainly deter-
mined by the sowing rate. There are various recommen-
dations for amaranth sowing rates, expressed either in
weight (kg/ha) or in quantitative measures (million/ha).
Most researchers indicate sowing rates in quantitative
terms (Yaniuk & Hriunvald, 2022).

There are no clear recommendations regarding the
plant density of amaranth. Some researchers (Shelest
et al., 2005; Duda & Kapshtyk, 2021) suggest culti-
vating amaranth with a sowing rate of 1.0 million/ha,
which results in about 10 plants per 1 meter of the row.
For optimal yield, it is recommended to have 100-150
thousand plants/ha. Mambetova & Sultanova (2022), in
their studies on the growth and development of ama-
ranth plants under different rates of organic and min-
eral fertilizers, used a sowing rate of 1 kg/ha for grain
production and 2 kg/ha for animal feed.

According to Yeshitila et al. (2023) from Hawassa
University (Ethiopia), in research evaluating the genetic
diversity, heritability,and genetic progress for yield and
yield-related traits of amaranth genotypes based on
agromorphological characteristics, the plant density of
amaranth was approximately 44,444 plants/ha, with a
row spacing of 0.75 cm and a distance of 0.30 cm be-
tween plants within a row. On the other hand, there are
research results recommending higher sowing rates for
amaranth cultivation. Researchers from the Delta Uni-
versity research farm (Umeri et al., 2022) used a plant
density of 83,333 plants/ha in their field studies to
assess the effect of urea on the growth and yield of
Amarathus hybridus.

As noted by Toader et al. (2020) in their research on
the morphology, biology, productivity, and yield quality
of Amaranthus cruentus species, specifically two varie-
ties “Bolivia 153” and “Golden Giant,” in terms of their
adaptability to organic farming conditions in Romania,




the plant density was 100,000 seeds/ha with a row
spacing of 50 cm. Analysing the research data shows
that plant density is an important integral indicator
for determining the optimal sowing rate of amaranth.
Pittelkow et al. (2019) observed that the productivity
potential of amaranth BRS Alegria was achieved at
plant densities of 24.2 and 22.8 plants/m? in Lucas do
Rio Verde, Montana (Brazil).

In Nigeria, according to Idowu-Agida et al. (2020),
amaranth seeds are sown in a scheme of 50 cm x
35 c¢m, and then, after two weeks of sowing, manual
thinning is conducted, resulting in a plant density of
57,142 plants/ha. In Dudka’s (2020) studies in the
northern steppe, slightly higher sowing rates ranging
from 0.75 to 1.50 kg/ha were investigated. The high-
est yield was achieved at a sowing rate of 1.0 kg/ha,
with a plant density of 59.3 plants/m? resulting in a
yield of 1.77 t/ha. Lykhochvor & Petrichenko (2022)
report that the amaranth sowing rate varies from 0.3
to 1.0 kg/ha. For grain production, the optimal sow-
ing rate is 300 g/ha (equivalent to 37 seeds/m? with a
thousand kernel weight of 0.8 g, laboratory germina-
tion - 85%) and for green mass, 400 g/ha (equivalent to
50 seeds/m?). The best plant density during growth and
development is 10-25 plants/m?2.

In the conditions of the Western Forest-Steppe, am-
aranth holds great promise for cultivation, but its po-
tential is still untapped due to the lack of well-adapted
agricultural technologies suited to the soil and climatic
conditions of the region. Therefore, at present, studying
the impact of agronomic practices, particularly sowing
rates, on the productivity of amaranth in the Western
Forest-Steppe zone, is highly relevant, and this study
aims to address this aspect.

MATERIALS AND METHODS

Field research was conducted at the experimental site
of Lviv National University of Nature Resources to study
the productivity of amaranth based on different sow-
ing rates during the years 2020-2022. The soil of the
experimental plot was dark grey podzolized loamy soil
with a humus content of 2.3%. The content of readily
hydrolysable nitrogen was 80-84 mg, available forms
of phosphorus and potassium (according to Chirikov’s
method) were 108-114 mg and 98-108 mg/kg of soil,
respectively. The soil solution had a near-neutral reac-
tion, with a pH of the salt extract being 6.0.

The hydrothermal conditions during the study period
deviated from the long-term average data, with slightly
warmer temperatures and increased rainfall.In 2020 and
2022, the average temperature during the vegetation
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period was 15.3°C, which was 0.5°C higher than the
long-term data. In 2021, it was 14.8°C, corresponding
to the long-term average. The rainfall in 2020 exceeded
the norm by 129 mm during the vegetation period, in
2021, it exceeded by 73 mm, and in 2022, by 28 mm.

The study was conducted with a plot area of 30 m?,
and the experiment was repeated four times. The plot
arrangement was systematic. Six sowing rates were in-
vestigated: 0.2, 0.4, 0.6, 0.8, 1.0, and 1.2 million germi-
nating seeds/ha. The amaranth variety used in the study
was “Kharkivsky 1”.

The cultivation technology included the follow-
ing elements. Winter wheat was the preceding crop,
and after harvesting it, the stubble was disc ploughed
and harrowed. In the autumn, phosphorus, and potas-
sium fertilizers (P, K ,,) were applied during ploughing.
In spring, moisture was conserved using heavy harrows.
Before sowing, N, was applied as a pre-sowing cultiva-
tion. The amaranth seeds were sown in rows with row
spacing of 45 cm and at a depth of 1 cm in the last dec-
ade of April in all three years of the study. The sowing
was done using the Horsh Pronto 4 DS Seeder. To con-
trol weeds, inter-row cultivation and the herbicide Fu-
silade Forte (1.0 I/ha) were used. Spraying was carried
out with a backpack sprayer at a rate of 200 l/ha of the
working solution. Amaranth was harvested at full seed
ripeness in the lower and middle parts of the panicle,
and after drying, the amaranth was threshed.

The correlation-regression analysis and statistical
processing of the data through the analysis of variance
(ANOVA) were performed using the “Statistica 6.0” soft-
ware. Data were compared using the Tukey’s test. Statisti-
cally significant differences between samples were con-
sidered at p<0.05.The data in the tables are presented as
the arithmetic mean with the standard deviation (x£SD).

RESULTS AND DISCUSSION

The structure of the agrophytocenosis of the amaranth
crop consists of cultivated plants, weeds, microorgan-
isms, and others. The type of agrophytocenosis, which
determines the interrelationships both between in-
dividual amaranth plants and their dependence on
other representatives of flora and fauna, is primarily
influenced by field germination. Amaranth is a thermo-
philic crop with elevated temperature requirements,
especially during the sowing and germination period.
The specific plant requirements may vary and depend
mainly on genetic characteristics. The highest temper-
atures during the years of the study were observed in
May-April 2021, which could explain the highest level
of field germination, reaching 65-76% (Table 1).

Table 1. Field germination of amaranth depending on the sowing rate, %

Sowing rate, million/ha of Years
o average
germinating seeds 2020 2021 2022
0.2 66 = 0.26ab 76 £0.26a 68 £ 0.41a 70
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Table 1, Continued

Sowing rate, million/ha of Years
S average
germinating seeds 2020 2021 2022
0.4 66 +0.42ba 73+0.53b 65 = 0.36b 68
0.6 63+0.22c 68 = 0.64cde 64 = 0.50c 65
0.8 59 £ 0.50de 68 = 0.50de 62 +0.58d 63
1.0 59 £ 0.52ed 67 £0.18edc 60 +0.29%¢ 62
1.2 57 £ 0.41f 65 = 0.39f 58 £ 0.29f 60

Note: values that contain at least one identical letter in a table column are not different using the Tukey’s test (p<0.05)

Source: the results of the authors’ own research

In 2020 and 2022, the reduced field germination
can be attributed to colder temperatures. However,
there was sufficient moisture throughout all three years,
indicating that it was not a limiting factor. On average,
over the three years, the highest field germination was
achieved with the minimum sowing rate of 0.2 million
seeds/ha, resulting in a 70% field germination. When
the sowing rate was increased to 0.4 million seeds/ha,
the field germination decreased to 68%, representing
a 2% reduction compared to the 0.2 million seeds/ha
rate. With the sowing rate of 0.6 million seeds/ha, the
field germination dropped by another 3% compared to

the previous variant. Furthermore, with sowing rates of
0.8,1.0,and 1.2 million seeds/ha, the field germination
continued to decline (63%, 62%, and 60%, respectively)
with an increase in the number of sown seeds. The dif-
ference in field germination between the various sow-
ing rate options was relatively small, at 10%.

The number of plants during the seedling stage
varied significantly, ranging from 14 to 72 plants/m?
(Fig. 1). The results of the correlation-regression
analysis revealed a moderate inverse relationship be-
tween the sowing rate variants and the field germina-
tion of amaranth, with a correlation coefficient r=-0.69.

—o—Sowing rate, million/ha of germinating seeds
Number of plants in the seedling phase, units/m?

—&— Number of plants per m? at the tim

e of harvesting

80 72
62
60 50 -]
39
40 27
14 -— & A * "

20 / 26 29 31 32

12 21
0 02 04 +—0:6 +—0:8 - 1.2

Figure 1. Influence of sowing rates on the density of plants in the seedling phase and on the time of harvesting,

average for

The survival rate of plants during the vegetation
period showed greater variability under the influence of
sowing rates compared to field germination. A sizeable
portion of plants perished due to intraspecific competi-
tion, especially evident in dense plantings and varying
seed burial depths. Intense competition occurs during
stem growth and vigorous vegetative mass accumula-
tion. Well-developed plants absorb essential moisture
and nutrients, outcompeting weaker plants and sup-
pressing their growth by shading them from sunlight,
eventually leading to their demise.

A direct correlation was established between sow-
ing rates and the number of plants during the seedling
stage, with a correlation coefficient r=1.00. Moreover,
a very strong correlation was found between sowing
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rates and the number of plants/m? at the time of har-
vesting, with a correlation coefficient r=0.94. The sur-
vival rate of plants had a greater impact on plant den-
sity compared to field germination. Over the three-year
period, the highest plant survival rate for amaranth was
observed at the lowest sowing rate, reaching 86% (Ta-
ble 2). Increasing the sowing rate to 0.4 million seeds/ha
resulted in a decrease in the survival rate to 79%, and
to 0.6 million seeds/ha, it dropped further to 67%. In
dense plantings with sowing rates of 0.8, 1.0, and 1.2
million seeds/ha, the survival rate of amaranth plants
from the seedling stage to harvesting was the lowest,
at 58%, 51%, and 45%, respectively. The difference in
survival rate between the variants with the lowest and
highest sowing rates amounts to 41%.
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Table 2. Survival of plants during the growing season, %
Sowing rate, million/ha Years
of germinating seeds 2020 2021 2022 average Increment
0.2 81+0.42a 90 £ 0.47a 87 £0.26a 86 41
0.4 76 £0.32b 83 +0.45b 78 £0.22b 79 34
0.6 64 +0.37c 72 £0.18c 65 +0.42c 67 22
0.8 55+0.58d 64 +0.39d 55 %0.36d 58 13
1.0 47 £0.25e 56 £ 0.45e 50+0.26e 51 6
1.2 41 £ 0.41f 51 +£0.25f 43 +0.18f 45 -

Note: values that contain at least one identical letter in a table column do not differ using Tukey’s test (p<0.05)

Source: the results of the authors’ own research

As a result of the correlation-regression analysis, a
very strong inverse relationship between sowing rates
and the survival rate of amaranth plants during the veg-
etation period was established, with a correlation coeffi-
cient r=-0.97.Pelech (2021) noted a higher percentage of
amaranth plant survival in the variant with a row spacing
of 70 cm and the highest plant density before harvesting
when sown with a row spacing of 45 cm, which in the
conditions of 2020 and 2019 amounted to 52 and 68
plants/m?, respectively, at the time of harvest.

The level of amaranth yield is most influenced by
two crucial elements of the yield structure: the num-
ber of plants per unit area and the grain mass per
plant. The sowing rate varied between variants by
20 seeds/m? and ranged from 20 to 120 seeds/m? (Ta-
ble 3). The plant density before harvesting fluctuated
within a much narrower range, ranging from only 12 to
32 plants/m? (Fig. 1). This can be attributed to the fact
that in denser plantings, field germination slightly de-
creased, and the survival rate of plants from the seed-
ling stage to harvesting sharply declined. In the studies
by Zubillaga et al. (2020), increasing plant density led to

a significant decrease in all biometric parameters de-
termined during harvest collection. Intraspecific com-
petition reduced plant height, panicle length, leaf and
branch count, stem mass, and diameter, which reflected
in smaller individual plant biomass. The reduction in
photosynthate sources affected yield components (re-
duced weight and number of grains per plant) and
consequently, the yield per plant. However, the greater
number of plants compensated for the grain yield per
hectare, although the seed cost and duration of the
sowing cycle increased.

The seed mass per plant was highest in the var-
jant with a sowing rate of 0.2 million seeds/ha and
amounted to 34.1 g. The individual productivity of am-
aranth plants was highest in this variant, which can be
explained by the fact that there were only 12 plants/m?,
allowing them to have the largest area for nutrient
uptake and the best conditions for sunlight exposure
and photosynthetic activity. With a sowing rate of 0.4
million seeds/ha, the seed mass per plant decreased to
20.4 g.Increasing the plant density further led to a con-
tinued decline in this parameter.

Table 3. Elements of the structure of the amaranth harvest of the Kharkivskyi 1 variety depending on the sowing rate,
the average for 2020-2022

Sowing ra:|te, 'million/ha Plant height, cm Panicle length, cm Weight of seeds per Thousar}d kernel
of germinating seeds plant, g weight

0.2 182 #1.09 abcd 68+0.22 a 341+022a 0.91+0.010 ab
0.4 182 #1.00 bacd 67+0.32b 204+0.36b 0.91+0.013 ba
0.6 180 * 1.15 cdeab 64+0.25¢ 16.1£0.14c 0.88 £ 0.004 cd
0.8 180 * 1.01decba 58+0.34d 141+0.16d 0.87 +0.012 dcef
1.0 178 +1.13ecd 53+0.29e 126+0.22 e 0.86 = 0.003 edf
1.2 170+ 1.07 f 50+ 0.18 f 11.7+0.14 f 0.86 = 0.003 fde

Note: values that contain at least one identical letter in a table column do not differ using Tukey’s test (p<0.05)

Source: the results of the authors’ own research

The results of the correlation-regression analysis
revealed a strong and very strong inverse relationship
between the sowing rates and yield structure indica-
tors. Specifically, the correlation coefficient between

the sowing rates and plant height was r=-0.85, between
the sowing rates and seed mass per plant was r=-0.87,
between the sowing rates and panicle length was
=-0.98, and between the sowing rates and thousand

Scientific Horizons, 2023, Vol. 26, No. 8

37



38

Amaranth yield depending on the sowing rate

kernel weight was r=-0.95. A strong positive correlation
was found between plant height and panicle length
(r=0.85) and between plant height and thousand kernel
weight (r=0.72), while a moderate positive correlation
was observed between plant height and seed mass per
plant (r=0.59). A strong positive correlation was also
noted between panicle length and seed mass per plant
(r=0.78) and between panicle length and thousand ker-
nel weight (r=0.93).

The thousand kernel weight showed minor varia-
tion with changes in sowing rates, ranging from 0.86
to 0.91 g.An increase in the area available for nutrient
uptake under lower sowing rates led to more vigorous
growth and taller plants (by 12 cm). Panicle length also
increased under variants with lower sowing rates, with
the shortest length of 50 cm observed in the variant
with the highest sowing rate of 1.2 million germinating
seeds. Comparable findings were reported by Pittelkow
et al. (2019) in their studies conducted in Brazil, where

an increase in plant density from 30 to 62.5/m? resulted
in reduced panicle weight.

According to Pelech (2021), the wide-row sowing
method provided better conditions for the formation
of yield components in amaranth. An important indi-
cator, such as the thousand kernel weight, decreased
as the inter-row spacing in the crops narrowed. Grain
yield of amaranth varied under the influence of sowing
rates. Under conditions of sufficient moisture,amaranth
negatively responded to higher sowing rates and, con-
sequently, crop densification. The lowest yield was ob-
served with a sowing rate of 1.2 million seeds/ha, where
it amounted to 3.76 t/ha (Table 4). Yield remained low
also in the variant with a sowing rate of 1.0 million
seeds/ha. With a sowing rate of 0.8 million seeds/ha,
the yield increased by 0.2 t/ha compared to the sow-
ing rate of 1.0 million seeds/ha. The same level of yield
(4.09 t/ha) was recorded for the smallest sowing rate of
0.2 million seeds/ha.

Table 4. Amaranth grain yield of the Kharkivskyi 1 variety depending on sowing rates, t/ha

Sowing rate Years Increment
[1°]
~ &=
£ = e
E 2 S 2020 2021 2022 Average t/ha %
- -
. E
20 0.2 0.19 3.70+0.03 ad 4.52*0.03 ad 405+0.03a 4.09 0.33 8.8
40 0.4 0.37 3.88+0.04 bc 4.68%0.03b 4.28+0.02b 4.28 0.52 13.8
60 0.6 0.56 3.82+0.04 cb 4.60 £ 0.02 da 420+0.02c 4.20 0.44 11.7
80 0.8 0.75 3.74+0.02da 4.45%0.04c 4.11+0.03d 410 0.34 9.0
100 1.0 0.93 3.60+0.03e 420%£0.02e 390+0.03e 3.90 0.14 3.7
120 1.2 1.12 345+003f 402+0.05f 3.80+0.02f 3.76 - -

Note: values that contain at least one identical letter in a table column do not differ using Tukey’s test (p<0.05)

Source: the results of the authors’ own research

According to the results of the correlation-regres-
sion analysis, a weak negative correlation was found
between the sowing rate and the yield, with a correla-
tion coefficient r=-0.46.

With an increase in the sowing rate, the survival
rate of amaranth plants decreased, which is supported by
the findings of Pelech (2021). During the full emergence
period, the plant density per unit area was higher, by
16-33 plants/m?, in the row sowing variant compared
to the wide-row sowing, due to the higher sowing rate
(100-110 thousand seeds/ha). During the harvesting pe-
riod, the number of amaranth plants in the row sowing
variant was 14 plants/m? lower (on average for years
and varieties) compared to the wide-row sowing, re-
sulting in 30-34% fewer plants being preserved.

The lowest yield in the study was obtained in
2020, which can be explained by specific hydrother-
mal conditions, namely excessive rainfall during two
months - May and June. The excessive rainfall led to
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soil waterlogging, displacing air, and causing oxygen
deficiency in the soil for the normal development of
the root system, as well as increased weed infestation,
ultimately resulting in a yield reduction. This is con-
sistent with the findings of other researchers. Voropay
et al. (2020) noted that during the vegetative period,
the water requirements of amaranth and other crops
change depending on their biological needs and cur-
rent weather conditions. Critical periods for waterlog-
ging include spring floods and summer-autumn floods,
which reduced the yield of the studied crops in 2019.
The highest yields were achieved with sowing
rates of 0.4 million seeds/ha and 0.6 million seeds/ha,
amounting to 4.28 t/ha and 4.20 t/ha, respectively. This
was 0.52 t/ha and 0.44 t/ha higher compared to the least
productive variant. It should be noted that the highest
yield was obtained with plant densities of 21 plants/m?
and 26 plants/m?, along with grain weights per plant of
0.91 g and 0.88 g. According to the findings of Niveyro




& Salvo (2017), the highest grain yield was obtained
when sowing amaranth in wide rows with a spacing
of 70 cm, resulting in an average yield of 23.2 kg/ha
(across different varieties).

The results of Zubillaga et al. (2020) demonstrated
the yield potential of A. cruentus in the lower valley of
the Negra River, representing the southernmost den-
sity study conducted for this pseudo-cereal worldwide.
The best plant density of 116,000 plants/ha with a row
spacing of 0.70 m was established. This density allows
for a crop from which optimal biological and economic
yields can be obtained.

CONCLUSIONS

Increasing the sowing rate resulted in a systematic
reduction in amaranth field germination. The highest
field germination (70%) was observed for the lowest
sowing rate of 0.2 million seeds/ha. For the sowing rate
of 1.2 million seeds/ha, the stand density decreased to
60%, representing a 10% decrease.

The number of plants during the seedling stage
increased with higher sowing rates, ranging from
14 plants/m? for the sowing rate of 0.2 million
seeds/ha to 72 plants/m? for the sowing rate of 1.2
million seeds/ha, an increase of 58 plants. However,
plant survival during the vegetative period signifi-
cantly decreased with increased crop density,dropping
from 86% for the sowing rate of 0.2 million seeds/ha
to 45% for the sowing rate of 1.2 million seeds/ha.

Tyrus et al.

Consequently, the number of plants before harvest
levelled out compared to the seedling stage, ranging
from 12 to 32 plants/m?, resulting in a reduced differ-
ence of 20 plants/m2.

The highest grain yield was achieved with specific
combinations of key crop structure elements: plant den-
sity per unit area of 21 plants/m? and 26 plants/m?, and
grain weight per individual plant of 20.4 g and 16.1 g,
respectively. The highest grain yield for Amaranthus va-
riety “Kharkivsky 1” was obtained with sowing rates of
0.4 million seeds/ha and 0.6 million seeds/ha, resulting
in yields of 4.28 t/ha and 4.20 t/ha, respectively. Both
increasing and decreasing the sowing rate led to a de-
cline in grain yield.

The correlation-regression analysis revealed a
strong and very strong inverse relationship between
the sowing rates and crop structure indicators, and a
weak inverse relationship between the sowing rate and
grain yield. The established sowing rates for amaranth
will be employed in further scientific research for the
development and improvement of grain amaranth cul-
tivation techniques in the conditions of the Western
Forest-Steppe region.
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AHoTauis. [010BHO LiHHICTIO aMapaHTy € 34aTHICTb HAarpoOMaAXyBaTH y 3ePHi i IMCTKaxX BENMKY KinbKiCTb Binka.
3a BMICTOM Y HaCiHHi 6inka (15-18 %) amapaHT nepesuwye nwexunuio (12-14 %), puc (7-10 %), kykypyasy (9-10 %)
Ta iHWi 3epHOBI KynbTypu. MeToro poboTM Byn0 BCTAHOBMEHHS OMTUMANIbHUX HOPM BWCIBY HACIHHS aMapaHTy B
yMoBax 30Hu Jlicocteny 3axigHoro Ykpainu. Y pocnigxeHHi BUKOPUCTAHO 3arasibHOHAYKOBI MeToAM (aHanis, CMHTes,
eKCNEePUMEHT, OMNUC, CNOCTEPEXEHHS Ta MOPIBHAHHS), NONbLOBI (PEHONOrIYHI CNOCTEPEXEHHS Ta 006AiK), @ TaKOX
CTATUCTUYHI | KOpensiLiMHO-perpeciiHi aHanian 06pobku aaHux. byno focnigkeHo HOpMK BUCIBY aMapaHTy COpTy
XapkiBCbkuii 1 B yMOBax A0CTaTHbOIrO 3BOJIOXKEHHS HA TEMHO-CipOMY OMifA301eHOMY I'pyHTI. BctaHoBNEHO, WO nig,
BMNJIMBOM HOPM BMCiBY 3MiHIOBaaCb MOMbOBA CXOXiCTb. 38 HOpMM BUCiBY 0,2 MAH/ra BoHa ctaHoBuna 70 %, a 3a
BMCiBaHHA 1,2 MnH/ra 3Hm3unach ao 60 %, abo Ha 10 %. Ha BapiaHTax 3 BULMMM HOPMaMu BUCiBY FyCTOTa POCIMH
6yna 6inbwoto. Y dasi cxoais 3a Buciey 0,2 MaH/ra 6yno 14 pocnuH, a 3a BuciBy 1,2 MaH/ra KinbKiCTb pOCAWH 3pocna
[0 72 wT/M% BUKMBaHHSI pOC/IMH 3a BereTaliiHuid nepio, pisko 3MeHLLYBaAsoCh MpM 3arylLeHHi nocisie: 3 86% 3a
Hopmu BuciBy 0,2 MaH/ra no 45% 3a sucisy 1,2 mMaH/ra. ToMy nepep, 36MpaHHAM rycToTa pOC/MH BUPIBHANACh, HA
Mm% 12-32 6yno pociuHu. ONTUManbHUM NOEAHAHHAM OCHOBHUX EIEMEHTIB CTPYKTYpW BUSBUAOCH: 21 pocnuH/m?
Ta 26 pocinH/M? i Maca 3epHa 3 ogHiei pocinHm 20,4 1 1a 16,1 . HaliBuLLy BpOXalHICTb 3epHa amMapaHTy copTy
XapkiBcbkuii 1 ogepxaHo 3a HopM BuciBy 0,4 mnH/ra Ta 0,6 MaH/ra — BianoBigHo 4,28 1/ra 1a 4,20 T/ra. 36inblUeHHS
YW 3MEHLUEHHS HOPMW BUCIBY MPWM3BOAMUTbL A0 NAAIHHA PiBHS BPOXAMHOCTI. Pe3ynbTatM AaHOro AOCAIAXKEHHS
MOXYTb BMKOPUCTOBYBATUCS 415 NOAANbLIOrO BCTAHOBEHHS Ta YAOCKOHANIEHHS! OCHOBHUX €1eMEHTIB TEXHONOrii
BMPOLLYBAHHS aMapaHTy K HAYKOBMMMW YCTaHOBAMU, TaK arpapHUMmM rocnofapCcreamu

KntouoBi cnoBa: amapaHT; HOpMa BUCIBY; CTPYKTypa NOCiBiB; NPOAYKTUBHICTb
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(Am) and range of variation (Lim) of the signs of the duration of the components of the growing season. Samples
with the smallest individual interphase periods were selected for use in selection for early ripening. The study
found V. - general adaptive capacity (GAC), 0?’SAC, - specific adaptive capacity (SAC), Sg, - genotype stability,
b. - regression coefficient of genotype response to changing conditions (plasticity), SVG, - selection value of the
watermelon collection genotype based on the “duration of the growing season period”. According to the general
adaptive capacity, the samples with the shortest duration of the “seedling - ripening” period were selected -
19 samples (V=-11.72..-6.05). As the most stable genotypes according to the “duration of the growing season”
characteristic, 32 collection samples with a low value of the specific adaptive capacity indicator were selected, 23
of which are early ripening. The high stability of the genotype (Sgi) according to the characteristic “duration of the
seedling-ripening period” was determined in 31 collection samples, of which 24 were early ripening. Based on the
results of determining the regression coefficient (ecological plasticity coefficient), according to the characteristic
“duration of the growing season’, the collection samples of watermelon were divided into three groups - with low
(b=0.01-2.20), medium (b=2.21-4.22),and high (b=4.23-6.24) ecological plasticity. According to the selection value
of the genotype according to the trait “duration of the seedling-ripening period”, 18 collection samples had high
indicators (SVG=110.22-119.92), which are valuable for use in selection work with watermelon as sources of the

characteristic “early ripeness”

Keywords: watermelon; selection; early ripening; adaptive capacity; stability; plasticity; selection value

INTRODUCTION

It is important to have a year-round pipeline supply
of products for adequate nutrition of the population.
For vegetable and melon products, it is important to
receive products in an earlier period, which will provide
the population with wholesome vitamin products and
contribute to strengthening food security. A biological
feature of melon crops, including watermelon, is that
they change their growing season depending on the
weather conditions of the year: in hot, dry years, the
number of days from germination to the beginning of
ripening is sharply reduced, and therefore some gen-
otypes can shift from later-ripening to early-ripening
groups and middle-early and vice versa. The greater the
sum of active temperatures, the earlier the appearance
of female flowers and early ripening, and vice versa,
which changes the duration of the growing season.
For agricultural production, the stability of receiving
high-quality products in the planned terms is impor-
tant, which can be ensured to a greater extent only by
a highly adaptive genotype. The ability of ecological
adaptation of newly created genotypes to changes in
environmental factors is a separate problem in modern
agricultural production, and therefore the creation of
highly adaptive heterosis hybrids is still relevant.

According to O. Sergienko & Z. Linnik (2022), it is
precisely the lack of high-yielding varieties in the pro-
duction that are adapted to soil and climatic conditions,
namely extreme ones, that is the main limiting factor
without which a significant increase in the productiv-
ity of melon crops, including watermelon, is impossi-
ble. Therefore, at the current stage of the development
of agricultural science, researchers (Vozhehova, 2018;
Naumov & Lymar, 2019) pay attention to the urgent is-
sue of creating and introducing environmentally sus-
tainable genotypes into production, which allow for
stable high yields. The theoretical basis of adaptive

crop production is ecological plant genetics. The eco-
logical-genetic approach to breeding allows develop-
ing ways and methods of rational use of genotypes and
obtaining new varieties and hybrids that are resistant
to adverse environmental factors, obtaining informa-
tion about the norm of the reaction of the genotype, etc.
(Vasko et al., 2019). Thus, for production, genotypes with
high adaptive capacity are valuable, which can provide
the maximum level of manifestation of valuable eco-
nomic traits, including early ripening in changing envi-
ronmental conditions. Highly adapted starting material
allows creating new varieties and hybrids in different
areas of selection, specifically, selection for early rip-
ening is impossible without stable sources and donors.

The highly adaptive source material is selected by
breeders for most vegetable and melon crops. Thus, at
the Dnipropetrovsk research station of the Institute of
Vegetable and Melon of the National Academy of Agrar-
ian Sciences, due to the results of breeding research by
I. Sydorka & V.Zavertaluk with watermelon culture un-
der artificial agro-climatic conditions (variable sowing
dates and plant feeding area), the “Method of selection
of plastic lines and hybrids of ordinary watermelon”
was developed in 2015 and adaptive source material
was selected based on valuable economic characteris-
tics. For carrot culture (Daucus carota L.), the analysis of
the adaptive potential of the original selection material
performed by I. Pidlubenko et al. (2022) helped identify
ecologically stable sources with high general and spe-
cific adaptive capacity for selection for the yield of root
crops and B-carotene content. The analysis of correla-
tions of quantitative traits and their interaction with
biotic and abiotic factors of the environment helped
S. Kondratenko & Yu. Lancaster (2022) significantly
increase the efficiency of selection work on the crea-
tion of highly adaptive forms of zucchini with a stable
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phenotypic response of the genotype to changing
growing conditions. According to N. Vorobiova (2021),
it was proved that environmental factors have the
greatest influence on the tomato yield, and therefore,
for successful selection, it is necessary to create highly
adaptive source material for each direction of selection.

In the matter of watermelon breeding, according to
Z.Sych (2021), the issue of insufficient stability and the
level of fulfilment of the potential of early ripening and
yield to provide valuable vitamin products is still rele-
vant, and can be solved only by creating new early-rip-
ening genotypes with a complex of valuable economic
traits and high adaptive capacity.

The world’s gene pool of watermelon collections is
the most valuable source of creating new competitive
genotypes of the early ripeness group, which combine
resistance to biotic and abiotic factors of the environ-
ment with other economically valuable traits. Ukrainian
researchers V. Kirian et al. (2021), Z. Linnik et al. (2021)
believe that the investigation of the global genetic po-
tential of watermelon culture using an integrated ap-
proach in determining stable sources of selection traits,
their involvement in hybridization with the subsequent
use of analytical selection methods allows creating a
diverse source material and fruitfully using it in varietal
and heterosis selection of this culture.

That is why the purpose of this study was to deter-
mine the adaptive potential of the watermelon collec-
tion for their further use in various areas of selection,
specifically for early ripening.

MATERIALS AND METHODS

Experimental studies were conducted in 2018-2020,
in the northern part of the Left Bank Forest-Steppe
of Ukraine, in the central moderately humid area of
the Kharkiv region. The experiments were conducted
on soils inherent in the Forest-Steppe zone - typical
low-humus medium loamy chernozem on loess rocks
(pH of salt extract - 5.7; sum of absorbed bases -
26.0 mg-eq per 100 g of soil; hydrolytic acidity -
2.8 mg-eq per 100 g of soil; humus content - 4.3%;
hydrolyzable nitrogen - 139.0 mg/kg; mobile phospho-
rus - 106-119 mg/kg and exchangeable potassium -
93 mg/kg of soil). The climate of the experimental area
is temperate-continental. Experiments were located on
a natural infectious background.

The object of the study was collection samples of
watermelon - 101 variety samples from 9 countries
of the world (from Ukraine, China, the USA, Moldova,
Kazakhstan, Thailand, the Czech Republic, Italy). The
Max Plus variety (Ukraine) served as the standard. A
study of the adaptive potential of the watermelon col-
lection by the length of the growing season was con-
ducted. Phenological observations were made noting
the beginning and end of each of the phases: emer-
gence, formation of the third true leaf, flowering, fruit-
ing, biological maturity. The beginning of the phase was
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considered when 10%, and the end - 75% of the total
number of plants on the plot entered the correspond-
ing phase. According to the results of the phenolog-
ical study, the samples were divided into four groups
of ripeness according to the length of the “seedlings -
ripening” period: early ripening (65-80 days), medium-
early (81-85 days), medium-ripening (86-95 days) and
medium-late (96-105 days). Biometric measurements
of plants and fruits (stem length, fruit diameter, ovary
diameter, 10 internode length, leaf length, leaf base
width) were performed on 10 plants of each genotype.
Harvesting and accounting of the harvest in nurseries
was performed manually, using the weighing method
with the division of fruits into fractions: large, medium,
small, non-marketable.

The following indicators were determined: V. - gen-
eral adaptive capacity (GAC), 6?SAC, - specific adaptive
capacity (SAC), Sg, - genotype stability, b, - regression
coefficient of the genotype’s response to changing con-
ditions (plasticity), SVG, - selection value of the geno-
type. Plant growing technology is generally accepted
for the Forest-Steppe zone of Ukraine (DSTU 3805-98,
1998; DSTU 5045:2008, 2008). Seeds were sown in the
first or second decade of May, depending on weather
conditions. The sowing scheme in the experiments was
1.4x0.7 m. The registered area of the plot was 19.6 m2.
Sowing was performed manually as needed, with water
added to the hole. During the vegetation period, two
manual weedings and three inter-row soil treatments
were performed to care for the plants.

The system of nutrition and protection of water-
melon plants was performed according to scientific
and practical recommendations (Kuts et al., 2021).
The study was conducted pursuant to the gener-
ally accepted methods of selection work (Horova &
Yakovenko, 2001; Lymar et al., 2001; Korniienko et al.,
2016). The collection samples were chosen and eval-
uated according to different selection areas per the
recommendations (Serhiienko et al., 2020; lvchenko
et al., 2022; Vitanov et al., 2022). The methodology
(Kilchevskiy & Khotyleva, 1997) was used to estimate
the parameters of adaptive capacity and stability of
genotypes. The coefficient of ecological plasticity (b)
was calculated according to the method described in
(Eberhart & Russel, 1966). Statistical and mathemat-
ical processing of the obtained research results was
performed using the Statistica program.

RESULTS AND DISCUSSION

According to the results of phenological observations,
it was established (Table 1) that the group of early rip-
ening samples was the most numerous both in aver-
age data and in individual years - 57% in 2018, 76%
in 2019, and 68% in 2020. According to average data
(X ., 73 samples of the collection are classified as

early-ripening. The middle-early group - 33% of sam-
ples (2018),4% (2019),and 25% (2020),and 12 samples




of the collection on average in 3 years. 7% of samples
(2018), 9% (2019), and 7% (2020) were classified as
medium-ripening. During 3 years of research, 15 col-
lection samples were assigned to the medium-ripen-
ing group. The group of middle-late samples was the
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least numerous - according to three years of data, only
1 sample of the collection is attributed to it, but the
study observed the following manifestation of the char-
acteristic over the years - 4% of samples in 2018, 12%
in 2019, and 1% in 2020.
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Table 1. Distribution of collection samples of watermelon according to the duration
of the period “seedlings-ripening” (2018-2020)

Accession percentage and number

Ripening group % N

2018 2019 2020 X

1 Early-ripening (65-80 days) 57 76 68 73
2 Middle-early (81-85 days) 33 4 25 12
3 Medium-ripening (86-95 days) 7 9 6 15
4 Middle-late (96-105 days) 3 11 1 1

Total (101 accessions)

“seedling-ripening” period length, days

X 80.05 77.32 76.79 78.05
I 2.00 -0.74 -1.26 -
X, 63 66 62 64

X, 103 103 97 101
A-X. X 40 37 35 37

Source: compiled by the authors

The limit and amplitude of variation of signs of the
duration of the growing season in collection samples were
established. 44 samples were picked for selection for early
ripening, which during the three-year study consistently
had a period “seedlings-ripening” of less than 80 days.

To confirm the statistical dependence of the charac-
teristic “duration of the growing season” on external en-
vironmental factors, the sample was ranked according
to the characteristic “duration of the seedling-ripening
period”. The calculated Spearman rank correlation co-
efficient was p=0.69, which, according to the Chaddock
scale, indicates a significant correlation dependence.
According to the entire sample, 50% of the samples of
each year were consistently in a certain ripening group,

these are 44 early-ripening samples, 3 — middle-early,
2 - medium-ripening, and 1 middle-late sample. It was
found that 24% of the variety samples of the collection
slightly changed the length of the growing season in
certain years, and therefore 17 early-ripening samples
increased the growing season and were classified as
middle-early, 3 middle-early samples were classified
as early-ripening, and 4 medium-ripening samples in
certain years were classified as middle-late. On 26% of
the samples of the collection, the conditions of the year
had a considerable influence.

The limit and amplitude of variation of the signs of
the components of the growing season in the collection
samples of watermelon were established (Table 2).

Table 2. Variability of the characteristics of the components of the growing season
in collection samples of watermelon, 2018-2020

Interphase length, days

£ K £ .
[T} g =
5 e 25, - 5§ ¢ .

Limits and amplitude of variation gs S5 o g £ 2 % S g g
§ E S d § & 252 o2
S5 [N — own €Ew"'S (7] o=
g w £2 @ <gE £
£ WS £ £ ]
w % w (=

5018 Lim 22-34 32-49 40-58 3-18 63-103
Am 12 17 18 15 40
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Table 2, Continued

Interphase length, days

£ 9 > |
a [ 3
fs g8, To HH 2 g
Limits and amplitude of variation g S - 5 g £ 2 % 5 S g
S e S92 28 =3 S5
o5 g S & €75 g2
g < 5 < ] <gE 5
£ £ = o
w H ] w—
Lim 19-31 28-49 35-51 1-10 66-103
2019
Am 12 21 16 9 37
Lim 13-26 28-43 32-52 1-10 62-97
2020
Am 13 15 20 9 35
5 Lim 18-30 28-42 36-54 2-12 64-101
Am 12 18 18 10 37

Source: compiled by the authors

The analysis of the duration of the growing season
and its components showed that the limit of variation
(Lim) of the duration of the “seedling-ripening” period of
samples in 2018 was 63...103 days, in 2019 - 66....103
days, in 2020 - 62...97 days. The amplitude of variation
(Am) of the duration of the “seedling-ripening” period in
2018 was equal to 40 days,in 2019 - 37 days,in 2020 - 35
days, which indicates that the weather conditions of the
growing season in 2020 were more favourable for most
watermelon samples and they show characteristics of
early ripeness. That is why the early-ripening forms were
selected based on the results of provocative research un-
der the conditions of 2018 and 2019, which will further
increase the efficiency of the selection process.

On average, over the years of study, the limit of
character variation was equal to the duration of the
periods: “seedling-stem formation” Lim=18...30 days;
“seedling-anthesis of female flowers” Lim=28...42 days;
“seedlings-fruit setting” Lim=36...54 days; “anthesis of
female flowers-fruit setting” Lim = 2...12 days; “seed-
ling-ripening” Lim=64...101 days. The amplitude of var-
iation (Am) of the duration of the components of the
growing season ranged from 10 to 37 days.

For use in selection for early ripening, samples with
the smallest individual interphase periods are valuable.
According to the study results, groups of the following
samples were identified, namely: “seedling-stem for-
mation” - 10 samples: Yanusyk, Skarb, Snezhok, Alyy
Sladkiy, Medovyk, Sakharnyy Malysh, Kytay No. 3, Wm
19, Ganosik, and Minimeloni - “seedling-anthesis of fe-
male flowers” - 3 samples: Zhyoltyy Ranniy, Monomakh,
Yanusyk;

- “seedlings-fruit setting” - 8 samples: Shapka Im-
peratora, Yanusyk, Medovyk, Syurpryz, Pivnichne Siaivo,
Borysfen, Karapuz, Zhyoltyy Ranniy;

- “anthesis of female flowers-fruit setting” - 3 sam-
ples: Snezhok, Medovyk, Lyshchyna Kust;

- “seedling-ripening” - Syurpryz, Tailand 1, Karapuz,
Lezheboka Medovyi, Podarok Solntsa, Zhyoltyy Ranniy
(X<70 days).

Parameters of ecological variability of collection
samples of watermelon based on the characteristic
“duration of the growing season” were established for
three years of the study. Collection samples that were
highlighted in terms of adaptability for selection for
early ripening are presented in Table 3 (X<70 days).

Table 3. Parameters of environmental variability of watermelon collection samples, highlighted in terms of adaptability
according to the characteristic “duration of the seedling-ripening period” (average for 2018-2020)

The duration of the “seedling-ripening” period, days

seq. no. Collection sample
L V. o?SAC, Sg. b, SVG,
1 Maks Plius 81.00 2.95 7.00 3.27 -1.15 97.44
2 Bolshaya Pekinskaya Radost 78.67 0.61 4.33 2.65 -0.50 104.37
3 Syurpyz 67.00 -11.05 3.00 2.59 0.98 118.88
4 Sladkiy Briliant 70.00 -8.05 28.00 756 2.85 86.88
5 Atamanskyi 79.00 0.95 4.00 2.53 0.89 104.70
6 Tailand No. 1 69.00 -9.05 13.00 5.23 1.87 101.62
7 Yarylo (Fliura Market) 78.00 -0.05 1.00 1.28 0.45 113.85
8 Pivnichne Siaivo 70.33 -7.72 2.33 2.17 0.86 117.22
9 Borysfen 77.00 -1.05 1.00 1.30 0.53 114.85
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Table 3, Continued

The duration of the “seedling-ripening” period, days

seq. no. Collection sample
L v, o?SAC, Sg. b, SVG,
10 Foton 1 77.33 -0.72 2.33 1.98 0.86 110.22
11 Foton 2 72.33 -5.72 2.33 211 0.86 115.22
12 Favoryt 71.33 -6.72 2.33 2.14 0.86 116.22
13 Karapuz 67.33 -10.72 5.33 3.43 1.31 113.85
14 Lezheboka Medovyi 69.00 -9.05 13.00 5.23 1.87 101.62
15 Costa Rica 71.33 -6.72 6.33 3.53 1.39 108.16
16 Lyshchyna Kust 75.67 -2.39 0.33 0.76 -0.33 119.63
17 Arb. Kust Lyshchyna 76.67 -1.39 1.33 1.51 0.65 113.92
18 Wm 16 75.67 -2.39 1.33 1.53 0.65 114.92
19 Wm 18 75.67 -2.39 1.33 1.53 0.65 114.92
20 Wm 19 70.67 -7.39 1.33 1.63 0.65 119.92
21 Wm 20 75.67 -2.39 1.33 1.53 0.65 114.92
22 Wm 23 71.33 -6.72 1.33 1.62 0.41 119.26
23 Sladkiy Briliant No.1 76.67 -1.39 1.33 1.51 0.65 113.92
24 Zhyoltoye Chudo 71.00 -7.05 4.00 2.82 1.06 112.70
25 Solnyshko 71.33 -6.72 2.33 2.14 0.86 116.22
27 Lunnyy 71.33 -6.72 6.33 3.53 1.39 108.16
28 Zhyoltyy Ranniy 66.33 -11.72 6.33 3.79 1.39 113.16
29 Ganosik 71.67 -6.39 14.33 5.28 2.16 97.48
30 No. 7Zx 79.67 161 4.33 2.61 1.19 103.37
31 No. 6 79.67 1.61 4.33 261 1.19 103.37
32 No. 5 79.67 161 4.33 2.61 1.19 103.37
33 No. 4 79.67 1.61 4.33 2.61 1.19 103.37
34 No.9 79.67 1.61 4.33 2.61 1.19 103.37
According to the entire sample of 101 samples:
X . 78.05 - - - - -
X . 64 -11.72 0.33 0.76 -4.12 -6.05
X 101 21.95 161.33 17.13 6.24 119.92
A-X_-X_ 37 33.67 161.00 16.37 10.36 125.97

Source: compiled by the authors

High general adaptive capacity (GAC) character-
izes genotypes by their ability to provide the maximum
level of manifestation of the characteristic. For selec-
tion work on early ripening, samples with the shortest
vegetation period, i.e., with minimal manifestation of
the trait, are of practical value. According to the general
adaptive capacity, the samples with the shortest dura-
tion of the “seedling-ripening” period were selected -
19 samples (V=-11.72..-6.05).

As the most stable genotypes according to the
characteristic “duration of the growing season”, 32 col-
lection samples with a low value of the specific adap-
tive capacity (SAC) indicator were selected, 23 of which
belong to early-ripening. The most stable in terms of
specific adaptive capacity (SAC) are the early ripening
collection samples - Lyshchyna Kust (o?SAC, - 0.33);
Yarylo, Borysfen (6?SAC=1.00); Arb. Kust Lyshchyna, Wm
16, Wm 18, Wm 19, Wm 20, Wm 23, Sladkiy Brilliant

(0?SAC=1.33) are consistently early-ripening. 38 sam-
ples of different maturity groups had low stability of
the characteristic “duration of the vegetation period”;
other samples of the collection had average stability.

The main indicator of the stability of the variety is
Sg, - the stability of the genotype. According to many
authors, the stability of the variety can be related to the
high adaptability of each genotype to various growing
conditions (individual buffering). Individual buffering
prevails in a genetically homogeneous population. The
high stability of the genotype according to the charac-
teristic “duration of the seedling-ripening period” over
three years of the study was determined in 31 collec-
tion samples, of which 24 samples were early ripening.
The most stable were Lyshchyna Kust (5g=0.76); Yarylo
(59=1.28); Borysfen (Sg=1.30); Arb. Kust Lyshchyna,
Sladkiy Brilliant (5g=1.51); Wm 16, Wm 18, Wm 20
(59=1.53); Wm 19 (5g=1.63).
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According to the results of determining the numerical
value of b, - the coefficient of regression (coefficient
of ecological plasticity), according to the length of the
growing season, the collection samples of watermel-
on were divided into three groups — with low, medium,
and high ecological plasticity. According to the results
of the present study, the early-ripening collection sam-
ples Samurai, Snezhok, Rubinovoye Serdtse, Sladkaya
Dakota, and the mid-early sample Lypa can be attributed
to hybrids of the intensive type with an increased re-
sponse to growing conditions (b=4.23-6.24). According
to the study results, 20 collection samples, of which 15
are early ripening, are characterized by an average level
of ecological plasticity (b=2.21-4.22). The third group,
according to the characteristic “duration of the growing
season’, includes most collection varieties (76%) with
an ecological plasticity coefficient from 0.01 to 2.20,
which respond to a slight change in growing conditions.

In terms of the selection value of the genotype
(SVG) according to the characteristic “duration of the
seedling-ripening period”, 18 collection varieties had
high values of the indicator (SVG=110.22-119.92),which
are valuable for the selection work for early maturity.

Most breeders consider the identification of new
sources of valuable stable, plastic traits with a defined
rate of reaction to changing growing conditions to be a
major area of melon crop research, which allows solv-
ing the problem of competitive varieties and hybrids
with given parameters. Breeding work on the creation
and selection of early-ripening genotypes (lines and
hybrids) of watermelon with high adaptive capacity
was conducted at the Dnipropetrovsk research station
of the Institute of Vegetable and Melon of the National
Academy of Agrarian Sciences. The best known method
of assessing ecological plasticity and stability of hybrid
watermelon populations was used by breeder Z. Sych
when creating the Voskhod variety, when hybrid com-
binations and varieties were evaluated for three years
based on the characteristics “fruit mass” and “dry solu-
ble matter content” Then, according to the method of
V.Pacudin & L. Lopatyna, calculations were made to de-
termine the parameters of stability and plasticity of this
breeding material and the best genotypes were selected.
In this study, when selecting valuable forms based on
the characteristic “early maturity”, the authors also ap-
plied the principle of evaluating selection material in
changing environmental conditions over the years of
study and selected highly adaptive genotypes.

In 2011-2015, station scientists I. Sydorka &
V. Zavertaluk investigated nine artificial agrophones and
selected lines with a regression coefficient close to one,
which were used to create early-ripening highly plastic
watermelon hybrids. Analogous studies on the creation
of highly adaptive source material were conducted by
breeders in the south of Ukraine. Thus, since 2010, adap-
tive breeding has been introduced at the Southern State
Agricultural Station. Breeders of the station created
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early-ripening varieties: Sotnyk, Spaskyi, Knyazhych,
Charivnyk, Portiyniy, and Mandrivnyk F, and Ranok F,
hybrids, which were involved in the present study, but in
the conditions of the Ukrainian Forest-Steppe they did
not stand out in terms of the level of adaptability.

V. Lymar & O. Kholodnyak (2020) approached the
solution of the issue by selecting forms that, due to in-
ternal mechanisms, can resist stress and adapt to such
conditions without substantial changes in physiological
parameters, as well as quickly restore the physiological
state by investigating their physiological signs of resist-
ance, which is the main way to improve adaptation in
laboratory conditions. The above authors investigated
the physiological indicators of stability, namely: the
ability of the embryo to start growing under control of
the environmental conditions using osmotic solutions.
Samples were selected according to precociousness,
combining varieties with a close growing season. This
was due to differences in the physiological parameters
of their seeds. The authors concluded that since the
signs of abiotic resistance are formed during the entire
ontogenesis, the lines should be assessed and selected
for resistance to stress effects not only at the stages
of seed germination, but during the vegetation process,
which fully corresponds to the present study.

According to O. Shablya & 0. Kholodnyak (2021),
the parameters of ecological variability of each geno-
type are vital, since with the growth of the potential
productivity of varieties and hybrids, their demand for
cultivation technology increases considerably, the de-
pendence of the size and quality of the harvest not only
on biotic, but on abiotic factors, increases.

In the conditions of climate change, the cultiva-
tion of new highly adaptive varieties and hybrids of
the culture is necessary to ensure a sufficient harvest
of watermelon. It was the assessment of ecological
plasticity and stability of watermelon varieties that
allowed Z. Sych (2021) to identify the top watermelon
varieties for each region of Ukraine.According to the re-
sults of many years of research by R.Vozhehova (2018),
methods of selection and creation of new heat-resist-
ant agrochemically effective genotypes of watermelon
adapted to cultivation in the conditions of the Steppe
zone of Ukraine were established; new varieties of
watermelon were created: Tavriiskyi, Snizhok, Krasen,
Orfei, Tsilnolystnyi, Spaskyi, Khersonskyi, Kniazhych,
Alians, Charivnyk, Mriia, Favoryt, Paralaks, Vohnedar.

Scientists are conducting analogous studies on
other melon crops. According to V. Khareba et al. (2019),
assessment of the ecological plasticity and stability of
large-fruited pumpkin varieties according to the main
valuable economic indicators in the conditions of the
Forest-Steppe of Ukraine with the application of the
methodology used in this study allowed selecting a set
of varieties for a certain growing zone.

In the conditions of climate change, to ensure a
sufficient harvest of watermelon, it is necessary to




grow new highly adapted varieties and hybrids of the
culture, and therefore analogous studies are conducted by
breeders - O. Shablya & O. Kholodnyak (2021), Z. Sych
(2021) - to create new varieties and hybrids watermelon
in different climatic zones of Ukraine. These authors es-
tablished that the environmental variability parameters
of each watermelon genotype differ depending on the
soil and climatic conditions of cultivation. Thus, accord-
ing to the research of O. Shablya and O. Kholodnyak
(2021), the importance of the relevant parameters of
the environmental variability of each genotype was
proved, since with the growth of the potential produc-
tivity of varieties and hybrids, their demand for culti-
vation technology increases considerably, the depend-
ence of the size and quality of the harvest not only on
biotic, but on abiotic factors, increases.

CONCLUSIONS

Based on the results of the assessment, it was found
that the group of early-ripening samples was the most
numerous, both according to average data and experi-
mental data for individual years. According to average
data (X _), 73% of collection samples are classified as
early-ripening. 44 samples were picked for selection
for early ripening, which during all the years of the
study consistently had a period “seedling-maturation”
of less than 80 days. The sample was ranked accord-
ing to the characteristic “duration of the seedling-rip-
ening period”, the calculated correlation coefficient of
the ranks was p=0.69, which, according to the Chaddock
scale, indicates a significant correlation. Research has
established the limit and amplitude of variation of the
signs of the components of the growing season of col-
lection samples. 30 samples with the smallest individual
interphase periods were selected for use in selection
for early-ripening. According to the general adaptive
capacity, the samples with the shortest period “seed-
ling-ripening” were selected - 19 samples (V=11.72-
6.05). 32 collection samples with a low value of the
indicator of specific adaptive capacity were selected, 23
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of which belong to early ripening. The high stability of
the genotype according to the characteristic “duration
of the seedling-ripening period” was determined in 31
collection samples, of which 24 are early-ripening. Ac-
cording to the results of determining the regression
coefficient (ecological plasticity coefficient), in terms
of the characteristic “duration of the growing season”,
the collection samples of watermelon were divided
into three groups - with low (b=0.01-2.20), medium
(b=2.21-4.22), and high (b=4.23-6.24) ecological plas-
ticity. According to the selection value of the genotype
according to the characteristic “duration of the seed-
ling-ripening period”, 18 collection samples had high
indicators (5VG=110.22-119.92), which are valuable for
use in selection work with watermelon as sources of
the characteristic “early ripeness”.

The study on the selection of highly adaptive raw
material of watermelon based on the trait ‘early ripe-
ness” helped identify genotypes that correspond to the
modelled traits, and their involvement in the selection
process to create early-ripening varieties and hybrids
with high adaptability will increase the efficiency of
selection work in this area; the introduction of new
genotypes will extend the period of availability of val-
uable vitamin products earlier (from 10 days to 20 days
earlier), which will contribute to providing the popula-
tion with healthy nutrients; will increase the amount
of cultivation and the yield level of watermelon, which
in turn will increase the profitability of production (at
least by 20%) and contribute to ensuring food security
of Ukraine. This is what determined the relevance of
this study and proved the perspective of conducting it
on other valuable selection traits that have great eco-
nomic importance.
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AHoTauif. Y nuTaHHI cenekuii KaByHa 3alMLIAETbCA aKTyanbHOW npobnema cTabinbHOCTI OTPUMAHHSA BUCOKOI
YPOXXaMHOCTi B yMOBax NposiBy abioTUYHMX CTPECOPiB 30BHILLHBOIO cepenoBuLLa. MeToto 3aBAaHHS Oyn0 BUAINEHHS
BMCOKOAAANTMBHOIO BMXIQHOrO MaTtepiany KaByHa 3a TPUBANICTIO BereTauiMHOro nepiogy Ta Moro CkNafoBux A4
BMKOPUCTAHHSA Yy cenekLii Ha paHHbOCTUMNICTb. Byno npoaHanizoBaHo 101 konekuUiiHUA 3pa3ok KaBYHaA 3 9 KpaiH CBiTy.
B ocHOBY LOCNIAXEHHS NOKIAAEHO TaKi METOAM: 3araNbHOHAYKOBI, BUMipHOBAbHO-BAroBi, pPO3paxXyHKOBI, CTATUCTUYHI.
lpoBefeHO PpoO3MoAin Konekuii KaByHa Ha Fpynu CTUIIOCTI Ta PaHXyBaHHS BMOIPKM 33 O3HAKOK «TPUBANICTb
nepiogy Cxooy — OOCTUraHHA». [loCnigKeHHIMW BCTAHOBNEHO aMnAiTyay (Am) Ta po3Max BapitoBaHHSA (Lim) o03HaK
TPUBANOCTI CKNAA0BMX BereTauiHoro nepioay. [ns BUKOpUCTAHHS B CenekLii Ha paHHbOCTUINICTb BUAINEHO 3pa3ku
3 HAMMEHLWMUMK OKpEMUMMU MiXDasHMMK nepiofamu. BusHaveHo: V, - 3aranbHa aganTmeHa 34aTHicTb (3A3), 02CA3, -
cneumdivyHa apganTuBHa 34aTtHicTb (CA3), Sgi — cTabinbHiCTb reHoTMNy, b’ — KoediuieHT perpecii peakuii reHoTUny
Ha 3MiHy YMOB (nnactuyHicTb), CLI, - cenekuiiHa WiHHICTb reHOTUMY KOMEKLUil KaByHa 3@ 03HAKOW «TPMBasiCTb
BeretaLiiMHoOro nepiogy». 3a 3arajbHOK aAANTUBHOK 3[aTHICTIO BMAINEHO 3paskuM 3 HAWMEHLIOK TPUBANICTIO
nepiogy «CxoAu - AocturaHHs» - 19 3paskis (V=-11,72..-6,05). fk Hanbinbw CTabinbHi reHOTUNK 3a 03HAKOK
«TPMBaNiCTb BereTauiMHOro nepiofy» BUAINEHO 32 KONEKLIMHMX COPTO3pasKa 3 HU3bKMM 3HAUYEHHSIM MOKA3HMKA
cneumdivyHoi aganTMBHOI 34aTHOCTI, 23 3 9KMX BIGHOCATBCS A0 PaHHbOCTUIIMX. BUCOKY cTabinbHicTb reHotuny (Sgi)
3a 03HaKOH KTPMBANICTb NEPiIOAY CXOAM — LOCTUTAHHSA» BU3HAYEHO Y 31 KONeKLiMHOro 3pa3ka, 3 akux 24 BiAHOCATbCA
[0 PaHHbOCTUIMX. 3@ pe3ynbTaTaMu BU3HAUYeHHs KoedilieHTa perpecii (koedilieHTa eKonoriyHoi NaacTMYHOCTI),
3a 03HaKOM TPUBaNiCTb BereTawLifHOro nepioay KonekuilHi 3pasku KaByHa Oyno po3noAinieHo Ha Tpu rpynu - 3
Hu3bKoto (b=0,01-2,20), cepeaHboro (b=2,21-4,22), Ta Bucokol (b=4,23-6,24) eKONOri4yHOW NIACTMYHICTIO. 3a
CeNneKLiMHO LiHHICTIO FeHOTMMY 32 03HAKOK «TPUBANICTb NEPIOLY CXOAM — LOCTUTaHHS» BUCOKI MOKA3HMKM Manu 18
KONeKLiMHMX 3pa3KiB (CLlI',,=110,22-119,92), AKi MarTb LiHHICTb 419 BUKOPUCTAHHS Y CeNeKLiiHOi poboTi 3 KaByHOM
B SIKOCTi JyKepen 03Haku «PaHHbOCTUINICTbY

KniouoBi cnoBa: KaByH; cenekLis; paHHbOCTUINICTb; aAanTUBHA 34ATHICTb; CTabiNbHICTb; MNACTUYHICTb; cenekuinHa
LiHHICTb

Scientific Horizons, 2023, Vol. 26, No. 8

51



SCIENTIFIC HORIZONS [es

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 26(8), 52-61

UDC 633.2:577.486:581.524.34
DOI: 10.48077/scihor8.2023.52

The influence of agrotechnical measures on the number
of melanin-synthesizing microorganisms

Iryna Malynovska’
Corresponding Member of the National Academy of Sciences, Doctor of Agricultural Sciences,
Senior Research Fellow
NSC “Institute of Agriculture of NAAS of Ukraine”
08162, 2-b Mashynobudivnykiv Str., Chabany vil., Ukraine
https://orcid.org/0000-0001-8002-7139
Viktor Kaminskyi
Academician of NAAS, Doctor of Agricultural Sciences, Professor
NSC “Institute of Agriculture of NAAS of Ukraine”
08162, 2-b Mashynobudivnykiv Str., Chabany vil., Ukraine
https://orcid.org/0000-0002-9668-6742
Yelyzaveta Zadubynna
PhD in Agricultural Sciences, Senior Research Fellow
Panfyly Research Station of the National Scientific Center
“Institute of Agriculture of the National Academy of Agrarian Sciences of Ukraine”
07750, 2 Tsentralna Str., Panfyly vil., Ukraine
https://orcid.org/0000-0002-9428-5603
Volodymyr Kurhak
Corresponding Member of the National Academy of Sciences, Doctor of Agricultural Sciences, Professor
NSC “Institute of Agriculture of NAAS of Ukraine”
08162, 2-b Mashynobudivnykiv Str., Chabany vil., Ukraine
https://orcid.org/0000-0003-2309-0128
Viktor Karpenko
Doctor of Agricultural Sciences, Professor
Uman National University of Horticulture
20301, 1 Instytutska Str., Uman, Ukraine
https://orcid.org/0000-0001-5607-7371

Article’s History: Abstract. In connection with the growing scale of soil dehumification, studies of the
Received: 6.04.2023 patterns of synthesis of the precursors of humus molecules — melanins of bacterial
Revised: 7.08.2023 origin — are becoming increasingly relevant. The purpose of this study was to establish
Accepted: 23.08.2023 the influence of the main factors of agricultural production on the spread of melanin-

synthesizing microorganisms: the method of basic soil cultivation, mineral fertilizers,

Suggested Citation:

Malynovska, I., Kaminskyi, V., Zadubynna, Ye., Kurhak, V., & Karpenko, V. (2023). The influence of agrotechnical

measures on the number of melanin-synthesizing microorganisms. Scientific Horizons, 26(8), 52-61. doi: 10.48077/
scihor8.2023.52.

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

*Corresponding author




Malynovska et al.

and the type of agricultural crop.Research methods: microbiological, laboratory-analytical, statistical, correlational.
As a result, the study found for the first time that the main cultivation of the soil affects the number of melanin-
synthesizing microorganisms: micromycetes, bacteria, azotobacter. In the variant without the application of mineral
fertilizers (control), the soil was characterized by the minimum amount of melanin-synthesizing bacteria using the
No-till technology, 28.8% more - using disking, and 2.4 times more - using ploughing. The number of melanin-
synthesizing micromycetes in the variant without fertilizers was also maximum upon ploughing, the average
number was observed with No-till technologies, and the minimum number - using shallow disk tillage. Application
of mineral fertilizers in a dose of N, P, K . leads to an increase in the number of melanin-synthesizing bacteria in
the ploughing option by 3.58 times, disking by 3.53 times, No-till technology by 2.28 times.An increase in the dose of
mineral fertilizers to N . P, K, ,, contributes to an increase in the number of melanin-synthesizing bacteria by 5.04
times upon ploughing, 5.78 times upon disking, and 2.24 times upon no-till technologies. The medium-significant
nature of the relationship between the content of humus and the number of melanin-synthesizing bacteria
(r=0.528) and their share in the total number of microorganisms (r=0.470) suggested that in chernozem inherent
in growing sunflowers, humus is formed mainly with the participation melanins of bacterial origin. Metabolites of
polysaccharide-synthesizing bacteria take part in the formation of the resistance of humus molecules to microbial
mineralization, the probability of the formation of colonies of which has a moderately significant relationship with
the content of humus (r=0.532). The results of these studies can be used in the development of recommendations
for regulating the content of humus in agricultural soils, preventing its excessive mineralization, which will allow

preserving and increasing soil fertility

Keywords: melanins; bacteria; micromycetes; azotobacter; humus; proportion; correlation

INTRODUCTION
Soil organic matter,and humus in particular, is the final
product of microbial transformation of molecules re-
leased from dead plant and animal cells (Lorenz et al.,
2021, Savarese et al., 2021, Soil Humus Formation,
2018). Humus is of fundamental importance in eco-
systems, regulating global carbon and nitrogen cycles,
plant and microorganism growth, and soil functions.
Pan et al. (2009) and Ping et al. (2009) noted that the ac-
cumulation of humus in agricultural ecosystems is nec-
essary not only for preserving soil fertility and forming
the productivity of agricultural crops, but for stabilizing
soil organic carbon and reducing greenhouse gas emis-
sions into the atmosphere. Nevertheless, the growth of
food production increases the risk of depletion of arable
land, which leads to dehumification, erosion, and deser-
tification. In this regard, the study of the patterns of the
synthesis of humic compounds and their precursors -
melanins of bacterial origin - is relevant and timely.

Melanins are produced by heterotrophic bacteria,
micromycetes, and are dark-coloured pigments. For
many producers, these pigments are secondary metab-
olites that contribute to photoprotection (a photopro-
tector that effectively absorbs and dissipates solar ra-
diation as heat), predation, predation protection, metal
resistance (metal chelating sorbents) (Fisher et al.,
2019, Dornelas et al., 2022). Tran Ly et al. (2020) believe
that melanins bind organic compounds for detoxifica-
tion, and act as an organic semiconductor.

The study (Reddy et al., 2007) investigated the
patterns of melanin synthesis by the actinobacterium
Modestobacter versicolor sp. nov. isolated from biological
crusts of the surface layer of the soil of the Colorado
Plateau (USA), the cells of which produce melanin-like

pigments under conditions of oligotrophy, i.e., when
grown on an oligotrophic medium, but not when grown
on a copyotrophic medium. Induction of melanogenesis
by Modestobacter versicolor sp. nov. does not depend on
the growth phase of the crop or lighting conditions, in-
cluding UVB and UVA-irradiation, but UVB exposure can
increase total pigment synthesis, while growth under
low nitrogen conditions inhibits its synthesis.

Fungi, especially ascomycetes, synthesize melanin
molecules in their cell walls to protect against fungi-
vores and harsh abiotic conditions (Ekblad et al., 2013,
Baskaran et al.,2019). The authors (Edwards et al.,2021)
believe that the synthesis of melanins also protects pro-
ducers fromthe damaging effects of ultraviolet radiation.

Thus, to date, the regularities of melanin synthesis
as a biotechnological product in producer monocultures
and the possibilities of their application in practice
have been investigated. However, the ecological aspects
of the distribution of melanin-synthesizing microor-
ganisms in nature, and especially in the soils of agro-
cenoses,are still understudied. The issue of influence on
the spread of melanin-synthesizing microorganisms of
the main factors of agricultural production: the meth-
od of basic soil cultivation and mineral fertilization are
still unexplored. The present study aims to solve these
problems, the results of which are presented below.

MATERIALS AND METHODS

The investigation was conducted in a stationary exper-
iment on the study of short-rotational crop rotations at
the Panfilsk research station of the National Research
Centre “Institute of Agriculture of the National Academy
of Agrarian Sciences of Ukraine”, established in 2009.
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The soil of the experimental plots is a typical shallow
coarse-grained and light-loam chernozem, which lies
on a carbonate light loamy forest. Before starting the
experiment, the soil was characterized by the following
agrochemical parameters: humus content - 3.17%,; soil
pH 6.15; hydrolytic acidity - 3.15 mg-eq/100 g of soil; the
amount of absorbed bases - 14.1 mg-eq/100 g; exchange
bases: calcium - 7.43; magnesium - 1.14 mg-eq/100 g
of soil; degree of saturation with bases - 56%, easily
hydrolysable nitrogen content - 72.8 mg/kg; mobile
phosphates - 300.0 mg/kg, exchangeable potassium -
95.5 mg/kg of soil.

The study was conducted in crop rotation: sun-
flower - soybean - winter wheat - spring barley - sun-
flower. The object of the study was the variants of the
stationary experiment: 1 - No-till technology, without
fertilizers (control); 2 - No-till technology, N, P, K.,
3 - No-till technology, N, P, K,,,; 4 - Disking (shallow
disk cultivation 10-12 cm deep), without fertilizers; 5 -
Disking, N, P, K,.; 6 - Disking, N, P, K .., 7 = Plough-
ing 25-27 cm deep, without fertilizers; 8 - Ploughing
25-27 cm deep, N, P, K, , 9 - Ploughing 25-27 cm deep,
N, 5oP100K 50 IN 2021, the variants under study were used
to cultivate the sunflower hybrid “Tor”, the predecessor
of which was spring barley. The size of the sowing area
was 25*6=150 m?, the accounting area was 100 m%. The
experiment was repeated three times, the placement of
variants and repetitions was systematic.

The number of microorganisms of the main eco-
logical-trophic, functional, and systematic groups was
estimated according to the method of sowing soil sus-
pension on the corresponding general, elective, and
special nutrient media in three repetitions (Dubey
et al., 2020, Lee et al., 2021). The number of colonies
was counted for 21 days depending on the growth rate

and physiological characteristics of microorganisms
of a certain ecological-trophic group. Indicators of the
intensity of processes of mineralization of nitrogen
compounds, soil organic matter, humus, probability of
bacterial colony formation (PCF) were calculated as de-
scribed earlier (Malynovska et al., 2023). For a general
assessment of the biological state of the soil, the indi-
cator of total biological activity (TBA) was calculated
using the method of relative values (Rusakova, 2013).
The content of humus in the soil was determined ac-
cording to (DSTU 4289:2004).

Statistical processing of experimental data was per-
formed according to methods generally accepted in soil
science and soil microbiology using Microsoft Excel and
Statistica 10 computer programs. Determination of cor-
relations between the indicators under study and their
closeness was assessed based on the results of corre-
lation analysis obtained using Microsoft Excel 2010.

RESULTS

The results of the study are presented in Table 1, Fig-
ure 1. The analysis of the results of these studies sug-
gested that the main tillage affects the number of
melanin-synthesizing microorganisms: micromycetes,
bacteria, azotobacter. In the variant without fertilizers,
the soil was characterized by the maximum number of
melanin-synthesizing bacteria when ploughing was
used, by 28.8% less — when disking, and 2.4 times less -
when using No-till technology. With the minimum dose
of fertilizers (N, P, K,.), this regularity was preserved:
the number of melanin-synthesizing bacteria in the
ploughing variant exceeded the number of such bacte-
ria by disking by 30.7%, upon No-till technology - 3.76
times. At the maximum dose of fertilizers (NP, K o),
the corresponding indicators were 12.4% and 5.4 times.

Table 1. The number of microorganisms in chernozem typical for growing sunflowers, million CFU*/g of dehydrated soil
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No-tilltechnology, 41 5 gez ¢55 120 103 0308 00220 7.14 248 026 201 9503
without fertilizers
No-tilltechnology, 147 1168 548 142 165 0423 00350 8.27 5.66 056 983 1,010.7
N30P30K65
NolliechRolod, — 4g7 790 944 167 130 0525 00560 107 5.56 052 105 1,079.0
NlSO 100K120
Disking, without -, 7 1508 693 144 181 0430 00142 330 462 037 152 1,2507
fertilizers
Disking, N, P, K. 360 1525 816 257 208 0.824 00645  7.82 16.3 115 175 14216
Disking,N, P, K. 407 1924 865 660 198 0535 00452 845 26.7 203 180 1,3155
Ploughing, without o, g39 907 123 121 0250 00317 12.7 5.95 062 158 959.1
fertilizers
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Table 1, Continued
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Source: developed by the authors of this study
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Figure 1. Synthesis of melanins by microorganisms of chernozem typical for the use of no-till technology as the main
tillage, disking 10-12 cm deep and ploughing 25-27 cm deep

The share of melanin-synthesizing bacteria in the
total number of microorganisms also depends on the
method of the main soil cultivation: in the variant with-
out fertilizers, the maximum value of this indicator is
characterized by the soil with the use of ploughing, by
67.6% less - the soil with the use of disking, by 2.38
times smaller value - the soil upon No-till. As a result
of the incertion of mineral fertilizers, the share of mela-
nin-synthesizing bacteria in the total number of micro-
organisms increases under all methods of soil cultiva-
tion, especially significantly - under ploughing.

Somewhat different patterns are observed for
melanin-synthesizing micromycetes, specifically, in
the version without fertilizers, the maximum number
of these microorganisms is observed when ploughing
is used, but the average number is not observed when
disking is used (as for melanin-synthesizing bacteria),

but with No-till technologies. The insertion of mineral
fertilizers in the minimum dose changes the pattern
even more: the maximum number of melanin-syn-
thesizing micromycetes is found when using disking,
the same - when using ploughing and No-till tech-
nology. At the maximum dose of fertilizers, the high-
est number of melanin-synthesizing micromycetes is
sown from the soil in the No-till technology variant,
the average - from the soil of the disking variant,
the minimum - after ploughing. The number of mel-
anin-synthesizing micromycetes under No-till tech-
nology significantly increases compared to the option
without fertilizers when applying the maximum dose
of fertilizers, which correlates with an increase in phy-
totoxicity of the soil by 9.52% (Tables 1, 2). Perhaps
this is explained by the fact that micromycetes are the
main toxin producers in the soil.

Table 2. Indicators of the intensity of mineralization processes and phytotoxic properties of typical chernozem under
various agrotechnical and agrochemical measures

- . Nitrogen Humus Total Weight of 100 plants
No. Variant Pedo.trgphlclty o“g?:?phty mineralization mineralization biological of the test culture -
index coerncien coefficient activity, % activity winter wheat, g
No-till technology, 0.175 0.117 0.282 233 727.2 115
without fertilizers
Notilltechnology, 0.226 0.183 0.268 8.42 765.6 103

N, P. K

3030 ‘65
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Table 2, Continued

.. . Nitrogen Humus Total Weight of 100 plants
No. Variant Pedqtrgphncnty Ol'g:':r?plly mineralization mineralization biological of the test culture -
Index coefmnicien coefficient activity, % activity winter wheat, g
3 No-tilltechnology, 0.146 0.196 0297 13.3 904.9 105
N150P100K1 0
4  Disking, without 0.248 0.112 0.373 10.1 910.8 12.8
fertilizers
Disking, NP, K., 0.229 0.209 0.350 9.11 12214 10.3
6  Disking,N,.,P.. Ky, 0.303 0113 0.285 9.36 1094.8 9.32
7 Ploughing, without 0.228 0.238 0.339 178 7845 10.9
fertilizers
8 Ploughing, N, P, K., 0.304 0.190 0.440 13.4 839.8 11.0
9 Ploughing, 0.155 0.180 0.308 226 586.9 1022
N150P100K120
LSD 0.11

Q5

Source: developed by the authors of this study

Upon disking, the highest number of melanin-syn-
thesizing micromycetes is observed at the lowest of the
investigated doses of fertilizers, which exceeds the in-
dicator of the option without fertilizers by 4.54 times,
the indicator of the option with the maximum dose of
fertilizers - by 1.43 times. Upon ploughing, the maxi-
mum number of melanin-synthesizing micromycetes is
also observed in the variant with the lowest of the in-
vestigated doses of fertilizers and significantly exceeds
the number of these microorganisms only in the variant
with the dose of fertilizers N, P, K,,, - by 1.98 times.
This is explained, perhaps, by the fact that the dose of
N,s,P1oK,,, fertilizers turned out to be inhibitory for
such tillage as disking and ploughing.

An important indicator is not only the number of
melanin-synthesizing micromycetes, but their share in
the total number of fungi. In the variant without ferti-
lizers, the share of melanin-synthesizing micromycetes
is maximum when ploughing is carried out, average -
when using No-till technology, minimum - upon disk-
ing. Application of fertilizers leads to an increase in the
share of melanin-synthesizing micromycetes in their
total number under No-till technologies and disking.
Conversely, upon ploughing, the share of melanin-syn-
thesizing micromycetes decreases by 30.7% when
N,,P.,K,s is applied,and by 73.5% when N . P, K, fer-
tilizer doses are applied. When disking is used as the
main tillage, the share of melanin-synthesizing micro-
mycetes gradually increases: from 3.30% (without ferti-
lizers) to 7.83% (N, P, K,;) and up to 8.45% (NP, .K,,.),
which corresponds to the classic ideas about the in-
crease in the toxic load with an increase in the dose
of mineral fertilizers containing heavy metal impurities.

The spread of azotobacter as a melanin-synthesiz-
ing microorganism is influenced, on the one hand, by
doses of nitrogen fertilizers, and on the other hand by
soil pollution with pollutants. A manifestation of the in-
hibitory effect of nitrogen fertilizers is a decrease in the
number of azotobacter with an increase in their dose:

Scientific Horizons, 2023, Vol. 26, No. 8

when using No-till technology by 2.21 times, when
ploughing - by 4.36 and 3.79 times, respectively, with
an increase in the dose of fertilizers. When disking, the
number of azotobacter ranges from 26.7 to 40.7% of
soil clod growth. In addition, the number of azotobac-
ter is affected by the method of main soil cultivation,
in the variant without fertilizers, its maximum number
is observed when ploughing is used, possibly because
ploughing provides better soil aeration, and represent-
atives of the genus azotobacter are obligate aerobes
and require the presence of oxygen for their existence.
With the incertion of mineral fertilizers, the develop-
ment of azotobacter in ploughed soil is suppressed to
a greater extent than with disk shallow tillage, but to
a lesser extent than with No-till technology, which is
due, perhaps, to the difficulty of nitrogen diffusion of
fertilizers into the soil.

One of the important characteristics of the microbial
cenosis is the specific content of autochthonous micro-
organisms. According to the obtained data, the highest
level of humus mineralization is observed in the ver-
sion without fertilizers when using No-till technology
(23.3%), the average level - when ploughing (17.8%),
the minimum - when disking (10.1%) (Table 2). When
using No-till technology, the application of mineral fer-
tilizers in the dose of N, P, K, leads to a decrease in
the activity of mineralization of humus by 2.77 times,
as a result of the application of fertilizers in the dose
of N, ,P,0oK50 = BY 75.0%, which is associated with bet-
ter vegetative growth of plants, greater allocation root
exudates, which, in turn, slows down the destruction
of humus as a less available substrate. When disking,
the application of mineral fertilizers slows down the
mineralization of humus by 10.9% and 7.91%, respec-
tively. The tendency to activate the decomposition of
humus compounds at the maximum of the investigated
doses of fertilizers is observed both upon disking and
upon ploughing. In the variant using ploughing, the
activity of humus destruction exceeds the indicators of




the control (without fertilizers) and the variant with the
minimum dose of fertilizers, which indicates the subop-
timal dose of fertilizers N, P, K,,.. The regularities re-
garding the activation of humus decomposition under
the influence of various agricultural practices coincide
with those previously established.

The index of pedotrophicity, which reflects the
level of consumption of organic matter, in the variant
using No-till technology, with the application of the
minimum dose of fertilizers, increases by 29.1%, and
with the application of the maximum dose of ferti-
lizers, it decreases by 19.9% compared to the control.
In the variant using disking, the pedotrophicity index
slightly decreases with the minimum dose of fertilizers,
while with the maximum dose it increases by 22.2%.
When ploughing, the patterns of changes in the activity
of consumption of soil organic matter are comparable

Malynovska et al.

to those observed when using No-till technology. The
pedotrophicity index in the version without fertiliz-
ers has the maximum value upon disking, the average
value upon ploughing, the minimum value upon using
no-till technology. As a result of applying fertilizers in
the dose of N, P, K,., ploughing begins to be charac-
terized by the maximum level of consumption of soil
organic matter, when applying fertilizers in the dose of
N, 5oP100K;50 — SOl cultivation with disc tools.

To establish the relationship between the indica-
tors under study, a correlation analysis was conducted,
which showed that the content of humus in typical
chernozem correlates with the number of autochtho-
nous microorganisms, melanin-synthesizing bacteria,
their share in the total number of microorganisms, the
PCF of polysaccharide-synthesizing bacteria and the
activity of humus mineralization (Table 3).

Table 3. Correlation coefficients between indicators of the state of the microbial cenosis and the content of humus in
chernozem typical for growing sunflowers
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Azotobacter, % 1.000
PoLysaccha.rlde 0,038 1.000
synthesizing
Autochthonous 0.460 0.156 1.000
Micromycetes -0.268 0.757 0.213  1.000
Melanin-
synthesizing -0.060  0.627 0.038  0.815  1.000
micromycetes
Share of mﬁz!anin—
_synthesizing 0505  -0.017 -0.164 -0.135 0444  1.000
micromycetes in the
total amount, %
Melanin- 186  .0477 0101 0050 0078 0004  1.000
synthesizing bacteria
Share of melanin-
synthesizing bacteria 4,5, 597 0322 -0257 -0190 -0005 0909 1000
in the total number,
%
Total numberof 4433 g6 0477 0830 0551 0256 -0.193 -0.543 1.000
microorganisms
PCF of azotobacter 0.543 -0.088 0.050 -0.439 -0.450 0.079 -0.228 -0.089 -0.179 1.000
PCF of micromycetes -0.645  0.498 1.000 0480 0553 0064 -0.075 -0.048 0.070 -0.330 1.000
PCF of
polysaccharide- -0.059 0.375 -0.399  0.079 0.415 0.515 -0.621 -0.589 -0.027 -0.259 0.499 1.000

synthesizing bacteria
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mineralization 0.294 -0.373 -0.152  -0.608 -0.448 0.127 0.049 0.312 -0.654 0.141 -0.191 -0.059 1.000
activity, %
Tota;:’t'i‘\’/lii’)?'cal 0039 0773 0156 0944 0788  -0046 0101 -0.183 0775 -0.245 0.391 -0.035 -0.415 1.000
Humus content, % -0.099 -0.014 -0.338 -0.114 -0.052 -0.053 0.528 0470 0.029 0.382 0.134 0.532 -0.335 -0.231 1.000
Yield, t/ha -0.160 -0.587 0.135 -0.105 0.045 0.148 0.913 0.899 -0.329 -0.244 -0.052 -0.499 0.138 -0.079 0.320

Source: developed by the authors of this study

The content of humus is inversely correlated with
the physiological and biochemical activity of azotobac-
ter cells. Since both azotobacter, which can synthesize
melanins (Noar et al., 2018), and polysaccharide-syn-
thesizing bacteria are related to the synthesis of humus
molecules and take part in the formation of its resist-
ance to bacterial mineralization (lutinskaya, 1989), the
emergence of these connections is understandable.
The number of melanin-synthesizing bacteria in typical
chernozem has an inverse highly significant relation-
ship with the PCF of polysaccharide-synthesizing bac-
teria (r=-0.625). The share of melanin-synthesizing bac-
teria in the total number of microorganisms is inversely
correlated with the number of polysaccharide-synthe-
sizing bacteria (r=-0.597), the total number of microor-
ganisms (r=-0.543), and the PCF of polysaccharide-syn-
thesizing bacteria (r=-0.589).

The effect of mineral fertilizers, especially nitrogen
fertilizers, on the number of melanin-synthesizing bac-
teria and micromycetes indicates that the main mac-
roelements are necessary to reproduce representatives
of this valuable agronomic group of microorganisms
and their synthesis of melanins in natural soil condi-
tions. This is confirmed by observations of the growth
of microorganisms in monocultures. Thus, Reddy et al.
(2007) showed that the growth of Modestobacter ver-
sicolor sp. nov. in conditions of low content of nitrogen
compounds is accompanied by inhibition of melanin
synthesis. Therefore, the incertion of mineral fertilizers
into the soils of agrocenoses is necessary not only to
optimize the mineral nutrition of agricultural plants,
but to preserve and reproduce such an important factor
of potential soil fertility as the humus content.

Soil microorganisms take part in the synthesis of hu-
mus in three ways: 1) through the synthesis of melanins,
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2) the synthesis of exopolysaccharides and other sec-
ondary metabolites, 3) the synthesis of enzymes (Soil
Humus Formation, 2018). The highly significant nature
of the relationship between the content of humus and
the number of melanin-synthesizing bacteria (r=0.528)
and their share in the total number of microorganisms
(r=0.470) suggests that humus is formed mainly with
the participation of melanins of bacterial and not fun-
gal origin, which is also confirmed by the low inverse
correlation coefficients between the humus content
and the number of melanin-synthesizing micromycetes
(r=-0.052) and their share in the total number of fungi
(r=-0.053).Since a low inverse correlation coefficient was
found between humus content and the number of azo-
tobacter (r=-0.099), it can be assumed that melanins of
bacteria of the genus Azotobacter take a minor part in the
synthesis of humus molecules when growing sunflow-
ers on typical chernozem, but this is contradicted by a
sufficiently high correlation coefficient between humus
content and physiological and biochemical activity of
azotobacter cells (r=0.372). It is known that with a small
number of bacteria of a certain group, they can quickly
activate the synthesis of metabolites due to an increase
in the physiological and biochemical activity of cells
without increasing the number of cells, i.e., reproduction.

Earlier, lutinskaya (1989) showed that decompo-
sition products of microbial exopolysaccharides react
with humus molecules, resulting in the formation of
complexes more resistant to microbial degradation.
The obtained data confirmed the existence of a direct,
moderately significant relationship between the phys-
iological and biochemical activity of cells of polysac-
charide-synthesizing bacteria and the content of humus
(r=0.532), which reflects the increase in the resistance
of humus molecules to mineralization by autochthonous




microorganisms. This phenomenon contributes to the
accumulation of humus since the mineralization activity
of such polysaccharide-humate complexes decreases.
Between the content of humus and the number of
autochthonous (humus-degrading) microorganisms, a
moderately significant inverse correlation was found
(r=-0.338), which emphasizes the negative influence of
autochthonous bacteria on the accumulation of humus.
In addition, a moderately significant inverse correlation
(r=-0.335) was found between the humus content and
the activity of humus mineralization by soil microor-
ganisms, which is quite natural and is confirmed by the
results of previous studies (Malynovs'ka et al., 2021)
The analysis of the obtained data shows that the
number of polysaccharide-synthesizing microorgan-
isms has a direct correlation with the number of micro-
mycetes (r=0.757), melanin-synthesizing micromycetes
(r=0.627), and an inverse correlation with the number of
melanin-synthesizing bacteria (r=-0.477), their share in
the total number of microorganisms (r=-0.597), insignif-
icant connection - with the number of azotobacter. This
suggests that when there are such conditions in the soil
that melanins of micromycetes take a greater part in the
synthesis of humus molecules, the role of polysaccha-
ride-synthesizing bacteria becomes more significant.
The highly significant correlation coefficient be-
tween the number of melanin-synthesizing bacteria
(r=0.913), their share in the total number of microor-
ganisms (r=0.899) and the crop yield are noteworthy.
Perhaps this is a reflection of the constantly operating
mechanism of the influence of melanin synthesis on the
content of humus in typical chernozem, since the con-
nection between the synthesis of humus and the pro-
ductivity of agricultural crops is not so direct, it can be-
come direct only under conditions of long-term action.
It was previously shown that in grey forest soil,
closer relationships are formed between the humus
content and the number of melanin-synthesizing mi-
cromycetes (r=0.811) and their share in the total num-
ber of fungi (r=0.915), with the number of melanin-syn-
thesizing bacteria forming medium-Llevel relationships
significance (r=0.417), as with their share in the total
number of microorganisms (r=0.450). In typical cher-
nozem, the synthesis of humus is more influenced by
melanin-synthesizing bacteria, the physiological and
biochemical activity of azotobacter cells and polysac-
charide-synthesizing bacteria. Thus, the processes of
humus synthesis with the participation of melanins
take place in diverse types of soils according to various
patterns, depending on the agricultural methods used.

CONCLUSIONS

It was found that the main tillage and doses of min-
eral fertilizers affect the number of melanin-synthe-
sizing microorganisms in typical chernozem. The soil
upon ploughing at 25-27 cm is characterized by the
largest number of melanin-synthesizing bacteria, the
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average - upon shallow disc tillage at 10-12 c¢m, the
smallest number - when using No-till technology.

Application of mineral fertilizers in a dose of
N,.P.,K,s increases the number of melanin-synthesiz-
ing bacteria by 3.6 times (ploughing), 3.5 times (disk-
ing), and by 2.3 times - when using No-till technology.
The use of mineral fertilizers in a dose of N, P, K, .,
contributes to the growth of the number of mela-
nin-synthesizing bacteria by 5.0 times when ploughing,
5.8 times when disking, and 2.2 times when using no-
till technologies.

The maximum number of melanin-synthesizing
micromycetes is observed in the soil of the variant
without fertilizers when ploughing is used, the aver-
age number is observed when using the No-till tech-
nology, and the minimum number is observed using
disking. Application of mineral fertilizers in a dose of
NP, K., changes the pattern: the largest number of
melanin-synthesizing micromycetes is found in the
soil when using disking, while ploughing and no-till
technology reveal the same number of melanin-syn-
thesizing micromycetes.

The number of melanin-synthesizing bacteria
(r=0.528) and their share in the total number of microor-
ganisms (r=0.470) has the greatest influence on humus
synthesis in chernozem typical of sunflower cultiva-
tion. Melanins produced by azotobacter cells take part
in the synthesis of typical chernozem humus, which is
confirmed by the direct average correlation coefficient
between the humus content and the physiological and
biochemical activity of azotobacter cells (r=0.372).

Polysaccharide-synthesizing bacteria take part in
the formation of the resistance of humus molecules to
microbial mineralization, the probability of the forma-
tion of colonies of which has a moderately significant
relationship with the content of humus (r=0.532). In
the synthesis of humus molecules of chernozem typi-
cal for growing sunflowers, melanins of fungal origin
take a minor part, which is confirmed by the low inverse
values of the correlation coefficients between the hu-
mus content and the number of melanin-synthesizing
micromycetes (r=-0.052) and their share in the total
number of fungi (r=-0.053).

The study of the impact of agrotechnical and agro-
chemical factors on the processes of synthesis of mela-
nins, which are the precursors of humus molecules, has
the prospect of continuing, involving other agricultural
crops grown on typical chernozem, since the type of
agricultural crop substantially affects the course of
mineralization and synthesis processes in the microbial
community of the rhizosphere soil.
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AHorTauis. B 383Ky i3 3pocTaHHaM MacwTabis gerymidikauii rpyHTiB Bce Biibll akTyaNbHUMM CTalOTb LOC/iAXKEHHS
3aKOHOMIPHOCTE CMHTE3Y NnonepenHMKIB FyMyCOBUX MOJIEKY/ — MeNaHiHiB GakTepianbHOro MoxoLxeHHs. MeTa
[OCNIMKEHb MONArae B YCTAHOB/IEHHI BMAMBY Ha PO3MOBCIOMKEHHS MENAHIHCMHTE3YBaNIbHUX MIKPOOPraHi3MiB
OCHOBHMX YMHHWKIB arpoBMpobHMUTBA: CrMocoby OCHOBHOrO 06pO6ITKY FpPyHTY, MiHEpanbHOro ynobpeHHs,
BMAY CiNlbCbKOrOCNOAAPCbKOI KynbTypu. MeToam [LOCNISKEHHS: MiKpobionoriyHuiA, nabopaTopHO-aHANITUYHWUIA,
CTAaTUCTUYHUI, KOpensauiiHWiA. B pe3ynbTati npoBeLeHMX LOCNIAKEHD BNEpLUEe BCTAHOBMEHO, O OCHOBHMIA 06p06iTOK
IPYHTY BMJIMBAE HA YMCENbHICTb MENAHIHCUMHTE3YBalbHUX MiKpPOOPraHi3MiB: MiKpoMiLeTiB, 6akTepiii, a3oTobakTepa. Y
BapiaHTi 6e3 BHeCEHHS MiHEpanbHWUX A,0OPUB (KOHTPOJIb) MiHIMAIbHO KiNlbKICTHO MeNaHiHCUHTE3YyBabHUX BakTepii
XapaKTepu3yeTbCs I'PyHT 3a 3actocyBaHHs No-till-TexHonorii, Ha 28,8 % 6inblot - i3 3aCTOCYBAHHAM AMCKYBaHHS
iy 2,4 pa3a 6inbWwoto - 33 NnpoBeaeHHs opaHku. KinbKiCTb MenaHiHCMHTE3yBaNbHMUX MiKPOMILETIB y BapiaHTi 6e3
[0OpMB TAaKOX MaKCMMasbHa 3a 3aCTOCYBaHHSA OpPaHKM, CEpeaHs KinbKiCcTb cnoctepiraetbcst 3a No-till-texHonorii,
MiHiManbHa KiNbKiCTb — 32 BUKOPWUCTAHHS MINIKOro AUMCKOBOro obpobiTky. BHeceHHs MiHepanbHuX fo6puB y [03i
N, P, K . npu3BoauTb 00 30iNbLIEHHS YMCENbHOCTI MeNaHiHCMHTE3YyBaNbHUX GakTepii y BapiaHTi opaHku B 3,58

30" 30 "65
pasu, AMckyBaHHs - 3,53, No-till —TexHonorii — B 2,28 pa3u. 3pocTaHHs [03U MiHepanbHux nobpus no N . P, K

Cnpuse 30iNblUEHHIO YMCENBHOCTI MeNnaHiHCMHTe3yBaNbHMX OakTepii 3a opaHku B 5,04 pasa, 3a AMCK%all-lOEmu—o
5,78, 3a No-till-texHonorii - B 2,24 pa3a. CepeaHb0O3Ha4YMMMIN XapaKTep 3BA3KY MiXX BMIiCTOM FyMycy i UMCENbHICTIO
MenaHiHCMHTe3yBaNbHUX BakTepin (r=0,528) Ta iXHbOK YACTKOM Yy 3arafnbHil KinbkocTi MikpoopraHismie (r=0,470)
[103BONISIE 3p0OUTM BUCHOBOK MpPO Te, L0 Y YOPHO3EMi TUMOBOMY 32 BUPOLLYBAHHS COHSLLHMKY F'yMYC YTBOPHOETHCS, B
OCHOBHOMY, 33 Y4aCTi MeNaHiHiB 6akTepianbHOro NOXOMKEHHS. Y GOPMYBaHHI CTIMKOCTI MONEKYN ryMycy A0 MiKpOBHOT
MiHepanisauii npuiMalTb y4yacTb MeTabonitm nonicaxapuicuHTesyBanbHUX GaKTepii, BiporigHicTb GOpPMYyBaHHS
KONOHIM SIKUX MA€E CepefHbO3HAYMMMIA 3B>930K i3 BMicTOM rymycy (r=0,532). Pe3ynbtati UMx LOCNiOXKEHb MOXYTb
6yTU BMKOPUCTaHI Npu po3pobneHHi pekoMeHAaLiN LWOoAO PerytoBaHHS BMICTYy ryMyCy B arpo3eMax, 3anobiraHHs
MOro HaaMipHOT MiHepanisauii, Lo A03BONUTb 30eperTu Ta NiABULKMTU POAIOYICTb I'PYHTIB
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technology in sweet cherry plantations in temperate climates is substantiated. According to a set of indicators
of productivity formation, the yield of plantations of different designs was predicted. Namely, the scheme of
variety-rootstock combinations of intercalary placement, its length, and parameters of the growth complex
for plants were revealed; indicators of physiological activity, growth, productivity, fruit quality, and economic
efficiency in intensive sweet cherry plantations were determined. It has been established that the application
of this technology will increase yields and improve the quality parameters of sweet cherry fruits by developing
varieties with compact crowns, which will allow to compact the plantations. It has been analysed that climatic
conditions are the main factor in the process of harvest formation. A list of stress factors of temperate climate
that affect the yield of sweet cherries has been identified. It is proved that the introduction of clonal rootstock
technology is the most effective for growing intensive plantations of sweet cherries in a temperate climate.
Practically, the research aims to determine and test a set of elements of physiological indicators of the
potential yield of sweet cherry plantations of different designs, to introduce them into production and use
them in further breeding

Keywords: fruit trees; stone fruit plant; horticulture; yield; innovative methods of reproduction; optimal breeding

conditions

INTRODUCTION

Due to its agrobiological potential, Ukraine is a leader
in global sweet cherry production. Adaptive horticul-
ture is the leading principle of modern fruit produc-
tion, which considers the maximum of optimally dosed
factors of horticultural productivity. Currently, there are
many technologies for growing sweet cherries in tem-
perate climates. However, the disadvantage of most of
the technologies traditionally used in Ukraine for grow-
ing sweet cherries was the late entry of trees into com-
mercial fruiting and the complicated process of pro-
cessing large trees in the orchard. High yields of sweet
cherries are influenced by agronomic, management and
natural and climatic factors. In such conditions, the op-
timal technology for ensuring sweet cherry yields is the
use of small and medium-sized rootstocks in intensive
plantations of sweet cherries. Therefore, the study of
the effectiveness of rootstock technology implementa-
tion has been the most relevant topic in scientific in-
stitutions in recent years. The development of modern
technologies for growing fruit trees was carried out by
0.A. Kishchak and Yu.P. Kishchak (2021), T. Malyuk et al.
(2021),B.Gulko (2020),J. Blazek et al. (2022), P. Drogoudi
et al. (2020) and A.Kuden et al. (2022).

In recent years of independent Ukraine, agricul-
tural specialists tested numerous different rootstocks
and layouts of sweet cherry trees. However, the optimal
design of intensive plantations does not yet exist. The
design of such plantations is determined by the vari-
ety, rootstock, and crown shape, and all these factors
must be considered, as the determination of one affects
the performance of the other. The study of increasing
the yield of sweet cherries by rootstock of weak and
medium-sized trees was carried out by J. Lanauskas
et al. (2023). The design of plantations using this tech-
nology must meet certain standards: a straight trunk
and a developed root system, the trunk and root must
be healthy, the latter without significant distortions of
the root collar, rootstocks must be of the same age and

undamaged, with homogeneous species composition
and quality.

Organic technology, which is applied without the use
of synthetic chemical pesticides and mineral fertilisers, is
one of the innovative technologies in modern horticul-
ture, which was introduced by T. Herasko (2021). Based on
this technology, sweet cherries are grown by calculating
the balance of water regime, photosynthetic pigments,
leaf area and biochemical composition of the fruit. The
fruits of such cherries can be consumed without fear for
the health of children and adults; however, organic cher-
ries are not grown on an industrial scale because, from a
practical point of view, they are not very efficient.

Given the current economic conditions and the
development of gardening enterprises in Ukraine,
production volumes are characterised by the yield of
fruit crops. According to research by O. Kishchak et al.
(2020), 50% of fertile lands have shifted climatic zones
and desertification is observed in some central regions
of Ukraine, which will subsequently lead to significant
changes in fruit tree yields. Unseasonal frosts or too
warm winters and other negative natural factors affect
gross harvest rates. Therefore, the technology of sweet
cherry cultivation, which considers environmental com-
pliance or discomfort with certain weather factors, is
one of the important issues for researchers.

O. Alekseeva and P. Bondarenko (2021) proves that
the process of intensive cultivation of sweet cherries
using weak rootstocks should consider the physiological
structure of generative formations, their density and
number, the number of fruit buds on these formations,
the number of flowers on these buds. It is also indicated
that the length of the generative insert should be no
more than 30 cm, as it is under these conditions that
the greatest productivity potential can be predicted.

Considering the above-mentioned, the research
aims to study the effectiveness of clone grafting for in-
tensive gardening in the central region of Ukraine.
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MATERIALS AND METHODS

The field study was conducted at the farm in the village
of Chaplyka, Pavlohradskyi district, Dnipro region. The
climate of the study area is temperate continental, with
an average winter temperature of -5..-6°C, summer
temperature of +22...+23°C, with an average annual
precipitation of 400 to 490 mm, and northeast and east
winds. The soil of the study area is simple black soil
with a high percentage of fertility (Drobitko et al., 2022).

Two sweet cherry varieties were used in the study:
Valeriy Chkalov (early ripening) and Krupnoplidna
(late ripening) in a young plantation (3-6 vegetations).
The first variety forms vigorous trees with large fruits.
The second is a medium-sized tree with large fruits.
Both varieties have high commercial characteristics.
Seedlings of Magaleb cherry (Antipka) and Gisela 5
were used as rootstocks. The rootstocks of Magaleb
cherry seedlings make the trees vigorous and resistant
to drought and frost. The advantage of this rootstock
is a reduction in fruit ripening and an acceleration
of productivity after planting. This type of rootstock
is widely used in the formation of orchards because
of its ease of propagation, ease of budding and good
growth of grafting components. Gisela 5 is a rootstock
that reduces the vigour of tree growth, this type of
rootstock is most popular in Europe. Although the use
of Polish, Hungarian and American rootstock technol-
ogies in Ukraine does not allow for high yields in tem-
perate climates, Ukrainian researchers are conducting
studies to adapt these technologies to the Ukrainian
climate. The advantage of this technology is the good
growth of components at the grafting site and good
angles of skeletal branches, which produce small root
shoots. The growth vigour of trees grafted with Gisela
5 is reduced by 50%, and such cherries enter commer-
cial fruiting early with a high level of efficiency. Trees
become suitable for high-density and intensive plant-
ing. The disadvantages of this rootstock variant are
the risk of damage to early flowering by spring frosts,
the tree ages quickly due to high productivity, and the

tree needs additional support due to the reduced root
system and spindle-shaped crown.

The experimental study lasted for 1 year and had
two variants: studying the effect of inserts of Magaleb
cherry seedlings (Antipka) on the yield of cherry trees
of the Krupnoplidna variety and studying the effect of
Gisela 5 clone rootstocks on the yield of sweet cherries
of the Valery Chkalov variety. The experimental plots
had an area of 200 m? (5 m x 3 mand 5 m x 4 m, respec-
tively), with 10 trees on each plot.

Each of the trees was selected through pheno-
logical observations, and the main indicators of yield
prediction were also noted through these observations.
These indicators include stem circumference, crown pa-
rameters, number and length of shoots, degree of flow-
ering and useful ovary, the density of generative forma-
tions, average fruit weight and diameter. Leaf surface
area was also taken into account as one of the parame-
ters of the predicted yield, and the content of pigments
chlorophyll a and carotenoids b was determined using
a UNICO 2800 UVNVIS spectrometer. The length of the
intercalary in all variants was 20 cm. The agronomic con-
ditions of the research in all variants were identical. Sta-
tistical processing of the data obtained was carried out
using Agrostat New and Minitab 16 computer programs.

RESULTS

To create intensive sweet cherry plantations in temper-
ate climates, special attention should be paid to a com-
prehensive study of the main parameters of tree growth.
Specifically, budding height and planting depth, quality
of varieties, rootstocks, the density of varieties, types
of crown formation, degree of pruning, and water and
nutrient conditions. This study traced the interconnec-
tion of the elements of plantation design: variety and
rootstock combinations, layout, and tree crown shape.
Table 1 shows one of these parameters, namely, biome-
tric parameters of tree crowns and boles depending on
variety-rootstock combinations.

Table 1. Biometric indices of crown and bole formation in sweet cherries Krupnoplidna on Antipka rootstock
and Valery Chkalov on Gisela 5 rootstock

Crown projection area Crown area
The cross-
Root'stotck Varlet:(1 of sweet Plot size sectlofntil The utilisation The utilisation of
variants cherry area ot the Actual, m? of the feeding Actual, m? o
bole, m? o growth space, %
area, %
S5mx3m 2543 8.4 63 8.3 52
Antipka Krupnoplidna
5mx4m 326.7 8.8 80 9.8 59
5mx3m 167.3 9.1 86 9.7 57
Gisela 5 Valery Chkalov
5mx4m 198.5 10.2 73 10.7 69

Source: compiled by the authors
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In this study, when planting trees, the stem height
indicator was used at the level of 50-70 cm, which is
a standard value for industrial plantations. The Krupno-
plidnaya variety outperformed the Valery Chkalov vari-
ety in terms of the cross-sectional area of the stem by
almost 26%, and in terms of stem growth by 1.5 times,
indicating that the Krupnoplidnaya sweet cherry variety
was characterised by more intensive growth during the
study period. It was proved that the assessment of tree
growth vigour due to the development of living space
in terms of the projection area and crown volume was
8-11% higher in 5 m x 4 m plots than in 5 m x 3 m plots.
This suggests that the density of tree planting affects
stem growth by increasing the feeding area of trees. The
optimal tree height was 3.3-3.5 m, which was sufficient
to ensure optimal radiation exposure of the plantations,
and the row spacing was 5 m, which meets the estab-
lished standards for orchard spacing. According to the
indicators in Table 1, the allocated nutrition area for the
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5 m = 3 mtree layout is 10.5 m,and for the 5 m x 4 m lay-
out it is 14 m,i.e., the second variant of the layout is 19%
more efficient on average in terms of space utilisation.

The vegetative growth of trees in a year can be as-
sessed by the total annual growth of trees. This figure
includes the number of annual growths on a tree, the
average length of one growth, and the total length of
annual growth of trees. Given that sweet cherries have
a shoot-forming and shoot-regenerating ability of the
buds, the number of annual growths is less than that of
other stone fruit trees.

Therefore, for the cultivation of competitive in-
tensive plantations, the annual growth rate of a tree is
important. For stable, high-quality fruiting, which is en-
sured by the uniformity of fruit distribution throughout
the crown, it is necessary to replace overgrown wood
regularly.

Table 2 shows how the growth vigour changes de-
pending on the influence of clonal rootstocks.

Table 2. Annual growth of sweet cherry trees depending on variety and rootstock combinations
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Total annual growth
Rootstock Variety of ) The number of The average
. Plot size growths per tree,  length of one
variants sweet cherry 1 ha, thousand
pcs growth, cm of 1 tree, m
meters
5mx3m 163.6 39.6 64.8 43.2
Antipka Krupnoplidna
5mx4m 1914 45.6 87.3 436
5mx3m 1374 43.6 59.9 40.0
Gisela 5 Valery Chkalov
S5mx4m 173.2 438 76.3 38.1

Source: compiled by the authors

Thus, according to the data in Table 2, it is proved
that the insertion of mahaleb cherry seedlings (Antipka)
on one tree of the Krupnoplidna variety formed an av-
erage of 166.7 growths per vegetation period, which is
19% more than the insertion of Gisela 5 clone root-
stocks on trees of the Valery Chkalov variety. Comparing
the arrangement of trees inthe 5 m x 3 mand 5 m x
4 m plots, we can say that the formation of denser tree
crowns, less prone to bareness, was observed in the
5m x4 mplot.

For effective fruiting, the average length of one
growth should be more than 30 cm, a decrease in this
indicator indicates insufficient vegetative growth and
trees require pruning, and an indicator of more than
60 cm for tree growth is excessive, which leads to a de-
crease in the amount of fouling wood. In this study, the
average length of one growth is 37.5-45.6 cm, which
indicates a balance of growth and fruiting processes
in the plantations. The growth vigour of sweet cherry
trees depended to a small extent on the design of the
plantations. Namely, trees of the Krupnoplidna variety
had a total growth of 42.1-46.0 m/ha, and trees of the
Valery Chkalov variety had a total growth of 34.1-40.6

thousand m/ha. In the 5 mx4 m plot, the total annual
growth of the trees was 72.8 m, which is 21% more
than the total growth in the 5 mx3 m plot, where the
compaction of the plantations from 667 trees/ha to
1000 trees/ha reduced the annual growth by 24%.

The next indicator used to predict yields is photo-
synthetic activity. For trees grafted onto intercalators,
the energy they accumulate during photosynthesis is
used to form organs and crops. The process of photo-
synthesis fully depends on the area of the leaf plate on
the shoots. It was found that this indicator on the leaves
of bouquet branches was at the level of 43.7-45.5 cm?
and did not depend on the variant of rootstocks. During
the phenological observation, it was noted that sweet
cherries of the Krupnoplidna variety had slightly larger
leaves (70 cm?) than trees of the Valery Chkalov variety
(41 cm?). All the above factors affect the size of the leaf
surface, namely, its increase. Thus, the leaf surface area
of Krupnoplidna sweet cherry increased by 23% after
inoculation with Antipka, and that of Valery Chkalov by
21%. This increase in the number of leaves was due to
an increase in the number of growths on the tree and
the total annual growth (Table 3).

Scientific Horizons, 2023, Vol. 26, No. 8
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Table 3. Leaf area and leaf index depending on the planting design

Leaf area Leaf index, m? leaf area
Rootstock Variety of sweet p .
variants cherry lot size 1 tree. m? 1 ha, thousand, per 1 m? of crown per 1 m® of the
’ m? projection surface area crown area
5m x 3m 54.3 36.2 6.4 6.6
Antipka Krupnoplidna
5mx 4m 814 40.7 9.2 8.3
5m x 3m 53.5 35.7 5.9 5.5
Gisela 5 Valery Chkalov
5mx 4m 77.2 38.6 7.6 7.2

Source: compiled by the authors

Considering the leaf area of a 5 m x 3 m plant-
ing density of 667 trees/ha, this figure decreased by
20%, compared to a 5 m x 4 m plot with a density of
500 trees/ha. Leaf index refers to the level of leaf cov-
erage of tree crowns per unit projection area or crown
volume. This index is also 15% higher in the 5 m x4 m
layout, which is explained by better crown illumination
and a larger feeding area due to improved water and
nutrient conditions. Krupnoplidna sweet cherries have
a 1.2 times higher leaf index than Valery Chkalov sweet
cherries due to the more compressed pyramidal shape

of the tree crown. Thus, to improve yields, it is necessary
to form a sufficient leaf area.

The main photosynthetic pigments studied in this
experiment were chlorophyll a and b. The content of
the former in the leaves ranged from 3.50 to 5.50 mg/g
of dry matter, i.e., 57-62% of the total pigment content
in the dry matter of the leaves; and the content of the
latter was on average 2.8 times lower. The content of
carotenoids is 3.0 times lower compared to chlorophyll.
Such indicators correspond to the physiological opti-
mum of sweet cherries (Table 4).

Table 4. Content of photosynthetic pigments in sweet cherry leaves depending on tree crown zones

Rootstock Variety Plot size Chlorophyll a, mg/g Chlorophyll b, mg/g Carotenoids, mg/g
variants of sweet cherry periphery centre periphery centre periphery centre
5mx3m 4.35 5.50 1.46 1.93 1.54 1.77
Antipka Krupnoplidna
5mx4m 372 4.95 1.31 1.80 1.30 1.53
5mx3m 3.68 4.96 1.19 1.87 1.33 1.54
Gisela 5 Valery Chkalov
5mx4m 4.05 4.26 1.34 1.58 1.29 1.47

Source: compiled by the authors

As can be seen from Table 4, the ratio of chlorophyll
ato chlorophyll b averages 3.04,and 2.72 in the central
part of the crown. These values are within the physi-
ological norm for sweet cherries. However, there is an
increase in the proportion of b, which is an indicator of
the adaptation of shade leaves to low-light conditions.
According to the layout and rootstock variant, the Krup-
noplodnaya sweet cherry variety can be distinguished
ona5mx3mplot.Itis known that a lack of light leads
to a decrease in the thickness of the leaf blade and
the number of layers of mesophyll-containing chloro-
plasts. Therefore, the specific gravity of dry matter of
leaves from the crown periphery in this area averaged
75.1 g/m? leaf surface, which is 33% higher than that of
leaves in the crown centre. Thus, the increase in specific
gravity is due to the thickening of the leaf blade, not
the proportion of dry matter in the leaves. Thus, this
indicator proves that leaves with sufficient light levels
outnumber shaded leaves in terms of chlorophyll a and
b content, which allows compensation for the lack of
photosynthetic pigments in the central crown zones.

Scientific Horizons, 2023, Vol. 26, No. 8

This fact once again proves that the content of photo-
synthetic pigments and their ratio ensures the passage
of fruiting processes in sweet cherries.

Up to 80% of the sweet cherry fruit yield is formed
in bouquet branches, which are laid on branches of two
years and older, and the remaining 20% is formed at
the base of annual shoots. The formation of bouquet
branches is a long-term process that results in special
generative formations. The durability and productivity of
these formations depend on the factors discussed above
in this study: lighting conditions, photosynthesis rates
in leaves, and the age of the generative formation. The
analysis of the density of generative formations on the
wood of different ages in this study showed that the den-
sity of generative formations decreased with increasing
age. Thanks to this analysis, it was possible to estimate
the yield potential of the plantations. On average, 19.4
bouquet branches per 1 m were formed on two-year-old
wood, and 17.4 pcs/m on three-year-old wood, which is
10% less. Starting from the age of four, the number of
generative formations decreased by 31% (Table 5).
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Table 5. The density of bouquet branches on the wood of different ages
depends on the grafting option and placement scheme
Rootstock Variety Plot size The density of branches, pcs/m
variants of sweet cherry 2-year 3-year 4-year
5mx3m 19.0 17.5 10.5
Antipka Krupnoplidna
5 mx4 m 20.0 18.0 11.5
5mx3m 19.0 16.5 12.0
Gisela 5 Valery Chkalov
5mx4m 20.0 17.0 13.5

Source: compiled by the authors

Thus, as can be seen from Table 5, there are no dif-
ferences in the density of generative formations by root-
stock variant, only in the combination of Antipka and
Krupnoplidna, worse preservation of bouquet branches
was observed on a four-year-old tree compared to Valery
Chkalov sweet cherry,which is explained by the early rip-
ening of this variety and spring frosts that were recorded
during the experiment. According to the layout, it was
found that the 5 mx4 m plot had 14% more generative
formations at the age of two and three years than the
5 m x 3 m plot. On trees of four years of age, the density
of bouquet branches did not depend on the layout.

The last two indicators that show the formation of
the productivity of the varieties of these sweet cherries

are the number of flowers per generative bud and the
quality of the fruit. On average, the trees formed 2.77
flowers per fruit bud. Depending on this indicator, both
sweet cherry varieties showed a tendency to increase
yields in terms of fruit quality (Table 6). This suggests
that higheryields can be achieved by introducing clonal
rootstocks and by introducing cherry seedlings. Also, it
should be noted that the average fruit weight was 5%
higher in the 5 m x 4 m plot. These results confirm the
influence of the feeding area on fruit size. The fruits of
Krupnoplodnaya sweet cherry had an average weight of
7.3 g and 23.8 mm in diameter, and the fruits of Valery
Chkalov sweet cherry had an average weight of 10.4 g
and 28.0 mm in diameter.
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Table 6. Structure of predicted yields by rootstock variant and placement scheme

Rootstock Variety of sweet Plot size Number of bouquet Number of flowers per The yield of sweet
variants cherry branches, pcs fruit bud, pcs cherry plantations, t/ha
5mx3m 944.4 2.59 4.5
Antipka Krupnoplidna
5mx4m 789.6 2.60 5.1
5mx3m 1521.2 3.12 5.2
Gisela 5 Valery Chkalov
5mx4m 1146.3 3.19 5.5

Source: compiled by the authors

Thus, as can be seen from this research, both sweet
cherry varieties on Antipka and Gisela 5 rootstocks have
goodyields in temperate climates.According to a set of in-
dicators of actualand specificyields,it was proved that this
technology is optimal in improving fruiting performance.
The yield indicators obtained in this study meet not only
the requirements of the state standards of Ukraine in the
agricultural industry but also the international standards
of the United Nations Economic Commission for Europe.
Thus, this study proved that the genotype of the vari-
ety has the same influence on the physical parameters
of fruit quality as the construction elements of root-
stock plantations, intermediate inserts, and tree layout.

DISCUSSION

Today, the implementation of optimal agricultural prac-
tices requires improving the technical and organisational
capabilities of growing planting material in a shorter

time frame, while preserving the biological character-
istics of crops and varieties. Maintaining the potential
yield of plantations under current environmental condi-
tions is virtually impossible due to the uncontrolled im-
pact of these natural conditions on fruit yields. Therefore,
the entire process of plantation care should be aimed at
improving the production process of trees.
Achievements in the agricultural industry are frag-
mented, with some advanced studies assessing poten-
tial yields based on several factors: the intake and ab-
sorption of photosynthetically active radiation,moisture
availability of plantings, soil fertility and plant uptake
of nutrients, while some studies only consider the im-
pact of anthropogenic factors. This diversity in research
does not allow for the creation of a single technology
for realising the yield potential of plants. According to
S. Szilagyi et al. (2022) and H. Sarisu (2021), this pro-
cess requires a comprehensive study. For example, the

Scientific Horizons, 2023, Vol. 26, No. 8
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authors prove that the methodology of integral assess-
ment of the realisation of yield potential by breeds and
varieties is based on determining the degree of influ-
ence of individual weather factors on yield. That is, for
industrial agriculture, it is important to determine the
predicted yield based on a comprehensive analysis of
the elements of the yield structure or the process of
plant productivity formation.

This was the research aims - to predict the poten-
tial yield of the KrupnQoplidna and Valeriy Chkalov
sweet cherry varieties using clone rootstocks and Ma-
galeb cherry seedlings, where each of the rootstock
variants was used to adjust the potential of sweet cher-
ries, adapting it to temperate climate conditions and
increasing demand in the international market.

In contrast to traditional sweet cherry growing
technologies, the main requirements for rootstocks on
intensive planting trees, according to J. Ortega-Vidal
et al. (2021) and K. Németh-Csigai et al. (2023) is to
reduce the volume of crowns due to a decrease in tree
growth force, which will allow to compact the planting,
adapt to the soil and climatic conditions of the growing
area, increase the rate of fruiting and increase the yield
of high quality, simplify the reproduction procedures,
reduce root shoots and increase disease resistance.And
as this study proves, this technology successfully copes
with these requirements. This is confirmed by the high
predicted yields.

The main countries where the search for modern
technologies for growing cereals began were Germany,
the Czech Republic, the USA, Italy,and France. In Ukraine,
these technologies are just beginning to develop, but the
first results of their implementation are noticeable.

One such organic technology is implemented with-
out the use of synthetic chemical pesticides and mineral
fertilisers (Mero et al., 2023). T. Herasko (2021) proves
the effectiveness of this technology by studying the
impact of the physiological state of sweet cherries on
their yield. In his study, the author shows how the wa-
ter regime, the content of photosynthetic pigments in
the leaves and the biochemical composition of the fruit
affect yield indicators. Preserving the organic char-
acteristics of the soil is considered the basis of organic
technology in horticulture. Blackening contributes to
the maintenance of the soil in the garden, namely,
maintaining the required level of beneficial soil mi-
croorganisms, optimal soil temperature and moisture.
This study showed that after introducing sod in the
form of mowed natural grasses into the aisles of an
unirrigated garden, the soil cools down to 28°C, com-
pared to 37°Cin the control plot (black fallow), mean-
ing that the use of natural grasses as sod maintains
a moderate soil temperature, which allows for suffi-
cient moisture to be maintained. And the analysis of
biologically active substances in sweet cherry leaves
indicates that the content of sugars, titratable acids,
phenolic substances, ascorbate, and glutathione is

Scientific Horizons, 2023, Vol. 26, No. 8

preserved compared to those trees whose soil was not
subjected to sodding. The author notes that the use of
this technology is a concern for the environment and
healthy eating. In addition, this technology is aimed
at the European market, where organic sweet cherries
meet standards without the use of synthetic chemical
pesticides and mineral fertilisers. However, this tech-
nology is not used on an industrial scale in Ukraine
due to the lack of scientific research and the low effi-
ciency of this technique in terms of accelerating and
increasing sweet cherry fruiting. And the question of
the optimal soil maintenance system for an organic
orchard remains with the grower. Instead, the use of
rootstock technology allowed to increase the yields of
the Krupnoplidna and Valeriy Chkalov varieties.
Another technology that can be used in modern ag-
riculture to achieve predictable yields is seed stratifi-
cation. This technology makes it possible to control the
process of tree germination from the very beginning
and accelerate the time of seed maturation. In their
study, S. Tabakov et al. (2020) and R. Marini (2020) ap-
plied the stratification technology to such sweet cherry
varieties as bird cherry, Antipka cherry, and common
cherry. All these varieties are actively used for root-
stock technology, but before using them as rootstocks,
it is necessary to check their properties as cherries. The
stratification period for these cherries lasted 110-140
days for Bird cherry; 90-120 days for Antipka cherry;
120-180 days for common cherry. Stratification is the
process of internal ripening of stone fruit seeds, which
involves placing the seeds in a room with an average
monthly temperature of 4°C, pre-mixed with any sub-
strate (sand, sawdust, peat) and water. During stratifi-
cation, the seeds absorb moisture evenly, which helps
them to undergo internal maturation and germination.
The complexity of this technology is timely sowing, as
the germination process is rapid, and the weather con-
ditions must be suitable for the biological properties
of the seeds. The sweet cherry seeds were sown in au-
tumn and treated with growth stimulants: gibberellic
acid, cytokinin, ethylene, and thiourea. After the seed-
lings germinated in spring, they were placed according
tothe 7 m x 5 m scheme, the author of the article notes
the inappropriateness of such placement, because, at
an older age under such conditions, the trees will lose
50-60% of solar energy and nutrients, because cherries
slowly absorb the feeding area. The study of this article
proves that the 5 m x 4 m layout is more optimal for
better production of photosynthetic products by trees.
The creation of a sufficient area of the assimilation
apparatus is extremely important in the formation of a
high yield and quality of fruits. According to the studies
of E. Vignati et al. (2022), L. Kapoor et al. (2022), and
AJ. Simkin et al. (2020), with an increase in the ratio of
leaf area to the number of fruits on the tree, all indica-
tors of sweet cherry fruit quality increased. It is noted
that 32 ¢cm? leaf surfaces are required to increase the




weight of 1 g of fruit. The data obtained in the study
of the article confirm this fact, namely, the leaves of
trees in the 5 m x 3 m arrangement had 54% less leaf
surface area than the leaves of trees in the 5 m x 4 m
arrangement. Therefore, the compaction process should
preserve all the physiological properties of sweet cher-
ries, i.e., be reasonable.

The budding technology is becoming increasingly
widespread in the global nursery industry. This tech-
nology is based on replacing a part of the rootstock
bark with a part of the bark with a cuttings eye. This
can be done from early May to late August, regardless
of the degree of bark lag. This technology has gained
popularity due to its ease of implementation and high
scion survival rate. Scion survival is one of the most
important elements of the structure of plant productiv-
ity formation. High-quality budding results in a higher
survival rate of the eyes than in traditional rootstock
grafting. Thus, in the studies of T. Arsov et al. (2020),
sweet cherries, the rootstocks of which were treated
with the budding technique, gave high fruit quality in-
dicators. In modern market conditions, this indicator is
responsible for fruit size, colour, density, stem length
and taste. As noted above, the use of rootstock technol-
ogy allows the achievement of the predicted yield with
high-quality fruits, and the budding method will ensure
the assimilation of the rootstock by the trees.

CONCLUSIONS

Modern technologies for intensive sweet cherry culti-
vation involve considering all physiological processes
(occurring inside the plant) and external factors such
as climate, soil, and irrigation conditions. The transi-
tion to intensive sweet cherry cultivation, using weak
rootstocks on vigorous plant varieties and vice versa,
requires considering such technologies as thickening
tree layouts and developing varieties with high genetic

Shahini et al.

yield potential. Consideration of these patterns gives
the desired results in predicting sweet cherry yields.

Thus, it was possible to prove that both plant varie-
ties produced enough yield depending on the potential
of the variety. However, the trees of the Valery Chkalov
variety were characterised by a greater number of in-
crements and total annual fruit growth compared to the
Krupnoplidna sweet cherry variety. Trees of the variety
Valery Chkalov are characterised by greater vigour of tree
growth in terms of a set of indicators, however, in a few
years the crowns of such trees reach large sizes, become
branched and the quality of the fruit decreases. Sweet
cherries become smaller in diameter than is customary
in today’s market conditions, and profitability decreases
as a result. Thus, it has been proven that the use of Gisela
5 clone rootstock inserts balances the physiological
potential of the Valeriy Chkalov variety and maintains
high-quality fruiting. In turn, the Krupnoplidna variety
also showed a high fruiting potential (5.1 t/ha) with a
smaller amount of annual growth. This is explained by
the fact that under the influence of the insertion of Ma-
galeb cherry seedlings (Antipka), this variety begins to
bear fruit earlier than the Valery Chkalov cherry variety
and passes the age periods of tree development faster.

That is,under the conditions described in this study,
the natural potential of the varieties is somewhat ad-
justed, but the yield does not deteriorate. The prospect
of further research may be additional field studies over
several years to study the yield potential of these sweet
cherry varieties on the specified rootstock variants in
temperate climates.
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AHoTauif. AKTYanbHiCTb AOCNIMKEHHS 3yMOB/IEHA HEOOXiAHICTIO OMTUMI3aLii CMCTEM BMPOLLYBAHHS MNOLOBUX
KYNIbTYp 3 YpaxXyBaHHSAM NOroAHWX YMOB. MeTOI A0CNIAKEHb € BiANPALLIOBAHHS TEXHONOTIT WeNNeHH: IHTEHCUBHUX
HaCaXeHb YepellHi Ha Manux Ta cepepHix nigwenax. [poBiAHMM METOAOM Y AOCATHEHHI MeTU AOCNIAXKEHHS
CTaB nonboBui pocnif. OCHOBHUMYK pe3ynbTaTaMu LOCNIMKEHHS €: HaBeAeHO NPOBiAHI TEXHONOTI NiABULLEHHS
BPOXAWHOCTI COPTIB YepelLLHi 3aNeXHO Bifg BNAMBY CTpecoBunX hakTopis cepenosmLLa; 0BrpyHTOBAHO BUKOPUCTAHHS
TEXHONOrii KNOHOBOI NiAWENM B HACAMKEHHSAX YepeLlHi B YMOBaX MOMIipHOro KniMaTy. 3@ KOMM/JIEKCOM NOKa3HUKIB
(OpMyBaHHS NPOAYKTUBHOCTI MPOrHO3yBain BPOXKaMHICTb HACAAKEHb Pi3HUX KOHCTPYKLiN. A caMe, BUSIBNIEHO CXEMY
copToniglenHMX NOEAHAHb IHTEPKANAPHOro PO3MilLleHHS, MOro AOBXMHY Ta MapaMeTpu KOMMAEKCY poOCTy POCIUH;
BM3HAY€HO NMOKA3HUKM Pi3i0NOrivYHOI aKTUBHOCTI, pOCTY, MPOAYKTUBHOCTI, IKOCTi N10AIB Ta EKOHOMIYHOI ePeKTUBHOCTI
B IHTEHCMBHUX HACAMKEHHSIX YepelHi. BcTaHOBNEHO, WO 3aCTOCYBaHHS L€l TeXHONOrii A03BOAUTL MiABULLUTU
BPOXAWMHICTb T MOKPALLMTHM SKICHI MOKA3HMKM MIOAIB YEepeLLHi 338 paXyHOK BUBEAEHHS COPTIB 3 KOMMAKTHOK KPOHOH),
O [03BOMUTL YLLINbHUTU HacagkeHHs. [IpoaHanizoBaHo, Wo KAiMaTUYHi YMOBM € FONIOBHUM YMHHUKOM Yy NpPOLLeCi
(hopMyBaHH$ BpoXato. BU3HaueHo nepenik ctpecoBmx GakTopiB NOMiIPHOro KAiMaTy, WO BMMBAKOTb HA BPOXAMHICTb
yepeluHi. [loBeieHO, L0 BMNPOBAAKEHHS TEXHOOTIi KIOHOBOI NiAWenu € HaWbiNbl eeKTUBHUM AN BUPOLLYBAHHS
{HTEHCMBHMX HaCamXXeHb YepellHi B yMOBaX MOMipHOro knimaty. [lpakTMyHa MeTa OoCnigkKeHb — BUM3HAYEHHS Ta
nepesipka KOMMNAEKCY eneMeHTiB Gi3ioNoriYyHMX NoKasHUKIB NOTEHLIMHOI BPOXKANHOCTI HaCaAXKeHb YepeLLHi pi3HUX
KOHCTPYKLii, BNPOBAAXEHHS iX Y BAPOOHULITBO Ta BUKOPUCTAHHS B NMOAANbLUIN cenekuii

KniouoBi cnoBa: nnofoBi AepeBa; KiCTOYKOBA POC/AMHA; CaAiIBHULTBO; YPOXKaMHICTb; iHHOBALIMHI crnocobu
PO3MHOXEHHS; ONTUMasbHi YMOBM BUPOLLYBAHHS
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Methods used in the study: theoretical - analysis, synthesis, comparison and generalisation; experimental -
identification and measurement to determine the physicochemical, organic, grinding, flour-milling and baking
quality indicators of wholegrain wheat flour. Characterising the experimental data of different types of wholegrain
flour, it was established that the content of dry matter, crude protein, crude fat, crude fibre or fibres, mineral
content, and easily hydrolysed carbohydrates (starch, hemicellulose) were in the range of 84.7-88.8%, 10.2-16.3%,
0.9-1.7%, 2.3-4.8%, 1.2-3.2%, and 77.5-84.2%, respectively. Indicators such as ash content and flour size directly
depended on the grinding scheme and the integrity of all anatomical grain particles. The technology of wholegrain
wheat flour production combines the advantages of existing milling methods with minimising the adverse effect
on the qualitative and quantitative gluten content, which varied from 21% to 36% in wholegrain flour samples,
and the gluten deformation index ranged from 53.8 to 81.7 units. The materials of the study are of practical
significance and indicate the need for further research, since when assessing the quality indicators and examining
the characteristics of wholegrain wheat flour, attention should be devoted to the further development of optimal

technology for the production of bread from this raw material

Keywords: wheat grain; baking properties; nutritional value; gluten; chemical and technological parameters

INTRODUCTION

Changes in the structure of food consumption in
Ukraine and the expansion of the range of bakery, con-
fectionery and culinary products made from flour re-
quire a broader understanding of its quality indicators
and monitoring of the safety of food raw materials. More
and more caterers are opting for wholegrain bread as it
contains all the nutrients the body needs. The relevance
of the issue of providing high-quality wholegrain flour
is conditioned upon the current situation: a decline
in grain quality and the need to find new approaches;
development of technological methods and solutions
that allow producing raw materials with high consumer
properties. Wholegrain flour retains all the natural nu-
tritional value of grains and provides consumers with
important biologically active substances. According to
D.0. Zhygunov (2017), one of the biggest challenges
facing the flour and grains industry is the launch of new,
high-quality and safe products. The nutritional value of
wholegrain flour is about 12% protein; 2% fat, includ-
ing 0.4% saturated fatty acids; 70% carbohydrates, in-
cluding 2% sugar; and 1-2% fibre. M.F. Kravchenko et al.
(2022) report that the priority in the development of
functional grain products is using different crops with
chemical composition correction: buckwheat, oatmeal,
barley, rice, soybeans, which have high nutritional value
but still have low consumer demand. Currently, the “8
Grains” multicomponent bread mix is gaining popular-
ity in Ukraine, containing 56.4% soft wheat flour, 17.6%
barley flour, 14.1% oat flour, 3.5% rye flour, 1.4% buck-
wheat flour, 1.4% corn flour, 1.4% durum wheat flour,
1.4% rice flour, 1.4% millet flour, and 1.5% flaxseed.

D. Marchenkov et al. (2021) provide information
on modern flour production technologies, including
chemical bleaching, stabilisation and the addition of
preservatives and leavening agents, which reduce the
biological and nutritional value of bakery products by
extracting most vitamins, protein components, macro-
and microelements from grain raw materials. These
ingredients are mostly contained in the grain hull,

therefore, in high-grade flour, they are 2-3 times less.
0. Zakharchuk et al. (2023) state that in the production
of high-grade flour, more than 70% of electricity is
consumed by the grinding and decanting system since
conventional graded grain milling is based on the step-
wise mechanical separation of endosperm, germ and
hull. Refined flour has some adverse effects on healthy
eating, including weight gain, gastrointestinal diseases,
diabetes, reduced metabolism and gluten content.
According to O. Dragan et al. (2021), wholegrain
flour is produced only by grinding grain, thus all the
properties of grain are preserved, it can be rye, wheat,
multigrain, spelt, corn, barley, buckwheat, oat, rice, de-
odorised soya, flaxseed or any other specific purpose
flour, provided that the wholegrain part is crushed and
not sieved. Flour must correspond to the requirements
of international standards: ISO 5530-1:2013 (2013) and
ISO 5530-2:2012 (2012), which regulates the moisture
content, quantitative and qualitative gluten content,
falling number, ash content, whiteness, vitreous con-
tent, and percentage of the main nutrients. DSTU 2209-
93 (1993) applies to various types of flour, including
by-products and waste from flour milling. In addition,
the quality characteristics of wheat flour meet the re-
quirements of TC U (Technical Conditions of Ukraine)
10.6:30816688:001-202; wholegrain rye flour meets
the requirements of DSTU 8791:2018 (2018); multigrain
flour meets the requirements of TC U 15.6-13929625-
001:2011, usually a composition of wheat, oat, millet,
buckwheat, and rice. Wholegrain rice flour is gluten-free
and contains half the amount of crude fat, and helps to
normalise metabolic processes and improve memory
and brain function. Buckwheat flour contains a large
amount of crude protein, Zinc, and Copper. Wholegrain
flaxseed flour in bread production has enveloping prop-
erties that lead to the normalisation of stomach acidity.
O. Ivanishcheva & 0. Pahomska (2021) report on
promising developments in wholegrain flour technology:
Institute of Food Chemistry of the National Academy
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of Sciences of Ukraine - flour “Zdorovye”, according
to TC U 156-02128514-006-2005; 0JSC “Dobrodiya” -
wholegrain flour according to TC U 15.6-0092737-006-
2002; ASC “Zhmenka” - wholegrain fine flour “Extra”
according to TC U 15.636594696-001-2009. For the
domestic market, LLC “Grain Base of Ukraine” produces
coarse flour with a production capacity of 15 tonnes per
day, providing the population with high-quality food.

The purpose of the study is to evaluate the current
technologies for the production and quality monitoring
of wholegrain flour, which will lead to a new level of
the Ukrainian food industry and ensure increased prof-
itability in the bakery sector.

THEORETICAL OVERVIEW

Wholegrain flour is made from unhulled seeds that are
milled together with the hull and grain germ. Despite
the coarseness of the resulting product, it is called
wholemeal flour, or single-grind flour. In her work,
N.V.Vasylenko et al. (2018) state that to assess the qual-
ity of flour in practice, a classification is given that is
divided into 5 groups: general technological; physical
and technological; chemical and technological, indi-
cators of protein-protease and carbohydrate-amylase
complexes, physical properties of dough; baking indi-
cators and safety of raw materials.

A. Wéjtowicz et al. (2020) report that wheat flour is
classified according to the main biochemical and physi-
cal characteristics that determine nutritional value and
consumer value. The characteristics are determined by
the composition and structure of the flour particles and
the consumer (technological) benefit. Flour classifica-
tion is divided into types, species and grades. J. Lin et al.
(2019) describe the types of grain crops by biochemical
and anatomical characteristics used for flour production.
According to S. Ma et al. (2022), the main difference be-
tween wholegrain and varietal flour is that the former
contains bran and germ, while the latter consists only of
the kernel endosperm. The endosperm consists mainly of
starch and crude protein. Bran and germ consist of vita-
mins, minerals, crude protein, crude fat and crude fibre.
M. Gémez et al. (2020) estimated that wholegrain flour
contains carbohydrates, vegetable crude fibre, crude pro-
tein, crude fat, pectin, vitamins E, A, B, PP, H, Phospho-
rus, Selenium, Magnesium, Zinc, Ferrous, lodine, Sodium,
Calcium, Potassium, Chromium and Copper. Wholegrain
flour varies significantly from ordinary flour in terms
of its physical and mechanical properties and chem-
ical composition, as the germ, husk and endosperm are
milled together, thereby increasing the content of crude
fibre by 10 times, calcium by 2 times, phosphorus by 3
times, magnesium by 5 times, iron by 3 times, vitamin PP
by 3 times, and vitamins B, and B, by 2 times.

Wholegrain flour consists of large particles of grain
endosperm, fruit hulls and germs that are not uniform
in size; the size is limited by residues on wire mesh
sieves No. 067 to no more than 2%, silk fabric No. 38
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and polyamide fabric No. 41/43 PA to no less than 35%.
W. Gao et al. (2020) inform that an important indicator of
wholegrain flour quality is organoleptic characteristics
and crunch: colour - white with yellow or grey colour
and visible particles of seed hulls; crunch - the presence
of a sandy feeling on the teeth; smell - pleasant aroma,
in the presence of a sour or musty smell, it is concluded
that the flour may be old, spoiled or stored improperly;
taste - fresh, slightly sweet, without bitter or sour taste.
S. Pradana-Lopez et al. (2022), report that organoleptic
indicators are used to determine the degree of infesta-
tion, the presence of cobwebs, larval peel, if these signs
are not detected during the initial inspection, detailed
sieving is conducted. The qualitative standardisation of
flour in terms of ash content is established by the ratio of
bran to endosperm, as the germ contains much more ash
than the endosperm. The work of P. Skfivan et al. (2021)
found that for each type of flour, there are ash content
standards, not more than for: high-grade wheat - 0.55%,
semolina - 0.6%, 1st grade - 0.75%, 2nd grade - 1.25%,
sown rye - 0.75%, wholegrain - 1.45-2%.

Gluten is represented by a group of proteins found
in the stocks of wheat, barley, rye and oats. The bene-
ficial properties of wheat gluten include the presence
of 18 types of essential amino acids, including methio-
nine, lysine and threonine. According to A. Cappelli et al.
(2020), the percentage of gluten in wholegrain flour is
18-22%, in the highest grade - 32%, in the first grade -
30%, in the second grade - 25%. The quality of gluten
is determined by its firmness, elasticity and extensibil-
ity. Gluten is divided into three groups according to its
extensibility: strong (8-10 cm), medium (11-16 cm) and
weak (>16 cm). The flour falling number determines the
taste, volume and appearance of bakery products and
is measured by the mechanical impact of a laboratory
mixer that destroys starch at high temperatures. The
Grain X Hagberg-Perthen Falling Number Meter can be
used to quickly and accurately measure a-amylase ac-
tivity in flour, thus avoiding sprouting and enzyme ac-
tivity. The work of S. Navrotskyi et al. (2019) reports that
the optimal falling time, depending on the variety, is
260-280 s for whole wheat, 400 s for high-grade wheat,
350 s for first-grade wheat, 340 s for second-grade
wheat, 105 s for whole rye.

MATERIALS AND METHODS

The following methods were used to examine the qual-
ity of wholegrain flour: theoretical methods - analysis,
synthesis, analogy, comparison and generalisation; re-
search methods - identification and measurement to
determine physicochemical, organoleptic, milling and
baking parameters. The information base of this study
was established by regulations, food quality standards,
scientific and analytical materials of official publica-
tions. An essential task of the State Food and Consumer
Service of Ukraine is to track the flow of bakery food
products, protect consumer rights, control the safety




and quality of wholegrain flour, provide new methods
for establishing a single production cycle and improve
them. According to the FAO, national policies designed
to increase productivity, food security and supply are
therefore focused on the efficient use and processing
of grain raw materials.

The study included flour from different producers
made from soft wheat grain grown in 2020 in differ-
ent regions of Ukraine with an average crude protein
content of 10-14%. The object of the study was the
experimental samples of flour with a shelf life of 10
months, packed in paper bags of 1000+1.5-2% g: No. 1 -
wholegrain wheat flour of wholemeal mill grinding;
No. 2 - wholegrain wheat flour of wholemeal mill grade;
No. 3 - wholegrain wheat flour of spelt mill grinding;
No. 4 - wholegrain wheat flour of spelt mill grinding;
No. 5 - organic wholemeal wheat flour; No. 6 - whole-
meal wheat flour; No. 7 - special wholemeal wheat
flour; No. 8 — wholemeal mill flour; No. 9 - wholemeal
wheat flour. The requirements were set for the quality of
wholegrain flour supplied to the production process in
terms of the following indicators: technological - mois-
ture, colour, smell, taste, crunch, pest infestation, the
content of fine grain fraction; milling — moisture con-
tent, specific gravity, ash content, grinding, actual nu-
trient composition; baking properties - gluten content
and quality, falling number, dispersed composition.

The quality of wholegrain flour was standardised
according to the state standard DSTU 3768:2019 (2019).
To determine the commercial quality of wholegrain
flour, the following methods were used: sampling; col-
our and smell determination; percentage of dry matter.
The quality of wholegrain flour was measured by de-
termining the amount and quality of gluten, the glu-
ten deformation index (GDI) according to DSTU ISO
13690:2003 (2009) and according to DSTU 1SO 21415-
2:2009 (2009). Several special laboratory tests in biol-
ogy edited by V\V. Vlizlo et al. (2012) were used: total
nitrogen content converted to crude protein by the
Keldahl method; crude fat by the method of extraction
with organic solvents, crude fibre or dietary fibre; crude
ash, BEA (nitrogen-free extractive substances), which
are represented by a group of easily hydrolysed carbo-
hydrates). Mycotoxins are generated in many grains by
microscopic mould fungi that develop during long-term
storage. According to DSTU EN 12955-2001 (2001), the
presence of mycotoxins Aflatoxin, T-2 toxin, and deox-
ynivalenone (DON) was determined in wholegrain flour
using a Sunrise enzyme-linked immunosorbent assay.
Bread quality tests were performed to examine the
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functional activity of wholegrain flour: bread volume,
porosity, and specific volume of bread.

The results were analysed statistically, reliable con-
clusions were drawn and comparisons were made be-
tween the wholegrain samples. The data obtained on the
chemical composition of wholegrain flour was summa-
rised, and as a result, it was possible to draw fairly reli-
able conclusions about milling, storage conditions, the
safety of use, basic physical and chemical parameters,
commercial qualities, and characteristics of baked bread.

RESULTS

The quality of wholegrain flour is significantly influ-
enced by the processing technologies for different types
of grains, which are separated for mechanical process-
ing using millstones and rollers. Two technologies are
distinguished: the stone mill and the vertical mill. Their
essence is to grind grain between millstones of solid
stone. The advantage of these methods is the preserva-
tion of nutrients, natural taste and aroma, and a homo-
geneous end product. Grain threshing using two rollers
differs from the previous grain processing techniques
as it separates the grain into three parts - gluten, flour,
and bran - which are mixed in the required quantities.
The process of shredding with crushing rollers, while
retaining nutrients, is less efficient than other methods.

To increase the moisture content and saturation of
wholegrain flour, the grain is soaked and heat-treated.
The advantage of the maceration process is the reduc-
tion of anti-nutrients in the grain, such as phytic acid,
tannins or tannins, trypsin inhibitors and alkyl resorci-
nols. The presence of anti-nutrients in whole grains can
interfere with the normal absorption of nutrients. Mac-
eration - is the process of restoring grain by soaking it in
water, acid or alkaline solutions for a specific period and
then drying and milling it. Maceration is usually per-
formed at low or high temperatures and in the presence
of enzymes. Notably, maceration can increase flavour
intensity and improve aroma. Grain heat treatment - an
increase in the temperature of the raw material just
before milling using drying shafts, special ovens or
industrial dryers. Due to the different technical and
biochemical characteristics of different wheat varieties,
the parameters of hydrothermal treatment of wheat
grain vary from those of other crops, with the optimum
moisture content being 12-14%. The experiment deter-
mined the food parameters of wholegrain flour, such
as moisture content, gluten quality and quantity, fibre
deformation index (FDI), falling number (FN), and flour
size, the data are presented in Table 1.

Table 1. Quality indicators of the tested wholegrain flour samples

M Gluten EN Size, %
oisture , 3 -
No. Product name content,% o  Eplunits  S€ sieve sieve
’ No. 067 No. 38
1. Wholegrain wheat flour, mill-ground, wholemeal flour 12.64 274 81.8 375 6 60
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Table 1, Continued

. Gluten Size, %
No Product name Moisture FN, : ;
: content, % % EDI, units  S€€ sieve sieve
’ No. 067 No. 38
2. Wholegrain wheat flour of the wholemeal milling 13.16 21.2 713 333 0.4 49
3 Spelt wholegrain wheat ffllgtljrr,mlll-ground,wholemeal 12.45 6.5 856 188 3 56
4 Spelt wholegrain wheat flour for wholemeal milling 12.56 324 81.1 354 1 50
5 Organic coarse wholegrain wheat flour 14.24 24.8 68.1 311 - 30
6. Coarse wholegrain wheat flour 10.44 25.7 79.2 336 0.4 51
7 Extra coarse wholegrain wheat flour 13.2 234 75.9 330 - 50
8 Milestone wholegrain wheat flour 12.79 15.8 53.7 274 16 30
9. Wholegrain wheat flour 11.88 21.7 72.6 323 0.6 62

Source: compiled by the authors

The gluten content and FDI of wholegrain flour are
important in determining the structural and mechanical
properties of the dough and baking properties, which
are standardised at no less than 18%. The highest gluten
content was observed in flour samples 3 and 4 - 36.5%
and 32.4%, respectively. Therewith, in samples 1,5, 6 and
7,the gluten content was in the range of 24.8-27.4%, and
the lowest crude gluten content was observed in sam-
ples 2 and 9 - 21.2% and 21.7%. However, only one of the
flour samples, No. 8, contains a low gluten level of 15.8%,
which is not regulated by the standard. The qualitative
composition of gluten, expressed in conventional units
of FDI, varied according to the quantitative composition.
As a result of the evaluation of the tested samples of
wholegrain flour for moisture content, ash content, glu-
ten, size at the passage through sieve No.067,and size at
the passage through sieve No. 38, it was determined that
they were in the range of 10.4-14.2%, 1.1-1.6%, 21-36%,
0.4-16%, 30-62%, respectively.

It is recommended to evaluate the size of
wholegrain flour; the finer it is ground, the higher the

content of damaged starch grains, which are more
likely to be affected by enzymes, thus, the dough made
from wholegrain flour is more actively thinned, and the
bread produced has a sticky crumb and a smaller vol-
ume. The size of the coarse grinding of the upper part
of the flour is controlled by the residue on sieve No.067
and the passage speed on sieve No. 38. These indica-
tors differed significantly in the flour samples tested.
Thus, in samples 1 and 3, the percentage residue on
sieve No. 067 is within 3-6%, in sample 8-16%, and in
samples 2,4, 5, 6,7 and 9, within 0.4-1%. The percent-
age of fine flour that passed through sieve No. 38 was
highest in samples 1, 2, 3,6, 7 and 9, ranging from 50-
60%. Therewith, for samples 5 and 8, the content of the
respective fractions did not exceed 30%.

The chemical composition of flour depends on
the grain grade, climatic and agronomic conditions of
cultivation, flour grade and milling scheme, in particu-
lar, wholegrain flour is close to the chemical composi-
tion of the wheat grain from which it is made, as pre-
sented in Table 2.

Table 2. Chemical composition in absolute dry matter, %

No. Product name Protein Fat Fibre Ash NES
1. Wholegrain wheat flour, mill-ground, wholemeal flour 11.16 1.37 2.37 1.73 83.37
2. Wholegrain wheat flour of the wholemeal milling 15.83 1.07 2.43 2.59 78.08
3. Spelt wholegrain wheat flour for wholemeal milling 10.49 0.9 2.78 1.62 84.21
4, Spelt wholegrain wheat flour for wholemeal milling 13.72 1.14 3.65 2.13 79.36
5. Organic coarse wholegrain wheat flour 11.66 1.62 4.84 3.15 78.73
6. Coarse wholegrain wheat flour 16.33 1.22 2.76 1.17 7753
7. Extra coarse wholegrain wheat flour 14.26 1.64 2.35 2.79 78.96
8. Milestone wholegrain wheat flour 10.21 1.18 2.33 2.2 84.08
9. Wholegrain wheat flour 13.04 13 2.5 2.65 80.51

Note: NES - nitrogen-free extractive substances
Source: compiled by the authors
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Characterising the experimental data of
wholegrain flour, which is characterised mainly by
energy raw materials, containing 84.7-88.8% dry
matter, 10.2-16.3% crude protein, 0.9-1.7% crude fat,
2.3-4.8% crude fibre, 1.2-3.2% ash, 77.5-84.2% NES,
represented mainly by 65-75% starch. Therewith, the
average nutritional value of 1 kg of wholegrain flour
in terms of absolute dry matter is 1.35 feed oat units,
90-140 g of digestible protein, depending on the type
of flour. In addition, the chemical composition of flour
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depends on the composition of the grain from which
it is made and its grade. The higher the grade of flour,
the higher the starch content. The content of other
carbohydrates, and fat, ash and protein increases with
the grade of flour. In particular, wheat flour contains a
wide range of macro- and microelements: Phosphorus
(P), Calcium (Ca), Magnesium (Mg), Zinc (Zn), Ferric (Fe),
Copper (Cu) and other minerals that are important for
maintaining the vital functions of the human body, as
detailed in Table 3.

Table 3. Content of nutrients on an absolutely dry matter basis

No. Product name P.a/kg Ca,a/kg Mﬁ;’g/ Fe,kr;g/ Zn.k r;g/ Cu,k r;g/
1. Wholegrain wheat flour, mill-ground, wholemeal flour 3.66 0.5 3791 36.5 18.67 5.41
2. Wholegrain wheat flour of the wholemeal milling 392 04 37.01 37.03 19.91 5.96
3. Spelt wholegrain wheat flour, mill-ground, wholemeal flour 4 0.48 32.48 36.03 21.09 14.23
4. Spelt wholegrain wheat flour for wholemeal milling 4.23 0.54 39.78 36.79 22.54 19.65
5. Organic coarse wholegrain wheat flour 4.66 0.69 4144 4876 24.7 6.34
6. Coarse wholegrain wheat flour 3.57 0.57 39.76 38.25 18.29 6.55
7. Extra coarse wholegrain wheat flour 3.57 0.67 37.37 42.83 19.29 6.32
8. Milestone wholegrain wheat flour 31 0.54 32.27 4528 21.74 17.38
9. Wholegrain wheat flour 3.97 0.43 37.36 55.57 24.32 20.73

Source: compiled by the authors

Flour consists mainly of organic and a small amount
of inorganic (mineral or ash) substances, which are con-
centrated mainly in the aleurone layer, hulls and germ.
Characterising the experimental data on the macro-
and microelemental composition of different types of
wholegrain flour, it was established that it contains
Phosphorus - 3.1-4.7 g/kg, Calcium - 0.43-0.67 g/kg,
Magnesium - 32.4-41.4 g/kg,Ferrous - 36.5-55.6 mg/kg,
Zinc - 18.3-24.7 mg/kg, and Copper - 5.4-20.7 mg/kg.

There is a difference in mineral composition between
wholegrain flour varieties due to different milling and
conditioning techniques. Mycotoxins are poisonous
metabolic products of about 160 moulds that develop
on the surface of grain and feed. The most toxic is afla-
toxin B,, which has carcinogenic, teratogenic and muta-
genic effects. As part of the study, the safety of this food
raw material was assessed, as it is easily contaminated,
as presented in Table 4.

Table 4. Mycotoxin content (aflatoxin, DON, T-2)

No. Product name Aflatoxin DON, T-2,
(total), mg/kg mg/kg  mg/kg
1. Wholegrain wheat flour, mill-ground, wholemeal flour - 0.0005  0.001
2. Wholegrain wheat flour of the wholemeal milling - - -
3. Spelt wholegrain wheat flour, mill-ground, wholemeal flour - - -
4, Spelt wholegrain wheat flour for wholemeal milling - - -
5. Organic coarse wholegrain wheat flour - - -
6. Coarse wholegrain wheat flour - - -
7. Extra coarse wholegrain wheat flour - - -
8. Milestone wholegrain wheat flour - - -
9. Wholegrain wheat flour - - -
Standardisation according to 0.005 201 301

DSTU 3768:2009

Source: compiled by the authors
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The maximum permissible levels of mycotoxins
are: not more than 0.005 mg/kg for aflatoxin, not more
than 0.1 mg/kg for DON, not more than 0.1 mg/kg for
T-2. As a result of the experiment, it was established
that the sample of wholegrain wheat flour (wholemeal)

contains 0.0005 mg/kg DON, 0.001 kg/kg T-2, which
limits its use for baby food and pasta. No mycotoxins
were detected in the other wholegrain samples. The re-
sults of bread production from the tested wholegrain
flour samples are presented in Table 5.

Table 5. Physico-chemical characteristics of bread made from wholegrain flour

Bread volume, Specific bread

No. Product name om’ Porosity, % volume, cm/g
1. Wholegrain wheat flour, mill-ground, wholemeal flour 372 63.7 1.8

2. Wholegrain wheat flour of the wholemeal milling 432 66.3 2.1

3. Spelt wholegrain wheat flour, mill-ground, wholemeal flour 498 68.6 2.3

4, Spelt wholegrain wheat flour for wholemeal milling 515 72.1 2.5

5. Organic coarse wholegrain wheat flour 451 70.3 2.2

6. Coarse wholegrain wheat flour 585 72.7 2.7

7. Extra coarse wholegrain wheat flour 470 70.4 2.2

8. Milestone wholegrain wheat flour 260 474 1.3

9. Wholegrain wheat flour 447 68.9 2.1

Source: compiled by the authors

The baked bread was characterised by a developed
and uniform porosity, a deep and smooth crust surface
without side accents, and a pleasant taste and aroma.
Flour sample No. 6 was defined by the largest bread
volume of 585 cm?, high porosity of 72.7% and low ash
content, as the bran was separated and not mixed with
the flour during production. Flour samples No. 3,4 and
7 had a high bread volume and porosity of about 70%,
which was due to a high gluten content of more than
24% and flour size in the range of 50-56% when pass-
ing through sieve No. 38. Flour sample No. 8 did not
form a gluten crust, had the smallest volume of bread
among the tested samples, low porosity (47%) and the
lowest gluten level.

DISCUSSION

The flour examined was produced using stone and roll-
er milling methods. The grinding size is related to the
baking properties of the flour, its swelling rate and wa-
ter absorption capacity. The selected milling methods
have a significant impact on the quality of flour, espe-
cially wholegrain flour, the rheological properties of the
dough and the characteristics of the bread. The size of
the coarse grinding of the upper part of the wholegrain
experimental flour was controlled by the residue on
sieve No. 067 and the passage speed on sieve No. 38.
Uneven grain size can reduce the baking performance
of flour. According to J. Bressiani et al. (2019), the need
to standardise wholegrain wheat flour by size and esti-
mate the size of wholegrain flour particles from 194.9
to 830 um is emphasised. Higher-grade flours usually
have a more uniform particle size distribution (consist-
ing of particles of more uniform size and shape) than
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lower-grade flours. The particle size of high-grade flour
is between 30 and 40 microns, while wholegrain flour
is more commonly between 30 and 670 microns.

When preparing flour-based dishes, bakery and con-
fectionery products, the amount of flour used depends
on its moisture content, which is based on 14.5%. The
moisture content of the wholegrain flour samples was
within the permissible limits, with the highest value re-
corded in sample No. 7 at 14.2%. The research of J. van
Rooyen et al.(2022) demonstrated that soft wheat grain
is quickly saturated with water, but moisture content
characterises the nutritional value of the grain and its
suitability for storage and processing. Wheat is con-
sidered a suitable raw material for long-term storage
if it is stored in dry form and has a mass fraction of
dry matter of at least 86%. For long-term storage of
wholegrain flour, it is necessary to maintain a temper-
ature of 5-15°C and relative humidity of 60-70%, as
grain and flour storage is adversely affected by sudden
fluctuations in temperature and relative humidity.

Wholegrain flour produced using different milling
technologies differed significantly in organic quality,
thus, it is important to assess the FDI indicator. The
lower the FDI content, the stronger the gluten and
the shorter the stretch; the higher the FDI, the weaker
and more malleable it is. The gluten content of the
wholegrain flour samples ranged from 21% to 36%, with
the FDI ranging from 53.8 to 81.7 units. Therewith, sam-
ple No. 8 of wholegrain mill wheat flour demonstrated
an unusually low gluten level of 16%.J.C. Cancilla et al.
(2022) report that according to world standards, soft
wheat is regulated by classes: for class 1, the gluten
content is 30-32%, class 2 - 26-28%, class 3 - 22-23%,




and class 4 - 16-18%; and the FDI index for class 1, 2
of soft wheat ranges from 43-77 units, for classes 3 and
4 - 18-102 units. The gluten index of durum wheat by
class is 28% for class 1,25% for class 2,22% for class 3,
and 18% for class 4. The gluten index for durum wheat
should be in the range of 18-102 units. Bread produc-
ers have different approaches to the choice of raw
materials, some select high-quality wheat and spelt to
produce wholegrain flour, which is much more expen-
sive due to its significantly higher baking properties,
while others use cheaper flour. As described by J. Kuang
et al. (2022), the elasticity and resilience of dough de-
pends on the gluten content. The amount of gluten in
flour affects the protein value, organoleptic properties
of raw materials, keeping the form of semi-finished
products, and the preservation of the form of products
during drying and cooking. Flours with tearable gluten
are unsuitable for baking products with forms, such as
tubes or pasta, as these products boil quickly and do
not retain their original appearance. Food processors
distinguish three groups of flour by gluten: Group |
is defined by good quality - 45-75 units; Group |l by
satisfactory strength - 20-40 units; Group Il by unsat-
isfactory strength — 0-15 units.

The chemical composition of wholegrain flour was
examined for dry matter, crude protein or protein, crude
fat or lipids, crude fibre or fibres, minerals, and NES, but
particular attention should be paid to the carbohydrate
content. The total carbohydrate content corresponds to
the sum of crude fibre and NES, which is in the range of
79.8-89%, where non-starch polysaccharides are repre-
sented by crude fibre, and starch and sugar are repre-
sented by NES. According to CJ.Seal et al. (2021), grains
are a complex mixture of different forms of carbohy-
drates distributed in different amounts in grain frac-
tions, and the carbohydrate content in wholegrain flour
was in the range of 81.7-75.9%, starch - 55-60%, total
sugar — 3.5-4%, crude fibre - 2.1-3.3%.

Mineral elements have no energy value but are
important nutrients for the development and normal
functioning of the body. Minerals are concentrated in
the grain hull and are largely removed during conven-
tional milling, thus, monitoring macro- and microe-
lements in wholegrain flour is an important stage of
research. The macro- and microelement composition
of the experimental wholegrain flour was as follows:
Phosphorus - 3.1-4.7 g/kg, Calcium - 0.43-0.67 g/kg,
Magnesium - 32.4-41.4 g/kg, Ferrous - 36.5-55.6 mg/kg,
Zinc - 18.3-24.7 mg/kg and Copper - 5.4-20.7 mg/kg. Ac-
cording to the research of W. Biel et al. (2021), wholegrain
wheat flour is rich in minerals: Potassium - 15.8 g/kg,
Magnesium - 29.3 g/kg, Phosphorus - 40.4 g/kg, Fer-
rous - 20.6 mg/kg, Manganese - 170 mg/kg, Copper -
47.5 mg/kg, Selenium - 23.1 mg/kg, Zinc - 24.7 mg/kg.
Consumption of bread made from wholegrain flour covers
the needs for B,, B,, PP by one quarter, as the content of
these vitamins is B, - 19.8 IU, B, - 20.2 IU,PP - 26.7 IU.

Pismennyi et al.

Compared to conventional wheat, spelt contains
more protein, fat, fibre, vitamins and minerals, and the
nutrients in spelt are highly soluble in water, thus, be-
ing easily and quickly absorbed by the body. According
to the physical and chemical parameters of the bread,
sample No. 4 (wholegrain wheat flour milled from
spelt) was defined by a total volume of 515 cm?, po-
rosity of 72.1% and specific volume of 2.5 cm?/g. Fol-
lowing O. Pysarets et al. (2020), wholegrain spelt flour
is a valuable functional raw material in the technology
of bakery products production, but it has significant
differences in rheological properties from conventional
wheat flour, which is why it requires certain technolog-
ical measures to improve the quality of finished prod-
ucts. Products made from spelt flour have a smooth
surface, dark golden colour and regular shape, specific
volume of 2.4 cm’/g, and porosity of 68%. Spelt flour
dough takes longer to knead and has better stability,
but when heated, the dough weakens and thins out
more, which helps to keep it fresh longer.

To enrich bread and bakery products, it is recom-
mended to use a combined mixture of millet, buck-
wheat, oat flour, oat flakes and wheat germ. The in-
clusion of protein products in the dough increases
both the protein content and the content of minerals,
vitamins B and PP, which improves the quality of the
product, improves its organoleptic and physicochem-
ical characteristics, and extends the shelf life. As ar-
gued by L. Ghelardini et al. (2022), wheat germ flakes
in the amount of 8-12% by weight of wholegrain flour
increase the protein content by 22.8%, carbohydrate
content by 4 times, fat content by 3.5 times, and fibre
content by 15 times. Consumption of one such loaf of
bread per day will satisfy the daily requirement for vi-
tamins and minerals.

CONCLUSIONS

Ukraine’s bakery industry is one of the main sectors of
the food industry to ensure stable production of bread,
bakery and other flour products in volumes that meet
national food security standards. The benefits of con-
suming wholegrain flour have a positive impact on
health, as they help maintain normal gastrointestinal
function, and optimal blood sugar levels, and balance
the diet with essential ingredients. The popularity of
whole grains is growing every year,and more and more
people are actively including whole grain products en-
riched with dietary fibre, protein, vitamins and minerals
in their daily diet.

The monitoring of the Ukrainian market demon-
strated no significant differences in the quality of
wholegrain wheat flour, thus, a national standard
should be developed to enable its wider use in the food
industry and healthy food technologies. The analysis of
experimental data obtained from different types of ex-
perimental flour demonstrated that the content of dry
matter, crude protein, crude fat, crude fibre, minerals and
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NES was within the range of 84.7-88.8%, 10.2-16.3%,
0.9-1.7%, 2.3-4.8%, 1.2-3.2% and 77.5-84.2%, respec-
tively. The qualitative and quantitative gluten content
of wholemeal flour varies from 21% to 36%, and the
FDI ranges from 53.8 to 81.7 units. The results of the
safety assessment of this raw material demonstrated
that the sample of wholegrain flour (wholemeal flour)
contained DON - 0.0005 mg/kg, T-2 - 0.001 kg/kg,
therefore, it is restricted for use in baby food and

such as ash content and flour size specifically depend
on the milling method and the completeness of all
anatomical particles. For a more accurate assessment
of the quality of wholegrain flour, further research is
needed using various methods and relevant factors:
product composition, cooking methods, and taste pref-
erences. The quality of flour produced by different mill-
ing equipment differs in terms of nutritional, organic
and technical characteristics.

pasta, in particular, no mycotoxins were detected in
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Jocnip)XeHHs1 NOKa3HUKIB AKOCTi pi3HUX BMUAIB LifibHO3MeNIeHOoro 6opoLuHa

Oner Bonoaumuposuu MucbMeHHMIA
KaHaunaaT CinbCbKOrocnoaapCbKnx Hayk, AOLEHT
MUMKONAIBCbKMI HALLIOHANBbHUIA arpapHuUiA YHiBepCuTeT
54008, syn. leopria loHragse, 9, M. Mukonais, YkpaiHa
https://orcid.org/0000-0002-3338-3349
Hatania BonoagumupisHa HikoHuyk
KaHaunaaT CinbCbKorocnoaapCbKnx Hayk, AOLEHT
MUKONAIBCbKMI HALLIOHANBbHUIA arpapHuUiA YHiBepCuTeT
54008, syn. leopris ToHrag3se, 9, M. Mukonais, YkpaiHa
https://orcid.org/0000-0002-9425-2684
Harang MNetpisHa WeBuyk
HokTop ¢inocodCcbkux HayK, CTapLumMii BUKNa[au
MMKONAIiBCbKMIM HALLIOHANBbHUIA arpapHuUiA YyHiBepCuTeT
54008, syn. leopris ToHrag3se, 9, M. Mukonais, YkpaiHa
https://orcid.org/0000-0002-5845-2582
OneHa IBaHiBHa lMeTpoBa
KaHaunaaT CinbCbKorocnogapCbKnx Hayk, AOLEHT
MUKONAIiBCbKMI HALLIOHANbHWIA arpapHuUiA YHiBepCuTeT
54008, syn. leopris ToHragse, 9, M. Mukonais, YkpaiHa
https://orcid.org/0000-0001-8612-3981
Irop MukonaitoBuu Cupgopuka
KaHaomuaaT TeXHIYHMUX HayK, OOUEHT
MMKONAIBCbKMI HALLIOHANBbHWIA arpapHuiA yHiBepCuTeT
54008, syn. leopris ToHragse, 9, M. Mukonais, YkpaiHa
https://orcid.org/0000-0001-9647-1744

AHoTauis. KoHuenuis cy4acHoro xap4yBaHHa nepenbavyae HassBHICTb MaKCMMabHOI KifIbKOCTi MOXMBHUX PEYOBMH,
30KpeMa BiTaMiHiB, HE3aMiHHWX aMiHOKMUCOT, KAPOTUHOIAIB, NPUPOAHMUX aHTUOKCUAAHTIB, MiHEPANbHUX PEYOBWH,
(eHONbHUX Ta AYOUNBHMX CNOAYK, OPraHiYHUX KUCIOT, Xap4OBMX BOIOKOH, TOMY Xap4y0Ba NPOMMUCNOBICTb NPOSIBISE
BE/IMKMIA iHTEpPeC [0 pPO3pobKM LiNbHO3MENEHOrO 3epHa Ha OCHOBI 3/1AKOBUX KYNbTYp — MLWEHUL, XUTa, SYMEHIO,
TpuTiKane, rpeuku, Kykypyasu, pucy. MeTolo AOCHIAKEHHS € OLiHKa LinbHO3MeneHoro 6OpoLWHa 3a Cy4acHUX
BMPOBOHUYMX TEXHONOTIM Ta KOHTPOMb iX AKOCTI, WO NpM3BELYyTb 4O HOBOMO PiBHS PO3BMUTKY YKPAiHCbKOI Xap4yoBoi
NPOMUCNIOBOCTI Ta 3abe3neyaTsb NiABULLEHHS peHTabenbHOCTi 60poLIHOMEeNbHOI Ta XxNibonekapcbkoi ranysei. Metoau,
WO BMKOPMCTOBYBANUCL Yy NpoLEeCi AOCNILXKEHHS: TEOPETUYHI — aHani3y, CMHTE3Y, MOPIBHAHHSA Ta y3ara/ibHEHHS;
[OCNiAHI — ineHTUdIKaLIMHMIA Ta BUMIPIOBANbHUIA 3 BU3HAUYEHHS (Di3UKO-XiMIYHMX, OpraHiuyHmMX, NoapiOHIOBANbHMUX,
H6OpOLLIHOMENBHUX 1 XNTiboNeKapCbKMX NOKA3HMKIB IKOCTI LiIbHO3MENEHOro NieHUYHOro 6opoLuHa. XapakTepm3yun
eKcnepuMeHTanbHi AaHi Pi3HUX BUAIB LiNbHO3MeNeHoro 60poLlHa, BCTAaHOBNEHO, O BMICT CyX0i PeYOBMHU, CUPOrO
NpoTeiHy, CMPOro XMPY, CMPOi KNITKOBUHM ab0 BONOKOH, MiHEPanbHOI YaCTUHM, NErkoriaponi3oBaHNX BYINEBOAIB
(kpoxmanb, remiuentonosa) sHaxoamnmca B Mmexax 84.7-88.8 %, 10.2-16.3 %, 0.9-1.7 %, 2.3-4.8 %, 1.2-3.2 %, 77.5-
84.2 % BinnoBigHo. Taki NOKAa3HWUKM, K 30/1bHICTb | KPYMHiCTb BopoLUHa, 6e3nocepenHbO 3anexant Bif, CXxeMu nomeny,
LiNICHOCTI BCiX aHaTOMiYHMX YAaCTMHOK 3epHa. TexHonoris BUPOOHMLTBA LiNbHO3MENEHOro MWEHUYHOrO HopoLHa
NOEAHYE NepeBaru iCHy4Mx cnocobiB NomMeny 3 MiHiMi3aLi€lo HeraTMBHOIO BMIMBY HA SKICHWI M KiNbKiCHWI BMiCT
KNenKOBUHM, 30KPEMA Y 3pa3Kax LiibHO3MeNleHoro 6opolLlHa BiH BapitoBaBca Bif 21 % no 36 %, iHoekc gedopmadii
KnenkosuHu - BiL 53.8 no 81.7 oaMHMuUb. MaTepianu CTaTTi CKNaAarTb NPAKTUYHY 3HAYMMICTb M BKa3ykTb Ha
HeoOXiLHICTb MOAANbLUMX AOCNIAXKEHb, TOMY L0 NPOBOAAYM OLiHKY MOKA3HMKIB SKOCTi Ta BUBUMBLLM XapaKTEPUCTUKM
LiiNbHO3MENEHOro MieHUYHOro 6opoluHa Tpeba 3BEpHYTM yBary Ha nogasnblly po3pobKy ONTUMAsbHOI TEXHONMOTI
BMPOOHMLTBA XNiba 3 AaHOi CMPOBUHU

KniouoBi cnoBa: 3epHo niueHuLi; xnibonekapcbki BNACTUBOCTI; XapyoBa LiHHICTb; KIEMKOBMHA; XiMiKO-TEXHONOTIYHI
NMOKa3HMKM
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(Limagrain), ES Bella (Euralis Semans) and NK Rocky (Syngenta) were investigated. Each of these plants is listed in
the State Register of Plant Varieties of Ukraine. The methods used in this research work include the production
method, weighing and measuring, visual, laboratory and chemical, and mathematical. It was determined that
the best indicators of productivity and economic characteristics are observed in three hybrid species, namely
Ukrainian F1 (the best morphological characteristics, the highest weight of 1000 seeds, and hulling level), NK
Rocky (Syngenta) (the highest percentage of fat and oil yield per 1 ha) and P62LL109 (Pioneer) (the highest weight
of seeds per basket and bulk weight, the lowest hulling level, the highest yield). This may be useful for agricultural
enterprises that may be interested in growing new sunflower hybrids with improved productivity and economic
characteristics. The results of the study may become an impetus for further research of existing and creation of

new sunflower hybrids that will be most useful for agricultural development

Keywords: southern chernozems; agriculture; grain profitability; early ripening group; oil content; yield

INTRODUCTION
The development of new varieties and uninterrupted
production of sunflower seeds and other oilseeds, both
in Ukraine and globally, is still a pressing issue, given
the wide range of factors, including the significant de-
mand for raw materials needed for oil production; cli-
mate and weather changes; and changes in the struc-
tural components of phytocoenoses. It is also important
to consider the adaptive capacity of certain varieties or
hybrids and, of course, the active spread and develop-
ment of plant diseases and pests inherent in sunflowers.

Studies on similar issues were analysed to better un-
derstand the level of progress in this area of research.
O.Andriienko et al. (2020) examined the impact of sowing
density on sunflower yield in the Zaporizhzhia region. The
results of the study showed that in years with favourable
weather,yields increased by 8.6% with an increase in sow-
ing density from 40,000 to 70,000 plants per hectare. In
years with unfavourable weather,increasing planting den-
sity had no significant effect on yield (Tymchyshyn et al.,
2021). In addition, it was found that different sunflower
varieties respond differently to changes in sowing density.

O. Andriienko and K. Vasylkovska (2020) stud-
ied the effect of plant density on sunflower yield in
farms in the Kirovohrad region. The results showed
that the optimal planting density of sunflowers in the
Ukrainian steppe depends on the specific hybrid and
year of cultivation. But, in general, 40-45 thousand
plants per hectare is optimal.

It is also worth considering the results of a study
conducted by S. Kalenska et al. (2020) on the morpho-
logical characteristics of plants and yields of sunflower
hybrids in the northern part of the forest-steppe zone
of Ukraine. The results show that rainfall and high tem-
peratures during the growing season had a positive
effect on the yield of hybrids. In addition, correlation
analysis showed that plant height had a strong positive
relationship with yield, while the number of seeds per
head had a moderate positive relationship.

V.M. Lukomets et al. (2021) studied current trends
in sunflower breeding and genetic improvement. Atten-
tion was paid to the main achievements in sunflower
breeding, in particular high-yielding hybrids, varieties
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with high resistance to diseases and pests, as well as
hybrids with improved seed and oil qualities. Modern
breeding methods and the use of genetic engineering
to improve sunflower characteristics are also described.

It is also worth considering the study by
H.V. Pantsyreva (2020), which investigated the peculi-
arities of the formation of legume productivity. The re-
sults of the data analysis showed that in the Ukrainian
right-bank forest-steppe and steppe regions, the high-
est productivity of legumes can be achieved by using
fertilizers and certain cultivation methods. For exam-
ple, the use of large amounts of nitrogen has a posi-
tive effect on crop productivity, while a decrease in the
amount of fertilizer leads to a decrease in yield.

The practical significance of the results lies in the
fact that high-quality seed has a significant impact on
the productivity and personal quality characteristics of
a particular sunflower hybrid, which is economically
beneficial for every agricultural enterprise in Ukraine
(Nesterchuk, 2017; Shahini et al., 2022a). The research
subject is the determination of the processes of sun-
flower productivity formation in the climatic and ge-
ochemical conditions of the Kherson region. The re-
search aims to study the influence of hybrids’ biological
properties on the level of plant quality and yield and
the quality of sunflower seeds. To achieve the goal of
this study, the following tasks were defined: to evaluate
the existing varietal and hybrid composition of sun-
flowers in terms of compliance with the complex action
of biotic and abiotic factors, as well as to determine
the potential of their productivity, study the effect of
the length of the growing season on the long-term im-
provement of the technical qualities of sunflower and
increase the productivity of this plant; to determine
the effect of vegetation density on the duration of the
growth and development phases of sunflower; to study
the effect of individual biological properties of certain
sunflower hybrids on quality indicators and yield.

MATERIALS AND METHODS

The research was carried out both in the field and in the
laboratory on the territory of the Kopani experimental




farm, Kherson region. Field studies were conducted in
2021 in the fields of the northern part of the Kherson
region and the area of the sown plot of southern
black soil was 100 m% The area of the accounting
plot was 50 m2 The studied sunflower hybrids were
planted in four rows in a continuous arrangement
on one experimental plot. The average seed density
was chosen namely 45 thousand units per 1 hectare.
The sunflower’s predecessor was cereals, in particular
winter wheat. Mathematical processing of the results
obtained in the course of the work was carried out
according to the Student’s criterion and using a com-
puter program called Agrostat.

The research objects were selected sowing materi-
als of early ripe hybrids of sunflower plants,namely: ES
Bella (Euralis Semans), NK Rocky (Syngenta), P62GG109
Pioneer (Classic), LG5377 (Limagrain) and Ukrainian F1
(All-Ukrainian Scientific Institute of Selection). Each of
the selected hybrids is listed in the State Register of
Plant Varieties of Ukraine and is adapted for active
cultivation.
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Description of the hybrids used in the study:

Ukrainian F1 (Control). Features: the originator of
the variety is VNIS (All-Ukrainian Scientific Institute
of Selection). Ukrainian F1 belongs to the early ripe
sunflower hybrids. The vegetation period ranges from
103 to 109 days inclusive, which allows farms to grow
this hybrid throughout Ukraine. The main advantage of
the Ukrainian F1 plant hybrid is its rapid and intensive
development in the initial stages of its growth, also
known as a quick start. These hybrids can accelerate the
development of their root system, while at the same
time absorbing the maximum amount of nutrients and
moisture dissolved in the soil (Neshev et al., 2022). Sub-
sequently, this provides the plant with increased resist-
ance to stress. Data on the main characteristics of the
hybrid are presented in Table 1.

Recommended plant density for sunflower harvest-
ing: 1. Under moderate moisture conditions: from 50 to
55 thousand/ha. 2. Under adequate moisture conditions:
from 65 to 70 thousand/ha. Data on the hybrid’s resist-
ance to diseases are presented in Table 2.

Table 1. Main characteristics, morphology, and agronomy

Origin

Ukrainian Scientific Institute of Breeding

Vegetation period

From 103 to 109 days

Crop height

From 172 cm to 180 cm

Qil contents

From 49% to 52%

Ripening group

Early ripening

Capitula diameter

From 21 cmto 25 cm

Capitula angle Semi-angled
Shedding resistance High
Drought resistance High
Yield potential 5.2 t/ha
Hybrid type Trilinear
Capitula type Convex

Source: compiled by the authors

Table 2. Disease resistance

Phomopsis Botrytis cinerea Pers.  Puccinia helianthi Schw. Sclerqtlca e ) Plastopara helianthi
sclerotiorum Sass. Hov.
7 marks 7 marks 9 marks 7 marks 7 marks 7 marks

Source: compiled by the authors

These hybrids also can accelerate the development
of their root system, while at the same time absorbing
the maximum amount of nutrients and moisture dis-
solved in the soil. Subsequently, this provides the plant
with increased resistance to stress. NC Rocky (Syngenta).

Commercially known as NK Rocky. L-linoleic type of oil
content. The highest yields are observed in the early ma-
turity group. This indicator does not decrease in the later
stages of sowing (Dosio et al., 2023). Data on the main
characteristics of the hybrid are presented in Table 3.
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Table 3. Main characteristics, morphology, and agronomy

Origin Syngenta
Vegetation period 105 days
Crop height From 150 to 160 cm
Oil contents 53%

Ripening group

Early ripening

Drought resistance 8 marks
Yield potential 5t/ha
Herbicide protection system Traditional
Hybrid type Simple

Source: compiled by the authors

Recommended plant density for sunflower harvest-
ing: 1. Under insufficient moisture conditions: from 35
to 40 thousand/ha. 2. Under adequate moisture condi-
tions: from 45 to 55 thousand/ha. Data on the hybrid’s
resistance to diseases are presented in Table 4.

It is worth noting that if a farm wants high sun-
flower yields in the long term, it is necessary to place
the plants in rows evenly and take care of the plants

according to approved sowing technologies, namely,
to observe crop rotation, effectively control weeds and
pests and prevent thickening of crops.

LG5377 (Limagrain). The originator of LG5377 is the
French company “Limagrain’. It is a hybrid with high yield
potential. The high weight of 1000 seeds help to increase
yield and product quality (Céccoli et al., 2022). Data on the
main characteristics of the hybrid are presented in Table 5.

Table 4. Disease resistance

Sclerotica sclerotiorum of stem Sclerotica sclerotiorum of capitula Phomopsis
8 marks 8 marks 7 marks
Source: compiled by the authors
Table 5. Main characteristics, morphology, and agronomy
Origin Limagrain

Vegetation period

97 days

Height

From 150 to 160 cm

Qil contents

49%

Ripening group

Early ripening (up to 100 days)

Capitula diameter

From 15 to 19 cm

Mass of 1000 seeds

From 70 to 75 gr

Yield potential 4.9 t/ha

Initial growth energy 9 marks
Herbicide protection system Traditional

Yield stability 8 marks

Stress resistance 8 marks

Hybrid type Simple;

Resistance to Orobanche cumana Wallr. None
Cold resistance 9 marks

Source: compiled by the authors

Recommended plant density for sunflower har-
vesting: 1. Under insufficient moisture conditions:
from 45 to 55 thousand/ha. 2. Under adequate
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moisture conditions: from 50 to 60 thousand/ha.
Data on the hybrid’s resistance to diseases are pre-
sented in Table 6.
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Table 6. Disease resistance

Phoma betae Sclerotium Phota Sclerotica Sclerotica sclerotiorum Phomopsis Plastopara helianthi
Frank. bataticola Taub. oleracea Sass. sclerotiorum of stem of capitula P Hov.
7 marks 8 marks 8 marks 8 marks 9 marks 9 marks 9 marks

Source: compiled by the authors

Hybrid LG5377 is characterized by resistance to
stress and moisture deficit, which makes it popular
among farmers who grow sunflowers in conditions of
water shortage. LG5377 is also highly resistant to lodg-
ing and disease. P62LL109 (Pioneer). The P62LL109

sunflower hybrid is high-yielding and disease resistant.
In addition, the high oil content of this hybrid makes
it suitable for growing for use in the food industry
(Ahmed et al., 2021a). Data on the main characteristics
of the hybrid are presented in Table 7.

Table 7. Main characteristics, morphology, and agronomy

Origin Pioneer
Crop height From 150 to 160 cm
Oil contents 50%

Ripening group

Average-ripening

Mass of 1000 seeds

From 40 to 60 grams

Vegetation period

From 95 to 105 days

Drought resistance 8 marks
Yield potential 5 t/ha
Resistance to Orobanche cumana Wallr. A-E
Growth technology Traditional
Hybrid type Simple

Source: compiled by the authors

Recommended plant density for sunflower har-
vesting: 1. Under insufficient moisture conditions:
from 45 to 55 thousand/ha. 2. Under adequate

moisture conditions: from 50 to 60 thousand/ha. Data
on the hybrid’s resistance to diseases are presented
in Table 8.

Table 8. Disease resistance

Phota oleracea Sass.

Phomopsis

Sclerotica sclerotiorum dBy.

6 marks

7 marks

7 marks

Source: compiled by the authors

Excellent adaptability to different soil and weather
conditions allows this hybrid to perform well in any re-
gion, and the low number of leaves on the P62LL109
plant allows for a higher sowing density. ES BELLA
(Euralis Semans). ES Bella hybrid is one of the most

productive sunflower hybrids on the market. It has high
resistance to Orobanche cumana Wallr and diseases, mak-
ing it the best option for growing in the southern regions
of Ukraine (Andriienko et al., 2020). Data on the main
characteristics of the hybrid are presented in Table 9.

Table 9. Main characteristics, morphology, and agronomy

Origin

Euralis Semans

Vegetation period

From 100 to 105 days

Crop height

From 150 to 160 cm

Qil contents

From 49% to 51%

Ripening group

Early ripening

Capitula diameter 22 cm
Capitula angle Downwards
Drought resistance 8 marks

Scientific Horizons, 2023, Vol. 26, No. 8
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Table 9, Continued

Origin

Euralis Semans

Yield potential

5.3 t/ha

Resistance to Orobanche cumana Wallr.

Highest in the early-ripening segment (A-G++)

Hybrid type

Moderately intense

Source: compiled by the authors

Recommended plant density for sunflower har-
vesting: 1. Under insufficient moisture conditions:
from 55 to 60 thousand/ha. 2. Under adequate

moisture conditions: from 60 to 65 thousand/ha.
Data on the hybrid’s resistance to diseases are pre-
sented in Table 10.

Table 10. Disease resistance

Sclerotinia sclerotiorum

Phomopsis

Phota oleracea Sass.

8 marks

8 marks

9 marks

Source: compiled by the authors

The ES Bella hybrid is of interest for oil production
due to its high oil content. It is characterized by maxi-
mum yield potential and a quick start.

A biochemical soil analysis was conducted on
a 100-hectare plot at the Kopani Research Farm in
Kherson Oblast. The results of the analysis showed that
the site has chernozem soils, which differ from cher-
nozem soils in other areas of the Kherson region. A high
nitrogen (N) content of 190 mg/kg was found in the
soil of the experimental site. This indicates that the use
of nitrogen fertilizers may be necessary, but there is a
risk of weathering of the humus layer and groundwater
contamination if the norm is exceeded.

In general, the soils of the experimental plot have
sufficient nutritional value, average biochemical com-
position, and favourable conditions for growing vari-
ous crops.

However, additional fertilization and soil fertility
improvement measures may be required to improve
sunflower cultivation at this site.

The following fertilizers were used to grow sun-
flowers on southern black soil:

1. Ammonium. They contain a large amount of ni-
trogen, which is essential for plant growth. Ammonium
fertilizers can be used in granular or powdered form,
and they dissolve quickly in the soil. In this case,ammo-
nium nitrate was used.

2. Potash. Potassium is necessary to maintain plant
resistance to stressful conditions and increase yields.
Potassium chloride was used in this study.

3. Phosphorus. Phosphorus is an essential element
for plant root growth. In this experiment, superphos-
phate was used.

It is worth noting that sunflower’s need for fertilizer
can vary depending on weather conditions (Shahini et al.,
2022b). For example, if the soil is wet, the amount of cer-
tain macro-and microelements available to the plant may
decrease, so more fertilizer may be needed in this case.
Also, if there is a drought during the sunflower growing
season, the plants may need additional irrigation to en-
sure normal growth and development (Aslam et al., 2021).

As for the fertilization scheme, fertilizers were ap-
plied according to the needs of the plant and its growth
stage, by hand. During this study, three fertilizations
were carried out. The first application of fertilizer was
made 21 days after planting. Nitrogen fertilizers, such
as ammonium nitrate, are most effective at this stage.
The second fertilization is carried out at the stage of
tassel formation (early July). Potash and phosphorus
fertilizers were applied. The third feeding was carried
out at the stage of seed growth (early August). In this
case, potash fertilizers were used. The fertilizer appli-
cation rates per hectare of sunflower that were used
during this research are presented in Table 11.

Table 11. Fertilizer application rates per hectare of sunflower

Nitrogen

Phosphorus

Potassium

90 kg/ha

70 kg/ha

90 kg/ha

Source: compiled by the authors

It is worth noting that during this study, a variety
of farming equipment was used for sunflower cultiva-
tion, including cultivators, rakes, and ridged seeders. In
the case of southern soils, where drought is a problem,
work was sometimes carried out at night when the
soil was moister. The frequency of mechanical work
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depended on the stage of sunflower development and
weather conditions (Zhang et al., 2021). The first treat-
ment was carried out after sowing, and the subsequent
treatments were carried out 14-21 days after planting.

As for climate and weather conditions, all data is
presented in Table 12.
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Table 12. Climatic conditions of the region

Climate type Temperate continental
Moisture Low
Winter Soft and low snow
Summer Hot and dry
Precipitation during the year Uneven

Average annual rainfall

In the north of the right bank, from 400 mm to 430 mm per year,

and in the coastal zone from 300 mm to 325 mm per year

Humidification coefficient

0.3, which means that the evaporation rate is higher than the
precipitation rate

Average wind speed

From 3.5 to 5 m/s

Average annual temperature

9.8°C

Annual rainfall

From 355 mm to 440 mm

Source: compiled by the authors

As for the sunflower harvest, the key aspects of its
cultivation were the weight of 1000 seeds, the weight
of seeds per basket, the volume weight of seeds, oil
content and husk.

RESULTS AND DISCUSSION

During the experiment, significant variability in sowing
and yield properties was recorded among the early ma-
turing sunflower hybrids selected for the study. During
the study period, the field germination rate of the seed
material reached 94.9%, which depended on the via-
bility and weather conditions during the period limited
to sowing to germination. In addition, field germination
also depended on biological characteristics.

The lowest rates of plant survival and germina-
tion at the end of the growing season were recorded
in the early maturing sunflower hybrid ES Bella (Euralis
Semans). These indicators amounted to 93.6% and 94%,
respectively. In the early maturing sunflower hybrids
P62LL109 (Pioneer) and NK Rocky (Syngenta), the lowest
number of plants that fell out after sowing and at the
end of the growing season was found, namely 2.5% and
2.7%.Also, as of 2021, the largest number of plants after
sowing and at the end of the growing season survived
in the early ripe sunflower hybrid P62LL109 (Pioneer),
namely 95.4%. Somewhat fewer plants survived for the
same period in the early maturing sunflower hybrid NK
Rocky (Syngenta), namely 95.2%, but compared to the
results of other hybrids, these figures are still high. The
reason for the different germination rates of seeds of
early maturing sunflower hybrids is the influence of
various factors on the seed during harvesting, drying
and storage. Based on the results of all these factors,
varietal, sowing and yield properties of seeds of early
ripe sunflower hybrids are formed. The survival of the
hybrids at the end of the growing season depended
on the soil and climatic conditions of the area where
these plants were grown. Also, weather conditions had
a significant impact on such criteria as germination and

survival of early ripe sunflower hybrids at the end of
the growing season.

The phase of the emergence of the 8th pair of true
leaves occurred with a slight difference: in the hybrid
LG5377 (Limagrain) - on the twenty-first day, Ukrainian
F1 (control) and ES Bella (Euralis Semans) — on the
twenty-second day, and in sunflower hybrids P62LL109
(Pioneer) and NK Rocky (Syngenta) on the twenty-third
day after emergence.

The hybrid LG5377 (Limagrain) entered the bud
stage the fastest, namely on the 52nd day after ger-
mination. In the studied plots, the buds of sunflower
hybrids Ukrainian F1 (control) and ES Bella (Euralis
Semans) appeared on the 53rd day, and the buds of
hybrids P62LL109 (Pioneer) and NK Rocky (Syngenta)
appeared the latest, on the 54th and 55th day after
germination, respectively.

Flowering in the hybrid LG5377 (Limagrain) began
on the 68th day after germination, and in plants of the
early maturing sunflower hybrid Ukrainian F1 (control)
flowering began on the 69th day. Plants of hybrids
P62LL109 (Pioneer) and ES Bella (Euralis Semans) were
characterized by an even later flowering period with
the beginning of flowering on the 70th day. The later
period was observed in the sunflower hybrid NK Rocky
(Syngenta), the beginning of flowering which occurred
on the 71st day after germination.

The shortest period from germination to full ripe-
ness was recorded in the hybrid LG5377 (Limagrain),
which was 102 days. Plants of hybrids ES Bella (Euralis
Semans) and P62LL109 (Pioneer) were characterized by
a slightly shorter period, namely 104 and 106 days, re-
spectively. The longest period was in sunflower hybrids
Ukrainian F1 (control) and NK Rocky (Syngenta), namely
107 and 109 days, respectively.

Thus, considering all the above, it can be estab-
lished that in the early stages of the life cycle of early
maturing sunflower hybrids, namely before the flow-
ering phase, the highest growth intensity was in the
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hybrids Ukrainian F1 (control) and LG5377 (Limagrain).
In other hybrids, the growth rate was average at the
initial stage of development.

In the case of crops, it is necessary to have informa-
tion about the elements that make up the crop to have
a balanced impact on plant productivity. Some of the

most important morphobiological signs of any plant
growth are stem height, leaf area, number of leaves,
and head diameter. Observing them provides informa-
tion on the state of plant development.

Table 13 presents the data obtained during the
survey.

Table 13. Biometric parameters of sunflower hybrids were obtained during the experiment

Sunflower hybrids Stem height, cm Stem diameter, mm Capitula diameter, cm Leaf count, pcs.
Ukrainian F1 (control) 172.7 23.6 23.9 33.7
NK Rocky (Syngenta) 162.8 22.2 235 324
LG5377 (Limagrain) 159.5 20.8 19.8 29.9
P62LL109 (Pioneer) 160.6 231 22.6 33.1
ES Bella (Euralis Semans) 158.1 217 213 28.9

Source: compiled by the authors

Following the results,among all hybrids, the tallest
plants were recorded in the Ukrainian F1 (control) hy-
brid (172.7 cm). This hybrid is also characterized by the
largest diameter of the basket (23.9 cm), stem diameter
(23.6 mm) and the largest number of leaves (33.7 pcs).
The shortest plants were recorded in sunflower hybrids
LG5377 (Limagrain) and ES Bella (Euralis Semans), 159.5

cm and 158.1 cm, respectively. It was also found that
they have the smallest basket diameter (19.8 cm and
21.3 cm), stem diameter (20.8 mm and 21.7 mm), and
the lowest number of leaves (29.9 pcs and 28.9 pcs). The
sunflower hybrids NK Rocky (Syngenta) and P62LL109
(Pioneer) showed average biometric parameters. All the
results are presented in Table 14.

Table 14. Data on crop structure and seed quality were obtained

Sunflower hybrids Mass:e%f:goo Ma:)s:eocf::iigfafrgm Volur';fa\;\rlsié;ht of Huskiness, % Oil content, %
Ukrainian F1 (control) 717 83.4 384.8 239 49.9
NK Rocky (Syngenta) 66.5 84.2 392.1 21.8 52.6
LG5377 (Limagrain) 71.0 78.1 385.7 23.2 49.2
P62LL109 (Pioneer) 66.2 84.8 3939 214 50.8
ES Bella (Euralis 69.0 81.3 389.0 224 50.5

Semans)

Source: compiled by the authors

The weight of 1000 grains is one of the most
important aspects of sunflower yield formation and
has a wide range of fluctuations, depending on the
biological characteristics of a particular hybrid. In
the hybrid Ukrainian F1 (control), this indicator is the
highest and reached an average of 71.7 g. Also, this
indicator was high in the hybrid LG5377 (Limagrain)
(71.0 g). Plants of hybrids NK Rocky (Syngenta) and

P62LL109 (Pioneer) had the lowest performance in
this aspect - 66.5 g and 66.2 g, respectively. As for
the weight of seeds per basket, this indicator was the
highest in hybrids NK Rocky (Syngenta) and P62LL109
(Pioneer), namely 84.2 g and 84.8 g. The lowest result
was found in the hybrids ES Bella (Euralis Semans)
and LG5377 (Limagrain) (81.3 g and 78.1 g). All results
are presented in Table 15.

Table 15. Yields of early ripe sunflower hybrids, as of 2021

Mass of seeds from one

Sunflower hybrids Mass of 1000 seeds, g capitula, g Yield, t/ha % to control, t/ha
Ukrainian F1 (control) 71.7 83.4 3.89 -
NK Rocky (Syngenta) 66.5 84.2 4.05 +0.16
LG5377 (Limagrain) 71.0 78.1 3.47 =0.42
P62LL109 (Pioneer) 66.2 84.8 4.14 +0.27
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Table 15, Continued

Sunflower hybrids Mass of 1000 seeds, g

Mass of seeds from one
capitula, g

Yield, t/ha * to control, t/ha

ES Bella (Euralis Semans) 69.0

81.3

3.64 -0.25

Source: compiled by the authors

The volumetric weight of the grain characterizes
the weight of seeds in each volume (in Ukraine -
the weight of seeds per 1 litre). This indicator was
the highest in the hybrids NK Rocky (Syngenta) and
P62LL109 (Pioneer) and amounted to 392.1 g and
393.9 g, respectively. The lowest grain weight was
in the hybrids Ukrainian F1 (control) and LG5377
(Limagrain) (384.8 g and 385.7 g). The highest index
of seed hulling was observed in two hybrids, namely
Ukrainian F1 (control) and LG5377 (Limagrain) (23.9%

and 23.3%, respectively). The lowest index was ob-
served in hybrids NK Rocky (Syngenta) and P62LL109
(Pioneer), namely 21.8% and 21.4%.

The oil content in the presented hybrids ranged
from 49.2% to 52.6% inclusive. The highest oil con-
tent was recorded in the plants of hybrids NK Rocky
(Syngenta) and P62LL109 (Pioneer) and it was 52.6% and
51.8%.The lowest index was recorded in hybrids LG5377
(Limagrain) and Ukrainian F1 (control), 49.2% and 49.9%,
respectively. All results are presented in Table 16.
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Table 16. Oil yields from 1 hectare of early ripe sunflower hybrids

Sunflower hybrids Yield, t/ha Oil contents, % Oil yield per 1 ha, t/ha * to control, t/ha
Ukrainian F1 (control) 3.89 499 1.67 -
NK Rocky (Syngenta) 4.05 52.6 1.83 +0.16
LG5377 (Limagrain) 3.47 49.2 1.47 =0.20
P62LL109 (Pioneer) 4.14 50.8 1.80 +0.13
ES Bella (Euralis Semans) 3.64 50.5 1.59 -0.08

Source: compiled by the authors

Following the results of the biochemical analysis of
the southern chernozem soil at the experimental site, the
soil pH is 6.8, which is optimal for most cultivated plants.
The humus content was 4.2%, which is quite high and
indicates that the soil is in good condition. The P,O, and
K,O content in the soil is 150 mg/kg and 210 mg/kg, re-
spectively, which are also good indicators for the growth

of various cultivated plants. It was also found that the soil
of the site contains enough macro- and microelements
necessary for plant growth, such as calcium (Ca), magne-
sium (Mg), iron (Fe), copper (Cu), zinc (Zn) and manganese
(Mn). The presence of these elements in the soil is suffi-
cient for growing a wide range of crops. All the results of
the biochemical analysis are presented in Table 17.

Table 17. Results of biochemical soil analysis

pH Humus N PO, K,0 0, co,

H,CO, Fe Mn Cu Zn B

6.8 35% 0.11% 0.15% 0.19%

0.3 mg/kg 0.05mg/kg 0.2 mg/kg 40 mg/kg 4 mg/kg 2 mg/kg 10 mg/kg 0.5 mg/kg

Source: compiled by the authors

These indicators indicate that the soils in the study
area have an average level of humus, nitrogen, and
phosphorus, with a high level of potassium. Dissolved
oxygen, CO, and H,CO, have low values. The content of
trace elements in the soil is at a satisfactory level, with
particularly high levels of iron and zinc. The effect of am-
monium, potassium and phosphorus fertilizers on sun-
flower growth and productivity was studied on all five
hybrids selected for this research (Giannini et al., 2022).

The results showed that the application of ammo-
nium fertilizers had a positive effect on the growth
and productivity of all sunflower hybrids, except for
P62GG109 Pioneer (Classic). The hybrids ES Bella
(Euralis Semans) and LG5377 (Limagrain) showed
the best results compared to the control group. The

application of phosphate fertilizers had a positive ef-
fect on the formation of the sunflower root system.The
best effect was seen in the hybrids NK Rocky (Syngenta)
and P62GG109 Pioneer (Classic). The least pronounced
effect of phosphorus fertilizers was in hybrids LG5377
(Limagrain) and Ukrainian F1 (control).

Potash fertilizers had a positive effect on all sun-
flower hybrids, except for Ukrainian F1, where the ef-
fect was less pronounced. The greatest improvement
in plant health and resistance to stressful conditions
was observed in hybrids ES Bella (Euralis Semans) and
NK Rocky (Syngenta). Thus, the results of the study in-
dicate that the application of ammonium, potassium
and phosphorus fertilizers had a positive effect on the
growth and productivity of the plants under study.
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However, in addition to fertilizers, the develop-
ment of sunflower hybrids in 2021 was also influenced
by early autumn after a dry summer. Such conditions
contributed to the early formation of the root system
and stimulated plant growth. However, in late summer,
the weather became wet, leading to disease and pest
outbreaks. All hybrids developed fungal diseases on the
leaves when the optimum amount of precipitation was
exceeded: hybrids ES Bella (Euralis Semans) and LG5377
(Limagrain) were the most resistant to these diseases,
while hybrid P62GG109 Pioneer (Classic) was the least
resistant to them.

Weather conditions play an important role in sun-
flower cultivation, as the crop requires sufficiently high
temperatures and precipitation to produce a rich har-
vest (Chandrashekar and Krishnadoss, 2022). Low tem-
peratures and frequent frosts in March and April 2021
resulted in delayed sowing and germination. In addition,
high precipitation in March and April resulted in flooding
of some ploughed fields and delayed ploughing. In May
and June, high temperatures and sufficient rainfall pro-
vided favourable conditions for sunflower growth. How-
ever, in early July, the region was hit by a severe drought,
which negatively affected plant development and pro-
ductivity. Nevertheless, despite the negative factors, as
of 2021, the amount of precipitation required for plant
growth and development was generally sufficient. Tem-
perature conditions were also favourable for the crops.
All early maturing sunflower hybrids emerged on the
fourteenth day after sowing and did not depend on any
biological characteristics of the hybrids.

In the studies of sunflower hybrids ES Bella (Euralis
Semans), NK Rocky (Syngenta), P62GG109 Pioneer (Clas-
sic),LG5377 (Limagrain) and Ukrainian F1 (All-Ukrainian
Scientific Institute of Selection), some changes in
growth and yield related to weather conditions were
recorded. The most vulnerable to drought were hybrids
P62GG109 Pioneer (Classic) and Ukrainian F1 (control).
At the same time, the hybrids ES Bella (Euralis Semans),
NK Rocky (Syngenta) and LG5377 (Limagrain) showed
increased resistance to drought and slight yield losses
compared to the first two hybrids.

Considering the results obtained, it can be con-
cluded that the hybrids ES Bella (Euralis Semans), NK
Rocky (Syngenta) and LG5377 (Limagrain) showed the
most stable productivity when growing sunflowers
in this experimental plot. Since it was found that the
application of ammonium, potassium and phosphorus
fertilizers has a significant impact on the growth and
productivity of sunflowers, it is necessary to calculate
the optimal amount of fertilizer for each hybrid individ-
ually, considering its characteristics and requirements
for soil and climate.

Based on the data obtained, it can be concluded that
there is an inverse relationship between the weight of
1000 seeds and the bulk weight and size of the seeds:
larger seeds had a lower bulk weight and weight of
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1000 seeds,and smaller seeds had a higher bulk weight.
In addition, small seeds had a lower hulling index and
higher oil content.

The results of other studies are also worth consid-
ering. M.A. Ahmed et al. (2021b) considered the hetero-
sis of sunflower seeds. Seed yields were higher in hy-
brids with dominant or superdominant genes.As for the
oil content, it had a positive and significant heterosis
for all hybrids when compared to plants with mothers
of better genetic structure. Significant differences be-
tween genotypes were also observed in terms of av-
erage seed yield and fatty acid traits. Heterosis indices
for the studied aspects were significant in almost all
hybrids. It was determined that the non-additive and
additive effects of genes are actively involved in the
inheritance of all traits. Dominant variances (c2D) were
higher for oil quality and grain yield of sunflower com-
pared to additive variances (c2A).

Another study that deals with the genetic aspect
is the research work of H.G.M.D. Ahmed et al. (2022),
who examined the molecular characteristics of hybrid
sunflower varieties and their authenticity. The results
showed that 10 hybrids are authentic, i.e., their genetic
characteristics match the description provided by the
manufacturer. In addition, the molecular characteriza-
tion, using SSR markers, allowed us to identify different
alleles present in the hybrids, which can be useful for
further improvement of breeding programs.

It is also worth mentioning the results of a study
conducted by A. Radanovic et al. (2018). They examine
the genetic structure of sunflowers from ancestors to
modern hybrids. The genetic characteristics of sunflow-
ers, including genomes, chromosomes, genetic markers,
physiological and biochemical characteristics, and fac-
tors affecting the development of sunflowers are de-
scribed in detail. The mechanisms of formation of new
combinations of genes used in breeding to create new,
more productive sunflower hybrids were analysed.

A. Sher et al. (2022) focused on studying the ef-
fects of different irrigation sources on sunflower yield
and oil quality. The study was conducted using dif-
ferent sunflower hybrids and three irrigation sources
(rainfall, ordinary water, and saltwater). The results
showed that using ordinary water for irrigation in-
creased yields and improved oil quality. In contrast,
the use of salt water reduced yields and oil quality.
The amount of precipitation did not have a significant
effect on yield and oil quality.

It is also worth considering the study by V. Tyagi
et al. (2020), which determined the heterotic effects of
different combinations of cytoplasm in sunflower hy-
brids grown under different irrigation conditions. The
results showed that hybrids combining corn and pea
cytoplasm were the most productive. It was also found
that hybrids with corn cytoplasm were less sensitive to
water deficit, while hybrids with sunflower cytoplasm
were more sensitive.




M. Ghaffari et al. (2021) evaluated the resistance and
yield of sunflower hybrids using genotypic analysis. The
results showed that sunflower hybrids planted in dif-
ferent regions of Iran had different yields. The analysis
of genotype-environment interaction also helped to
identify the most stable and productive sunflower gen-
otypes under different conditions. In general, the study
by M. Ghaffari et al. (2021) showed that the stability and
yield of an average sunflower hybrid vary widely in dif-
ferent conditions but can be predicted by analyzing the
genotype and environment.

In general, considering the above studies and com-
paring them with this research, similarities in the final
results can be seen. This can be useful for breeding to
grow more productive sunflower hybrids in Ukraine,
as well as for increasing the efficiency of growing this
crop in this region.

CONCLUSIONS

Based on the research results, it can be concluded that
each of the presented early maturing sunflower hybrids
produced a grain yield that largely depended on the bi-
ological characteristics of a particular hybrid. It is also
worth noting that the weather conditions favourable
for the research made it possible to study the genetic
potential of the experimental objects, giving the plants
everything, they needed for intensive growth and de-
velopment.As a result of the research, it was found that
the highest yields among early maturing sunflower hy-
brids were shown by P62LL109 (Pioneer) and NK Rocky
(Syngenta) (4.14 t/ha and 4.05 t/ha). During the study, it
was also found that the field germination rate of the seed
of early-ripening sunflower hybrids is within 94.9%. As
for the morphological parameters, they are the highest
in the Ukrainian F1 hybrid (control) (height - 172.7 cm;
stem diameter - 23.6 mm; basket diameter - 23.9 cm;
the number of leaves per stem - 33.7 pcs).

Regarding the characteristics of seeds, the weight
of 1000 grains is also the highest in this hybrid (71.7 g).
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However, the weight of seeds from one basket was the
highest in hybrids P62LL109 (Pioneer) and NK Rocky (Syn-
genta),namely 84.8 g and 84.3 g. The volumetric weight of
grain was also the highest in these two hybrids (P62LL109
(Pioneer) - 393.9 g; NK Rocky (Syngenta) - 392.1 g). The
highest level of huskiness is inherent in the sunflower
hybrid of the early maturing group Ukrainian F1 (control)
and hybrid LH5377 (Limagrain), namely 23.9% and 23.2%,
respectively. The lowest indicators in this aspect were
recorded for hybrids P62LL109 (Pioneer) and NK Rocky
(Syngenta) (21.4% and 21.8%). Regarding fat content, the
highest percentage was observed in hybrids P62LL109
(Pioneer) and NK Rocky (Syngenta), namely 50.8% and
52.6%, and the lowest - in hybrids Ukrainian F1 (control)
and LG5377 (Limagrain) (49.9% and 49.2%).

The hybrids P62LL109 (Pioneer) and NK Rocky
(Syngenta) yielded the highest yields of 4.14 t/ha and
4.05 t/ha. The oil yield per 1 ha was also the highest
in these two hybrids: P62LL109 (Pioneer) - 1.80 t/ha;
NK Rocky (Syngenta) - 1.83 t/ha. The highest indicators
of profitability and economic efficiency were also pre-
sented by sunflower hybrids NK Rocky (Syngenta) and
P62LL109 (Pioneer).

Considering all the results obtained in the course of
writing this paper, to improve seed quality and increase
the yield of sowing material, it is worth sowing certified
seeds of high-quality sunflower hybrids Ukrainian F1
(control), NK Rocky (Syngenta) and P62LL109 (Pioneer)
at the optimal sowing density of 45 thousand units per
1 hectare and regularly and timely carry out all neces-
sary agronomic measures, which will increase the qual-
ity of the final product and increase the final net profit
for the agricultural enterprise.
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AHoTauis. OLiHIOBaHHSA 6ioN0riYHMX 0COBNMBOCTEN FNOPUAIB COHALHUKYTA IX MOTEHLiMHI MOXIMBOCTI AN NiABULLEHHS
KOPWUCHMX A9 PO3BUTKY CiNIbCbKOrO roCnoAapCTBa IKOCTeN A0CIAXKYBAHOT POCIMHU BBAXKAETLCS aKTyabHUM. MeTot
[laHOi HAYKOBOT pOBOTU € YBAXKHE Ta NOrNMOGIEHE OLLIHIOBAHHA BionoriyHMx ocobnnBoCTen ribpuaiB COHAWHMKY 33415
OTPUMAHH$ IHPOpMaLLii, O CTOCYETLCSA MOXAMBOCTI NiABULLEHHS KOPUCHUX A9 PO3BUTKY CiIbCbKOrO rocnofapcrea
SKOCTEeN AOCNIAKYBAHOI pocnuHuM. B xoai ekcnepnMeHTy 6yo AOCNiAKEHO BNACTUBOCTI TakKUX FNOPUAIB COHSALLHMKY, IK
YkpaiHcbkuit F1 (BiH e kKOHTponbHa Npoba), M62/11109 Pioneer (Knacuunnia), NIT5377 (Limagrain), EC benna (Euralis
Semans) Ta HK Pokki (Syngenta). KoxkHa 3 nepepaxoBaHux pOCAMH 3aHeceHa y [lepaBHUI peecTp COPTiB pOCAMH
Ykpainu. Cepen MeToAiB, gKi 6ynn BUMKOPWUCTaHI B AaHilA HayKOBil pobOTi, € BUPOOHMYMI MeTOoA, BUMipOBanIbHO-
BAroBMM, BidyanbHUI, N1abOPATOPHO-XiMiUHUIA, @ TaKOX MaTeEMATUYHUIA. byno BM3HAYEHO, WO HaMKpalLi MOKA3HUKK
NPOAYKTUBHOCTI Ta rOCNOAAPCbKMX 0COBAMBOCTEN CMOCTEPIratoTbCsl Y TPbOX rOpUAHMX BUMAAX, @ caMe YKPAiHCbKUMA
F1 (HankpaLi MopdonoriyHi nokasHuku, Hameuwa maca 1000 HaciHWH Ta piBeHb nywnuHHocTi), HK Pokki (Syngenta)
(HaviBMLLMIA BIACOTOK XMpy Ta Buxig onii 3 1 ra) i M62/11109 (Pioneer) (HaBuMLLa Maca HACiHWH 3 OAHOrO KOLUIMKA
Ta 06€EMHA Maca, HAaMHWXYMI piBeHb NYLNWHHOCTI, HAWBULWKIA piBeHb Bpoxato). Lle Moxe Oyt kopucHo ans
CiNbCbKOrOCMOAAPCbKMUX MiAMPUEMCTB, SKi MOXYTb 3aLiKaBUTUCS Y BUPOLLYBAHHI HOBMX FiOPUAIB COHALWHUKY 3
NOKPaLLLEHUMM MOKA3HMKAMMK MPOAYKTUBHOCTI Ta rocnofapCbkux ocobnnsocTei. Pesynstati AOCNIAXKEHHS MOXYTb
CTaTM MOLWTOBXOM A/ MOAANbLIOr0 AOCNILKEHHS HAsfBHWUX i CTBOPEHHS HOBWMX TiOpPUAIB COHAWHMKA, 9Ki OyayTb
MaKCMMaNnbHO KOPUCHI A1 PO3BUTKY CilbCbKOro rocnofapcrsaa
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was to work out the procedure of quantitative and cost evaluation of ecosystem services
of green spaces for public use and search for opportunities to present the received
information to stakeholders. For this, an inventory of green spaces was carried out with
the measurement of their biometric and sanitary indicators. For quantitative and cost
assessment of the ecosystem functions of plantations and individual trees, the i-Tree Eco
toolkit was used, and the Google My Maps application was used for their visualization.
The conducted study helped obtain information about individual ecosystem functions
of green spaces (reduction of pollutants, carbon absorption and sequestration, oxygen
production volumes and regulation of surface water flows). As part of this utility, the
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which is estimated at UAH 128,648,000 annually; reduction of air pollution by 7.43
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the researched green spaces retain carbon in their tissues, which creates an ecosystem
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central part of the city are more effective in absorbing pollutants. Trees capable of
achieving significant biometric indicators in local conditions are characterized by greater
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ecosystem productivity. The conducted study creates conditions for better awareness of the ecosystem value of green
spaces, but its popularization is also important. The practical value of the results also lies in the possibility of bringing
them to authorities, enterprises, and organizations, activists and other stakeholders, which will create conditions for
improving environmental awareness, promoting the security and protection of tree stands, improving management
and making informed decisions in the field of green construction

Keywords: monetization; utility; tree and shrub services; i-Tree Eco; urban landscapes; environmental awareness

INTRODUCTION

A promising modern area of scientific research of ur-
ban landscapes is the search for new opportunities and
approaches to the assessment of ecosystem functions
of green spaces. Therefore, the analysis of advanced
global practices and the possibilities of using the lat-
est tools in this field, together with the implementation
of applied research on obtaining information on the
volumes and assessment of ecosystem services of tree-
shrub vegetation, is characterized by relevance.

It is common knowledge that urbanization pro-
cesses in most cases lead to negative changes in the
environment (Nyelele et al., 2019). Specifically, accord-
ing to Wolf et al. (2020), simultaneously with the growth
and development of settlements, a consequent deterio-
ration of climatic, hydrological, and biotic conditions of
the urban environment occurs, which adversely affects
the health of residents of settlements. Furthermore, ac-
cording to other scientists, such as Wong et al. (2018),
due to built-up density, urban landscapes experience
higher levels of pollution, biodiversity loss, and social
inequality compared to rural areas. Under such condi-
tions, green spaces become important for cities, which,
according to the conclusions of Rotzer et al. (2019) can
not only mitigate the consequences of this negative im-
pact but improve the condition of urban landscapes and
create optimal conditions for human habitation. These
properties of tree and shrub plantations, or the benefits
they can provide for the environment, are called eco-
system functions or ecosystem benefits of green spaces.

The study of various possibilities and approaches
to the quantitative measurement and valuation of the
ecosystem functions of trees and shrubs, according
to researchers (Bidolakh et al., 2023), is characterized
by relevance, as evidenced by the constant increase
in the number of scientific publications in this filed
(Velasco-Munoz et al., 2022) and the growing interest
of the international community (Yang & Khan, 2021,
Esperon-Rodriguez et al., 2022; Gaglio et al., 2023) in
the implementation of the results of these studies in
the practice of ensuring the sustainable development of
settlements. At the same time, in Ukraine, according to
the author (Pryshchepa, 2019), this process takes place
much more slowly and, according to the conclusions of
scientists (Havrylenko & Tsyhanok, 2019), there is an
urgent need to develop methodological and applied
principles for evaluating the ecosystem functions of
green spaces, considering the benefits they produce for

the environment and society. Therefore, the study of the
possibilities of using modern approaches and tools for
evaluating the ecosystem services of urban plantations
for the conditions of Ukraine is relevant and requires
further theoretical substantiation and applied research.

As the object of this study, the methodology of ob-
taining information about individual ecosystem func-
tions of green spaces for their quantitative and cost
evaluation was chosen. The purpose of this study was
to investigate the possibilities of determining the eco-
system benefits of public green spaces using the i-Tree
Eco toolkit and the possibility of presenting the ob-
tained information to local authorities, the academic
community, public organizations, environmental activ-
ists, and other stakeholders. To fulfil this purpose, the
main tasks were set as follows: to measure the biom-
etric indicators of the tree-shrub vegetation together
with the development of the methodology for the per-
formance of works to determine the quantitative and
value indicators of ecosystem functions; performing an
analysis of the received information in terms of various
ecosystem services, categories of plantations, species
composition, and other indicators, as well as working
out the possibility and perspectives of presenting the
obtained results.

LITERATURE REVIEW

An important requirement today in the context of
the balanced development of settlements around the
world is their sustainable development. In such op-
erating conditions, according to scientists Wong et al.
(2018), green infrastructure is the basic concept of us-
ing an ecosystem approach to enhance the sustaina-
ble development of urban landscapes. According to the
research by various authors (Castro-Diez et al., 2019),
tree and shrub plantations, as an integral element of
urban ecosystems, provide critically important ecosys-
tem functions for the safe existence and well-being of
residents, such as improving air quality by removing
pollution and reducing noise, protecting and purifying
water, protecting and stabilizing the soil, improving
and regulating the microclimate, mitigating the con-
sequences of urbanization, improving the biological
interchange of the matter, preserving biodiversity, etc.
Apart from socio-economic benefits, phytolandscapes,
according to Castro-Diez et al. (2019) and Nyelele et al.
(2019), produce intangible benefits, such as cultural
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and educational services, aesthetic values; activation of
mental processes, awareness of one’s own identity, etc.

Back in the 1990s, many participants in various in-
ternational conventions recognized the ever-growing
need for international scientific assessment of ecosys-
tems. Therefore, in 2005, scientists and activists devel-
oped the international program “Millennium Ecosystem
Assessment” (Millennium Ecosystem Assessment, 2005),
the purpose of which was to obtain scientifically sound
information about changes in ecosystems with the in-
vestigation of their impact on people’s well-being to
develop appropriate measures. The participants of the
program determined that currently there are enough
opportunities to preserve and even improve the quality
of ecosystems, by replacing some services they provide
with others, or by ensuring a positive synergistic interac-
tion between them. However, in practice, the ecosystem
services of urban landscapes are rarely considered dur-
ing actual urban design and urban infrastructure plan-
ning due to the lack of sufficient fundamental research
and recommendations in this area (Song et al., 2020).

In the conditions of the need to ensure the sus-
tainable development of settlements, the awareness of
the underestimated role of green spaces in creating a
comfortable and safe living environment for their res-
idents should stimulate the implementation of regu-
lar measures regarding the caring attitude, protection,
qualitative and quantitative reproduction of spaces
in urban landscapes (Bidolakh et al., 2023). In turn, to
improve the awareness of the usefulness of trees and
shrubs for urban ecosystems, it is important to inves-
tigate the value of phytolandscapes in this regard and
to present the obtained results both to specialists in-
volved in green economy, and to governing bodies
and a wide scope of consumers of ecosystem services,
which are all residents of settlements (Vallecillo et al.,
2019). Under such conditions, in the absence of a direct
financial expression of ecosystem services produced
by green spaces, degradation and loss of these objects
due to their underfinancing is observed (Havrylenko
& Tsyhanok, 2019). Many researchers in various parts
of the planet (Croci et al., 2022) testify to the constant
growth of the demand for the assessment of ecosystem
services of green spaces around the world.

Notably, the material part of the utility of plan-
tations, such as wood products, pulp, by-products, leaf
mass, etc., according to Castro-Diez et al. (2019) is much
easier to estimate since many mechanisms have already
been developed in this area. While the quantification and
evaluation of the environmental benefits and services of
green spaces stays a current hot topic, so does its im-
plementation in urban design and planning (Song et al.,
2020). Furthermore, as noted by scientists (Steenberg
et al., 2017), to ensure constant and regular support of
ecosystem services, the process of quantifying them and
investigating the vulnerability of green spaces is im-
portant. According to other scientists (Wolf et al., 2020),
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in general, urban planning and management of green
spaces should strategically promote the development of
trees and shrubs as a social determinant of public health,
while quantitative understanding of complex synergies,
trade-offs and dependencies on the interaction of dif-
ferent components of urban landscapes, according to
Castro-Diez et al. (2019), is essential for achieving the
sustainable provision of ecosystem services.

According to researchers (Wong et al., 2018), the
overall increase in the global sustainability of settle-
ments is only possible if the ecosystem services of
green spaces are increased, along with the simultane-
ous reduction of the environmental load on urban land-
scapes. In this process, a vital component is the aware-
ness of both the benefits of each individual plant and
the plantation as a whole, because each individual tree
can affect the microecosystem, and in different plan-
tations, these effects can extend to the neighbouring
built environment (Franceschi et al., 2022). The results
of research by other scientists (Song et al., 2020) proved
that diverse types of urban green spaces are extremely
heterogeneous, characterized by different plant groups,
structure, and biodiversity, and have different purposes,
which is also reflected in their ecosystem functions. In
this context, evaluating the usefulness of public plant-
ings, it should be noted that according to the Rules for
the maintenance of green areas in populated areas of
Ukraine (Order No. 105, 2006), these phytolandscapes
are located on the territory of parks and gardens of
various locations and purposes, squares, boulevards, on
slopes, embankments, and other areas that have free
access for recreation. Therefore, this category of plan-
tations should be of maximum benefit to the inhabit-
ants of settlements, who regularly use these ecosystem
functions without always comprehending their value.

Evaluating the prospects of current research in the
field of evaluating the ecosystem functions of green
spaces, one should note the importance of further in-
vestigating the processes of introducing ecosystem pay-
ments (Gaglio et al., 2023), improving decision-making
by stakeholders, mechanisms for returning investments
(Roman et al., 2020), optimizing the structure and com-
position of urban green spaces to maximize the provi-
sion of ecosystem services (Song et al., 2020), practical
studies on the dependence of ecosystem functions on
individual plant species and their biological metric pa-
rameters (Wolf et al., 2020). A separate major area of
research is the methodological substantiation of the
procedure for obtaining and using information about
the ecosystem functions of green spaces, including the
involvement of modern tools for performing work and
presenting the obtained results. In this area, there is a
lot of work on improving the procedure for obtaining
information about biometric indicators of plants during
their inventory, by involving global positioning systems
(GPS), methods of remote sensing of the earth (RSE),
geographic information systems (GIS), modern mapping




systems and services, electronic maps, geoportals, etc.
(Bidolakh & Lakyda, 2019). One of the promising areas
of research in this field is also the involvement of a spe-
cial i-Tree Eco toolkit for investigating certain ecosys-
tem services of green spaces and their replacement cost
(Song et al., 2020). However, this toolkit is not widely
used to investigate the ecosystem functions of trees and
bushes in Ukraine and needs a more detailed approval
regarding suitability for the conditions of Ukraine, ef-
ficiency and feasibility of use in this area of research.

MATERIALS AND METHODS

As an experimental base of the study, green spaces of
public use growing in the territory of the city of Berezh-
any, Ternopil region, were used. The field collection of
materials was performed during June-August 2022 in
the territory of the central part of the city of Berezhany
(1.64 ha), Pryzamkovyi park (3.6 ha) and the city square
on the Ternopilska street (0.6 ha). The total area of the
study base was 5.84 ha. Its location can be described by
the following values of geographic coordinates: north
latitude within 49.445481°-49.447314° and east longi-
tude within 24.937804°-24.946753°.In total, 390 trees
and bushes were included in the inventory at this facility.

For the researched public green spaces, an inventory
was performed during the growing season according
to the instructions for the inventory of green spaces in
populated areas of Ukraine (Order..., 2014). Simultane-
ously with the implementation of the recommendations
of this instruction, the biometric indicators of trees and
shrubs were additionally measured to determine their
ecosystem functions per the recommendations of the
USDA Forest Service (2021) for their assessment using
i-Tree Eco tools. Such indicators include geolocation of
each tree and bush; land use category; plant height from
the ground surface to the base of the crown and from the
beginning of the crown to the top of the plant; the di-
mensions of the projection of the crown in two mutually
perpendicular directions; the percentage value of the
lost and dead parts of the crown (if any), as well as the il-
lumination of the plant from four sides and from above.

Species of tree-shrub plants were established ac-
cording to the definition of Dobrochaeva & Prokudin
(1999). The age of the plants was determined by mor-
phological characteristics. The diameters at breast
height (DBH) of trees and bushes were measured using
an aluminium measuring fork according to the rules of
forest inventory, and in some cases a tape measure was
used. Plant height was determined with Anuchin’s al-
timeter. Geolocation of trees and bushes was performed
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using the Garmin GPSMapé64s receiver in the geographic
coordinate system. USDA Forest Service recommenda-
tions (2021) were used to determine the land use cat-
egory, the percentage value of the lost and dead part
of the crown, and the illumination of the crown. Clar-
ifying and correcting the locations of plants, based on
the results of their geolocation with a GPS receiver, was
performed according to the methodology (Bidolakh &
Lakyda, 2019), which helped increase the accuracy of
the final coordinates of the park’s plants.

After collecting field materials, they were processed
according to the recommendations of the USDA Forest
Service (2021) and entered into the i-Tree Eco tools
software. After processing the information entered into
the software, the results of the assessment of individual
ecosystem functions of green spaces (reduction of the
amount of pollutants, carbon absorption and seques-
tration, volumes of oxygen production and regulation
of surface water flows) of each tree in particular and
the plantation as a whole were obtained. These indi-
cators were obtained in quantitative, qualitative, and
cost terms and displayed in the form of tables, reports,
and graphs. The geoinformation database created in
|-Tree Eco tools (combination of the obtained indica-
tors of each tree and bush along with their locations)
was exported in KML format to prepare an electronic
map of ecosystem services of green spaces. This map
was placed in open interactive access on the Google
My Maps resource to inform all stakeholders about the
ecosystem functions of public green spaces in the city
of Berezhany, Ternopil region.

RESULTS AND DISCUSSION

The results of the research of the public green spaces
in the territory of the city of Berezhany, Ternopil region,
suggested that the examined phytolandscapes are rep-
resented by 34 tree and shrub species,among which the
most numerous are Aesculus hippocastanum L. (share of
14.1% of the total number of plants), Tilia cordata Mill.
(13.8%), Acer platanoides L. (12.8%), and Fraxinus excel-
sior L. (10.0%). The listed tree species together account
for more than half of the plants in the plantations by
quantitative indicator, while the rest of the tree-shrub
species are represented by a share of no more than 6%.
Large-sized plants have the greatest influence on the
functioning of the landscapes under study (Table 1),
most of which are representatives of the green spaces
of Pryzamkovyi Park and the square on the Ternopilska
street, thanks to a considerable area of nutrition on the
largest biometric indicators in the stand composition.

Table 1. Summary information about plant specimens with the highest biometric indicators

& E ¢ X € g & cg &g £ = gz
. Latitude, Longitude, 2 < 3% £ Q£ o 33 3= @ EZS
ID Botanical name 2 I ©o®FN > S P& ©oh °%F £: 920849
degrees degrees S o 59 § 93 5 Gz Sm Eo Sg%
- =] a T = = =~ = c o v
231 Quercus robur 49.4463 249438  park 136 48 27 15 12 33 26 38 5
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Table 1, Continued

a E ¢ :\:- € o E E cE & £ g E‘

. Latitude, Longitude, 32 S 2% E SE g 22 22 9 £32S

ID Botanicalname 4o irees  degrees S & S8 £ &2 F2 §¢2 58 £ 3 g &

-~ a 8 T < < = =~ =3 o v
131 Quercus robur 49.4458 249438  park 107 43 19 5 14 13 16 33 1
155 Salix alba 49.4465 249429 park 106 48 20 20 8.2 79 48 3
236 Quercus robur 49.4462 24.944 park 106 38 285 10 18.5 15 22 18 4
347 Salix alba 49.4471 249437  park 92 48 16 2 14 16 9 38 4
252 Fraxinus excelsior ~ 49.4458 249442 park 90 18 33 4 29 14.2 12.9 18 3
381 Salix alba 49.447122 24938562 park 90 3 31 4 27 14 12 3 5

Notes: light exposure is evaluated according to five criteria. Number of sides of the tree receiving sunlight from above

(maximum of five). Top of tree is counted as one side

Source: developed by the author of this study based on their own research

The estimated area of the projection covers of the
crowns of trees and bushes (according to I-Tree Eco tools)
is 2.743 hectares, which is 47.0% of the total area of the
territory under study and, according to the calculations of
|-Tree Eco tools, corresponds to 23.89 ha of leaf area. The
given information allows determining that, under the giv-
en experimental conditions, the leaf area of public green
spaces in the city of Berezhany with a canopy density of
about 0.5 exceeds the area of such an object by 4.1 times,
and the area of projection coverage of tree and shrub
crowns by approximately 8.7 times. This information
can indicate the efficiency of the use of space by green
spaces because their crown develops in horizontal and
vertical planes. Therewith, under the given conditions
of the study, thanks to the development of the crown of
trees and bushes in the vertical plane, the leaf area of
phytolandscapes increases almost nine times compared
to the area of the horizontal projection cover of plants.

Assessment of the impact of varied species on the
production of ecosystem services largely depends on
their leaf area. Therefore, to determine the dominant
species in relation to the ecosystem functions of the
plants under study, we calculated the dominance index,
which was calculated as the product of the share of
plants in the stand composition and the area of their
leaf surface and is presented in the form of a diagram
in Figure 1. Notably, this distribution proves only the
existing influence of vegetation on the ecosystem ser-
vices of urban landscapes through its leaf surface. The
high values of the dominance indicator are not at all an
indicator that these trees are critical for the ecosystem
and require special attention in the further green man-
agement. However, these tree species currently domi-
nate the structure of public green spaces in the city of
Berezhany due to their predominance in composition
and larger crown sizes.
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Figure 1. Importance value by species

Notes: the “Importance value” indicator is calculated as the

product of the “Population” and “Leaf Area” percentage values

Source: developed by the author of this study based on their own research
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Analysing the distribution of the public green spaces
under study in the context of DBH classes (Fig. 2), one
should note the predominance of middle-aged stands.
Therewith, the most numerous DBH classes in terms of
the number of trees and bushes were 30.5-45.7 (26.7%
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of the total number of plants), 15.2-30.5 (25.9%), 7.6-
15.2 (16.0%) and 45.7-61 (14.6%). The predominance
of large trees with large diameters for such species as
Quercus robur L., Salix fragilis L. and Aesculus hippocast-
anum L. is also of note.

DBH Class
(cm)

0-76

m76-152

m152-30.5

m30.5-457

m45.7 - 61

m61-76.2

76.2-91.4

m91.4-106.7

m106.7 -121.9

m121.9+

Species 0% 10% 20% 30% 40%

50% 60% 70% 80% 90% 100%

Figure 2. Species distribution by DBH class
Source: developed by the author of this study based on their own research (2022)

Characterizing the sanitary condition of stands
based on the results of the conducted study, there is a
difference in the approaches to the assessment of this
indicator according to the national methodology of the
inventory of green plantations (Order..., 2014) and the
recommendations of the USDA Forest Service (2021).
Thus, according to the Ukrainian inventory method, the
sanitary condition of the public stands under study is
characterized by three categories of quality condition,
and according to the results of the conducted study,
53% of the plants are classified as good, 41% as satis-
factory, and 6% as unsatisfactory. At the same time, the
USDA Forest Service (2021) method, after data process-
ing according to the i-Tree Eco tools program, divides
trees and shrubs into seven status categories. After
data processing, the following results were obtained

for assessing the sanitary state of green spaces: Excel-
lent - 3.1%; Good - 49.5%; Fair - 27.9%; Poor - 15.6%;
Critical - 2.3%; Dying - 1.5%, Dead - 0%. The given re-
sults indicate the importance of taking measures to im-
prove the health of 47.4% of the stands under study, of
which 3.8% require immediate measures to treat trees.
Analysing the species distribution of the sanitary state
of plants, the worst indicators are typical for coniferous
species, and specifically for Picea abies L. (22.2% in a
critical and dying state) and Thuja occidentalis L. (10.5%
in a dying state).

Based on the results of processing the information
entered into the program, data was obtained regard-
ing the assessment of individual ecosystem services
of green spaces: reduction of the number of pollut-
ants, absorption and sequestration of carbon, volumes
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of oxygen production and regulation of surface water
flows of each tree in particular and plantations in gen-
eral. In this study, the reduction in the number of pol-
lutants was calculated based on the analytical data of
the i-Tree Eco tools program regarding the absorption
by trees and bushes of sulphur dioxide (S0,), ozone (0,),

carbon monoxide (CO), nitrogen dioxide (NO,), as well
as particles with a size of less than 2.5 ym (PM2.5) and
2.5-10 ym (PM10). Analysing the obtained data (Fig. 3),
the largest volumes of absorption and the highest val-
ue of the ecosystem service are inherent in sulphur di-
oxide (S0O,).
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Figure 3. Quantitative and cost assessment of the annual absorption of pollutants for public green spaces in the
territory of the city of Berezhany, Ternopil region
Notes: on the diagram, the graph shows the annual amounts of absorption of pollutants, and the bars show the same

indicators in value terms

Source: developed by the author of this study based on their own research (2022)

In general, according to the data of the I-Tree Eco
Tools program, it was established that the researched
public green spaces can absorb 770 kilograms of harm-
ful compounds (ozone, carbon monoxide, nitrogen di-
oxide, and particles of different sizes) annually in their
biomass, and accordingly reduce air pollution. Accord-
ing to the methodology of the USDA Forest Service
(2021), the investigated public green spaces in the city
of Berezhany perform an ecosystem service to reduce
air pollution in the amount of UAH 128,648 thousand
annually in terms of the indicators under study.

Evaluating other annual ecosystem functions of
public green spaces in the city of Berezhany (Table 2),

the phytolandscapes under study can absorb and se-
quester carbon. This service becomes increasingly use-
ful in the face of global climate change, where green
spaces can sequester carbon from carbon dioxide in
their tissues, thereby creating conditions for miti-
gating these changes. The results of data processing
proved that the green spaces under study can annually
provide 7.43 metric tonnes of gross carbon sequestra-
tion, with the estimated cost of this service for the
urban ecosystem in the amount of UAH 41,028,000
(€1010.5). Notably, per plant, this indicator is 19 kg of
annual carbon sequestration with the associated util-
ity of UAH 105.2 (€2.6).

Table 2. Summarized information on the ecosystem benefits of public green spaces in the territory of the city of
Berezhany, Ternopil region

Gross Carbon

Avoided Runoff

Pollution Removal Carbon Storage

Category Trees Sequestration :
oL mete g e ey Ty e
Pryzamkovyi park
Total by object 228 489 2699356 48001  32,969.44 048  72,537.08  208.99 1,154,804.84
Recalculation 1 0.021 11839 2.105 14460  0.0021 318.15 0917 5,064.93

for 1 plant
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Table 2, Continued

Gross Carbon

Avoided Runoff

Pollution Removal Carbon Storage

Trees Sequestration
Category (Pes)  (metri (metri (metri
. metric 3 metric metric
o 7 N TR (70 I S (7 B (H)
Square on Ternopilska street

Total by object 43 0.92 5,077.12 81.09 556948  0.07 1193641 2102 116,130.71
Recalculation 1 0.021 118.07 1.886 12952  0.0016 277.59 0.489 2,700.71

for 1 plant

Green spaces in the central part of the city

Total by object 119 162 8,957.56 123.80 8,503 0.22 4417435 4019  222,074.26
Recalculation 1 0.014 75.27 1.040 7145 00018  371.21 0338 186617

for 1 plant

Aggregated data on public green spaces

Total by public 54 7.43 41,02824 68490 4704192 077 12864784 27020 1,493,009.81
green spaces
Recalculation 1 0.019 105.20 1756 12062 0.0020 329.87 0.693 3,.828.23

for 1 plant

Notes: the table shows the annual utility data for the indicators “Gross Carbon Sequestration’, Avoided Runoff” and “Pol-
lution Removal” and the cumulative utility as of 2023 for the indicator “Carbon Storage”
Source: developed by the author of this study based on their own research by processing them in the i-Tree Eco tools program

The analysis of the provision of this ecosystem
service in terms of different stands (Fig. 4) showed
a considerable predominance of park stands due to
the greater number of trees and better sanitary con-
ditions. At the same time, the green spaces of the
square along the Ternopilska street can provide an-
nual carbon sequestration volumes almost compara-
ble to the stands in the central part of the city with

almost half the number of plants, which is explained
by the larger number of large trees growing in the
square. That is, the volumes of carbon sequestration
depend to a considerable extent on the biomass and
sanitary condition of plants and increase during the
growth and development of trees and bushes, which
is also confirmed by the results of analogous studies
(Lin et al., 2020).

80000 400.00
I Park stands
70000 35000 T
£ S
S 60000 300.00 ‘s’ mmmm Square trees and
o = shrubs
2 -
% 20000 250.00 :‘:.‘_ m plants of the central
2 g part of the city
£ 40000 20000 Z
; ° —o— Park stands
S 30000 15000 &
: 5
c [7]
£ 20000 10000 S iﬁfuabrs trees and
g
10000 5000 &  —a—plants of the central
part of the city
0 0.00

Gross Carbon
Sequestration

Avoided Runoff

Ecosystem service

Pollution Removal

Figure 4. Summarized data on the annual ecosystem benefits of public green spaces
in the territory of the city of Berezhany, Ternopil region
Notes: the graph shows the annual costs of ecosystem services for different types of stands, and the columns show the

same indicators per 1 plant

Source: developed by the author of this study based on their own research (2022)
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Another ecosystem function investigated in this
study was the ability of green spaces to regulate water
flow. This service is valuable to the urban environment
as trees and shrubs reduce and improve surface water
runoff. Specifically, green spaces perform protective,
anti-erosion, and water-regulating functions. Investi-
gated public tree and shrub stands in the territory of
the city of Berezhany, Ternopil region, can reduce water
flow by 684.9 m* annually (Table 2). Such an ecosys-
tem service in monetary terms, according to the results
of data processing in |-Tree Eco Tools, is estimated at
the amount of UAH 47,042 (€1158.7) of annual utility.
Analysing the features of water flow regulation in the
section of the studied urban landscapes, the highest
volumes of performance of this ecosystem service are
inherent in park stands (Fig. 4). The average plant in
the shared areas of the central part of the city fulfils
this ecosystem function by about 50% in smaller vol-
umes compared to trees and shrubs that grow in parks
and squares. In this case, according to the conclu-
sions of scientists who performed analogous studies
(Mosyaftiani et al.,2022), higher indicators of biometric
parameters, which, in this study, are inherent in plants
growing in parks and squares, have the greatest impact
on water flow regulation.

Apart from the above-examined ecosystem services
that can be evaluated in annual terms, there are the
benefits of trees and shrubs that they produce during
their life cycle. One of these functions is the ability of
plants to accumulate and store carbon in their tissues
during their growth and development. According to the
results of the I-Tree Eco Tools evaluation, the public
green spaces under study have already accumulated
270.2 metric tonnes of carbon in their tissues, which
corresponds to 1,008.4 metric tonnes of carbon dioxide.
This ecosystem usefulness is estimated by the program
in the amount of UAH 1,493.01 thousand. (€36.9 thou-
sand). The analysis of the productivity of carbon ab-
sorption in the species distribution (Fig. 5) proved that
the most effective in this regard are Aesculus hippocast-
anum L. (retains in its tissues 29.8% of the total amount
of absorbed carbon in the section of the experimental
study base), Fraxinus excelsior L. (14.0%), Tilia cordata
Mill. (11.2%) and Acer platanoides L. (12.8%). The listed
species are also the most numerous in the stand com-
position and have high biometric indicators, which can
serve as an explanation for their maximum efficiency
in relation to this ecosystem service. This statement is
also consistent with the results of other researchers
who investigated this issue (Nowak, 2017).
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Figure 5. Volumes of absorbed carbon and CO, equivalent in the section of tree-shrub species by plantations of public
use in the territory of the city of Berezhany, Ternopil region
Notes: on the diagram, tree-shrub species that have an absorption volume of less than one metric tonne are grouped

under the “Other species” group

Source: developed by the author of this study based on their own research (2022)

A comparative analysis of the ecosystem produc-
tivity of green spaces in the section of the investigated
objects proved that the most effective in this regard
are park stands, which can create ecosystem services
in the amount of UAH 132.5 thousand (€3275) annu-
ally, which is UAH 581 (€14.4) averaged per plant. The
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annual averaged ecosystem productivity of the consid-
ered tree-shrub stands in the park is higher than that
of individuals growing in the square and in the central
part of the city by 8.1% and 12.2%, respectively. Fur-
thermore, park stands can absorb and store carbon in
their tissues during their lifetime, which in terms of




value is estimated, as of today (2023), in the amount
of UAH 1,154.8 thousand (€28,542). According to this
indicator, the average ecosystem productivity of park
plants substantially exceeds analogous values of plants
growing in the square and the central part of the city by
83.2% and 171.4%, respectively.

The conducted study offers a better insight into the
part of the ecosystem services of public green spaces.
However, for a wide scope of users to get acquainted
with this information, the stage of its presentation and
delivery to stakeholders is also important. As evidenced
by the results of many scientists (Nedkov et al., 2017;
Bidolakh et al., 2023), assessment and mapping of eco-
system services provide valuable spatial information to
support decision-making, planning activities, ensuring

Bidolakh & Kolesnichenko

the sustainable development of urban ecosystems, cli-
mate regulation, and increasing environmental aware-
ness of society. Displaying information about the eco-
system services of each tree and bush of the researched
stands in the form of an electronic map using the appli-
cation (Google MyMaps, 2023), according to the method-
ology described above, made it possible to provide open
access for everyone and create conditions for a better
understanding of the value of each plant and the volume
of its individual ecosystem productivity (Fig. 6). Another
approach to promote the ecosystem services of trees and
shrubs at the local level could be to attach information
plates to plants and create special information stands
with information on the ecosystem services of green
spaces in both quantitative and monetized terms.
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Figure 6. Interactive map of the amount and cost of ecosystem services of public green spaces
in the territory of the city of Berezhany, Ternopil region
Source: developed by the authors of this study based on (USDA Forest Service, 2021; Google MyMaps, 2023)

In general, the conducted study helped determine
in quantitative and cost terms part of the ecosystem ser-
vices of public green spaces (reduction in the amount
of pollutants, absorption and sequestration of carbon,
volumes of oxygen production, and regulation of sur-
face water flows) and display them in the form of an
interactive map. This approach, according to (Burkhard
& Maes, 2017), improves the decision-making process
in the field of environmental protection activities and
creates conditions for improving the environmental
awareness of the population.

Comparing the conclusions obtained in this study
with the results obtained by other scientists, it is worth
noting the unanimity of scientists from different coun-
tries (Croci et al., 2022; VCelakova et al., 2023) regarding
the importance of conducting analogous applied studies
of the maximum possible number of ecosystem services

for various types of green spaces in all corners of the
world. Many experts (Mosyaftiani et al., 2022) also rec-
ommend using modern tools for this process, including
i-Tree Eco Tools for researching ecosystem services of
green spaces. Therewith, the obtained study results are
interpreted by various authors (Yang & Khan, 2021) in
the plane of the most effective delivery of information
about the ecosystem functions of green spaces to users of
ecosystem services, authorities and scientists, including
similarly to the findings this study obtained by visualizing
them on maps (Bidolakh & Lakyda, 2019). Ultimately,
according to researchers (Cimburova & Barton, 2020;
Stoeckl et al., 2023), such studies should contribute to the
overall greening of social development and the improve-
ment of environmental awareness of residents of settle-
ments, which is also relevant for ensuring the sustainable
development of urban landscapes of Ukraine.
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CONCLUSIONS

The conducted study helped work out the procedure for
obtaining and evaluating quantitative and value indi-
cators of ecosystem services using the i-Tree Eco tool,
using the example of public green spaces in the city of
Berezhany, Ternopil region. The findings created condi-
tions for demonstrating the value of green spaces for
urban ecosystems and the importance of conducting
analogous studies to ensure the sustainable develop-
ment of ecosystems.

The obtained results proved that the ecosystem
usefulness of the researched green spaces in monetized
terms amounts to UAH 216,718 thousand (€5356) an-
nually in terms of the investigated indicators (reduction
of the number of pollutants, absorption and sequestra-
tion of carbon, volumes of oxygen production, and reg-
ulation of surface water flows). Therewith, the average
value of the annual cost of ecosystem services of each
tree-shrub plant in terms of the above-mentioned indi-
cators is UAH 557 (€13.8). Furthermore, evaluating the
ability of the investigated green spaces to absorb and
store carbon in their tissues during their lifetime, the
value assessment of this ecosystem utility as of today
(2023) is UAH 1,493,009,000 (€36901).

The results of the analysis of the ecosystem produc-
tivity of different plant stands (park, square, and green
spaces in the central part of the city) showed the high-
est indicators for park stands given the higher values of
their biometric indicators. Tree and shrub plants of the
square on the Ternopilska street in the city of Berezh-
any is slightly inferior to the investigated park stands
in terms of their indicators. Green spaces in the cen-
tral part of the city, even with lower average biometric
indicators, are more effective in absorbing pollutants.
In terms of species, trees that can achieve considera-
ble biometric indicators in local conditions of urban-
ized landscapes are characterized by greater ecosystem
productivity. For the city of Berezhany, Ternopil region,
such trees should include Quercus robur L., Aesculus hip-
pocastanum L., Fraxinus excelsior L., Tilia cordata Mill.,
and Acer platanoides L.

To familiarize more people and popularize the eco-
system value of trees and bushes, we have proposed the
creation of electronic interactive maps with unrestricted
access for all stakeholders, as well as the installation of

information boards and stands with information about
the ecosystem services of green spaces. The practical
value of the results of this and analogous studies also
lies in the possibility of presenting the obtained results
to local authorities, enterprises, and organizations
related to green management, scientific and public or-
ganizations, activists, and other stakeholders. Such an
approach will create conditions for improving the aware-
ness of the value of green spaces to ensure the sustain-
able development of urban ecosystems and society,
improving their security and protection, improving man-
agement and creating conditions for making informed
decisions in the field of green construction, improving
the environmental awareness of residents of settle-
ments and achieving other ecologically oriented results.

Notably, the chosen topic has considerable pros-
pects for further research in the context of obtaining
information about the ecosystem services of other
plant stands, expanding the list of ecosystem functions
for research and evaluation, researching the possibili-
ties of involving innovative tools for performing anal-
ogous works, expanding the scope of applications and
improving the methods of presenting the obtained re-
sults to popularize the usefulness of green plantations
for urban ecosystems.
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Anotauif. [locnigxeHHS MOXAMBOCTEN BWMKOPUCTAHHSA Cy4acHMX MIAXOAIB Ta iHCTPYMEHTApIil0 AN9 OLiHHOBAHHS
E€KOCUCTEMHMX MOCAYT 3eNIEHMX HAaCAOXKEHb BMPI3HAETbCS aKTyasbHICTIO Ta NOTpebye TEOPETUYHOIO 0OrPYHTYBAHHS
Ta NpUKNAAHUX OOCNIOKEHb, 0COBNMBO B YMOBAxX BAX/IMBOCTI 3abe3neyeHHs CTanoro po3BuTKy YkpaiHu. Tomy
MeTOH Lji€i poboTM € OnpaLoBaHHS MPOLLECY KiIbKiICHOrO Ta BApTICHOMO OLHKOBAHHA EKOCUMCTEMHMX MOCyr
3e/IeHNX HAaCaAKEHb 3aralbHOro KOPUCTYBAHHA Ta MOLYK MOX/MBOCTEN NpeaCcTaBieHHs OTpMMaHoI iHdopMmauii ans
3auikaBneHunx ocib. Ang uboro NnpoBefeHO iHBEHTAPU3aLLi0 3eeHMX HAaCaAKeHb 3 BUMIPIOBAHHAM iX 6iOMETPUUHMX
Ta CaHITapHMX MOKA3HMKIB. 3 METO KifIbKiCHOrO Ta BAPTiCHOrO OLiHIOBAHHS €KOCUCTEMHUX PYHKLIM HacaaXeHb Ta
OKpeMUX [epeB BUKOPUCTAHO iHCTpPyMeHTapil i-Tree Eco, a ans ix Bisyanizauii sogatok Google My Maps. BukoHaHi
LOCNIAKEHHA AaNW 3MOTY OTPUMATH iIHDOPMALLIKO NPO OKpeMi eKOCUCTEMHI hYHKLiT 3eNeHUX HACaAKEHb (3MEHLLIEHHS
KiNbKOCTi 3aOpyLHIOYMX PEYOBUH, MOMMMHAHHSA Ta CEKBECTpaLis BYyrneut, obcarn npoayKyBaHHS KMCHHO Ta
perynoBaHHs MOBEPXHEBUX BOLHMX CTOKIB). Y CKNafi Li€i KOPUCHOCTI 0BUYMCIEHO LWOPIYHY eKOCUCTEMHY (DYHKLiI0
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PEYOBWMH), LLO OLIHIOETLCS Ha cyMy 128,648 TUC. IpH WOPiYHO; 3MEHLLEHHS 3a0pyaHEHHS NOBITPS Ha 7,43 METPUYHUX
TOHM BanoBoro obcsry ceksectpauii Byrneuto (19 kry nepepaxyHky Ha 1 pociuHy), i3 OLiHEHO BApTICTIO Y PO3Mipi
41,028 TWC. TpH Ta 3MEHLUEHHS! BOAHOMO CTOKY Ha 684,9 M. Ky6, WO OLIHIOETbCA Ha cyMy 47,042 rpH LWLOPiYHOI
KopucHocTi. OkpiM TOro, AocnimkeHi 3eneHi HacaXXeHHs CTaHOM Ha MOMEHT AOCAIAXKEHHS YTPUMYIOTb Y CBOIX
TKaHMHAX BYr/eLb, LLLO CTBOPHE €KOCUCTEMHY KOPUCHICTb Ha cyMy 1493,009 Tuc. rpH (€ 36901). HaBuLLi nokasHuWKu
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LOCNIIKEHHS CTBOPIOIOTb YMOBU N5 KPALLOro YCBIAOMNEHHS EKOCUMCTEMHOI LIHHOCTI 3efeHMX HacalxeHb, NpoTe
BX/IMBA TAKOX ii nmonynspusauis. [MpakTMyHa LiHHICTb pe3ynbTaTiB NOAAraE TakoX Y MOX/MBOCTI iX AOBEAEHHS
[10 OpraHiB BnagM, NiANPMEMCTB Ta OPraHi3aLii, akTUBICTIB Ta iHLUMX 3aLiKaBNEHMX OCib, WO CTBOPUTb YMOBU 415
NMOKpPALLLeHHS eKONOoriYHOT CBIAOMOCTI, CMPUSHHS 3aXMUCTY Ta OXOPOHI HACaAXKEHb, YAOCKOHANEHHIO MEHEOXMEHTY Ta
NPUMHATT 06rpyHTOBAHMX pilleHb y chepi 3eneHoro OyaiBHULTBA
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is due to the difficult socio-ecological situation in the river basins of Ukraine; during
decades, the aquatic ecosystems have been considered and used only as an economic
resource for industrial and agricultural production and the discharge of pollutants,
which has led to a rapid decrease in the ecological potential of natural water objects.
The purpose of the study is to analyze the natural and anthropogenic impacts on the
formation of surface runoff, to determine mathematical dependencies for an adequate
calculation of volumes of surface runoff, considering the anthropogenic impacts, which
changes the natural features of hydrographs in watercourses and the quality of surface
waters.To determine the volumes of surface runoff, it is used the methods that are based
both onthe direct instrumental measurements and on the construction of various digital
models. In the course of the study, it has been identified the main factors influencing
the formation of anthropogenic floods, as well as the most typical pollutants, which are
present in the surface runoff from the areas with residential construction and artificial
coating. The article proposes a number of improvements to the existing mathematical
dependencies based on the theory of isochrones for a more accurate display of the
processes that form the surface runoff. The resulting mathematical model can be used
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have undergone changes as a result of anthropogenic impact, which in the future can
become the basis for the development of environmental measures
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INTRODUCTION

Surface runoff water that enter water ponds and wa-
tercourses (most often without treatment) is one of the
main reasons for the deterioration of their condition.
The solution of this problem is difficult due to the pe-
culiarities of the regime of formation of surface runoff
and its entry into surface water objects, which differ
significantly from the conditions for the formation of
domestic and industrial wastewater. Therefore, building
a model that reflects all the factors affecting the quali-
tative and quantitative characteristics of surface runoff
is of great importance.

The state of surface water objects, compared with
the end of the twentieth century, has experienced sig-
nificant impacts; this applies to both an increase in the
mineralization of surface waters and pollution with bi-
ogenic compounds. The intensification of agricultural
production has led to an increase of pesticide and min-
eral fertilizer residues in the surface waters, namely:
nitroammophos, diammofos, potassium nitrate and
others. These are the most common pollutants from
the category of pesticides for the surface water: DDT,
chlorophos, metaphos. The article by S. Pokhrel (2020)
is devoted to this topic, in which the author examines
the negative impact of such pollutants on the aquatic
biogeocenoses, in particular, the destruction of phyto-
plankton by pesticides, which is the producer of primary
production, which (as a result) leads to a loss of ecosys-
tem stability.

In the work of the group of authors such as
A. Butkovskyi et al. (2021), it is also described the con-
sequences of pollution of surface water ponds with
pesticides such as bentazone, 2-methyl-4-chlorophe-
noxyacetic acid (MCPA), metalaxyl, propiconazole and
imidacloprid. At the same time, the authors proposed
methods to prevent pesticide leaching with the sur-
face runoff, namely: the use of vermiculite, pumice, wa-
ter-absorbing polymer (SAP) for the retention of pes-
ticides belonging to the group of water-soluble ones.
On the other hand, the development of organic farming
leads to a reduction in the use of mineral fertilizers and
plant protection products, which has a direct impact on
the quality of wastewater. In the work by M. Trenciansky
et al. (2022), it is shown a decrease in the pollution of
surface wastewater after switching to organic farming.
The results of reduction of substances such as nitrates
and chlorides became the most significant ones. How-
ever, with a prolonged use of organic fertilizers, it was
observed an increase in bacterial pollution of surface
runoff, in particular, with the coliform bacteria.

The development of cities and the expansion of in-
frastructure causes significant changes in the processes
of formation of surface runoff. This theme is described
in detail in the article by K. Sokur and L. Palamarchuk
(2021). In the article, it has been carried out a clus-
ter analysis of rainfall, which can be classified as very
strong and dangerous according to their nature. As a
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result of the study, it has been revealed that the runoff
from an entirely built-up area is 100-300% more that
the runoff formed in the area with a lack of artificial
coatings and with minimal buildings. The problem of
increased flood runoff during the heavy rainfall is de-
scribed in the article by T. Morales-Pinzon et al. (2015).
In particular, the authors of the article argue that the
pollution accumulated during the rainless period is
rinsed off the surface of urban coatings and significantly
worsens the state of surface runoff.

Climate change also contributes to the formation
of surface runoff. Thus, in the work by O.V. Stepova and
V.V.Roma (2018), the results of changes occurring in the
climatic conditions are given,namely: an increase in the
average annual temperature and fluctuations in the an-
nual rainfall. This direction is very important, and as the
authors of the article have shown, in addition to changes
in the formation of surface runoff, climatic characteris-
tics (in particular, the temperature value) affect such
indicators as the level of dissolved oxygen and indica-
tors of the presence of organic compounds, namely: bi-
ochemical oxygen demand (BOD) and chemical oxygen
demand (COD). Separately, it is worth noting that the
state of surface wastewater can also affect the quality
of groundwater. For example, in the work by W. Morsy
and Z. El-Fakharany (2012), based on the statistical
analysis and mathematical modeling, it has been de-
termined that the pollution of surface runoff can lead
to an increased risk of migration of plume pollution,
resulting in a deterioration in groundwater quality.

Thus, the surface runoff can affect both the state of
surface water objects and the quality of underground
aquifers; thus, determining the volume of surface runoff
is very important. The purpose of this work is to im-
prove the existing methods for calculating the volume
of surface runoff that enters the water ponds and water
courses with rain and meltwater. This will make it pos-
sible to predict the possible consequences of the influ-
ence of surface wastewater on the state of surface and
groundwater objects, as well as to determine possible
ways to minimize these consequences.

MATERIALS AND METHODS

The calculation of river runoff is an important part
of hydrology. It can be based both on the traditional
methods for measuring the level and flow of water, and
on the mathematical modeling methods. In the case of
direct instrumental measurements, the flow meters of
various designs are used, which are compared with the
water levels in the watercourse. To obtain correct data
on the volume of runoff, the obtained data is subjected
to various types of mathematical analysis. If possible,
the data obtained during the operation of hydrotechni-
cal structures (such as locks, gates and others, installed
on regulated watercourses) are used to determine the
volume of river flow.




The formulas used can be classified into two main
types: empirical formulas (which in general consider the
basic regularities of the formation of surface runoff) and
genetic formulas (which is based on the theoretical foun-
dations of the formation of runoff on slopes and in wa-
terways. The reduction and volumetric methods are the
most widely used empirical methods. The reduction for-
mulas are based on a schematic representation of slope
and waterway hydrographs (Medvedeva & Shakirzanova,
2015). In the methods related to mathematical mode-
ling, it is possible to distinguish genetic and proba-
bilistic-statistical approaches, which are combined to
some extent. The probability-statistical methods are
based on the principle of grouping runoff’s character-
istics into statistical series (or combinations), which are
studied by the methods of mathematical statistics and
probability theory. The ability to track changes both in
space and time is an important advantage of probabilis-
tic-statistical methods. With the help of these methods,
it is possible to obtain general interdependencies.

Particular attention has been paid to research on
how the floods form and what consequences they have
for calculating the maximum runoff, layers, runoff’s
time and hydrographs. All these properties can be de-
termined as a result of direct field studies. With the lack
of observations, they are based on the concept of gen-
eral principle of the formation of spring floods. It is typ-
ical for the genetic methods to study river runoff to rely
on the cause-and-effect relationships. At the same time,
much attention is paid to the study of water systems,
their classification, implementation of regional hydro-
logical zoning. Genetic methods include the methods
of hydrological analogy, hydrological interpolation,
regional coefficients, water balances and dissection of
runoff hydrographs by source (genetic dissection). Ge-
netic methods may also include some runoff models
(for example, runoff isochrones, deterministic models).

Genetic formulas and formulas of boundary intensity
are based on the assumptions regarding the formation of
surface runoff as a hydro-mechanical process. As a rule,
such models consider several stages of runoff formation,
starting from the first phase - the slope runoff, when the
moisture is transformed from water intakes into a slope
hydrograph; and then, due to the flow stratification and
factors of waterway regulation related to the second
phase of transformation, it becomes a waterway hydro-
graph. Adjustment for the individual characteristics of
water intake is carried out by means of constructing an
isochrone curve based on the empirical data. Separately,
it is worth noting the advantage of such methods, which
lies in the fact that they can be applied to water intakes,
regardless of their size. In this study, the reduction for-
mula specified in the Building Regulations SNiP 2.01.14-
83 “Determination of calculated hydrological character-
istics” (2014) was taken as a basis for the development
of a mathematical model. It determines the maximum
discharge of surface runoff during the spring snowmelt:

Myskovets & Molchak

__ [Kohpoyu85,6,
QP% - (A+A)™ ] A. (1)

At the same time, the data obtained as a result of
long-term observations of rivers-analogues are used
for determining the values of coefficients included in
equation 1, such as the parameter characterizing the
friendliness of spring flood (K,), the estimated layer of
the total spring runoff (h,,), the coefficients considering
the impact of water ponds (), the impact of afforesta-
tion (6,), the impact of wetland areas (8,).

RESULTS

Water resources on the territory of Ukraine are unevenly
distributed. The volumes of surface runoff also change
over time. In summer, it usually makes up 7-10% of the
annual runoff, and in autumn and winter - it increases
up to 15-16%. In low-water years, surface runoff can
decrease to 40-60% of similar indicators based on the
results of long-term observations (Rybalova & Melnik,
2021). Separately, it is worth noting the low quality of
water in many watercourses, which makes it unsuitable
even for the use for cultural and domestic purposes. It
often happens that a watercourse has a negative water
balance, which leads to a violation of hydrological re-
gime of the river, and accordingly, makes it impossible
to use this water for the needs of national economy.

Surface runoff is the main source of power for the
rivers, namely the spring snowmelt, and in the summer
period - the replenishment of river runoff occurs due
to the groundwater. A number of factors influence the
formation of surface runoff: land cultivation, deforest-
ation, construction of housing and industrial facilities
(including the environmentally hazardous ones). In ad-
dition to the fact that a change in the underlying sur-
face affects the volume of surface runoff, this also leads
to a change in the qualitative composition of wastewa-
ter. Therefore, the identification of dependencies that
would most fully characterize the process of formation
of surface runoff is an urgent problem. The equations
for calculating the volume of rainfall runoff from a cer-
tain area should be based on the basic factors, which
form the volume of runoff. They primarily include: local
parameters, such as relief, intensity and duration of
rainfall, the absorption capacity of soils and features of
the regime of underground water and groundwater, the
cross section of water-collecting relief by ravines and
gullies The nature of land use is necessarily considered;
for the ploughed up lands, it is worth considering the
water consumption by agricultural crops, the timing of
vegetative period. Based on the above-mentioned in-
dicators, the maximum rainfall volumes can be repre-
sented in the simplest form using the equation:

Apys = 132k, 1, BsnBEGy ° MKy (2)

6max, 1%

where h__ ., - the maximum value of water accumu-

lation and with a supply of 1%, mm; &_ - a coefficient
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characterizing the soil nutrition (this parameter can
vary from 0.9 for the areas, in which the water-catch-
ment is characterized by the low level of soil nutrition;
1.05 - for the areas in which the water-catchment is
characterized by an average level of soil pressure feed-
ing; 1.25 - for the areas, in which the water-catchment
is characterized by a high level of soil nutrition); 6, - is
the coefficient of water consumption accounting, which
depends on the type of agricultural crops grown in the
territory under consideration and the duration of vege-
tation period (this indicator ranges from 0.85 to 1); Ap -
the coefficient of transition from the provision of 1% to
another given one; K - the coefficient of reduction of
maximum water accumulation; Gp - is a parameter that
depends on the soil nutrition and the area subject to
anthropogenic impact.

The value of Gp is determined according to the

equation:
6,(1-6
G, = <5,dppx + /—{Mld)) Se> (3)

where § , - the coefficient characterizing the scale of
land development (calculated by the formula:); §, - the
coefficient depending on the level of afforestation of
the territory under consideration; §, - is an empirical
coefficient reflecting the level of changes that occurred
under the influence of anthropogenic or technogenic
intervention (6, for the Dnieper basin and the northern
part of Ukraine is 1.23); Pp - the parameter of feeding, its
value depends on the type of soil and the depth of aqui-
fers; x - the indicator of the level of feeding parameter.

The equation for calculating the volume of rainfall
runoff is structurally similar to the formula given in
SNiP 2.01.14-83 “Determination of calculated hydrolog-
ical characteristics” (2014). However, at the same time,
there are several significant differences. For example, in
SNiP, it is proposed to calculate the maximum drainage
rate based on the runoff coefficient and the layer of
precipitation that fell during the day. This dependence
does not consider the fundamental factors such as the
state of soil, as well as the terrain, the level of ground-
water, the volume of water consumed by agricultural
crops, the duration of vegetation period, melioration
measures, the topographic features of the area under
consideration, and other criteria. All characteristics are
considered when forming the equation (1). Considering
the larger number of parameters makes it possible to
more accurately predict the volume of maximum runoff.
This especially affects the calculations of flood runoff
for small rivers and watercourses subject to the an-
thropogenic impact. However, the parameters of the
above-mentioned equation do not fully consider the
physics of the process of the flood flow formation. Ac-
cording to the analysis of the channel network of rivers
in the upper and middle flow of the Dnieper region, the
configuration of the river catchment basins can have
quite diverse forms, while the equation (1) is based on
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the assumption that the rivers’ basins have a rectan-
gular form. Thus, in order to increase the reliability of
calculations, it is necessary to add an empirical coeffi-
cient to formula (1) - a constructive-hydrographic one,
with the help of which it would be possible to proceed
to the modeling of realistic river basins.

The time of the channel running has main influence
on the process of formation of flows of anthropogenic
floods (the ratio of hydrographic length of the water-
course to the running speed). While the running speed
is one of the most important indicators that can signif-
icantly affect the runoff transformation in the channel).
The calculation formula considers the mutual depend-
ence of time of the channel running and the parameter
of the forming costs related to the unit of time. Deter-
mination of the maximum integral discharge of surface
runoff is based on the isochrone theory. The work by
C. Xi et al. (2021) is devoted to the application of this
theory regarding the calculation of flooding. Methods
of mathematical modeling based on the isochrone the-
ory are reflected in the article by C. Cui et al. (2022).

According to the isochrone theory, the value of the
maximum water accumulation is calculated on the ba-
sis of the ratio of the slope run time (t_) to the channel
run time (t_). At the same time, if t_ is more than t_,
then the formation of the maximum occurs as a slow
runoff, as a result of which the greatest water accumu-
lation is observed. If T__ is less than T_, the maximum
is formed as a developed runoff. In this case, there is
a maximum water accumulation (h ), which is calcu-
lated through the coefficient of the layer of the largest
water accumulation ¢. Thus, water accumulation can
be determined using the equation h =@*h .Based on
the above-mentioned dependencies, it is possible to
conclude that the layer of slope runoff differs from the
highest water accumulation (h___ ). This difference is
equal to the loss of flood runoff (Rﬁ), which (for conven-
ience) will be determined using the coefficient of runoff
loss in recession R,. It should be noted that the value
of R_is always less than 1. When multiplying the run-
off loss coefficient in recession by the maximum water
accumulation, it will be obtained the value of the layer
of slope runoff.

According to the theoretical scheme for the for-
mation of flood runoff as a result of anthropogenic
changes, the maximum water accumulation directly de-
pends on the groundwater regime. This indicates that
different levels of groundwater can generate different
maximum water volumes, even if other factors (such as
the volume of rainfall and soil conditions) are the same.
Changes in the volumes of water accumulation through
the groundwater levels are considered using the empir-
ical coefficient § . The coefficient of groundwater level
indication (ng) considers the mechanical composition
of the soil and the vegetation period. Anthropogenic
changes that affect the nature of redistribution of the
surface runoff are considered using the coefficient for




accounting for the level of anthropogenic changes K .
Anthropogenic changes are usually expressed as an in-
crease in the land occupied by agricultural production
within a particular water-catchment area. This coeffi-
cient is determined by comparing the volumes of runoff
from agricultural land and natural landscapes. Due to
the variety of factors affecting the formation of compo-
sition of the surface wastewater, as well as the nature
and degree of inorganic and organic pollution, the sur-
face runoff is a priority indicator that should be consid-
ered among the components of various origins to de-
termine the state of surface water. The proposed model
does not consider the features of the water basin such
as afforestation and waterlogging; these parameters are
considered in the indicators of maximum water accumu-
lation. For watercourses with the most regulated runoff
due to the presence of ponds and lakes, the coefficient
of accounting for the influence on lakes’ runoff is intro-
duced for the proposed methodology (Traskova, 2015).
Various territories of Ukraine, such as the upper and
middle Dnieper and the northern part of Ukraine have a
significant number of karst formations (geological for-
mations that are formed during the process when the
rocks is leached and dissolved by the surface water or
groundwater). These formations make their additional
contribution to the formation of surface runoff. Depend-
ing on the type of supply, these formations can lead to
both an increase in the flood runoff and its significant
decrease. This influence is considered in the calculation
model using the empirical factor of accounting for the
state of cavernous porosity 6. The degree and nature
of pollution of surface runoff from the residential and
commercial facilities varies and depends on the sani-
tary conditions of the water catchment area, the level
of development of the territory and the meteorological
characteristics of precipitation, namely: the duration
and strength of precipitation, the duration of prelim-
inary dry weather and the intensity of spring melting
process, as well as the impact of rainwater pollution,
which occur due to pollution of atmospheric air by the
emissions from industrial enterprises and transport.
High concentrations in the surface runoff are ob-
served at the beginning of rain; after reaching the max-
imum volume of runoff, as a rule, a significant decrease
can occur. Irrigation waters and household wastewaters
have a stable composition and high concentrations of
pollutants. As a rule, these are the most characteristic
pollutants: the suspended solids, oil products, BOD and
COD indicators characterizing the presence of organic
compounds in wastewater. The presence of suspended
solids in the surface wastewater is due to the presence
of soil particles carried from the open surfaces, the
road surface components, dust, household waste and
building materials that can be stored in open areas. The
presence of oil products in the rainwater is a separate
problem; they are formed as a result of leaks of fuel
and lubricating fluids during the operation of vehicles
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and other machines and mechanisms. The specific com-
ponents of the surface runoff from areas with residen-
tial development include: synthetic surfactants, heavy
metal salts, phosphates, biogenic elements (primar-
ily - nitrogen compounds, which can be present both
in organic and in inorganic forms in the wastewater:
ammonium, nitrate and nitrite nitrogen). The presence
of such substances indicates an unsatisfactory sanitary
and hygienic condition of the underlying surface or a
violation of the tightness of sewer networks. Excessive
bacteriological pollution of the surface runoff is also
caused by the same reason.

Thus, in the course of the study, it has been improved
the existing model for estimating the volume of surface
runoff that enters the surface water ponds, both as a re-
sult of direct precipitation and during the floods caused
by snowmelt. The features of pollution of water ponds
by surface runoff are revealed: the most characteristic
pollutants are determined, as well as the specific condi-
tions (unevenness in time) regarding the concentrations
of pollutants in rain and melted wastewater.

DISCUSSION

The problem of environmental pollution, namely the
water objects, is one of the most urgent for today. A
number of articles by both domestic and foreign au-
thors are devoted to the study of influence of the sur-
face runoff on the state of water objects. Thus, in the
collection of articles formed on the basis of results of
the first international-scientific and practical confer-
ence “Modern directions of scientific search”, Chicago,
USA, 2021, it was presented the work by Ukrainian au-
thors O.V. Rybolova and L\V. Melnik (2021) devoted to
the influence of rainwater runoff on the state of water
objects. The authors in their work also used a method
based on the calculation of environmental index to de-
termine the state of surface waters. The rivers of the
Kharkiv region, belonging to the basins of the Dnipro
and Siverskyi Donets rivers, were chosen as the basis
for the research. Based on the assessment of environ-
mental index, it has been determined that almost all
water objects (that were investigated) are classified as
the quality class 4. This means that ecological state of
these watercourses is bad. Small rivers appeared to be
the most vulnerable to anthropogenic impact. The au-
thors of the article have come to conclusion that ur-
banization is the most significant source of influence,
which changes the normal formation of the natural
flow of rivers due to the disturbance of natural relief
and intervention in the underground horizons. Agricul-
ture is another factor influencing the state of surface
runoff. As a rule, the surface runoff from agricultural
land contains biogenic elements, such as nitrogen and
phosphorus compounds, which are part of the most
mineral fertilizers. At the same time, the following
factors has a great importance for the composition of
surface runoff: the type of agricultural crops grown in
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certain areas, their yields, methods of land cultivation,
in particular, whether the artificial irrigation is used.
The conclusions of these authors are fully consistent
with the results obtained in the course of research by
the authors of this work.

Authors P. Smilii et al. (2021) conducted similar
studies on the territory of the Zhytomyr region within
the Pripyat river basin. Based on the obtained results,
an assessment of water quality was carried out in three
blocks: salt composition, block of ecological and sani-
tary indicators and block of indicators of toxic action.
According to the results of such assessment, the integral
ecological coefficient was determined. It is especially
worth noting that the block of ecological and sanitary
(trophic-saprobiological) indicators is the limiting indi-
cator that most affected the value of integral-ecological
index; this indicates that anthropogenic factors have
the greatest influence on the state of water objects
in the Pripyat river basin. The authors of publication
l. Gopchak et al. (2021) made similar conclusions. The
small rivers of the right-bank of Polissia became the
subject of their research. As in the previous study, the
block of ecological-sanitary (trophic-saprobiological)
indicators was the characteristic that most influenced
the overall ecological index. Thus, in comparison with
the block of salt indicators, or the block of indicators of
toxic action, the block of ecological and sanitary indi-
cators has the highest values. This proves once again
that the quality of surface water in Ukraine depends
primarily on the quality of surface runoff, which suffers
greatly from anthropogenic load.

Similar studies are being carried out in many
countries around the world. For example, the work by
M. Suchowska-Kisielewicz and |. Nowogonski (2021) is
based on the studies conducted in Poland. The software
complex “Storm Water Management Model” developed
by the United States Environmental Protection Agency
(EPA) was used to simulate the rainfall runoff. This
software complex is based on number of hydrological
parameters, namely: variable duration of precipitation
and its amount, evaporation of water from the open
surface of water ponds and watercourse, accumulation
of precipitation (rainwater and snow), further snow-
melt, leakage and filtration of rainwater and meltwater
into the soil thickness, the risks of groundwater over-
flow into underground and surface sewer networks and
structures and vice versa, as well as the specificity of
movement of the rain and melt water flows along the
underlying surface. Although the methods of research-
ing the problem differ significantly from those ones
adopted on the territory of Ukraine, the conclusions
made by these authors coincide with the conclusions
obtained in the course of this study.

The combined sewer systems are common problem
for the state of surface waters, that is when both sur-
face runoff waters and domestic-industrial wastewaters
are collected in one network. This problem is primarily
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associated with the possibility of wastewater overflow
during the most intense precipitation, when part of
runoff is discharged into a surface water pond with-
out treatment. On the other hand, the composition of
pollutants contained in the domestic-industrial waste-
water can be radically different from the pollutants in
rainwater, which makes it difficult to clean them; in
particular, this significantly impairs the operation of
treatment facilities, the main treatment type of which is
based on biological methods. The article by L. Soriano
and J. Rubio (2019) is devoted to this problem, in which
(using the example of the city of Zaragoza) the stud-
ies regarding the impact of surface wastewater on the
state of the Ebro River were carried out. The article pro-
poses a number of measures to improve the state of
water resources within the city; first of all, the authors
paid attention to improving the sanitary condition of
the city, which largely depends on the composition of
rainwater. This fully coincided with the opinion of the
authors of this study.

If there is no possibility of continuous monitoring
of the volume of surface runoff, it is very important to
have a correct model for mathematical calculations of
such quantities. Therefore, there are several different
approaches to determine the volume of surface runoff,
each of which tries to consider all existing factors as
much as possible. Modern approaches to determining
the volume of surface runoff are also based (in addition
to the isochrone theory) on a geometric approach to the
slope and/or channel runoff hydrograph. This approach
is developed in their works by the teams of authors
such as S. Wei et al. (2022) and L. Wang et al. (2021).
In particular, empirical models have been proposed,
which combine the descriptors of hydrograph and rain-
fall storage reservoir to make reasonable predictions
depending on the types of individual hydrographs.

In an article by A.A. Dokus et al. (2019), it has been
proposed to use mathematical model of runoff forma-
tion, which use both the main parameters of meteoro-
logical characteristics (snowfalls and precipitation) and
runoff coefficients. The model was tested to determine
the maximum modulus of spring flood runoff for rivers
with a large catchment area located in different phys-
ical-geographical conditions in the Southern Bug river
basin. However, this model can only be used for spring
floods. Using it to predict the volume of surface run-
off during rainfall is not possible. Although it showed a
high accuracy for calculating spring floods. The method
proposed by the authors of this article, based on the
isochrone theory, can be used to calculate the volume
of surface runoff, including during rains.

In the study by D. Deka and B.M. Das (2022), the pre-
cipitation model was built with specified parameters of
intensity and duration in order to promptly drain rain-
water from the streets of Guwahati,using the SWMM 5.1
software complex. The SWMM 5.1 software complex im-
plements a technique based on the Gumbel distribution.




Based on the calculations obtained, the authors of the
article have come to conclusion that the existing rainwa-
ter sewer network cannot completely remove rainwater
from the city, and therefore, it requires reconstruction.

CONCLUSIONS

The problem of environmental pollution is one of the
most urgent in the modern society. This is especially
true for the quality of surface waters, which are for the
most part a source of fresh drinking water for the popu-
lation, as well as satisfy a number of other needs, start-
ing from the recreational ones and ending with meli-
oration. Therefore, it is very important to maintain the
proper quality of surface water ponds and watercourses.
The surface runoff (rain and snowmelt) is the main fac-
tor that worsens the condition of surface waters.

In this article, it is determined the list of the most
characteristic pollutants inherent in surface runoff; at
the same time, it has been clarified the features of dis-
tribution of pollutant concentrations, the dependence
of concentration on the duration and intensity of pre-
cipitation, the nature of underlying surface, including
the fact how much the indicated territory has been
subjected to anthropogenic and technogenic impacts.
Due to the lack of possibility to conduct the direct in-
strumental and laboratory studies of volumes of sur-
face runoff, a mathematical model has been developed.
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This model makes it possible to estimate with consid-
erable accuracy the volumes of water entering water
ponds and watercourses during precipitation and snow
melting. The developed dependences are based on the
isochrone theory. For a more accurate reflection of re-
ality, a number of empirical coefficients have been in-
troduced in the formula, such as the coefficient of ac-
counting for the impact on lake runoff, the coefficient
of indication of the level of groundwater, the coefficient
of accounting for the state of cavernous porosity.

The presence of an adequate model that reflects
all the features of formation of the surface runoff for
a given drainage basin is of great importance, because
it allows effectively predicting the volume of surface
runoff entering the water ponds, as well as assuming to
what extent and with what substances the runoff from
a particular area will be polluted. This will allow devel-
oping the appropriate measures to reduce the pollution
levels. The direction of further research may lie in the
study of impacts that climate change can make on the
formation of surface runoff.
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Positive samples were georeferenced and visualized using software to form clusters of rabies cases based on
years and types of animals, creating point layers and density mapping of cases. The analysis revealed that in the
Kyiv Oblast, 1788 samples of pathological brain material from animals with suspected rabies were examined, of
which 237 were positive. The largest number of samples belonged to wild animals (primarily foxes), acting as
a reservoir of the infection. The proportion of wild animals accounted for 64.4% of the total examined, but the
number of positive samples varied between 1.7% and 5.5%. Compared to domestic animals (cats and dogs), this
figure reached up to 30.0% of the total number of samples examined. Other animal species accounted for 3.2%
of positive cases among the total examined. Thus, the highest morbidity rate was observed in domestic animals,
representing 72.1% of the total identified positive cases. The highest density of rabies cases in the Kyiv Oblast
was observed in the southwest and centre. Persistent clusters of rabies cases were in the Bila Tserkva district and
the western outskirts of Kyiv. In the western part of Kyiv, the cluster was formed by cases in wild animals, cats, and
dogs. In the Bila Tserkva district, the cluster was formed by cases in wild animals, cats, dogs, and cattle. The highest

density of rabies cases in wild animals was registered on the western outskirts of Kyiv

Keywords: Rabies virus; epizootic; mapping; density of cases; clusters of cases

INTRODUCTION

Rabies remains a relevant zoonotic disease in Ukraine,
and despite all efforts to combat this infection, ac-
cording to official veterinary reports, the number of
registered cases during the first quarter of 2023 has
nearly doubled both among wild and domestic animals.
Therefore, epidemiological monitoring, surveillance,
and analysis of the rabies situation are indispensable.
The use of geographic information systems (GIS) pro-
vides the opportunity for comprehensive analysis of the
epidemiological situation, allowing for the prediction
of new cases, planning, and monitoring the situation.

GIS technologies are applied in various fields of
rabiology, including routine monitoring, assessment of
vaccination effectiveness, detection of new risk zones
for animal infection with subsequent rabies spread,
and identification of species-related patterns (Fayisa,
2020). In Ukraine, the initial steps have already been
taken to determine the geographic coordinates for each
rabies case, and a database using GIS technology has
been established. Some authors have presented their
research results on an endemic rabies outbreak in the
Chernihiv Oblast using GIS (Polupan et al., 2017). Sub-
sequently, data related to rabies cases in the Volyn, Lviv,
and Zakarpattia Oblasts were also presented. According
to some authors, a national rabies database will be-
come an effective information resource in the future
(Makovska et al., 2020). Determining spatial trends and
identifying rabies clusters can be useful in making de-
cisions about the effective allocation of efforts for dis-
ease control, facilitating the development and planning
of anti-epizootic measures for rabies (Golik et al., 2018).

Rabies stays a significant zoonotic disease affect-
ing animals and poses a threat to human populations
worldwide (Fisher et al., 2018; Banyard et al., 2018).
Many researchers report that over 59,000 people die
from rabies annually globally (Riccardi et al.,2021; Scott
et al.,2021). According to Ukrainian scientists (Polupan
etal.,2019; Makovska et al., 2020), approximately 1,600
cases of rabies among animals and sporadic cases in
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humans are recorded annually in Ukraine during the
215t century.

According to foreign authors (Vos et al., 2017; Maki
etal.,2017;Mahletal.,2021),the most effective method
of rabies control, targeting the infection reservoir di-
rectly, is oral vaccination of wild carnivores, primarily
red foxes. These measures have been implemented in
our country for a long time, but in an incomplete scope
(Kornienko et al., 2019), which is why Ukraine remains
endemic for rabies (Flis, 2021). Another essential aspect
of rabies control, especially its urban manifestation, is
the vaccination of domestic carnivores (Moore et al.,
2018; Raynor et al., 2021; Natesan et al., 2023). The
current “Instructions on measures to combat animal
rabies” (1994) stipulate that all dogs and, in areas of
permanent epizootic risk, at the discretion of state vet-
erinary medicine authorities, cats must undergo man-
datory rabies vaccination.

Unlike other countries in Eastern and Central
Europe, Ukraine experiences a high circulation of rabies
among domestic carnivores (including stray dogs and
cats) and the same number of cases among wild car-
nivores (Mazur et al., 2017). In Ukraine, over 3 million
dogs and approximately 2 million cats are vaccinated
annually, along with more than 300,000 heads of live-
stock. It should be noted that most companion animals
are vaccinated against rabies by private veterinarians.

Issues with conducting parenteral antirabic vacci-
nation of domestic animals include the lack of a proper
identification system for animals, the absence of de-
veloped “Rules for keeping dogs, cats, and predatory
animals in populated areas of Ukraine,”and a program
for humane control of stray animal population and
vaccination. Therefore, despite significant efforts in
combating rabies among dogs and cats, these animal
species continue to be prominently featured in vet-
erinary reports on infectious diseases and contribute
to the tense epizootic situation of rabies in Ukraine
(Golik et al., 2018).




The ongoing direct and indirect impact on the ra-
bies epizootic situation in Ukraine calls for studying
the spread of this infection using modern surveillance
tools, particularly programs and resources based on
geographic information systems, which are promising
for analysing the rabies epizootic situation (Bouslama
et al., 2020; Miiller et al., 2020).

Based on the above, the authors set out to describe
the species and spatial characteristics of the rabies ep-
izootic in the Kyiv Oblast over three years (2020-2022)
among wild and domestic animals.

MATERIALS AND METHODS

The research material consisted of official data on rabies
cases among animals in the Kyiv Oblast for the years
2020-2022. According to quarterly and annual reports
from the Central State Testing Laboratory of the State
Service of Ukraine for Food Safety and Consumer Protec-
tion in the Kyiv Oblast and the city of Kyiv (n.d.), as well
as aggregated data from the State Scientific Research
Institute of Laboratory Diagnostics and Veterinary San-
itary Expertise (2023), a total of 1788 samples of brain
tissue suspected of rabies were examined from various
animal species (foxes 64.42%, cats 18.51%, dogs 13.87%,
raccoon dogs 0.17%, cattle 0.27%, roe deer 0.06%, hares
0.17%, weasels 0.22%, badgers 0.17%, hedgehogs 0.17%,
squirrels 0.4%, muskrats 0.17%, martens 0.27%, moles
0.1%, hamsters 0.1%, rats 0.5%, mice 0.27%, bats 0.06%).

Positive samples underwent descriptive statis-
tical analysis and were categorized by years, animal
species, and administrative locations with geospatial

Total samples examined
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coordinates (longitude and latitude). The overall dy-
namics of rabies cases, dynamics by animal species,and
characteristics of the rabies epizootic process were also
determined, including density and localization. In other
words, the analysis focused only on confirmed positive
cases of rabies without control of negative samples.
The standard graphical components of MS Office were
used for statistical processing.

The mapping of rabies cases was performed using
QGIS 3.28.7 software (DIVA, 2023). To determine and
visualize clusters of rabies cases by years and animal
species, the Heatmap tool was utilized. This tool con-
verts (smooths) the point layer into a continuous sur-
face of point density. The main parameter of this tool is
the search radius, which controls the degree of smooth-
ing. The optimal search radius was calculated using the
methodology proposed by Murray (2010). The pixel size
of the output raster was set to 100 m. Other parameters
were kept as default. The vector layers of Ukrainian ad-
ministrative boundaries for regions and districts were
obtained from the geoBoundaries: Global Database of
Political Administrative Boundaries; QGIS provides in-
formation on borders of Ukrainian regions as of (2023).

RESULTS AND DISCUSSION

During the period from 2020 to 2022, a total of 1788
samples of pathological material (brain tissue) sus-
pected of rabies were examined in the Kyiv Oblast, of
which 237 (13.3%) tested positive. In 2020, there were
114 positive cases (19.0%) of rabies detected, 66 cases
(6.7%) in 2021, and 57 cases (27.9%) in 2022 (Fig. 1).
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Figure 1. Total number of examinations and detected positive cases of rabies (2020-2022)
Source: compiled based on the veterinary reports of the State Scientific Research Institute of Laboratory Diagnostics and

Veterinary Sanitary Expertise (2023)

It should be noted that during 2020-2021, the total
number of examined brain samples from animals was
significantly higher than in 2022, mainly due to a greater
number of samples from foxes sent for evaluation of the
effectiveness of the oral vaccination campaigns for ra-
bies control. The percentage of these samples from the
total number was 61.5% and 75.6%, respectively.

In 2022, only 204 samples with suspicion of rabies
were examined, which is nearly five times lower than
in the previous year (2021), due to the absence of oral

vaccination for wild carnivores and, consequently, the
absence of samples from shot foxes. The percentage of
positive cases in 2022 was 27.9% of the total examined
samples.

Most laboratory examinations were conducted on
samples from wild animals, especially foxes, which
serve as the reservoir and source of infection. During
this period, the proportion of wild animals accounted
for 64.4% of the total examined material. Although
the percentage of positive results ranged from 1.7%
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to 5.5%, it is significantly lower compared to domes-
tic animals (dogs and cats) with positive rates ranging
from 4.57% to 25.0% of the total number of examined
samples. The reason for this is the presence of samples
from healthy foxes as a result of active monitoring, and
the average value of 3.0% represents a reliable preva-
lence rate of rabies within the fox population. On the
other hand, the high percentage of positive samples
among dogs and cats does not reflect the true prev-
alence rate, as all these samples were from animals

Percentage of positive samples

with suspicion of rabies and had a history of clinical
signs of the disease.

Comparing the percentage of positive samples
from wild and domestic animals to the total number
examined, it was found that the proportion of rabid
dogs and cats is significantly higher than that of wild
animals. The percentage of positive samples from do-
mestic animals averages around 30.0% within each
species (Fig. 2). In contrast, the percentage of positive
samples from wild animals varies from 2.3% to 15.4%.
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Figure 2. Dynamics of positive cases as a percentage of the total number of examined samples from wild (A)
and domestic animals (B) for rabies
Source: compiled based on the veterinary reports of the State Scientific Research Institute of Laboratory Diagnostics and

Veterinary Sanitary Expertise (2023)

The highest incidence rate of rabies is observed
among cats, accounting for over 40.0% of the total number
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of positive cases.Among dogs during this period, the av-
erage percentage of positive cases was 32.1% (Fig. 3).
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Figure 3. Number of positive animals for rabies by species (2020-2022)
Source: compiled based on the veterinary reports of the State Scientific Research Institute of Laboratory Diagnostics and

Veterinary Sanitary Expertise (2023)
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Notably, the percentage of positive cases among
dogs increased each year, rising from 25.4% in 2020
to 42.1% in 2022. These indicators suggest the possi-
ble emergence of new endemic areas and an increase
in the number of anthropurgic manifestations of rabies,
due to the higher presence of stray animals. Only 3.2% of
the total investigated samples were from other animals.
Among them, there were three positive cases in cattle
and one positive case each in a badger and a squirrel.

Analysing the seasonality of rabies cases in cats
and dogs, it was observed that the highest number of
cases occurred at the end of the autumn-winter and the
beginning of the spring periods. The percentage of pos-
itive cases varied from 6.4% to 57.1% in relation to the
number of samples investigated, according to quarterly
reports. Among foxes, this indicator remained relatively
stable during the quarters of 2020-2021, ranging from
62 to 150 samples, with the highest numbers observed
in November and December. Outbreaks of rabies in
other animals were predominantly registered during

+ 2022
2021

+ 2020
Districts

0 50 100 150 km
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the summer and the autumn-winter periods. The results
of the analysis of rabies distribution in the Kyiv Oblast
during 2020-2022 indicate an annual persistence of a
steady trend in stationary foci and areas with the high-
est density of rabies cases in western and central dis-
tricts. Specifically, the highest number of rabies cases
in the Kyiv Oblast was recorded in the south-western
districts, which border Cherkasy and Vinnytsia Oblasts,
where 362 and 415 positive cases were detected during
2020-2022, respectively. The western districts border
the Zhytomyr Oblast, where 136 positive cases were
registered during the same period. On the northeast-
ern border, which is adjacent to Chernihiv Oblast, only
six positive cases were recorded in 2020-2022, while in
the Poltava direction, 68 cases were registered.

Analysing the data from neighbouring regions,
a clear trend of decreasing rabies cases is observed,
which is also reflected in the density of cases in the
Kyiv Oblast over the years. The foci remain, but the den-
sity of cases is decreasing (Fig. 4).

Figure 4. Spatial distribution of rabies cases over the years (2020-2022).A - rabies cases; B - rabies case density for
2020; C - rabies case density for 2021; D - rabies case density for 2022

Source: compiled by the authors of this study

Analysing the spatial distribution of rabies over
the three years (Fig. 4), it was found that zones with
the highest rabies case density were observed in the
southwestern districts and the central region of the
Kyiv Oblast (including Kyiv city). The lowest number of
cases was registered in the northern region (exclusion
zone and Polissia Reserve), and an average number of
cases were recorded in the eastern and northern parts
of the region. For example, in the analysis of 2021, it
was observed that the zone with the highest density of
rabies cases extended from the southern part of Bila
Tserkva district to the northwestern border of Fastiv
district, forming a dense cluster of cases near the west-
ern part of Kyiy, including Bucha, Obukhiv, and parts
of Vyshhorod districts. A significant cluster was also
present in the eastern part of Kyiv near the border with
Boryspil district. In other districts, only isolated cases
were registered. In 2021, the zone with the highest
case density shifted towards the centre of Bila Tserkva

district (up to 10 cases) and extended to the border of
two adjacent districts. In the western part of Kyiy, the
density of cases shifted to three clusters in Bucha dis-
trict (up to 5 cases). In the northern region, isolated cas-
es were registered in Vyshhorod and Brovary districts.
In the eastern part, there were two clusters in Boryspil
and one in Brovary district (up to 3 cases).

In 2022, the highest density of cases was observed
in Bila Tserkva district, forming three clusters and iso-
lated cases, which continued with positive cases in
Fastiv and Bucha districts, forming a cluster near the
western outskirts of Kyiv.

The considerable proportion of domestic animals
(cats and dogs) in the etiological structure of rabies in-
dicates a pronounced urban character of the epizootic.
Rabies in cats is widespread in almost all districts of
the Kyiv Oblast and constitutes the largest proportion
of affected animals. In Bila Tserkva district, the cluster is
formed by cases among cats and dogs, as well as three

Scientific Horizons, 2023, Vol. 26, No. 8

121



122

Spread of rabies in the Kyiv Oblast during 2020-2022

cases in cattle (Fig. 5, B, C, D). The etiological structure
of rabies among cats forms the main clusters of density
near the outskirts of Kyiv, covering all neighbouring

N

* cattle
dogs

° cats
Districts

0 50 100 150 km

districts. The highest density of cases is maintained in
the centre and southwestern part of Bila Tserkva and
the western part of Fastiv districts.

Figure 5. Spatial distribution of rabies cases by types of domestic and farm animals. A - cases of rabies;
B - density of rabies cases in cats; C - density of rabies cases in dogs; D - density of rabies cases in cattle

Source: compiled by the authors of this study

The density of rabies cases among dogs was most
frequently recorded in Bila Tserkva and Fastiv districts.
Additionally, clusters of two to three cases were regis-
tered in all districts of Kyiv Oblast. It is noteworthy that
the area of increased density of rabies cases in dogs near
the outskirts of Kyiv is considerably distant from the city,
unlike clusters of rabies cases in cats, which are located
in close proximity to the city. It should be noted that the

@ wild animals
Districts
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registered cases of rabies in cattle in Bila Tserkva dis-
trict — two cases, and Fastiv district - one case, are asso-
ciated with contact with wild animals (foxes).

Despite the predominant role of domestic animals
over wild ones in the total number of rabies-infected ani-
mals, the main reservoir of the rabies virus in Kyiv Oblast
is foxes. The highest density of rabies cases in wild ani-
mals is recorded on the western outskirts of Kyiv (Fig. 6).

Figure 6. Spatial distribution of rabies cases in wild animals. (A - rabies cases; B - density of rabies cases)

Source: compiled by the authors of this study

The largest rabies cluster among wild animals is in
the central part of Kyiv Oblast, specifically in Bucha and
Fastiv districts. Additionally, over 20 cases have been reg-
istered in Bila Tserkva district, and up to 10 in Obukhiv
and Boryspil districts. Overall, the highest density of rabies
cases in Kyiv Oblast is observed in the southwestern and
central regions. Persistent clusters of rabies cases are sit-
uated in Bila Tserkva district and on the western outskirts
of Kyiv, formed by cases of the disease in wild animals.

Scientific Horizons, 2023, Vol. 26, No. 8

Regarding the terrain characteristics, the territory
of Kyiv Oblast can be divided into three parts: the
northern part consists of lowland marshy plains of the
Polissia Lowland; the southwestern and central parts
lie on the Dnipro Upland (with elevations up to 273
meters); and the eastern, left-bank territory of the re-
gion is situated on the floodplain and terraces of the
Dnipro within the Dnipro Lowland (Stetsiuk, 2010). The
highest number of rabies cases is registered precisely




on the Dnipro Upland of Kyiv Oblast, where predom-
inantly black soil and grey forest soils are found.
Through a comparative analysis of the geological fea-
tures of Kyiv Oblast and the territorial distribution of
animal rabies cases, it has been established that the
geological characteristics of the region do not play a
decisive role in the spread of rabies among animals,
unlike the natural and anthropurgic foci of rabies that
are located precisely in this part of the region.

It is worth noting that, according to anamnestic
data, approximately half of the animals had owners,
while the other part of the registered cases belonged to
stray animals (up to 50% were cats,and up to 30% were
dogs). Therefore, the main cause of rabies cases is inad-
equate coverage with preventive rabies vaccination and
insufficient control over the keeping of domestic ani-
mals. The northern districts of the region turned out to
be conditionally rabies-free due to the low population
density and isolated incidents. Additionally, according
to reports by Mazur et al. (2017), 80% of owned domes-
tic carnivores were not vaccinated against rabies. For-
eign authors (Brookes et al., 2019) also emphasize the
need for regulating the population of dogs and cats and
ensuring an adequate number of planned vaccinations.

Overall, in recent years, Ukrainian researchers
Polupan et al. (2019) and Makovska et al. (2020) have
identified a trend of decreasing rabies cases in Ukraine
(including Kyiv Oblast), where oral vaccination of wild
carnivores against rabies was conducted. This trend
continues and is confirmed by our research, as in the
last three years, the number of positive cases in Kyiv
Oblast decreased by 58.0% and 50.0% compared to
2020, which accounted for 114 cases, while in 2021,
there were 66 cases,and in 2022, there were 57 cases.

The research has shown that rabies is most wide-
spread among cats and dogs in Ukraine, which is con-
firmed by other researchers such as Mazur et al. (2017)
and Makovska et al. (2020). Therefore, combating rabies
among domestic animals is still an urgent issue and
can only be addressed through joint efforts of admin-
istrative and management services, veterinary and hu-
man medicine specialists, aimed at improving the care
of dogs and cats, timely animal vaccination, capturing,
sterilization, and immunization of stray animals, and
more. It has been proven that vaccinating the dog pop-
ulation can significantly and durably reduce human ra-
bies deaths, but it requires informative monitoring of
animal population demographics.

Geographical approaches using GIS analysis are
highly essential tools for the epidemiology of rabies,
helping to determine its localization, risk level, and
control. These methods are widely used in EU countries
(Tadesse & Reda, 2021). In Ukraine, the first attempts
were made by Golik et al. (2018) on local territories.
Makovska et al. (2020) made a significant contribu-
tion by conducting GIS analysis of rabies distribution
in all Ukrainian regions for 2012-2018 and creating a
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database. These studies allowed establishing tempo-
ral patterns and distribution of rabies clusters among
different animal species. While our research is specific
to Kyiv Oblast, we have identified the highest density
zones of rabies foci and the clustering patterns of cases,
enabling more effective planning of preventive meas-
ures and rabies control in Kyiv Oblast.

Despite the COVID-19 pandemic, oral vaccina-
tion of wild carnivores against rabies was conducted
in Ukraine in 2020 and 2021, following the “Plan of
Anti-epizootic Measures for the Prevention of Main In-
fectious and Parasitic Animal Diseases in Ukraine (2020,
2021)”, which undoubtedly had a positive impact on the
tense epizootic situation with rabies. However, in 2022,
due to military actions, oral vaccination of wild carni-
vores against rabies was not carried out. Consequently,
the long-term strategy of combating rabies, which re-
lied on extensive oral vaccination of wild carnivores,
faces challenges, and may result in significant risks
of virus spread among non-immune animals and the
emergence of new endemic zones. There is also a pos-
sibility of increased cases of anthropurgic rabies due to
the growing number of roaming domestic animals.

Given the challenges of today, the development of a
novel approach strategy for the rabies control program in
animals is necessary. Vaccination has been identified as
the most effective means of combating rabies among all
animal species. Measures to combat rabies in dogs and
cats should include control, vaccination (annual cam-
paigns targeting 70% of animals), and population density
reduction through sterilization. As for wild animals, oral
vaccination should be conducted twice a year, espe-
cially in endemic areas. It is crucial to separately deter-
mine the impact of population density on the spread of
rabies, which is a complex process and may vary between
species. Additionally, it is important to consider that ra-
bies is a transboundary disease (Polupan et al., 2019).

Therefore, conducting continuous monitoring with
the study and analysis of spatial and temporal patterns
of rabies spread, transmission routes, and mechanisms
will allow predicting the disease occurrence in different
geographical zones, understanding the epizootic situa-
tion, and implementing effective measures to combat
rabies.An essential step in developing specific differen-
tiated rabies control measures for each individual terri-
tory (oblast, district) is studying its territorial affiliation.

CONCLUSIONS

During the period of 2020-2022, the number of regis-
tered rabies cases in animals in Kyiv Oblast amounted to
237 cases out of 1788 examined brain samples. There is
a trend towards a decrease in the intensity of the epi-
zootic situation: 114 cases were registered in 2020, 66
in 2021,and 57 in 2022.

The highest incidence of rabies was observed
among cats and averaged 42.8% (with slight fluctua-
tions in the percentage of positive cases). In dogs, this
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rate varied from 25.4% to 42.1%. The highest number
of rabies registrations occurred at the end of the au-
tumn-winter and the beginning of the spring period,
ranging from 6.4% to 57.1% of the total number of ex-
amined samples, according to quarterly reports.

During the analysed period, the highest number of
pathological material samples was obtained from wild
animals, accounting for 64.4% of the total samples in-
vestigated. The percentage of positive cases of rabies in
wild animals ranged from 1.7% to 5.5%. The seasonality
of rabies during 2020-2021 remained relatively stable
and fluctuated within the range of 62-150 samples
per quarter, with the highest number of positive cases
registered in November and December. Three positive
cases of rabies were identified in large ruminants, reg-
istered in the Bila Tserkva and Fastiv districts. These
cases occurred during the summer and autumn-winter
periods and were associated with contact with wild an-
imals, particularly foxes.

The analysis of the results suggests that the spread

parts of the region. Among wild animals, the highest den-
sity of rabies foci is found in the central part of the re-
gion (in the Bucha and Fastiv districts) and on the western
outskirts of Kyiv city. The highest density of rabies cases
among cats is registered in the central and southwestern
areas of the Bila Tserkva and the western part of the Fastiv
districts, as well as in the outskirts of Kyiv city. It is worth
noting that the area with an increased density of regis-
tered rabies cases in dogs near the outskirts of Kyiv city is
significantly distant from the city, unlike the clusters of ra-
bies cases in cats, which are in close proximity to the city.
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AHoTauif. B YkpaiHi cnoctepiraeTbcs BUCOKMI piBEHb LUMPKYAALUIi CKa3y cepef, AOMALWHIX MACOIAHMX TBApUH Ta
OUKMX MAcoigHUX. TOMy eni3ooTuyYHa cuTyauiq 3i cKasy B YKpaiHi BUMarae BMBYEHHS MOLWMPEHHS Liel iHdeKuii 3
BMKOPUCTAHHAM CY4YaCHMX IHCTPYMEHTIB HarnsAay, Wo A03BONUTb NPOBOAUTU OLHKY TEPUTOPIN Ta BM3HAYaATU 30HU
pY3MKy NpW aHanisi. Metoo pocnigkeHHs 6yno onucaTv NpoCTOpOBi XapaKTepUCTUKM eni3ooTii ckady B KuiBCbkil
obnacri 3a 2020-2022 pp. cepen, AMKMX | CBIMCbKMX TBAPUH. 3a pe3ynbTaTtaMu odiLiMHOi 3B8iTHOCTI 6yno npoaHanizoBaHa
3arasbHa KifbKiCTb AOCNIAXEHMX 3pa3KiB MaTONOMYHOro MaTepiany (roI0BHOrO MO3KY) Bif Pi3HMX BWAIB TBApPMWH
3 MNifo3pok Ha cKas. MNo3nTMBHI 3pa3ku Bynu MpuBA3aHi [0 CMCTEMM KOOPAMHAT Ta Bi3yanizoBaHi NpoOrpamHuM
3abe3neyeHHsM y KNacTepHi BUMAAKKU CKasy NO pokax i BUAAX TBapuH 3 GOPMYBAHHAM TOYKOBOIO LUAPY I LWiIbHOCTI
BMMAZKiB. 33 pe3ynsTatamu aHanisy B Kuiecbkin obnacti 6yno gocnigpkeHo 1788 3paskiB natonoriyHoro Matepiany
rONI0BHOr0 MO3KY Bif, TBapMH 3 Mif03pOK Ha CKas3, 3 AKMX 237 6ynu no3uTMBHUMM. Haibinbwa KinbKicTb 3paskiB
NpUNafa€ Ha AUKUX TBAPUH (MepeBaXKHO INCKLb), K pe3epByap iHdekuii. YacTka AMKMX TBapuH ctaHoeuna 64,4 % Bia
3araibHoi KifIbKOCTi fOCII)KEHb, ane KifbKiCTb MO3UTUBHMX 3pa3kiB Bapitoe y Mexax Bia 1,7 % no 5,5 %.MopiBHiouM 3
[lOMaLUHIMM TBapMHaMM (KOTM Ta cobakm), Lew nokasHuk caras Ao 30,0 % Bif 3aranbHOI KiNbKOCTI LOCNILKEHUX 3PA3KiB.
Ha iHwi Buam TBapuH npunagae 3,2 % no3uTMBHUX BUMNALKIB Bif, 3aranbHOi KiflbKOCTI AoCigKeHb. TOGTO HanbinbLumii
MOKA3HMK 3aXBOPHOBAHOCTI CrocTepiranu y [AOMalUHiIX TBApWH, WO cTaHoBMio 72,1 % BiA 3aranbHOi KinbKoCTi
BCTAHOBNEHMX MO3UTUBHMUX BUMAAKIB. HalBuMLWA WinbHiCTb BUNAAKiB ckasy B KWiBcbKid 06nacTi cnoctepiraerbcs Ha
niBAeHHOMY 3axofi Ta B LeHTpi. [lepcucTeHTHI knactepu BMNAAKiB CKkasy po3MmillyBannchb B binoLepkiBCbkOMY panoHi
Ta Ha 3axigHin okonuui Kuesa. Ha 3axoni Kuesa knacrep chopMoBaHuii BUNaaKamMu y AUKUX TBApUH, KOTIB i cobak. B
BinouepkiBcbkoMy paiioHi knactep copMOBaHUIA BUNAAKaMM Y AMKMX TBAPWH, KOTiB, cOBaK i BeNMKOi poratoi xyaobu.
HarBumwLa WinbHICTb BUNAAKiB CKa3sy Y AMKUX TBAPUH PEECTPYETLCS Ha 3aXigHin okonuui Knesa

Kntouosi cnoBa: Rabies virus; eni3ooTis; kaptorpadyBaHHS; WiNbHICTb BUNAAKIB; KNACTEPU BUNAAKIB
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sources, determination of growth rates of indicators), and specific research methods (correlation analysis and
multivariate regression method). The authors of the study suggested using the method of correlation-regression
analysis with further forecasting of indicators using Chaddock’s tables, Fisher’s and Student’s tests. The correlation-
regression analysis established that a decisive share in financial support is own capital, while the smallest share
is state aid. But in connection with the full-scale war in the country and limited own resources, the authors of the
study proposed to involve bank loans and state aid more widely in their own economic activities. A correlation-
regression analysis was developed to identify the dependence of the financial results of agricultural enterprises
(net profit (loss)) and their sources of financing for 2014-2021, a regression equation was developed, and a forecast
of the possible net profit (loss) of agricultural enterprises for the future period of 2023-2027 was made. The
practical value of the findings is that these results can be used by the host activities of the agricultural enterprise
of Ukraine and during the development by state bodies of the Strategy for the Development of the Agricultural
Sector and their support programs

Keywords: net profit (loss); sources of financing; agricultural enterprise; agriculture; influencing factors; correlation;

own funds; credit; state aid

INTRODUCTION

With the onset of a full-scale war in Ukraine, many
countries to which Ukrainian agricultural products were
exported are suffering from food shortages, and their
prices have risen sharply. During the war, the financing
of Ukrainian agricultural enterprises is a particularly
relevant and difficult task because many agricultural
producers have suffered destruction and damage to the
infrastructure, lost agricultural machinery and equip-
ment, many agricultural lands are still mined, access to
financial resources has been limited due to the growth
of risks affecting the solvency of agricultural enterprises,
the prices of fuel and lubricants, fertilizers and seed
material have increased, the processes of selling grown
products, logistics routes and the number of fraudsters
has increased. To the above-listed challenges faced by
Ukrainian agricultural producers, it is worth adding the
premeditated destruction of the Kakhovka HPP by Rus-
sia and the flooding of more than 10,000 sown agricul-
tural lands in the right-bank territory of the Kherson
region (much more in the left-bank part of the region)
and the damage caused to agriculture in the amount of
more than UAH 10 million. Therefore, Ukrainian agrar-
ians face the important question of finding sources of
financing their economic activity that will help restore
the lost production potential of the enterprise and sta-
bilize its financial security. The relevance of this study is
enhanced by the fact that more than a third of agricul-
tural enterprises do not have the possibility of self-fi-
nancing, and therefore causes a steady increase in the
importance of theoretical and practical consideration
of approaches to the formation of sources of financing
in the wartime.

Many scientific achievements are devoted to the
issue of financial support of agricultural enterprises.
However, this issue stays relevant. Thus, Ongena et al.
(2013) define the term “financing” and claim that it is
the process of providing monetary resources for the
implementation of certain economic activities or pro-
jects, and this study focuses on financial decisions in
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the conditions of risky entrepreneurship and reflects
the relationship between financial decisions, risk, and
enterprise management.

Tatarinov et al. (2021) note that financing, in other
words, is a resource-balanced coverage of the needs of
expanded reproduction of enterprises, organizations,
institutions at the expense of own and/or borrowed
funds, which is achieved through economically sound
financial planning.

There are also other interpretations of scientists re-
garding financial support, which is one of the principal
factors in the effectiveness of the state’s implementa-
tion of its functions in terms of commodity-money re-
lations (Karnaushenko et al., 2020; Kozyuk et al.,, 2023).
Furthermore, there is a slightly different opinion held
by Leo et al. (2019). Ben et al. (2020), who claim that
financing from banking institutions of other enterprises
is a risky activity for banks, and also claim that the issue
of shares by an enterprise is one of the main ways of
attracting financial resources to economic activity.

Sirenko et al. (2020) believe that “institutions are
a synergistic combination of opportunities and limita-
tions of the development of the agricultural sector, the
structuring of its connections, a combination of the sys-
tem of factors, organizational components, processes,
and results of their activities” Shushkova & Kulchytskyi
(2022) analysed the sources of formation of agricultural
enterprises of Ukraine in 2016-2020 and noted that the
financial resources of the enterprise are one of the key
ones. Without them, it is impossible to meticulously or-
ganize the processes of creation, operation, and devel-
opment of each business entity.

Shahini et al. (2023) analysed the profitability of
agricultural production, influencing factors and deter-
mining areas for its improvement. Financial results and
their sources of financing are directly one of the factors
that affect the profitability of an agricultural enterprise.

Considering the importance of various sources of
financing of agricultural enterprises, it is worth noting




the research of Malii & Syzykova (2023), who note that
the normal functioning of agriculture without credit re-
sources is practically impossible, and “the main areas of
stabilization of the lending mechanism should be the
development of a set of measures by the state and the
banking system, aimed at developing a system of in-
teraction with the agricultural sector of the economy:
increasing budget allocations, rational use of budget
funds, lowering interest rates for the agricultural sector”.

Chumak & Brazhnyk (2022) claim that “the profit of
an agricultural enterprise is the main financial source
of its scientific and technical development, capital and
financial investments, improvement of the commod-
ity and material base and other forms of investment”.
Pomaz & Sarana (2022) examine the issue of financ-
ing agricultural enterprises, analysing various sources
of financing and their impact on the sustainability and
efficiency of agricultural enterprises. The classification
of sources of financing of an agricultural enterprise is
given on a real example.

Voloshchuk et al. (2023) note that the coordination
and combination of efforts of business structures, state
authorities and local governments are highly effective
in improving the financial situation of agricultural en-
terprises, and investigate the problems of financing the
agricultural sector in Ukraine, consider the issue of ac-
cess to loans for agricultural enterprises and the role
of national support in the development of agriculture.

The purpose of this study was to investigate the
specific features of financing Ukrainian agricultural
enterprises during the period of financial instability, to
identify the relationship between the obtained finan-
cial result and various sources of financing of agricul-
tural enterprises of Ukraine for the periods of 2014-1%
half of 2023, and the possibility of forecasting profits or
losses based on correlation-regression analysis.

MATERIALS AND METHODS

The basis of the methodological approach in the study
is the general scientific methods used: 1) analysis of
open data, namely: during the analysis of the dynamics
of the volume of financing sources (equity, loans, capi-
tal investments, state aid, and deposits), analysis of the
net profit of agricultural enterprises, formation of the
structure of financing sources, determination of growth
rates of indicators; 2) graphic method, when construct-
ing a diagram of the structure of sources of financial
support of agricultural enterprises of Ukraine for 2014-
2022 (1* half of 2023) and displaying forecast values of
the dependence of indicators of net profit and sources
of financing of agricultural enterprises; 3) method of
generalization, when summarizing and forming re-
search conclusions. The research used specific research
methods, namely: 1) correlation analysis - to determine
the direct or inverse relationship between indicators,
i.e., to investigate how the amount of net profit (loss)
of the enterprise’s activity changes with an increase or

Tanklevska et al.

decrease in the use of financing sources); 2) the multi-
factor regression method - to determine the influence
of factors on the performance indicator based on the
regression equation, i.e., to identify the relationship be-
tween the sources of financial support and the financial
result of the enterprise for 2014-2022 (1% half of 2023)

The study used open statistical data from the offi-
cial websites of the State Statistics Service (2022), the
Ministry of Agrarian Policy and Food of Ukraine (2023),
the Ministry of Economy of Ukraine (2023), the National
Bank of Ukraine (2023) regarding the financial activity
of agricultural enterprises of Ukraine, their lending, na-
tional and international support, capital investments.

The application of the statistical analysis method
helped identify the dynamics of the net profit (Loss) of the
activities of agricultural enterprises of Ukraine, the vol-
ume of sources of financial support for agricultural enter-
prises of Ukraine, analyse the structure of the sources of
financial support for agricultural enterprises of Ukraine,
as well as make a correlation-regression analysis of the
dependence of net profit (lLoss) on the sources of financ-
ing of agricultural enterprises of Ukraine.

Correlation-regression analysis helped establish
how strongly one variable depends on another, whether
there is a statistically significant relationship between
them, and to predict the value of one variable based on
another. The principal indicator of correlation analysis
is the correlation coefficient, which indicates the de-
gree of linear relationship between variables.

Regression analysis was used to build a mathemat-
ical model that describes the relationship between the
dependent variable (the variable to be predicted) and
one or more independent variables (factors). Regression
analysis can be used to determine which variables have
the greatest effect on the dependent variable and how.
In addition, regression analysis allows predicting the
value of the dependent variable based on the values of
the independent variables.

In regression analysis, the method of least squares
is used to construct the regression equation. This
method allows finding the best linear approximation of
the dependent variable (in this case, the net profit) from
the independent variables (in this case, the volume of
financial support from various sources), and therefore
it is worth applying the following formula to form the
regression equation:

y=a-—bx (1)

where: y is the dependent variable (in our case, net
profit); x is the independent variable (amount of financial
support); a is the intercept (the coefficient responsible
for the value of Y at X=0); b is the regression coefficient
(indicates the change in Y when X changes by one unit).
Formulas can be used to obtain the values of coef-

ficients a and b:
b=y =) -y) (2)

(x—%)?
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a=7y—bx (3)

where: ¥ is the sum; x is the mean value of the inde-
pendent variable, y is the average value of the depend-
ent variable.

After calculating the values of the coefficients a
and b, the obtained regression equation can be used to
predict the values of the dependent variable (net profit)
based on the known values of the independent variable
(the amount of financial support).

The quality of the econometric model is deter-
mined by indicators such as the coefficient of deter-
mination, Fisher’s and Student’s criteria. Fisher’s test
(F-statistic) is used to test the statistical significance
of the relationship between independent and depend-
ent variables in a regression model. Student’s criterion
(t-test) is used to assess the statistical significance of
individual regression coefficients. Therefore, the quality
of the model should be checked according to the fol-
lowing formulas:

o()? =y - ()? (4)
o(x)? = %% - (0)? ()

The correlation coefficient (r) measures the degree
of linear relationship between two variables. This coef-
ficient takes values in the range of -1 to 1. A value of 1
indicates a full positive linear relationship,-1 indicates
a full negative linear relationship, while a value of O
indicates no linear relationship. To determine the tight-
ness of the linear connection, the correlation coeffi-
cient is determined according to the following formula:

—pI®
Ty = b5 (©)

The value of the correlation coefficient can be in-
terpreted as follows:

If >0, there is a positive linear relationship be-
tween the variables. If r<0, there is a negative linear
relationship between the variables. If =0, there is no
linear relationship between the variables.

The coefficient of determination (r?) is used to
measure the variation in the dependent variable that
can be explained by the independent variable (or var-
iables) in a linear regression model. r? indicates how
much of the variance of the dependent variable can be
explained by the independent variables used.

The coefficient of determination takes a value be-
tween 0 and 1.A value of 0 means that the independent
variables do not explain any of the variation in the de-
pendent variable, while a value of 1 means that all the
variation in the dependent variable can be explained
by the independent variables. The coefficient of deter-
mination is calculated by squaring the correlation co-
efficient (r’x).

The value of the coefficient of determination can
be interpreted as follows:

The closer the value of r?is to 1,the better the model
explains the variation in the dependent variable.The
closer the value of r? is to O, the less the ability of the
model to explain the variation of the dependent variable.

RESULTS AND DISCUSSION

The agricultural sector is the main component of the
economy of Ukraine, which has positive trends towards
development and expansion. This is confirmed by the
analysis of statistical data on the dynamics of profits
of agricultural enterprises for 2014-2021 and partially
displayed data for January-September 2022 (Table 1).

Table 1. Dynamics of net profit (loss) of agricultural enterprises of Ukraine for 2014-2021, UAH million

Net income from
product sales and

Years net earned insurance other operating income other income Total
premiums
2014 214,972.50 41,820.50 5,414.50 262,207.80
2015 366,966.40 68,659.20 15,378.10 451,008.40
2016 402,597.40 47,501.80 6,811.20 456,910.90
2017 452,760.10 40,368.20 6,846.60 499,974.90
2018 528,657.80 49,067.20 10,282.40 588,554.00
2019 560,598.70 94,702.70 16,315.40 671,617.70
2020 602,684.40 67,388.00 11,223.30 681,306.20
2021 770,262.80 110,758.20 14,270.90 895,298.70
9 months of 2022 -392.20 -392.20
R ,2021in % to 2014 358.31 26484 263.57 341.45

gr

Note: ... - no data

Source: compiled based on the data from the State Statistics Service of Ukraine (2023)
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Having examined the data in Table 1, the dy-
namics of the net profit of agricultural enterprises of
Ukraine has a positive value during 2014-2020. The
growth rate (Rgr) of this indicator increased by 341.45%
(or +633,090.90 million UAH). In connection with the
full-scale war in Ukraine, for January-September 2022,
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agricultural enterprises received losses in the amount
of UAH 392.2 million.

The percentage ratio of the total number of enter-
prises to the enterprises that received losses is 56%,
i.e.,every second agricultural enterprise received losses
in 9 months of 2022.

Table 2. Dynamics of the volume of sources of financial support of agricultural enterprises of Ukraine for 2014-2021
and not in full for 2022-1* half of 2023, UAH million

Year Equity Loans inv(;zgrir::;ts State aid Deposits Total
2014 163,931.68 55,335.00 18,388.10 4,624.44 27,849.00 270,128.22
2015 275,303.78 48,425.00 29,309.70 3,472.60 17,111.00 373,622.08
2016 369,370.89 55,374.00 49,660.00 3,062.90 20,293.00 497,760.79
2017 436,337.64 59,706.00 63,400.70 4,326.50 21,126.00 584,896.84
2018 482,978.74 67,675.00 65,059.40 7,737.80 22,564.00 646,014.94
2019 522,778.66 61,600.00 58,555.40 3,090.57 24,260.00 670,284.63
2020 612,250.89 61,486.00 50,189.40 4,664.97 41,063.00 769,654.26
2021 796,549.72 82,600.00 49,127.38 4,665.00 50,058.00 983,000.10
2022 55,108.00 1,647.50 56,755.50
January-June 2023 35,900.00 1,560.00 36,107.00

RM2021h1%to 485.90 149.27 267.17 100.88 179.75 363.90

2014

Note: ... - no data

Source: State Statistics Service of Ukraine (2023); Ministry of Agrarian Policy and Food of Ukraine (2023); Ministry of
Economy of Ukraine (2023); National Bank of Ukraine (2023); Verkhovna Rada of Ukraine (2023)

Equity is formed at the expense of internal cash flow
in the form of net income and depreciation deductions,
while external - contributions from founders (sharehold-
ers), free financial support. The size of the net income
does not change the size of the company’s equity es-
sentially, as it reproduces it in the part of the replace-
ment fund and multiplies it in the part of the net profit.
Therefore, the dynamics of the amount of equity capital
for 2014-2021 has a positive tendency to increase, the
growth rate is 4.86 times (or +632,618.04 million UAH).

The formation and conduct of effective entrepre-
neurial activity by agricultural enterprises requires the
involvement of credit resources. It is credit, as one of
the tools of influence on the production process, which
is a solution to the problems of financial support of sub-
jects of entrepreneurial activity in the agrarian sphere.
Synenko & Kovalova (2020) claim that the availability
of credit resources considerably impacts the expansion
of financial opportunities, the effective use of mate-
rial resources and cash receipts, the acceleration of the
turnover of the means of production and the increase
of the level of competitiveness of the enterprise. There-
fore, the attraction of loans has positive dynamics, the
growth rate is 49.27% (or +27,265.0 million UAH).

The volume of capital investments mastered by ag-
ricultural enterprises from 2014 to 2018 inclusive has

a positive tendency to increase. Thus, the growth rate
of this source of financing is 353.81% (or by +46,671.3
million UAH). During 2019-2021, there was a decrease
in the volume of capital investments by 16.11% (or by
-9,428.02 million UAH).

State financial support for the agriculture of Ukraine
in 2021 was implemented through the financing of the
following programs: partial compensation for the cost of
agricultural machinery and production equipment (ac-
cording to the plan, UAH 1 million); cheaper loans (ac-
cording to the plan, UAH 1.2 million); financial support
for the development of farms (according to the plan, UAH
0.5 million); financial support for the development of hor-
ticulture, viticulture,and hops (according to the plan, UAH
0.3 million); provision of additional financial support to
family farms through the mechanism of added payment
for the benefit of insured persons - members/heads of
family farms of a single contribution to mandatory state
social insurance (according to the plan, UAH 0.2 million)
(Ministry of Agrarian Policy and Food of Ukraine, 2023).
However, the volume of this type of financing is insuffi-
cient. This is confirmed by the growth rate, which is 0.88%
(or +30.56 million UAH), comparing 2021 to 2014.

Deposits, as one of the sources of financial secu-
rity of the enterprise, appear in the form of financial
savings in bank accounts. The growth rate of this
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indicator is 79.75% (or + UAH 22,209.0 million) for the
analysed period. Notably, the data for 2022 and the 1%
half of 2023 are not available on the official websites
of state bodies (the State Statistics Service of Ukraine,

the Ministry of Agrarian Policy and Food of Ukraine, the
Ministry of Economy of Ukraine, and the National Bank
of Ukraine) for such indicators as equity capital, capital
investments, and deposits.

60.69
171
0.93 0.61
1038 0% Biget 06254081074 561 12 [3ae1 0% lggan O [sal 047 lsioan
2014 2015 2016 2017 2018 2019 2020
m Deposits State aid m® Capital investments M Loans M Equity capital

Figure 1. Structure of sources of financial support of agricultural enterprises of Ukraine for 2014-2021, %
Source: State Statistics Service of Ukraine (2023); Ministry of Agrarian Policy and Food of Ukraine (2023); Ministry of
Economy of Ukraine (2023); National Bank of Ukraine (2023); Verkhovna Rada of Ukraine (2023)

Considering the obtained data, the share of equity
capital in the structure of sources of financial support
for 2014-2021 is 60.69% in 2014 and 81.03% in 2021.
The smallest component in the structure of financial
support is the share of state funding, the value of which
is 1.71% in 2014 and 0.47% in 2021. Lending takes the
leading place among the sources of financing, namely
obtaining loans from banking structures through the
issuance of bond loans and financial leasing. There-
fore, the attraction of loans has the largest share in the
structure of financing sources in 2014 - 20.48%, and
the smallest in 2020 - 8.40%. Capital investments for
the financing of agricultural enterprises in the overall
structure of financing sources account for the smallest

value in 2021 - 5%, and the largest in 2017 - 10.84%.
The share of the volume of deposits in 2014 is 10.31%,
and in 2021 - 5.09% as part of sources of financing.

To determine the dependence of the net profit
(loss) of agricultural enterprises on the volume of fi-
nancing sources, a correlation-regression analysis was
conducted. Given that some data are not available for
2022 and the 1st half of 2023, the starting data for the
correlation-regression analysis will be data from 2014
to 2021, because starting from February 2022 and until
the end of the war cannot be considered standard and
usual periods of operation of agricultural enterprises,
since during this period agricultural enterprises are on
the verge of survival, not further development (Table 3).

Table 3. Output data of the correlation-regression analysis of the dependence of net profit (loss) on the sources of
financing of agricultural enterprises of Ukraine, UAH million

Sources of funding, UAH million

Year Net profit (loss) (y)
Equity (x,) Loans (x,) Capital investments (x;) State aid (x,)  Deposits (x;)

2014 262,207.80 163,931.68 55,335.00 18,388.10 4,624.44 27,849.00
2015 451,008.40 275,303.78 48,425.00 29,309.70 3,472.60 17,111.00
2016 456,910.90 369,370.89 55,374.00 49,660.00 3,062.90 20,293.00
2017 499,974.90 436,337.64 59,706.00 63,400.70 4,326.50 21,126.00
2018 588,554.00 482,978.74 67,675.00 65,059.40 7,737.80 22,564.00
2019 671,617.70 522,778.66 61,600.00 58,555.40 3,090.57 24,260.00
2020 681,306.20 612,250.89 61,486.00 50,189.40 4,664.97 41,063.00
2021 895,298.70 796,549.72 82,600.00 49,127.38 4,665.00 50,058.00

Source: State Statistics Service of Ukraine (2023); Ministry of Agrarian Policy and Food of Ukraine (2023); Ministry of
Economy of Ukraine (2023); National Bank of Ukraine (2023); Verkhovna Rada of Ukraine (2023)
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Let us build a correlation matrix that allows de-
termining the relationship between net profit and
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selected sources of financing of agricultural enterprises
of Ukraine (Table 4).

Table 4. Correlation matrix of the dependence of the net profit (loss) of enterprise activity on sources of financing

Factor name Net profit (loss)  Equity capital Loans invfeiFt):\:ZLts State aid Deposits
Net profit (Loss) 1
Equity capital 0.980895 1
Credits 0.823391 0.85682 1
Capital investments 0.551913 0.597216 0.442987 1
State aid 0.122592 0.171105 0.420934 0.299565 1
Deposits 0.705662 0.755108 0.769698 0.008046 0.140414 1

Source: calculated by the authors of the study based on the following sources: State Statistics Service of Ukraine (2023);
Ministry of Agrarian Policy and Food of Ukraine (2023); Ministry of Economy of Ukraine (2023); National Bank of Ukraine
(2023); Verkhovna Rada of Ukraine (2023) using the statistical function “CORREL” in Microsoft Office Excel

According to the Chaddock scale, the net profit of
agricultural enterprises and sources of financing such
as equity are directly dependent on each other, the cor-
relation is too high (correlation coefficient is 0.963),
loans - the correlation is high (correlation coefficient
0.747), capital investments - the correlation is signifi-
cant (correlation coefficient 0.605), state aid - the cor-
relation is weak (correlation coefficient 0.116), depos-
its — the correlation is moderate (correlation coefficient
0.360). This analysis confirms that the most important
source of financing according to the given matrix is eq-
uity capital. Considering the fact that, as of May 5, 2023,
the regions of Ukraine most affected by the war with
the Russian Federation are Donetsk, Luhansk, Kherson,

and Zaporizhzhia regions (the Cabinet of Ministers
highlighted the most..., 2023), the results of the corre-
lation-regression analysis for agricultural enterprises in
these regions may not be reliable, since most agricul-
tural enterprises in these territories are not opera-
tional, or have been destroyed or completely looted by
the occupiers. The total number of agricultural enter-
prises registered in these regions is 11,542 farms. For
such agricultural enterprises, there are many state and
international support programs that can replace equity
in financing the economic activity of the enterprise (Ta-
ble 5). Table 6 shows the results of calculating the rela-
tionship between net profit and the amount of financial
support of agricultural enterprises of Ukraine.

Table 5. Support of Ukrainian agricultural enterprises under martial law

SNe:. Organization Program name Period Total cost Notes
Agricultural and Rural for 5 years (until USD 35 To agricultural producers who suffered
Development Program (AGRO) 2024) million the most from the war
Project “Credit resources for ~ for 7 years (until usD 8.9 To cre(fht unions, Wh'Fh subsequently
1. USAID B N . provide loans to micro and small
agricultural producers 2023) million .
agricultural producers
“Agricultural Sustainability _ UsD 100 Aimed at the export of Ukrainian
Initiative in Ukraine” million agricultural products
FAvaiEﬁgtimt:er Humanitarian aid from FAO - 30,000 pieces Agricultural producers are given polymer
2. . temporary facilities for grain  until 03.11.2022  of sleeves for 9 P areg poty
Ukrainian . sleeves for grain storage
storage grain storage
government
Agricultural producers who purchase
Law No. 2445-1X dated July B B goods used to ensure the storage of grain
27,2022 and/or oil crops are exempt from import
duty taxation
Ukrainian ; ;
government Resolution of the Cabinet

of Ministers of Ukraine
No. 694 dated July 8, 2009 as -
amended on April 12,2022
No. 434)

Simplified procedure for registration of
agricultural machinery
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Table 5, Continued

S;:. Organization Program name Period Total cost Notes
o “ up .to’UAH 60 Agricultural producers who have movable
Ukrainian State program “Affordable million per -
3. on - . and immovable property and need
government loans 5-7-9% agricultural .
financial resources
producer
Grant applications for the construction
12 months No more than of one modular greenhouse with an
« » . - approximate area of 2 hectares (from 1.6
4 eRobota” program for project UAH 7 million . .
implementation er proiect to 2.4 ha) according to a standard project,
P perproj or for planting gardens (up to UAH
400,000 per ha)
until 15.11.2022,
The EU but due to _ .
together with  subport proarams financed numerous Micro and small agricultural producers
5 9 . pport prog applications,the  UAH 1 billion were able to receive funds per unit of
the Ukrainian by the EU .
program was cultivated land or cattle
government
suspended on
16.08.2022
6 EU subsidy program for small 2023 usD 80 for small farmers who keep up to 100
farmers million cows or cultivate from 1 to 120 ha

Source: Support of the agricultural sector.. (2022); State support for agriculture... (2022); Support for agriculture in

2023...(2023)

Table 6. The results of calculating the relationship between net profit and the amount of financial support of
agricultural enterprises of Ukraine

1=yl

No. X y xxy X’ y? y y-9, 5 (y-%,)
1 27013 26221 70,830.79 72,970.22 6875408 -3574  297.95 0.12 88,774.20
2 37362 45101  168,506.36  139,591.90  203,410.02 9.41 441.60 0.02 195,010.56
3 49776 45691  227,431.52 24776502  208,766.75 10.63  446.28 0.02 199,165.84
4 58490  499.97 29243245 34210801  249,970.00 1949  480.48 0.04 230,861.03
5 64601  588.54  380,202.73 41732892  346,379.33 40.17  548.37 0.07 300,709.66
6 67028  671.62  450,17345 44927528 45107342 5762  614.00 0.09 376,996.00
7 769.65  681.31  524,370.24  592,361.12 46418332 56.86 62445 0.09 389,937.80
8 98300 89530  880,079.90  966,289.00  801,562.09  57.32 837.98 0.09 609,430.03
§ 479535 450687 2,994,0274  3,227689.5 2,794,099 - - 0.54 2,390,885.12

S

g T 59942 56336 37425343 40346118  349,62.38 - - - -

12227 17857 - - - - - - -

Source: calculated by the authors of the study based on the following sources: State Statistics Service of Ukraine (2023);
Ministry of Agrarian Policy and Food of Ukraine (2023); Ministry of Economy of Ukraine (2023); National Bank of Ukraine
(2023); Verkhovna Rada of Ukraine (2023) using the statistical function “CORREL” in Microsoft Office Excel

The parameters of the regression equation are
calculated as follows:

_ 374,253.43-599.42X563.36 _
T 403,461.18—(599.42)2

b 0.83;
a=y—bx=56336—0.83x599.42 = 65.84.

The empirical equation of a simple linear regres-
sion is defined as follows:
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Net profit volume Y = a + bx = 65.84 + 0.83x.

The quality of the econometric model is determined
by indicators such as the coefficient of determination,
Fisher’s and Student’s criteria. The quality of this model
is determined as follows:

o(y)? = 349,262.38 — 563.36% = 31,887.89;
o(y) = 178.57

(x)? = 403,461.18 — 599.422 = 44,156.84;




o(x) = 210.13.
To determine the tightness of the linear relationship,
the correlation coefficient is determined as follows:

210.13
178.57

Ty = 0.83222 = 0.98;

Coefficient of determination:
r2,, = 0.982 = 0.96.

The obtained indicators are evidence that the net
profit (y) is explained by the variation of factor x - the
amount of financial support by 98.0%, and by other fac-
tors by 2.0%. Ponedilchuk et al. (2021) states that “the
financial security of agricultural production is based on
the assessment of the financial results of business enti-
ties, which are determined by a set of financial and eco-
nomic indicators. National financial policy should direct
the participants of financial relations to the implemen-
tation of political, social,and economic goals, determin-
ing the aims and ways of their achievement. The state
should play a key role in the innovation process and
consider its impact on the financial support of research
and development and act as a large and sometimes
the main investor in new knowledge and technologies.
This situation is explained by the fact that the branch
of agriculture is specific, namely, natural conditions
exert the greatest influence on obtaining a net profit.
State regulation of prices, tariffs, tax rates and benefits,
the demographic situation, the prices of production re-
sources, competition, and inflation are also among the
factors affecting profit. The authors of the study agree
with the opinion of Byba & Kovalets (2016) that the
main factor in the growth of the profit of an agricultural
enterprise is the reduction of the cost of production.
Therefore, it is possible to propose factors affecting
the reduction of the cost of production of agricultural
enterprises: increasing the technological level of pro-
duction (improvement of equipment, technology, mech-
anization, automation of production processes, use of
new, more productive varieties of agricultural crops and
animal breeds); improvement of production and labour
organization (development of production specializa-
tion, improvement of labour organization); change in
the structure and volume of production (relative reduc-
tion in contingent costs, change in the structure of pro-
duction); improving the use of natural resources, using
cheaper materials, waste-free production technologies;
industry and other factors.

Such a group of factors as indicators of the use
and movement of fixed assets, namely agricultural ma-
chines and equipment used in the production process,
considerably affects the profit of an agricultural enter-
prise. In the conditions of technological advance, agri-
cultural machinery is constantly updated and modern-
ized, technologies are created that are more productive
and less energy-consuming. That is why, by investing
in the modernization of fixed assets, the owners of
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agricultural enterprises reduce the cost of production
due to more productive technologies. The uniqueness
of agriculture also lies in the fact that it is dependent
on such a factor as soil fertility. Although in Ukraine,
67% of land that is suitable for agriculture is covered
with fertile chernozem, over the years land resources
are depleted and become less productive. Hmyria et al.
(2019) call the reasons for the loss of soil quality its im-
proper use, environmental pollution, and depletion by
certain crops, and therefore there is a need to increase
soil fertility. Furthermore, in the territories that were
under occupation and are still under occupation, there
is a prominently dangerous level of land mining, and
with the detonation of the Kakhovka HPP - the flooding
of fertile lands and the loss of their quality indicators.

Therefore, the determined value of the coefficient
of determination indicates the identification of one of
the many influencing factors on the volume of the ob-
tained net profit.

Average error of approximation:

4
n&i=1

A= |%(’”| x 100% = (0.54/8) x 100% = 6.75%

The significance of the regression equation was as-
sessed using Fisher’s F-test:

0.96

F=l2 (n-2)=
h-2)= 1-0.96

- 1125y

X 6 = 144.

The tabular value of the criterion for degrees k=1
and k=5 is F_ =6.61. Since F,_ =144)F_=6.61, the re-
gression equation is determined to be statistically sig-
nificant, and the constructed model is adequate.

Evaluation of the statistical significance of the re-
gression parameters using the Student’s t-test: the tab-
ular value of the t-criterion for the number of degrees
of freedom df=n-2=16-2=14i a=0.05 is t _,=2.57.

Random errors of regression parameters and corre-
lation coefficient:

Sty = \/zgl(y(x,-)—yi(x,-))z _ J2,390,885.12 —19.96.
6

n-2

The standard error of the regression coefficient m(a):

3,227,689.5 _

=9.91.
162.618x7

1
m(a) = sgen@;y‘% = 631.25

Standard error of parameter b:

Sgen _ 991

oGOVR  21013x283 0.02.

m(b) =

The error of the Pearson correlation coefficient m(r):

m(r) = /% = /% =0.08 .

Indicators of the factual values of the coefficients
t,t,t:

tq = a/m(a) = 65.84/19.96 = 3.29 ;
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t, = b/m(b) = 0.83/0.02 = 0.1;

t, =r/m(r) = 0.98/0.08 = 12.25;

£(0.05,5) = 2.57.

Confidence intervals for regression parameters a, b:

a+ tygym(a) = 65.84 + 2.57 X 9.91 = 65.84 + 25.46; a € [40.38; 91.3];

b+ tgym(b) = 0.83 + 2.57 x 0.1 = 0.83 + 0.26; b € [0.57; 1.09].

Parameters a, b are within the specified limits, do
not take zero values, and therefore are statistically sig-
nificant.

Since the model is adequate and its parameters are
significant, it is possible to build a forecast of data for
2023, if it is planned to increase the volume of financial
support by 20% compared to 2021 and starting from

2024 to increase this indicator by 10% in each sub-
sequent year. Therefore, an increase in the volume of
funding sources by 20% is:

x, = 1.20 x 983 = 1,179.6 UAH billion

Therewith, the forecast value of net profit will be
as follows:

Yy (xp) = Y, (1,179.6) = 65.84 + 0.83 x 1,179.6 = 1,044.91 UAH billion

Since statistical data for 2023 are missing due to the
lackofreportsinthe databases (the reporting deadline has
not yet arrived), the authors of the study made a forecast

for 2023.The forecast of the net profit of agricultural en-
terprises for 2023 with a probability of 0.96 is in the range
from UAH 963.41 billion to UAH 1,081.41 billion (Fig. 1).

11519 126071 1379,65
963,41 1053.17 :
143 1582,9
189,55 3085 14393 ,
1081,41
2023 2024 2025 2026 2027

———x - financial support, UAH billion

y - net profit, UAH billion

Figure 2. Forecast value of dependence of net profit indicators and sources of financing of agrarian enterprises, UAH billion
Source: calculated by the authors of the study based on the following sources: State Statistics Service of Ukraine (2023);
Ministry of Agrarian Policy and Food of Ukraine (2023); Ministry of Economy of Ukraine (2023); National Bank of Ukraine
(2023); Verkhovna Rada of Ukraine (2023) using the statistical function “CORREL” in Microsoft Office Excel

Determination of the accuracy of the forecast fac-
toring in the error and the confidence interval:

(xp -x)?
no?

1

Yx(xp) 4,
Ap = tegp X m(xp) = 2.57 X m(xp)

8X44,154.62

m(xp) = Sgen(1 + 1/n + L2205 = 19,96 x Jl +14 QAT 9877

Ap = 2.57 x 28.77 = 73.9.

Confidence interval of the forecast:
Yx(xp) + Ap = 1,044.91 + 73.9 .

According to the obtained results, the research of
the results of other scientists becomes increasingly
necessary. Thus, Adewale et al. (2022) conducted re-
search on the impact of bank lending on the volume of
agricultural products grown by agricultural producers
in Nigeria. As a result, the researchers found that agri-
cultural bank credit (3=0.667173,t=5.961095 & P<0.05)
has a significant positive effect on agricultural produc-
tion and bank lending has a significant positive effect
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on agricultural productivity in Nigeria. Which, in turn, is
confirmed by the results obtained in the present study,
namely: a high correlation between the net profit of ag-
ricultural enterprises and loans. A study by Magazzino
& Santeramo (2023) also confirms the results obtained,
as the effect of the credit-volume-productivity relation-
ship (as highlighted by the statistical significance of the
relationships between the variables) is stronger for de-
veloping countries and OECD countries, and weaker for
less developed countries and NFID countries.
Furthermore,itis possible to partially agree with the
results of Zakaria et al. (2019), who found a non-linear




U-shaped relationship between financial development
and productivity in the agricultural sector in five Asian
countries. The authors of the study do not fully agree
with the opinion of Olowu et al. (2019), as their study
states that “financial development and agricultural
value added reduce employment in 11 African coun-
tries”, while the study by Farooq et al. (2021) emphasizes
the unidirectional causality between access to credit
and the decline in agricultural production. Therefore,
during the war, Ukrainian agricultural producers should
pay more attention to bank lending programs, state aid,
and international grant programs, rather than relying
on equity capital.

CONCLUSIONS

Based on the conducted correlation-regression analysis,
it was proved that equity, loans, capital investments,
state aid,and deposits have a sufficient influence on the
volume of financial support. Equity capital is the main
source of financing the activities of enterprises, but its
volume is insufficient to fully ensure the financing of
entrepreneurial activities. Therefore, the authors of this
study used other types of financing for the analysis. A
correlation matrix of the dependence of net income on
sources of financial support was also formed, which
shows the correlation coefficient of equity - 0.981 (the
correlation is too high), the correlation coefficient of
loans - 0.823 (the correlation is high), the correlation
coefficient of capital investments - 0.552 (the correla-
tion is noticeable), the correlation coefficient of state
aid - 0.122 (the correlation is weak), the correlation
coefficient of deposits - 0.705 (the correlation is mod-
erate). During the war, agricultural producers should
pay attention to bank loans, as the Ukrainian govern-
ment has developed and implemented particularly
good lending programs for agricultural enterprises;
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furthermore, one can also take advantage of interna-
tional aid from various international organizations.

The correlation coefficient between the amount of
net profit received and the amount of financial support
for agricultural enterprises is 0.94, which is evidence
of a close connection between the selected data. The
initial statistical sample is represented by annual data
for 2014-2021.As a result of data processing, an empir-
ical simple linear regression equation was constructed.
Having carried out some calculations regarding the sig-
nificance of all parameters of the model, it was proved
that the built model is adequate, and a forecast can be
made based on this model.

In the perspective of further research, it is neces-
sary to substantiate the legal conditions for attracting
the main sources of financing, to identify their advan-
tages and disadvantages for entrepreneurial activity.
Since the issue of financial support needs a detailed
solution, the research of the main sources of financing
should be expanded, distinguishing them from each
other in more detail. Furthermore, it is necessary to fo-
cus on the following understanding, for various sources
of financing to work effectively in a difficult time for the
entire country, it is necessary to develop an effective
integrated model of financing agricultural enterprises
that would factor in the specifics of each region (espe-
cially during a full-scale war in the country, when the
territories are still occupied, or those that were recently
de-occupied) and an individual business entity (deter-
mining its needs).
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The purpose of this study was to build models that can help find the environmental and
economic determinants of energy efficiency in European countries. An ecological and
economic determinants of energy efficiency indicators of 38 European countries were
found based on panel regression models. The models were built based on statistical
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tests were used. As a result, it was found that the factors that have a statistically significant impact on the
energy intensity of GDP in European countries include the intensity of carbon dioxide emissions, unemployment
rate, primary energy consumption per capita, and gross electricity production per capita. The findings showed
that determinants of primary energy consumption were domestic consumption of solid fossil fuels per capita,
domestic natural gas consumption per capita, and primary energy consumption per capita. The study results
generally confirm the modern-day thesis that economic development can be achieved while reducing greenhouse
gas emissions. The monitoring of factors that have a statistically significant impact on the indicators under
consideration can become an essential element of the modern energy efficiency management system of the
national economies of European countries

Keywords: Energy intensity; economic growth; fossil fuel; primary energy consumption; GDP; electricity

consumption; gas consumption; CO, emission

INTRODUCTION

The world is facing a growing risk of climate change
caused by increased greenhouse gas emissions, which
poses new challenges for governments of all coun-
tries. Economic development is usually associated with
an increase in greenhouse gas emissions. Therefore,
the question arises whether it is possible to achieve
sustainable economic development and reduce green-
house gas emissions at the same time. Besides, the EU’s
planned reduction of greenhouse gas emissions by at
least 55% by 2030 will require significant additional
investments, decarbonization of electricity genera-
tion, industry and transport, and energy efficiency in
buildings. The identification of macroeconomic factors
that significantly affect the energy efficiency of the
European economies will allow national governments
and regulators to develop effective mechanisms to
achieve these goals.

Many scientific papers have covered this issue.Thus,
Zioto et al. (2020) analysed the factors affecting the en-
ergy efficiency of the countries of the Organization for
Economic Cooperation and Development (OECD). The
results suggest a slight upward trend in the overall
TFEE in OECD countries over the period under study,
but developed OECD countries have higher levels than
other OECD countries. Access to credit and the inflow
of foreign direct investment that new energy-saving
technologies bring can improve energy efficiency. The
analysis showed that urbanization is not statistically
significant for TFEE. Furthermore, the results show that
increased energy efficiency leads to a reduction in car-
bon dioxide emissions.

The research of Klyviené et al. (2020) is devoted
to establishing the relationship between indicators
that affect the green economic growth of the Eurozone
countries, investigating the possible impact of envi-
ronmental policy on macroeconomic variables such
as GDP, investment, employment, and trade. Klyviené
et al. (2020) used the PVAR econometric model to es-
timate an influence of energy consumption, CO, emis-
sions, and some another macroeconomic indicators on
GDP growth in 19 Eurozone countries for 2000-2016.

A short-term adverse impact of ecology-oriented eco-
nomic policies on business activity was indicated. This
is consistent with the traditional view that green eco-
nomic policies can create added costs at all levels of
the economic system. However, in the long term, the
consequences of the implementation of environmental
policy become positive.

Pimonenko et al. (2021) analysed 1,335 studies on
economic stability and 1,811 studies on environmental
protection. The results obtained showed a close cor-
relation between the factors of energy efficiency and
business efficiency, economic and macroeconomic sta-
bility. Considering this, the authors made a forecast for
the development of energy efficiency. In this study, pri-
mary energy consumption was singled out as the basis
for the energy efficiency forecast. The study used data
from European countries (EU27) for 1991-2018.

Nobel Prize Winner S. Kuznets (1955) managed to
prove the existence of a relationship between the level
of human well-being and the state of the environment
in the form of an inverse U-curve. The country’s eco-
nomic growth entails an increase in pollutant emissions,
but after reaching a certain level of its development
or the so-called extreme, the state of the environment
gradually begins to improve. Such a dependence in the
economic literature is called the ecological-economic
Kuznets curve.Cherkashina (2020),using correlation-re-
gression analysis, investigated the features of the eco-
logical-economic Kuznets curve in the countries of the
Visegrad group. The analysis showed that the ecolog-
ical-economic Kuznets curve for the countries of the
Visegrad group has the form of an N-shaped curve. This
means that an increase in GDP per capita contributes to
a decrease in CO, emissions, but not in the proportion
in which people’s well-being increases. The IMF, using
statistics of 127 countries for two centuries, found ev-
idence for an environmental-economic Kuznets curve,
with an initial decline in energy demand due to low
per capita income, followed by acceleration and then
high-income saturation phases. It was confirmed that
there is a downward trend in energy demand globally
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by about 1.2% per year, thus helping to stabilize energy
demand in high-income countries.

Cibinskiene et al. (2020) and Laurens et al. (2017)
investigated the issue of determining the key deter-
minants of energy efficiency at different levels (not
only the macro level). Zubeltzu-Jaka et al. (2018) and
Pacheco et al. (2017) analysed the cause-and-effect
relationships between indicators of economic develop-
ment of countries and energy efficiency.

Thus, considering the above, the purpose of this
study was to investigate the correlation between eco-
nomic development and energy efficiency indicators in
European countries based on the search for factors that
significantly affect energy efficiency.

LITERATURE REVIEW

The correlation between energy efficiency and the level
of economic development of the country is the subject
of constant debate, and there is no consensus on this
issue yet. Ozcan & Ozkan (2018) explored causal re-
lationships between energy consumption, economic
performance, and energy intensity in the G20 countries.
The analysis suggested that these three variables tend
to change in the same way in the long run. Further-
more, Granger causality tests show that there is a uni-
directional causality that goes from energy intensity to
economic performance, but not the other way around.

G.Bersalli et al. (2020) investigated the efficiency of
the government policy in the field of renewable energy
sources based on panel data from 20 Latin American
and 30 European countries over 20 years. They confirm
the effectiveness of such policies: the findings proved
a positive and statistically significant impact on invest-
ment in renewable energy, being the main factors in
all regions. It was also shown that tax incentives alone
are insufficient to ensure the continued deployment of
renewable energy technologies.

Kvach et al. (2021) pointed out the extremely high
energy intensity of the Ukrainian economy and noted
the need for “transformation of the electricity market by
introducing market pricing principles that are uniform
for all consumers of energy resources, energy efficient
and energy-saving use and consumption of energy re-
sources based on modern innovative technologies”.

Segarra-Blasco & Jové-Llopis (2019) analysed the
factors contributing to energy efficiency (EE) and the
use of renewable energy (RE) sources by small and
medium-sized enterprises in European countries. It
was suggested that there is a corresponding com-
plementarity between EE and RE practices and other
methods of efficient use of resources. Furthermore, EE

strategies mainly focus on cost savings and regula-
tion, while RE strategies rely more on public support
and environmental knowledge. Sumakaris et al. (2021)
performed a systematic review of the literature de-
voted to the innovations in the identification of the
efficiency determinants in the field of energy saving.
According to the received data, the following determi-
nants of energy-efficient innovations were identified
at the micro level: cost savings; previous experience;
technological capabilities; green tariffs; innovative
opportunities; organizational innovations; financial
resources; investments in tangible assets. Therewith,
such determinants as the competitive environment,
pressure from customers and suppliers, external co-
operation in the field of knowledge, social pressure,
and voluntary agreements are highlighted at the meso
level. At the macro level, the determinants included
state subsidies, current or future regulation. Ari et al.
(2022), Sterlacchini (2020) and Costa-Campi et al.
(2015) analysed the ways in which innovative tech-
nologies are introduced into the energy sector and
their impact on energy efficiency factors.

MATERIALS AND METHODS

To find the ecological and economic determinants of
energy efficiency in the article, the authors of this study
used panel regression models, which were built using
indicators of 38 European countries describing energy
efficiency and macroeconomic indicators for 1995-
2021. For this, statistical resources such as ESMS In-
dicator Profile (ESMS-IP), Enerdata (2022), World Bank,
World Energy & Climate Statistics — Yearbook 2022
were used. To determine the level of energy efficiency of
the national economies of European countries, authors
used the values of primary energy intensity El, carbon
dioxide emission intensity CO, GDP, gross electricity
production per capita EL_CAP, electricity available for
final consumption per capita ELSUP_CAP, domestic con-
sumption of natural gas, domestic consumption of solid
fossil fuel (per capita) SOLID_CAP, primary energy con-
sumption CON_ENER_EU, primary energy consumption
per capita CON_ENER_EU_PC and gross available en-
ergy per capita CON_ENER_TOTAL_PC.

The level of development of the national econo-
mies of European countries was determined based on
the following indicators: the ratio of exports of goods
and services to GDP EXP_GDP, the unemployment rate
UNEMP, GDP per capita GDPCAP, the ratio of direct for-
eign investments (net inflows) to GDP FDGDP, annual
growth rates of GDP GDP_GROW, annual percentage
growth rate of GDP per capita GDP_GROW_PC (Table 1).

Table 1. Variables of the models

El Energy intensity level of primary energy (MJ/$2017 PPP GDP)

C02_GDP

Intensity of CO, emissions (kg per PPP $ of GDP)

Scientific Horizons, 2023, Vol. 26, No. 8




Kyshakevych et al.

Table 1, Continued

EXP_GDP Exports of goods and services (% of GDP)
EL_CAP Gross electricity production per capita (Thousand tonnes of oil equivalent)
UNEMP Unemployment, total (% of total labour force) (modelled ILO estimate)
GDPCAP GDP per capita (dollars USA)
CON_ENER_EU Consumption of primary energy (Europe 2020-2030)

(Million tonnes of oil equivalent)

CON_ENER_EU_PC

Consumption of primary energy (Europe 2020-2030)
per capita (Million tonnes of oil equivalent)

CON_ENER_TOTAL_PC

Gross available energy per capita (kgoe)

ELSUP_CAP Electricity, available for final consumption (Gigawatt-hour per capita)
FDGDP Foreign direct investment, net inflows (% of GDP)
GASCAP Inland consumption of gas - calculated (Terajoule per capita)
GDP_GROW GDP growth (annual %)
SOLID_CAP Solid fossil fuels inland consumption (thousand tonnes per capita)

Source: compiled by the authors of this study

An identification of energy efficiency determinants
in European countries will then be based on the one of
three models: a pooled data model, a panel regression
model with fixed or variable effects. A panel regression
model that factors in the fixed effects method can be
represented as follows:

Yie = a; + BiXiie + €, (1)

where i is the country, t is the time (2000<t<£2021);
a; (i=1...38) is the unknown constant of the panel re-
gression model; Y, is the dependent variables; X, . is the
independent variables; g, is the panel regression model
parameters; ¢, is the error.

The model that factors in the random effects will
look as follows:

Yie = a + BiXpie + uic + &t (2)

where « is the unknown constant of the panel regres-
sion model; u_ is the individual influence of the ™" coun-
try, which is called a random effect, similar to random
errors, and is assumed to have a zero mean.

The pooled model of panel data or cross-sectional
regression (pooled model) will look as follows:

Y=a+ﬁka+£. (.7))

To create econometric models and conduct re-
spective statistical tests, the authors of this study used
the Eviews program. To select the variables of the re-
gression model, authors used a stepwise regression
method, in which factors are included in the model

one by one until it becomes satisfactory. The order
of inclusion of the factor was determined based on
the correlation coefficient of the independent and de-
pendent variables.

Having obtained the respective models with ran-
dom effects, the Hausman test was implemented to de-
termine the most appropriate method for constructing
panel regression models - based on random effect (RE)
or fixed effect (FE). To determine the priority between
the panel model with fixed effects and the pool model
with a common constant, the Wald test was used, which
checks the non-zero regression coefficients.

RESULTS AND DISCUSSION

At the turn of the 20™ century, the demand for energy
increased sharply, caused by an increase in the rate of
economic growth. From 1900 to 1950, with the spread
of electric lighting and the development of all modes of
transport, the demand for primary energy almost dou-
bled. Economic growth also picked up sharply, prompting
a shift from biomass to fossil fuels as the main source of
primary energy. For example, in the United States, GDP
per capita in 1950 was more than double what it was in
1900. The use of oil (in addition to coal) in the 20" cen-
tury dramatically increased production and consumption.
Fossil fuels lose from 40% to 70% of their energy when
converted into electrical or mechanical energy, which is
a lot, but not compared to almost complete losses when
burning wood or other biomass. Although modern econ-
omies need increased energy resources, McKinsey &
Company experts predict that the demand for primary en-
ergy by 2030 will slow down primarily due to the rapid
spread of renewable energy sources (Fig. 1).
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Figure 1. Global primary energy demand, millions terajoules

1950

Source: (Sharma et al., 2019)

Increasing the level of energy efficiency is a nec-
essary condition for the complete decarbonization of
EU economy and achieving independence from Rus-
sian fossil fuels. The close relationship between mac-
roeconomic stability and energy efficiency has been
more clearly seen recently at the international level,

Unprecented rise
in Weatern living
standards

Renewables

Fossil fuels

2000 2016 2030 2050

especially after the beginning of Russia’s full-scale ag-
gression against Ukraine. Fossil fuel prices caused the
biggest inflationary shock in Europe since Second World
War, outpacing the oil crisis of the 1970s. In September
2022, the price of energy was 40.8% higher than a year
earlier (Fig. 2).
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Food, alcohol & tobacco
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Energy

Figure 2. Euro area annual inflation, September 2022, %

Source: (Eurostat, 2022)

Authors first estimate the level of primary energy
intensity, which is the ratio between primary energy in-
put and gross domestic product measured at purchas-
ing power parity. Overall, total energy consumption per
unit of GDP in the world declined much less in 2021
than in the previous few years (averaging-1.5% per year
from 2000 to 2020). All this significantly complicates
the task of increasing the average temperature by no
more than 2°C. To achieve these indicators, a reduction

of 3.5% per year should be observed. Experts note that
such a slowdown is mainly due to an increase in energy
consumption in 2021 (Enerdata, 2022).

As a result, a panel regression model was obtained
to assess the energy intensity of El (see Table 3). It is
based on the random effect, since the results of the
Houseman test showed that there is no reason to reject
the hypothesis about the advisability of using a random
effect (Table 2).

Table 2. Results of the Hausman test for the El model

Test Summary

Chi-Sq. statistic Prob.

Cross-section random

9.356953 0.0528

Source: compiled by the authors of this study using Eviews based on data form ESMS Indicator Profile (ESMS-IP),
Enerdata (2022), World Bank, World Energy & Climate Statistics - Yearbook (2022)

Table 3. Model for estimating of the energy intensity EI

Dependent Variable: El

Sample: 1995-2021

Periods included: 27

Cross-sections included: 38

Total panel (unbalanced) observations: 1026

Variable Coefficient

Std. Error t-Statistic Prob.

C 0.670808

0.175068 3.831692 0.0001
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Table 3, Continued

Dependent Variable: El

Sample: 1995-2021 Periods included: 27
Cross-sections included: 38 Total panel (unbalanced) observations: 1026
Variable Coefficient Std. Error t-Statistic Prob.

CO2_GDP 5.128102 0.114631 44.73559 0.0000

UNEMP 0.044043 0.003949 11.15197 0.0000

CON_ENER_TOTAL_PC 0.000410 4.12E-05 9.949097 0.0000

EL_CAP 584.2782 133.0672 4.390851 0.0000
R-squared 0.840511 F-statistic 998.6714
Adjusted R-squared 0.839670 Prob(F-statistic) 0.000000

Source: compiled by the authors of this study using Eviews based on data form ESMS Indicator Profile (ESMS-1P),
Enerdata (2022), World Bank, World Energy & Climate Statistics - Yearbook (2022)

Of all macroeconomic indicators, only the unemploy-  unemployment rates and higher levels of energy effi-
ment rate has a statistically significant impact on the en-  ciency. Carbon dioxide emissions CO2_GDP, gross avail-
ergy intensity of GDP, and its growth entails an increase  able energy per capita CON_ENER_TOTAL PC and gross
in energy intensity. This can be explained by the fact electricity production per capita EL_CAP have a positive ef-
that more developed economies naturally have lower fect on the energy intensity of GDP in European countries.
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Source: compiled by the authors of this study based on World Bank statistics (n.d.)
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According to the results of the Hausman test (Ta-
ble 4), the use of panel regression with fixed effects
is better for estimating carbon dioxide emissions
CO2_GDP. Carbon dioxide emissions CO2_GDP are

associated with the combustion of fossil fuels and the
production of cement. These include carbon dioxide
generated during the consumption of solid, liquid, and
gaseous fuels and the combustion of associated gas.

Table 4. Results of the Hausman test for the CO2_GDP model

Test Summary

Chi-Sq. Statistic

Prob.

Cross-section random

95.595207

0.0000

Source: compiled by the authors of this study using Eviews based on data form ESMS Indicator Profile (ESMS-1P),
Enerdata (2022), World Bank, World Energy & Climate Statistics - Yearbook (2022)

As a result, model was obtained with EI, GDPCAP, EL-
SUP_CAP and EXP_GDP as explanatory variables (Table 5).
Interestingly, as the share of electricity available for final
consumption per capita increases, carbon dioxide emis-
sions per capita will decrease. Considering the current

trends in electricity generation in Western Europe, which
consist in the almost complete abandonment of the use
of coal in the energy sector, primarily for environmen-
tal reasons, such a correlation between carbon dioxide
emissions and electricity supply is expected.

Table 5. Model for estimating of CO2_GDP

Dependent Variable: CO2_GDP

Sample: 1995-2021

Periods included: 27

Cross-sections included: 38

Total panel (unbalanced) observations: 1026

Variable Coefficient Std. Error t-Statistic Prob.
C -0.445314 0.027107 -16.42829 0.0000
El 0.106754 0.003222 33.12883 0.0000
GDPCAP -1.31E-06 2.53E-07 -5.178391 0.0000
ELSUP_CAP -17.47378 1.055253 -16.55886 0.0000
EXP_GDP -0.001883 0.000258 -7.308944 0.0000

Dummy variables

Belgium 0.540954 Austria 0.584837
Bulgaria 0.397835 Poland 0.530677
Czech Republic 0.523956 Portugal 0.499157
Denmark 0.641431 Romania 0.470945
Germany 0.563469 Slovenia 0.507424
Estonia 0.634958 Slovak Republic 0.387735
Ireland 0.778473 Finland 0.483719
Greece 0.557533 Sweden 0.459980
Spain 0.500420 Iceland 0.163991
France 0.403355 Norway 0.750855
Croatia 0.445059 Great Britain 0.520356
Italy 0.528905 Montenegro 0.434695
Cyprus 0.619616 North Macedonia 0.535257
Latvia 0.396583 Albania 0.379178
Lithuania 0.357618 Serbia 0.463215
Luxembourg 1.029918 Turkey 0.479732
Hungary 0.455413 Bosnia and Herzegovina 0.369065
Malta 0.764837 Kosovo 0.473817

Netherlands 0.582753 Ukraine base
R-squared 0.902638 Prob(F-statistic) 0.000000

Adj. R-squared 0.897403

Source: compiled by the authors of this study using Eviews based on data form ESMS Indicator Profile (ESMS-IP),
Enerdata (2022), World Bank, World Energy & Climate Statistics - Yearbook (2022)
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Renewable energy technologies for electricity gen-
eration are the main tool for the decarbonization of
the energy sector around the world. Government pol-
icies to promote their spread have been carried out in
developed countries since 1980, and since the 2000s,
increasingly more developing countries have begun to
implement an analogous strategy in the energy sector.
European countries are building their energy policies
to completely phase out coal in electricity generation
within this decade. Furthermore,as Figures 4 and 5 sug-
gest, there is a clear upward trend in the share of elec-
tricity in total final energy consumption in Europe and
in the world as a whole, and an increase in the share of
wind and solar power plants in electricity generation.
Because of this, an increase in the share of electricity
available for final consumption naturally leads to a de-
crease in carbon dioxide emissions, which is consistent
with the resulting model.

250
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By 2030, the European Parliament has planned
to increase the use of renewable energy sources and
dramatically reduce energy consumption. By 2030, the
Renewable Energy Directive (RED) aims to increase the
share of renewable energy sources in total energy con-
sumption in the EU to 45%. An analogous goal is also
planned by the European Commission in a special Re-
powerEU package. The Fit for 55 package also includes
a revision of the Energy Efficiency Directive (EED) to
achieve a 55% greenhouse gas emission target. Today,
the EED directive sets the level of EU energy saving
that the EU must achieve by 2030 to reach the goal
of 32.5% energy efficiency improvement (Parliament
backs boost..., 2022).

The results of the Wald test for zero coefficients of
dummy variables for the resulting model showed the
feasibility of using a fixed effects model as opposed to
a model based on a pool of data (Fig. 4, 5).
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Figure 4. Share of wind and solar power plants in electricity generation (%)
Source: compiled by the authors of this study based on World Energy & Climate Statistics - Yearbook (2022)
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Figure 5. The share of electricity in the total final energy consumption (%)
Source: compiled by the authors of this study based on World Energy & Climate Statistics - Yearbook (2022)

Thus, according to the constructed panel regres-
sion model, the macroeconomic determinants of the
carbon dioxide emissions intensity are GDP per capita
and the share of exports in GDP. The greater the value
of both these factors, the higher the level of economic

development of the country, and, consequently, the
higher energy efficiency, which is a characteristic fea-
ture of the modern eco-oriented economy of European
countries. This is consistent with the fact that GDP per
capita and the share of exports in GDP negatively affect
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the intensity of carbon dioxide emissions. Figures 6,
7 show the evolution of these indicators in the EU in

study, Luxembourg had the highest level of GDP per
capita in 2021 - $133,590.16, while Ukraine had the

2021. Of the 38 European countries analysed in this  lowest value - $4,568.91.
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Figure 6. Dynamics of changes in GDP per capita, the share of exports in GDP and an intensity of carbon dioxide
emissions in the EU in 2021
Source: compiled by the authors of this study based on World Energy & Climate Statistics - Yearbook (2022)
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As is known, the European Union has pledged to
reduce energy consumption by 20% by 2020 compared
to the baseline forecasts. In other words, the EU plans
to consume just over 1,483 million tonnes of oil equiv-
alent in primary energy and just over 1,086 million
tonnes in final energy in 2020. By 2030, a reduction of
at least 32.5% is planned (Saheb et al., 2018).
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The maximum consumption of primary energy in
the EU occurred in 2006. In 2021, consumption was
18.1% below the peak value. The distance from the
actual level of primary energy consumption and the
target level for 2030 was 34% in 2006. In 2020, the
distance decreased to 9.5% and increased to 16.0% in
2021 (Fig. 8).
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Figure 8. Primary energy consumption in the EU (distance to 2030), million toe
Source: compiled by the authors of this study based on ESMS Indicator Profile

The CON_ENER_EU primary energy consumption
estimation model was obtained using the fixed effects
method, since the results of the Hausman and Wald
tests showed the advantage of FEM models over ran-
dom effects and data pool models (Table 6). Domestic
consumption of solid fossil fuels per capita, domestic

consumption of natural gas per capita and available
gross energy per capita were statistically significant
(Table 7). Moreover, all variables have a positive effect
on the resulting indicator. Macroeconomic character-
istics were not statistically significant when assessing
CON_ENER_EU.

Table 6. Results of the Hausman test for CON_ENER_EU model

Test Summary Chi-Sgq. Statistic Prob.
Cross-section random 98.785112 0.0000

Source: compiled by the authors of this study using Eviews based on data form ESMS Indicator Profile (ESMS-IP),
Enerdata (2022), World Bank, World Energy & Climate Statistics — Yearbook (2022)

Table 7. Model for estimating of CON_ENER_EU

Dependent Variable: CON_ENER_EU
Sample: 1995-2021

Periods included: 27

Cross-sections included: 38 Total panel (unbalanced) observations: 1026

Variable Coefficient Std. Error t-Statistic Prob.

C 31.00476 1.738194 17.83734 0.0000
SOLID_CAP 3611.730 612.7344 5.894446 0.0000
GASCAP 2177291 40.91441 5.321575 0.0000
CON_ENER_EU_PC 0.001715 0.000454 3.779405 0.0002

Dummy variables

Belgium 38.45966 Austria 28.35773
Bulgaria 9.371768 Poland 86.95388
Czech Republic 23.31707 Portugal 28.49187
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Table 7, Continued

Dependent Variable: CON_ENER_EU
Sample: 1995-2021

Cross-sections included: 38

Periods included: 27

Total panel (unbalanced) observations: 1026

Variable Coefficient Std. Error t-Statistic Prob.
Denmark 17.64596 Romania 35.06615
Germany 293.8608 Slovenia 4.204755

Estonia 9.026506 Slovak Republic 11.11043
Ireland 13.19174 Finland 27.23074
Greece 16.26054 Sweden 50.23856
Spain 1247226 Iceland -8.230735
France 246.4671 Norway 20.34210
Croatia 13.68862 Great Britain 196.7502
Italy 158.7604 Montenegro 4.597591
Cyprus 11.97060 North Macedonia 3.120500
Latvia 9.924953 Albania 16.02440
Lithuania 10.10217 Serbia 4.436275
Luxembourg -13.74459 Turkey 108.3585
Hungary 21.20021 HBEC’;ZE"O"j‘/?:a 1.913920
Malta 6.526938 Kosovo 2.547697
Netherlands 48.95593 Ukraine base
R-squared 0.991918 Prob (F-statistic) 0.000000
Adjusted R-squared 0.991491

Source: compiled by the authors of this study using Eviews based on data form ESMS Indicator Profile (ESMS-IP),
Enerdata (2022), World Bank, World Energy & Climate Statistics — Yearbook (2022)

The analysis showed that the primary energy con-
sumption per capita CON_ENER_EU PC is better ap-
proximated by FEM models, since the results of the
Hausman test indicated that the probability of accept-
ing the null hypothesis about the appropriateness of
using REM models is close to zero (Table 8). Further-
more, the Wald test for zero coefficients for dummy var-
iables confirmed the feasibility of using the FEM model
as opposed to the data pool model.

The macroeconomic determinants of primary en-
ergy consumption per capita in European countries
were the unemployment rate and the share of exports
in GDP. An increase in both these indicators will reduce
primary energy consumption per capita in European
countries, while an increase in domestic consumption
of natural gas per capita and available electricity for
final consumption per capita will lead to an increase in
primary energy consumption per capita (Table 9).

Table 8. Results of the Hausman test for CON_ENER_EU_PC model

Test Summary

Chi-Sq. Statistic

Prob.

Cross-section random

77.65911

0.0000

Source: compiled by the authors of this study using Eviews based on the base of data form ESMS Indicator Profile
(ESMS-IP), Enerdata (2022), World Bank, World Energy & Climate Statistics - Yearbook (2022)

Table 9. Model for estimating of CON_ENER_EU_PC

DependentVariable: CON_ENER_EU_PC

Sample: 1995-2021

Periods included: 27

Cross-sections included: 38

Total panel (unbalanced) observations: 1026

Variable Coefficient Std. Error t-Statistic Prob.

C 1363.705 107.3005 12.70921 0.0000
CON_ENER_EU 8.900696 1.363705 6.526851 0.0000
GASCAP 23965.38 1587.116 15.09995 0.0000
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Table 9, Continued

DependentVariable: CON_ENER_EU_PC

Sample: 1995-2021

Periods included: 27

Cross-sections included: 38

Total panel (unbalanced) observations: 1026

Variable Coefficient Std. Error t-Statistic Prob.
UNEMP -14.49307 2.943106 -4.924412 0.0000
EXP_GDP -4.070700 1.033568 -3.938492 0.0001
ELSUP_CAP 240955.6 4789.824 50.30572 0.0000
Dummy variables
Belgium 1146.091 Austria -187.1280
Bulgaria 42.51561 Poland -554.2341
Czech Republic 641.3436 Portugal -431.5182
Denmark 90.66606 Romania -894.3206
Germany -2380.800 Slovenia 439.5151
Estonia 1370.362 Slovak Republic 63.79852
Ireland -54.64530 Finland 806.4769
Greece -68.66128 Sweden 417.6613
Spain -1043.346 Iceland 4265916
France -1586.065 Norway -2200.965
Croatia -482.1874 Great Britain -2251.594
Italy -2085.157 Montenegro -485.0338
Cyprus 1453.453 North Macedonia -280.4422
Latvia -154.0050 Albania -803.9735
Lithuania 80.01286 Serbia -224.3687
Luxembourg 2653.527 Turkey -1631.744
Hungary -536.5389 Bosnia and Herzegovina 82.32486
Malta 2903.606 Kosovo -485.0338
Netherlands 109.2699 Ukraine base
R-squared 0.991091 Prob(F-statistic) 0.000000
Adjusted R-squared 0.990596

Source: compiled by the authors of this study using Eviews based on data form ESMS Indicator Profile (ESMS-IP),
Enerdata (2022), World Bank, World Energy & Climate Statistics - Yearbook (2022)

The parameters of the model for estimating gross
available energy per capita CON_ENER_TOTAL_PC are
presented in Table 11. In this case, the Hausman test (Ta-
ble 10) confirmed the absence of grounds for rejecting the
null hypothesis, and therefore, the REM panel regression
model was chosen. The unemployment rate has a nega-
tive impact on this indicator, as in the previous model. This
can be substantiated by the fact that an increase in the
unemployment rate, which also signals a decrease in the

level of economic development of the country, will lead
to a potential decrease in the total energy consumption
per capita in the country. This relationship between the
UNEMP unemployment rate and total energy consump-
tion per capita can be clearly observed in Figure 9. Con-
sumption of gas (Fig. 9) and electricity available for final
consumption per capita in highly developed countries is
generally somewhat higher compared to other European
countries, which is also reflected in the model.

Table 10. Results of the Hausman test for CON_ENER_TOTAL_PC model

Test Summary

Chi-Sgq. Statistic

Prob.

Cross-section random

6.337851

0.1753

Source: compiled by the authors of this study using Eviews based on data form ESMS Indicator Profile (ESMS-IP),
Enerdata (2022), World Bank, World Energy & Climate Statistics — Yearbook (2022)
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Table 11. Model for estimating of CON_ENER_TOTAL_PC

Dependent Variable: CON_ENER_TOTAL_PC

Sample: 1995-2021

Periods included: 27

Cross-sections included: 38

Total panel (unbalanced) observations: 1026

Variable Coefficient Std. Error t-Statistic Prob.

C 944.2367 184.1448 5.127685 0.0000
UNEMP -14.89694 3.103852 -4.799500 0.0000
EL_CAP 2705063 54424.80 49.70276 0.0000
GASCAP 18020.21 1556.506 11.57735 0.0000
R-squared 0.838757 F-statistic 985.7421

Adjusted R-squared 0.837906 Prob(F-statistic) 0.000000

Source: compiled by the authors of this study using Eviews based on data form ESMS Indicator Profile (ESMS-1P),
Enerdata (2022), World Bank, World Energy & Climate Statistics - Yearbook (2022)
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Figure 9. GDP per capita (thousand USD) and unemployment rate in European countries in 2021
Source: compiled by the authors of this study based the base of World Bank statistics (n.d.)
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Figure 10. GDP per capita (thousand USD) and inland consumption of gas GASCAP
(Terajoule per capita) in European countries in 2021
Source: compiled by the authors of this study based on World Bank statistics (n.d.)

In 2023, an agreement was signed between the
European Parliament and the Council to strengthen the
EU Energy Efficiency Directive, highlighting the EU’s in-
tention to become climate neutral by 2050. This agree-
ment is the next step towards the implementation of
the “Ready for 55 years” package for the performing of
the European Green Deal and the REPowerEU plan. Now

Scientific Horizons, 2023, Vol. 26, No. 8

the EU countries are obliged to consider energy effi-
ciency indicators in domestic and foreign policy, plan-
ning and making important investment decisions in the
energy and other sectors. (European Green Deal, 2023).
The first principle of energy efficiency means the
maximum use of economic measures to improve energy
efficiency in the formation of energy policy and making




appropriate investment decisions. The agreement sets
an EU energy efficiency target of 11.7% by 2030, which
exceeds the original proposal by the European Com-
mission and requires Member States collectively to
provide further reductions in final and primary energy
consumption compared to energy consumption projec-
tions made in 2020.

The most explanatory variables appeared in the
model of primary energy consumption per capita,
namely, primary energy consumption, domestic natural
gas consumption per capita, unemployment rate, the
ratio of exports of goods and services to GDP and elec-
tricity available for final consumption per capita. Gross
available energy per capita depends on the unemploy-
ment rate, gross electricity production per capita, do-
mestic consumption of natural gas per capita.

The models constructed in this study strongly sug-
gest the dependence of economic growth and energy
efficiency of European countries. Since the variables
GDPCAP and EXP_GDP, which determine the level of
economic growth in the country, are explanatory varia-
bles in the CO2_GDP estimation model and their growth
negatively affects the intensity of CO2 emissions, it can
be argued that the possibility of simultaneously achiev-
ing sustainable economic development and reducing
the intensity of carbon dioxide emissions. The positive
dependence of the energy intensity of El on the level
of unemployment also serves as confirmation that eco-
nomic growth in European countries is accompanied
by an improvement in the level of energy efficiency. It
is possible to achieve sustainable economic develop-
ment while simultaneously reducing greenhouse gas
emissions. The existence of such dependence, which
is inherent in developed economies, is also evidenced
by other studies (e.g., Cherkashina (2020), Klyviené &
Kédaitiené (2020)). This is also consistent with the eco-
logical-economic Kuznets curve, according to which the
country’s economic growth causes the growth of pollut-
ant emissions, but after reaching a certain level of its

Kyshakevych et al.

economic development, the country’s ecology gradually
begins to improve.

CONCLUSIONS

The models obtained in this study help identify the
ecological and economic determinants of primary en-
ergy intensity, carbon dioxide emission intensity, pri-
mary energy consumption and gross available energy
per capita in 38 European countries. Thus, according to
the models obtained, the factors on which the value of
the energy intensity of the GDP for European countries
significantly depends include the intensity of carbon
dioxide emissions, the unemployment rate, primary en-
ergy consumption per capita, and gross electricity pro-
duction per capita. The determinants of primary energy
consumption were domestic consumption of solid fossil
fuels per capita, domestic consumption of natural gas
per capita and primary energy per capita. As a result,
the existence of a positive relationship between energy
efficiency and economic growth in European countries
was generally confirmed as well as the possibility of
simultaneously achieving sustainable economic devel-
opment and reducing the intensity of carbon dioxide
emissions. Monitoring of macroeconomic and other
factors that have a statistically significant impact on
energy efficiency will make it possible to form a flex-
ible system for managing the energy efficiency of the
national economies in European countries.

Therefore, the development of such monitoring
systems at the macro level, first of all, can be the sub-
ject of subsequent scientific research devoted to the
analysis of the relationship between energy efficiency
and economic growth.
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AHoTauif. OcKinbKy1 eKOHOMIYHWUIA PO3BMTOK YACTO NOBA3aHMUIM 3i 30iNbLUEHHSIM BUKMAIB NAPHUKOBKX ra3is, 0cobam1Bo
BXX/IMBO BIAMOBICTM Ha MUTAHHSA, Y4 MOXIIMBO OOCATTU CTAZIOr0 €KOHOMIYHOr0 pO3BMTKY i OAHOYACHO MiABULLMUTK
eHeproedeKTUBHICTb, WO nepeabayae CKOPOYEHHS BUKMAIB MAPHMKOBMX rasiB. MeTol LbOro AoCHimKeHHs byna
nobynoBa Mopenen, ki MOXyTb AOMOMOITU 3HAMTU €KONIOro-eKOHOMIYHI AeTepMiHaHTU eHeproeeKTUBHOCTI B
€BPOMNENCHKMX KpaiHax. EKonoriyHi Ta eKOHOMIYHI JeTepMiHaHTU MOKa3HUKIB eHeproedekTMBHOCTI 38 eBpONencbKnx
KpaiH Oynu 3HalgeHi Ha OCHOBI MAHENbHUX perpecinHux mopenei. Mogeni NobyLoBaHi HA OCHOBI CTATUCTUUHUX
OaHUX, WO XapaKTePU3YIOTb piBEHb IX EKOHOMIYHOIo PO3BUTKY Ta CMOXMBAHHA Pi3HUX BUAIB eHeprii 3a 1995-
2021 poku. [Ing OTpMMaHHS HeOoOXiAHWX anpOKCMMaALiM MOKa3HWKIB eHeproedeKTUBHOCTI BUMKOPMCTOBYBABCS
OMH 3 TpbOX TUMNIB MOAeNei: MeTon BMMNaAKoBUX edekTiB, MeTon (ikcoBaHUX edekTiB abo obeaHaHa Mopaenb.
[lna ubOro BUMKOPUCTOBYBANMCA BiAMOBIAHI CTaTUCTUYHI TecTu. B pe3ynbtaTi 6yno BUsSIBNEHO, WO A0 (GaKTopiB, gKi
MaloTb CTAaTUCTUYHO 3HAYYLLMIM BMNIMB Ha eHeproeMHIcTb BBIT B eBponencbkux KpaiHax, HanexaTb iHTEHCUBHICTb
BMKUAIB BYIMEKUCNIONO rasy, piBeHb 6€3pobiTTs, CNOXMBAHHSA NMEPBUHHOI eHeprii Ha Aylwy HACeNeHHs Ta BanoBe
BMPOOHMLTBO eneKTpoeHeprii Ha Aywy HaceneHHs. Pe3ynbtat AOCHiAKEHHS MOKa3anW, WO BW3HAYaJbHUMU
(aKTopaMu CMOXMBAHHA NEPBUHHOI €Heprii € BHYTPILWHE CMOXWBAHHA TBEPOOro BMKOMHOMO ManMBa Ha Ayly
HaceneHHs, BHYTPILWHE CMOXMBAHHA NMPUPOAHOrO rasy Ha AylY HACeNeHHs Ta CMOXMBAHHA MEePBUHHOT eHeprii Ha
[Oyly HaceneHHs. Pesynbrat SOCAIAKEHHA B LIOMY NiATBEPOXYIOTb Cy4aCHY Te3y Npo Te, Lo EKOHOMIYHMI PO3BUTOK
Moxxe ByTW LOCATHYTUI NPY OAHOYACHOMY CKOPOYEHHI BUKWAIB MapHUKOBUX rasiB. MOHITOPMHT dhaKTopiB, SIKi MakoTb
CTaTUCTUYHO 3HAYYLLMIA BNAMB Ha AOCNIAXKYBAHI NOKA3HUKM, MOXE CTaTU BAX/IMBUM €IEMEHTOM CY4YaCHOT CUCTEMMU
ynpaBniHHs eHeproedeKTUBHICTIO HaLiOHaNbHUX EKOHOMIK €BPOMENCbKMX KpaiH

KntouoBi cnoBa: eHeproeMHiCTb; EKOHOMIYHE 3pOCTaHHS; BUKOMHE ManMBO; CMOXMBAHHS NepBMHHOI eHeprii; BBIT;
CMOXMBAHHA €NEKTPOEHeprii; CnoxmBaHHs rasy; suknam CO,
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