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The influence of ionic form of silicon on the formation
of elementary fibre cells in Cannabis sativa L.

S. V. Mishchenko®?, Yu. 0. Lavrynenko?, T. Yu. Marchenko?, H. I. Kyrychenko?
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Purpose. To establish the peculiarities of the fibrous layer structure and the degree of variability of the traits of the primary
and secondary bast fibre cells in industrial hemp (Cannabis sativa L.) varieties under the influence of exogenous silicon and the
possibilities of using it to improve fibre quality. Methods. Plants of the ‘Afina’ and ‘Hlukhivski 51" varieties, grown in an area of
30 x 5 cm, were studied. During the vegetation period, the plants were treated twice or three times with an aqueous solution of
K,Si0,-5H,0 at concentrations of 2.5 g/L and 5.0 g/L, respectively, at the BBCH development phases 15, 51 and 65. The control
variants used distilled water instead of the silicon solution. For the anatomical analysis, transverse sections of bark and wood were
taken from the stems at the level of the IV internode (with a diameter of 9.5 mm) and examined using light microscopy. Results.
In hemp plants under the influence of silicon, the thickness of the bast fibre layer increased, as can be seen from the analysis of
transverse stem sections. For the Afina’ variety, the secondary fiber layer thickness increased from 105 pm in the control group to
138 umiin the treated group. For the ‘Hlukhivski 51" variety, it increased from 163 pm to 230 pm with triple treatment usinga 0.5 g/L
K,Si0,-5H,0 solution. This increase in fiber layer thickness was mainly due to secondary fibers, i.e., silicon activates cambium
activity, the secondary generative tissue. The lengths and widths of the primary fibre cells were 40.2 and 25.9 um for the ‘Afina’
variety and 57.0 and 40.2 pm for the ‘Hlukhivski 51" variety. The lengths and widths of the secondary fibre cells were 25.1 and
15.5 umand 33.4 and 16.5 pm, respectively. The increase in cell sizes was due to a decrease in the channel size and an increase in
the thickness of the secondary walls. These changed from 6.5 to 12.5 pm and from 16.5 to 19.7 um in primary bast fibre cells and
from 5.5 to 7.2 ym and from 6.0 to 7.6 pm in secondary bast fibre cells in the Afina” and ‘Hlukhivski 51" varieties, respectively. An
increase in the proportion of isodiametric and oval-shaped cells with a convex contour, as well as cells with a small channel, was
observed, indicating a structural rearrangement of fibrous formations. Conclusions. To increase the total fibre content of hemp
stems, it is advisable to treat the plants with a silicon (Si) solution during the period of intensive secondary fibre accumulation,
and to obtain higher-quality fibre, during the period of intensive primary fibre accumulation.

Keywords: hemp; stem anatomy; histology of transverse sections; bast; fibre quality characteristics; potassium metasilicate.

. pulp and paper, and biocomposite industries.
Introduction The crop’s main economic value is determined
Hemp (Cannabis sativa L.) is one of the ol- by the presence of bast fibres in the phloem of

dest fibre crops, traditionally used in the textile, the stem bark. These fibres are formed by elon-
gated sclerenchyma cells with multilayered
secondary cell walls that are enriched with cel-
lulose and lignin. Primary fibres are formed in
the early stages of ontogenesis from primary

Serhii Mishchenko
https://orcid.org/0000-0002-1979-4002

Yuriy Lavrynenko

https://orcid.org/0000-0001-9442-8793 meristematic tissues and are characterised by
Tetiana Marchenko their considerable length, whereas secondary
https://orcid.org/0000-0001-6994-3443 fibres are formed later due to cambial activity.
Hanna Kyrychenko The ratio of primary and secondary fibres de-
https://orcid.org/0000-0003-3609-3141 termines the quality and strength of the fibrous
m © The Author(s) 2026. Published by Ukrainian Institute for Plant Variety Examination.

@ This is an open access article distributed under the terms of the license CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/),

which permits use, distribution, and reproduction in any medium, provided the original work is properly cited.
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raw material. To increase fibre content and im-
prove its quality, various breeding methods and
techniques [1], as well as agrotechnical measu-
res such as different fertilisation systems and
the application of microelements, are widely
employed [2].

One such microelement may be silicon (Si),
which is present in plants in quantities equiva-
lent to macronutrients such as calcium, magne-
sium and phosphorus. In perennial grasses, sili-
con often contains more than any other inorga-
nic component. However, with the exception of
diatom algae and horsetails, silicon is considered
a facultative element for plants [3].

Consequently, silicon is often omitted from
nutrient solution prescriptions and neglected in
most plant physiology studies, despite plants
grown in ordinary nutrient media without sili-
con often being structurally weaker, exhibiting
growth, development, viability and reproduc-
tive anomalies, and being more susceptible to
abiotic stresses such as metal toxicity. They are
also more vulnerable to pathogenic organisms
and herbivorous animals, ranging from phy-
tophagous insects to mammals [3]. Thus, there
is compelling evidence that silicon should be
included in the list of elements with an impor-
tant impact on plant life [3].

Plants primarily absorb silicon in the form of
silicic acid ions (Si*?"), which are transported
via apoplastic and symplastic pathways invol-
ving specific membrane transporters. In recent
years, there has been growing interest in the
role of silicon in cell wall formation, particu-
larly in fibre (bast) crops such as hemp, and in
its effect on fibre quality [3, 4]. It should be
noted that improving the fibre’s quality charac-
teristics (particularly length, linear density,
flexibility and strength) is a key objective in
breeding and cultivating this crop.

It has been established that hemp can actively
absorb and accumulate silicon in various plant or-
gans [5]. Using molecular genetic and microscopic
methods, a family of aquaporin proteins has been
identified in Cannabis sativa L., some of which
form membrane channels that are potentially
involved in silicon transport. It has been demon-
strated that silicon (Si) accumulates in the cell
walls of certain tissues, particularly the bast
fibres of the stem, suggesting its potential role
in the development and modification of fibre
cells [5].

The cells of hemp primary fibres are charac-
terised by a thick secondary cell wall that is rich
in cellulose and hemicellulose, and a relatively
low lignin content. Silicon can be deposited in
the apoplast in the form of amorphous silica
(S10,* H,0), which can either form an additional

structural component of the cell wall or interact
with its polysaccharide matrix [4, 6-9]. This in-
teraction increases the mechanical strength of
the cells, stabilises the walls and changes their
elastic properties, which is particularly impor-
tant for fibrous tissues [4, 6-9]. The cell wall of
bast fibre cells consists of two main structural
parts: the primary layer (P) and the secondary
layer (S), which forms during cell wall thicke-
ning and consists of three layers: the outer layer
(S)), the middle layer (S,), and the inner layer
(S ) The layers S, S, and S, differ s1gn1flcant1y
in thickness. S1 and S3 are thm whereas S, is
thick and constitutes most of the cell wall. Sili-

con specifically promotes the thickening of lay-

ers S, and S, and reduces microporosity [4, 9]. It
st1mu1ates camblum cell division and the inten-

sity of secondary fibre differentiation, resulting
in the formation of more uniform fibrous layers
[4, 10]. At the ultrastructural level, a reduction
in cell lumen size, increased homogeneity of the
secondary layers and strengthening of the mid-
dle lamella are observed. These changes im-
prove the mechanical properties of the fibre,
meaning this element plays a key role in the
formation of the anatomical structure of hemp
fibres, ensuring they are strong, homogeneous
and technologically valuable [11].

Experimental studies on hemp confirm that
exogenous silicon application can influence the
morphometric parameters of bast fibers. In par-
ticular, under conditions of heavy metal (Cd, Zn)
exposure, which impair the biosynthesis of cel-
lulose and lignin at the cell wall level [12], silicon
(2 mM), through chelation, complex formation,
stimulation of antioxidant systems, and regula-
tion of the expression of heavy metal ion trans-
port genes [10], mitigates the negative impact of
stress on the development of elementary fiber
cells, promoting an increase in their diameter
and the preservation of cell wall integrity, which
indicates the protective and structurally modu-
lating role of Si in the differentiation process of
elementary fibers [13, 14].

The effect of silicon on fibre formation is like-
ly to extend beyond its structural function. Ac-
cording to the literature, silicon (Si) may indi-
rectly influence the expression of genes associ-
ated with the synthesis of cell wall components,
the activity of enzymes in the cellulase complex
and the phytohormonal regulation of cell growth
[4, 6, 15, 16]. These effects are particularly evi-
dent under abiotic stress, when silicon enhan-
ces the stability of growth processes and reduces
tissue damage [4, 6, 15, 16]. Salinity is one of
the most common abiotic stress factors affec-
ting various biochemical and physiological pro-
cesses in plants. It inhibits growth and signifi-
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cantly reduces productivity. Therefore, silicon
(S1) is proposed as one of the most effective
methods for enhancing tolerance to salt stress
in various plant species [17]. For instance, sili-
con treatment alleviated salt stress symptoms
in old cannabis leaves where the xylem tissue
contained wider-lumen vessels [15].

Thus, the available literature suggests that
silicon plays a role in the formation of primary
fibre cells by accumulating in cell walls, there-
by strengthening their structure and indirectly
regulating differentiation processes. However,
the impact of varying silicon concentrations on
the anatomy and physical-mechanical proper-
ties of hemp fibres requires further targeted
research. The significant differences observed
in the structure, size and arrangement of cells
within the primary and secondary fibre ele-
ments and layers of different cannabis geno-
types [18] suggest that varieties that differ sig-
nificantly in fibre content and intended agricul-
tural use should be included in studies investi-
gating the effects of silicon.

The study aims to determine the anatomi-
cal characteristics of the fibrous layer, as
well as the degree of variation in the cellular
features of primary and secondary bast fib-
res, in a cross-section of the stem of indus-
trial hemp varieties under the influence of
exogenous silicon. The study also aims to as-
sess the potential of using silicon to improve
fibre quality.

Materials and methods

Studies conducted in 2024—2025 utilised the
industrial hemp varieties ‘Afina’ and ‘Hlukhiv-
ski 51’. The former is a seed-oil variety with ex-
cellent suitability for mechanised harvesting
due to its relatively short stature. During the
study period, it was characterised by a total fib-
re content of 22.1%, according to competitive
variety testing data. The second variety is in-
tended for fibre and bioenergy use, characteri-
sed by vigorous growth and high stem yield,
with an average total fibre content of 36.3%.

Plants of the specified varieties were grown
in a nursery with four replicates and a planting
area of 30 X 5 cm using the hole-sowing method,
according to the methodology described in [19].
The plants were treated two or three times at
development stages 15, 51 and 65 on the BBCH
scale (Biologische Bundesanstalt, Bundessor-
tenamt und Chemische Industrie) [20] by spra-
ying with an aqueous solution of potassium
metasilicate pentahydrate (K,Si0,*5H,0) at
concentrations of 2.5 or 5.0 g/L, with an applica-
tion rate of 0.2 L/m?. The control treatment in-
volved spraying with distilled water.

For the anatomical analysis, typical cannabis
stems were collected at the BBCS 65 stage [20].
Two- to three-centimetre sections of bark con-
taining a portion of wood were cut from the
stems of living cannabis plants at the level of
the fourth internode. These sections were placed
in vials containing a mixture of distilled water,
ethanol and glycerol (in equal parts) and cross-
sections were prepared using a microtome.
Temporary anatomical preparations were then
made. The anatomical analysis of the fibrous
structures of the hemp stems was performed
using a light microscope at magnifications of
600x, 300x and 150x. Morphometric measure-
ments were taken using an eyepiece microme-
ter. Ten measurements were taken from 20
stems of each variant.

A statistical analysis of the data was per-
formed by calculating the mean and standard
error of the sample mean, as well as the sig-
nificance level of the difference, using a Stu-
dent’s t-test.

Results and discussion

Treating plants with potassium silicate af-
fected the formation of the bast fibre layer in
the cross-section of the hemp stems of both
varieties studied. However, changes in the
thickness of the primary fibre layer were mi-
nor and, in most cases, statistically insignifi-
cant. In plants of the medium-fibre variety
‘Afina’, for example, the thickness of the pri-
mary fibre layer ranged from 165 + 3.80 pm
in the control group to 173 + 3.42 nm after
three treatments with 5.0 g/L Si, showing no
significant difference from the control group.
A similar trend was observed for the high-fib-
re variety ‘Hlukhivski 51°, where the maxi-
mum value for this trait, 230 = 4.06 pm, was
obtained after one treatment (a threefold ap-
plication of 5.0 g/L).

By contrast, the thickness of the secondary
bast fibre layer increased significantly with an
increase in the number of treatments and the
concentration of the active ingredient. In ‘Afi-
na’ plants, it increased from 105 £+ 2.12 pm
(control) to 138 + 4.08 pnm (threefold treatment
at 0.5 g/L,, p <0.001), i.e. by 31.4%. This pattern
was more pronounced in plants of the ‘Hlukhiv-
ski 51’ variety: increasing from 163 + 3.25 pm
(control) to 230 + 551 pym (p < 0.001) —
a 41.1% increase. Thus, the increase in total
fibre layer thickness mainly occurs due to the
formation of secondary fibres, with silicon
largely activating the secondary meristem —
the cambium (Table 1).

Silicon also had a significant effect on the
anatomical structure of primary bast fibre cells.
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Table 1
The thickness of the layers of hemp bast fibres
in a cross-section of the stem in the control group
and under the influence of silicon (with a stem
diameter of 9.5 mm at the fourth internode)

Variant Th1ckness of fiber layer, pm
primary \ secondary
‘Afina’

Control 165 + 3.80 105+ 2.12
2-time, 2.5 g/l 166 + 3.21 114 +3.03 *
3-time, 2.5 g/l 170 £ 4.49 122 £ 2.59 ***
2-time, 5.0g/l| 171+5.18 129 +2.60 ***
3-time, 5.0 g/l 173 +3.42 138 + 4.08 ***

‘Hlukhivski 51’

Control 218 +4.83 163 +3.25
2-time, 2.5 g/ 222 £ 6.40 186 +3.75 ***
3-time, 2.5 g/l 220 £ 4.44 195 + 3.85 ***
2-time, 5.0 g/l 224 +5.57 213 £7.00 ***
3-time, 5.0 g/l 230 £ 4.06 * 230 £5.51 ***

Note: the difference compared to the control group is
statistically significant according to Student’s t-test at a
significance level of: * - 0.05. ** — 0.01. *** - 0.001.

In the ‘Afina’ variety of plant, the length of prima-
ry bast fibre cells increased from 36.4 + 0.36 pm
(control) to 40.2 + 0.48 pm (after three treat-
ments with 5.0 g/L. Si, p <0.001), while the width
increased from 22.0 £ 0.30 pm to 25.9 + 0.36 pm
(p < 0.001). A similar trend was observed in
‘Hlukhivski 51’ plants, where cell length in-
creased from 52.0 £ 0.45 pm to 57.0 = 0.97 um
and width from 35.8 + 0.58 um to 40.2 + 0.83 pm.

Another notable feature was the qualitative
reorganization of cellular structures. In the
‘Afina’ variety of plant, the proportion of isodia-
metric cells (cells close to being round or regu-
lar polyhedra) and oval cells with convex out-
lines was 96.0% in the control group. In the Sit-
reated variants, this proportion increased to
between 98.5% and 98.8%.

A mature bast fibre consists of a primary lay-
er, a secondary layer made up of multiple lay-
ers, and a canal that was previously filled with
cytoplasm. These canals are classified as punc-
tate, slit-like or hollow. Within the same fibrous
layer, one, two or all three types of canal may
be present [18]. The shape of the canal usually
resembles the outer contour of the cell’s cross-
section as a whole. This is because the sheath
of the elementary fibre gradually thickens in
uniform, concentric layers. The canal of a ma-
ture elementary fibre cell is always hollow as
the cytoplasm is gradually used up to thicken
the sheath [18]. The size of the canal is prima-
rily determined by the thickness of the cell
membrane. As the membrane thickens, the ca-
nal narrows. Small canals are generally punc-
tate or slit-like, corresponding to the isodiamet-
ric shape of the cell. In contrast, large canals
are narrow- or wide-lumen, corresponding to

the oval shape of the cell. An irregular cell
shape results in a correspondingly irregular
channel shape, although there may be excep-
tions [18].

In the control group, the proportion of cells
with small punctate or slit-like pores was 50.5%,
increasing to 71.0-80.9% following Si treat-
ment. In ‘Hlukhivski 51" plants, the proportion
of correctly shaped cells increased to 98.5-99.4%
under the influence of silicon, compared to
97.3% in the control group. Meanwhile, the pro-
portion of cells with small canals increased to
80.5-99.1%, compared to 75.5% in the control
group. The effect on the shape of the cell chan-
nels of elementary bast fibres was particularly

| cells
¢ of isodiametric
~shape with
‘ small punctate
| channels

oval-shaped
cells with small
slit-like

| channels

thickened
secondary
membranes

irregularly
shaped cells
with large,
rwide-lumen
o channels

Fig. 1. Cells of elementary hemp bast fibers
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noticeable in plants of the low-fibre ‘Afina’ varie-
ty, which has a greater proportion of large nar-
row- or wide-lumen channels (Fig. 1).

At the same time, the thickness of the secon-
dary cell wall increased significantly: for the
‘Afina’ variety, it increased from 6.5 £ 0.11 pm
t0 12.5+0.22 pm (p < 0.001); for the ‘Hlukhivski
51’ variety, it increased from 16.5 + 0.35 pm to
19.7 £ 0.38 um (p < 0.001) (Table 2).

Thus, the increase in cell size did not occur
due toexpansion ofthe canal, but rather through
intensive thickening of the secondary cell walls.
This is important in terms of forming the fibre’s
physical and mechanical properties. Thicke-
ning the cell walls of elementary bast fibres
makes them stiffer and improves the mechani-
cal strength of the tissues. The rigid wall can
also withstand turgor pressure better during
intensive growth.

The studies conducted revealed a clear effect
of silicon on the cells of secondary bast fibres.

In ‘Afina’ hemp plants, cell length increased
from 22.3 £ 0.33 pm to 25.1 £ 0.37 pm (p <
0.001), and cell width increased from 13.3 +
0.26 pm to 15.5 £ 0.30 pym (p < 0.001). The
thickness of the secondary wall increased from
5.5 £ 0.10 to 7.2 = 0.19 pm. Similar patterns
were observed for the ‘Hlukhivski 51’ variety,
with cell length reaching 33.4 + 0.66 pm and
cell width reaching 16.5+0.32 pm (p < 0.001).
The maximum secondary cell wall thickness
values (7.6 £ 0.22 pm) were significantly hi-
gher than the control values (6.0 = 0.12 pm).
The proportion of cells with small, isodiamet-
ric and oval canals also increased. This indi-
cates that the fibre’s structure is being reorga-
nised towards an increase in secondary cell wall
density and a reduction in lumen size. In plants
of the ‘Afina’ variety in the control group, the
proportion of cells with a regular shape was
92.5%. This increased to 95.5% with a two-time
treatment of 2.5 g/L,, 98.1% with a three-time

Table 2

Changes in the anatomical characteristics of primary bast fiber cells in hemp on a transverse section

of the stem under the influence of Si

Cell size, pm Share of cells, % Thickness of

Variant lenath width isodiametric and oval | with small lumen secondary cell

9 shape with convex contour | (point or slit-like) walls, pm
‘Afina’

Control 36.4+0.36 22.0+0.30 96.0 50.5 6.5+0.11
2-time, 2.5 g/l| 38.1+0.44 ** | 24.1+0.26 *** 98.5 71.0 11.4 £0.23 ***
3-time, 2.5 g/l| 38.5+0.67 ** | 24.8+0.51 *** 98.4 72.2 11.8 £0.14 ***
2-time, 5.0 g/1| 39.1+0.40 *** | 25.2 £0.25 *** 98.7 72.3 12.1+£0.15 ***
3-time, 5.0 /1| 40.2 +0.48 *** | 25.9+0.36 *** 98.8 80.9 12.5+£0.22 ***

‘Hlukhivski 51

Control 52.0 + 0.45 35.8+0.58 97.3 75.5 16.5 £ 0.35
2-time, 2.5 g/l| 54.4 +0.83 * 36.9+0.53 98.5 80.5 18.0 £ 0.20 ***
3-time, 2.5 g/l| 55.9 £0.87 ***| 37.8 + 0.43 * 98.5 94.6 18.5 +0.21 ***
2-time, 5.0 /1| 56.0 + 0.66 ***| 37.8 + 0.44 * 98.9 96.7 18.4 £ 0.36 ***
3-time, 5.0 g/l| 57.0 £ 0.97 ***| 40.2 + 0.83 ** 99.4 99.1 19.7 +0.38 ***

Note: significantly different from the control group according to Student’s t-test at the following significance

levels: * 0.05, ** 0.01, *** 0.001.

Table 3

Changes in the anatomical characteristics of secondary bast fibres in cannabis on a cross-section
of the stem under the influence of Si

Cell size, pm Share of cells, % Thickness of

Variant lenath width isodiametric and oval with small lumen |secondary cell walls,

g shape with convex contour | (point or slit-like) pm
‘Afina’

Control 22.3+0.33 13.3+0.26 92.5 48.8 5.5+0.10
2-time, 2.5 g/l| 22.5+0.34 14.0+0.21 * 95.5 52.4 6.1+0.12 ***
3-time, 2.5 g/l| 24.8 £0.49 *** | 14.5+0.30 ** 98.1 66.6 6.4 +0.20 ***
2-time, 5.0 g/l | 24.6 £ 0.50 *** | 14.6 +0.28 ** 98.6 70.3 6.6 +0.13 ***
3-time, 5.0 /1| 25.1+0.37 *** | 15.5+0.30 *** 98.9 77.9 7.2+0.19 ***

‘Hlukhivski 51’

Control 28.0+£0.46 14.1+0.22 97.0 65.5 6.0+0.12
2-time, 2.5 g/l| 29.4+0.43 * 14.8 £0.38 98.1 71.1 7.0+ 0.14 ***
3-time, 2.5 g/1| 30.2 +£0.45 ** | 16.0 +£0.30 *** 98.5 84.2 7.2+£0.16 ***
2-time, 5.0 g/l | 32.3 £0.46 *** | 16.0 + 0.24 *** 99.0 88.7 7.3+£0.18 ***
3-time, 5.0 g/1| 33.4+0.66 *** | 16.5+0.32 *** 99.6 90.2 7.6 £0.22 ***

Note: significantly different from the control group according to Student’s t-test at the following significance
levels: * 0.05, ** 0.01, *** 0.001.

ISSN 25138-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2026, T. 22, N¢ 1



Variety studying and variety science

treatment of 2.5 g/, 98.6% with a two-time
treatment of 5.0 g/L., and 98.9% with a three-
time treatment of 5.0 g/LL Si. For plants of the
‘Hlukhivski 51’ variety, this trait was recorded
at 97.0% (control), 98.1%, 98.5%, 99.0%, and
99.6%, respectively. The proportion of cells with
small punctate or slit-like channels across the
experimental variants was 48.8% (control),
52.4%, 66.6%, 70.3% and 77.9% for plants of the
‘Afina’ variety, and 65.5% (control), 71.1%,
84.2%, 88.7% and 90.2% for plants of the ‘Hlu-
khivski 51’ variety (Table 3).

Given that high-quality hemp fibre is charac-
terised by properly formed individual bast fib-
res that are oval or isodiametric in shape with
rounded contours (no sharp angles), small ca-
nals (point-like or slit-like), thick secondary
sheaths with moderately sparse layering and
compact fibre bundles [18], the results obtained
indicate a dual effect of silicon. On the one hand,
silicon stimulates cambial activity and the for-
mation of secondary fibres, ensuring an in-
crease in the total content and thickness of the
bast fibre layer. However, an increase in the
amount of secondary and total fibre, as well as
cell size, may be accompanied by a decrease in
technological quality. Conversely, improving
fibre quality — intensive accumulation of pri-
mary fibre (stimulation of procambium activi-
ty), formation of isodiametric and oval-shaped
cells with a convex contour and narrow canal,
and thick secondary walls — is possible if pro-
cessing occurs in the early stages of ontogene-
sis, during the period of intensive primary fibre
formation.

Conclusions

The thickness of the bast fibre layer on the
cross-section of the stem, the size of the elemen-
tary bast fibre cells and the thickness of their
secondary walls increased under the influence
of silicon in various varieties of cultivated hemp
plants used for different economic purposes.
The fibre layer mainly thickened due to secon-
dary fibres, i.e. silicon activates the secondary
generative tissue, the cambium. Cell sizes in-
creased due to a reduction in canal size and
thickening of the secondary walls. An increase
in the proportion of isodiametric and oval-
shaped cells with a convex contour, as well as
cells with a small canal, was observed, which
indicates a structural reorganization of the fib-
re. To increase the total fibre content in the
stems, it is advisable to carry out silicon treat-
ment during the period of intensive secondary
fibre accumulation, and to obtain higher-quali-
ty fibre, during the period of intensive primary
fibre accumulation.
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2THemumym ny6’aHux kynemyp HAAH Ykpainu, syn. TepeuwieHkis, 45, m. [nyxis, Cymcoka 06.1., 41400, Yrpaina
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Meta. BctaHoBMTU 0c06nMBOCTI BYA0BU BONOKHMCTOrO
Wwapy, CTyniHb MiHAMBOCTI 03HAK KNiTUH NEPBUHHMUX i BTO-
PUHHUX Ny6'AHUX BONOKOH CTebna y cOpTiB NPOMUCNOBUX
koHonenb (Cannabis sativa L.) 3a Bnausy Cuniuilo ek3o-
FEHHOTO NOXO[KEHHA Ta BM3HAYUTU MOXIMBOCTI MOro BU-
KOPUCTaHHS ANA NONiMWEeHHs AKICHUX XapaKTepUCTUK BO-
nokHa. Metoau. [locnigyBanu pocnuuu coptie ‘AdiHa’ Ta
‘TnyxiBcbki 51°, BUpOLWEHT Ha naowi xuBneHHs 30 x 5 cM.
MpoTsarom BereTalii ix 06po6asnu geiui abo TpuUyi BOgHUM
po3unHom K Si0,-5H,0 3 KoHueHTpauieto 2,5 un 5,0 r/n, y
thaszax po3sutky BBCH 15, 51 i 65 BignosigHo. KoHTponem
cnyryBanu BapiaHTu gocnigy, B fikux 3amictb Cunidito Bu-
KOpMCTOBYBaAM AWUCTUILOBAHY Bofy. [ns aHaToOMiyHOro
aHanisy 3i cteben pobunn nonepeyHi 3pisu Kopwu Ta aepe-
BUHM Ha piBHi IV mixBy3nsa (giametp — 9,5 MM) i1 BUBYANM
ix MmeTofOM cBiTNOBOT MikpocKonii. PesynbraTu. 3a pesynb-
TaTaMK aHanisy NomepevyHoro 3pisy cre6na BCTAHOBEHO,
o B POCAUH KOHonenb nig Bnausom Cunidito 36inbwysa-
Nlacs TOBWMHA Wwapy ny6'sHUX BOJOKOH. 30Kpema, B cop-
Ty ‘ApiHa’ TOBLYMHA BTOPUHHOTO Wapy BOJOKOH 3pocTana 3i
105 MKM y KOHTPOJIbHOMY BapiaHTi fo 138 MKkM gns gocnig-
HUX pocnuH, a B ‘Thyxicbki 51" — 31 163 fo 230 MKM 3a ymo-
BM TpUpa3osoi 06po6kn posumHom K Si0,-5H,0 3 KoHueH-

Tpauieto 0,5 r/n. ToBwMHa Wwapy 36inblyBanacs nepeBaxHo
3aBAAKM BTOPUHHOMY BOJIOKHY, T06TO Cuniuiii akTuBi3yBaB
RisNbHICTb KaMbilo, BTOPUHHOT TBIpHOT TKaHMHU. [oBXKKUHA
i WUpKMHA KNiITUH NEPBUHHMUX BONOKOH CTaHoBMAM 40,2 Ta
25,9 mkm onsa pocnud copty ‘Adina’ i1 57,0 Ta 40,2 MKM ans
‘TnyxiBcbKi 51°; BTOPUHHMX BONOKOH — 25,1 Ta 15,5 MKM i
33,4 Ta 16,5 MKM BignoBigHO. 3MeHIWeHHA KaHany M nNoTos-
WeEeHHS BTOPUHHUX 060NIOHOK 3yMOBMIO0 36iNbLIEHHS PO3Mi-
piB KNiTUH NepBUHHUX Ny6H'IHUX BONOKOH y copTis ‘AdiHa’
Ta ‘InyxiBcbki 51°3 6,5 o 12,5 MkmM i3 16,5 go 19,7 MKM Big-
noBifHO; BTOPUHHMX — 3 5,5 g0 7,2 MKM i 3 6,0 10 7,6 MKM
BiANOBiAHO. BUABNEHO 3POCTAHHA YACTKM KNiTUH i30aiame-
TPUYHOT i1 0BaNbHOT HOPMU 3 ONYKIUM KOHTYPOM Ta KIiTUH
i3 MafMM KaHanoM, Lo CBifuUTb MPO CTPYKTYpHY nepeby-
LOBY BONOKHUCTUX yTBOPEHb. BUCHOBKU. [1ns 36inblieHHs
BMiCTy 3arajibHOro BoJOKHa y cTebnax KoHonenb o6pobky
POCNMH PO34nHOM Si fOLiNbHO NPOBOANTM B NepioA iHTeH-
CMBHOTO HAaKOMWYEHHS BTOPUHHOrO BOJIOKHA, @ ANA OTpU-
MaHHA BOJIOKHA BULLOT AKOCTI — Mif Yac iHTEHCUBHOTO Ha-
KOMWYEHHS NepBUHHOIO BOJIOKHa.

Knwyosi cnosa: koHonni; cme6/io; aHAMOMIA; MKAHUHU;
2icmosioeis nonepeyHo20 3pisy; ny6; AKICMb BONOKHONPOOYK-
yii; kanit memacunikam.
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The ecological plasticity and stability of high-oleic
sunflower varieties (Helianthus annuus L.)
in terms of their major fatty acid content

L. M. Prysiazhniuk*, A. M. Kyrylchuk, I. V. Smulska, S. M. Hryniv, L. V. Korol,
N. V. Pavliuk, S. I. Melnyk, T. V. Dudka

Ukrainian Institute for Plant Variety Examination, 15 Horikhuvatskyi Shliakh St., Kyiv, 03041, Ukraine,
*e-mail: prysiazhniuk_l@ukr.net

Purpose. To determine the role of varietal genetic characteristics, growing conditions, and their interaction in the forma-
tion of the fatty acid (FA) composition of oil, as well as to assess the adaptive capacity and stability of the synthesis of major
fatty acids in high-oleic (HO) sunflower varieties. Methods. Biochemical (gas chromatography) and statistical methods
(analysis of variance, correlation and regression analyses). Results. An assessment of the effects of soil and climatic gro-
wing conditions, as well as genotype, on the fatty acid (FA) composition of sunflower oil revealed that varietal affiliation
was the most influential factor in determining variations in oleic and linoleic acid content, accounting for 66% of total vari-
ation. Weather conditions of the year contributed 11% to the variability of oleic acid content, while the interaction of fac-
tors “location x year” explained an additional 11%, highlighting the role of environmental variability in the realization of
the genetic potential of the varieties. The highest ecological plasticity for oleic acid content was observed in the varieties
‘AM PRESTIGE" and ‘P64GE233’, which combined high ecological plasticity coefficients (b;) with low stability variance (W),
allowing them to be classified as intensive-type genotypes. For linoleic acid content, the varieties AM KLP 25’, ‘IR Polysk’,
and ‘IR Legat’ exhibited the greatest plasticity. The content of palmitic acid was largely determined by the genotype factor
(64%) and the interaction “location x year”, whereas stearic acid content was predominantly influenced by weather condi-
tions (79%). A strong negative correlation was identified between oleic and linoleic acid contents (r=-0.93; R? = 0.87).
Conclusions. HO sunflower varieties are characterized by a high level of genetically determined stability of fatty acid
composition, while simultaneously maintaining the ability to effectively realize their potential for enhanced oleic acid syn-
thesis under favorable growing conditions. The assessment of ecological plasticity and stability revealed that the varieties
AM PRESTIGE" and ‘P64GE233’ can be classified as intensive types with respect to oleic acid content, whereas the varieties
‘IR Polysk’,’AM KLP 25', and ‘IR Legat’ demonstrated intensive responses for linoleic, palmitic, and stearic acid contents. The
absence of extensive-type genotypes indicates stable expression of the HO phenotype across all studied varieties, regardless
of growing conditions.

Keywords: sunflower varieties; fatty acid composition; effects of growing factors; adaptive capacity; statistical analysis.

(C18:0), monounsaturated oleic acid (C18:1),
and polyunsaturated linoleic acid (C18:2) [2].
Traditional sunflower oil is naturally rich in li-
noleic acid, accounting for around 70% of the

Introduction

The sunflower (Helianthus annuus L.) is the
fourth most important source of vegetable oil,

after soya, palm and rapeseed. It accounts for up
to 12% of global edible oil production. Sunflower
oil 1s primarily used for food purposes and is
considered a premium commodity on the inter-
national oil market [1]. It contains more than
ten fatty acids, including the four main ones:
saturated palmitic acid (C16:0) and stearic acid
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total oil content, while oleic acid accounts for
around 20%. The growth of the edible fats mar-
ket is accompanied by a growing demand for
both standard types of oil and vegetable oils
with a modified fatty acid (FA) composition.
Compared with traditional sunflower oil,
high-oleic (HO) sunflower oil contains over 70%
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oleic acid, while polyunsaturated fatty acid con-
tent is low. Sunflower oil with a high oleic acid
content is a promising substitute for palm oil in
food technology [4]. Thanks to its high oxidative
stability, this oil is more heat-resistant during
frying and heating, less prone to rancidity, and
has a longer shelf life. It contains no trans fatty
acids, enhancing its health benefits [5].

The genetic characteristics of plants are the
most important factor in determining the FA
composition of oil. However, environmental con-
ditions, particularly the level of water supply
during plant growth, also significantly influence
the fatty acid content and characteristics of sun-
flower oil. Seed yield and oil content in sunflo-
wers are the main indicators that are sensitive
to a lack of moisture during flowering and repro-
ductive development [6]. Air temperature is also
a key environmental factor that influences the
FA composition of seed oil. One mechanism by
which seeds adapt to adverse conditions is to
reduce the level of unsaturated fatty acids. The
fatty acid composition of the oil is determined by
temperature conditions during the physiological
ripening period, which regulate the activity of
the oleate desaturase enzyme (FAD2-1). There
1s a non-linear relationship between oleic acid
content and minimum night-time temperature
[7]. In traditional varieties, the difference in
oleic acid content between regions at different
latitudes can be 25-30%. However, the influ-
ence of latitude on oleic acid content is signifi-
cantly less pronounced among HO genotypes
carrying the Pervenets mutation, with a reduc-
tion of just 8—10%. This influence is almost non-
existent in HO varieties with the NM1 muta-
tion, which has been identified in nearly isoge-
nic sunflower lines and is associated with the
oversynthesis of oleic acid [8].

Research findings [8] suggest that the FA
composition of oil is formed through the com-
bined influence of genetic factors and environ-
mental conditions, with genotype playing a
leading role. However, the extent to which this
occurs varies significantly depending on envi-
ronmental parameters. The authors prove that
the variability of unsaturated fatty acids is de-
termined not only by direct genetic control but
also by a complex three-factor interaction of
“mutation X genetic background X environ-
ment”, with temperature conditions — particu-
larly minimum night-time temperatures du-
ring the seed-filling period — significantly influ-
encing FA synthesis. The results presented in
[6] confirm that the factors “genotype”, “envi-
ronment” and their interaction all made a sta-
tistically significant contribution to the forma-
tion of the fatty acid profile. Particular empha-

sis 1s placed on the influence of the water re-
gime, specifically drought, which increases the
proportion of saturated fatty acids. A review of
the literature suggests that genotype deter-
mines the fundamental potential of the fatty
acid profile, but its phenotypic expression is a
dynamic process influenced by climatic condi-
tions, agroecological factors, and their interac-
tion [9].

The “genotype X growing conditions” interac-
tion is a common research topic in crop breeding
and agricultural crop studies, as different geno-
types respond differently to changes in environ-
mental conditions [10]. The method of analysis
of variance (ANOVA) is used to quantitatively
assess the contribution of genotype, environ-
ment and their interaction to the formation of
the traits under study. This method allows the
sources of variation to be structured and their
relative significance to be assessed [11]. The re-
sults obtained by the authors [11] demonstrate
the analytical value of this approach. It allows
for a well-founded interpretation of the role of
each factor in trait formation and enables a
shift from descriptive genotype comparisons to
structured analyses of sources of variation.
Therefore, ANOVA is not merely a formal pro-
cedure for testing significance; it is also a tool
for determining the quantitative contribution
of individual factors to the overall structure of
trait variation.

The adaptive properties of varieties in diffe-
rent environments are characterised by indica-
tors of ecological plasticity and stability. These
reflect the plants’ ability to respond to changes
in growing conditions while maintaining a rela-
tively stable level of productivity. Ecological
plasticity (b,) is determined by the regression
coefficient of the trait under study relative to
the environmental index. This index is calcu-
lated based on the mean values of all genotypes
studied under the relevant growing conditions.
The value of b, reflects the genotype’s ability to
alter the expression level of the trait in response
to variations in environmental factors.

Genotype stability is assessed by the magni-
tude of deviations in the observed values of a
trait from the regression line, which character-
ises how predictable its expression is under
varying environmental conditions. According to
Wricke Model, genotypes that combine high
ecological plasticity with low ecovalence values
(W) are considered to be intensive, indicating
their ability to realise their yield potential ef-
fectively under favourable conditions without
significant loss of stability [12, 13].

The aim of the study is to determine the influ-
ence of genotype, growing conditions, and their
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interaction on the FA composition of oil, and to
evaluate the adaptive capacity of annual sun-
flower varieties in terms of their major fatty
acid content.

Materials and methods

The research, which examined five high-oleic
annual sunflower varieties, was conducted du-
ring 2024—-2025: ‘AM KLP 25, ‘P64GE233’, ‘AM
PRESTIGE’, ‘IR Polysk’ and ‘IR Legat’. These
varieties were tested in field trials at seven re-
search stations of the Ukrainian Institute for
Plant Variety Examination across the Dnipro-
petrovsk, Kirovohrad, Vinnytsia, Sumy, Odesa
and Poltava regions, to assess their suitability
for cultivation in Ukraine.

The content of the main fatty acids (oleic, li-
noleic, palmitic and stearic) in the oil of the
studied sunflower varieties was determined by
gas chromatography, in accordance with the
approved methodology, immediately after har-
vesting [14].

The coefficient of significance of the devia-
tions in air temperature and precipitation from
long-term monthly averages during the study
period was calculated using the following for-
mula:

X-X

C =
o

where: Cs is coefficients of significance of de-
viation; X is the indicator value under current
weather conditions; X; is the long-term monthly
average indicator value; o is the standard de-
viation.

The deviation coefficient values are inter-
preted according to the following scale: Cs =
0—1: conditions close to long-term averages.

Cs = 1-2: significantly different conditions.

Cs > 2: conditions close to extreme [15].

A three-factor analysis of variance was con-
ducted to determine the influence of various
factors on the fatty acid content in HO sunflo-
wer varieties: factor 1 — variety genotype (geno-
type); factor 2 — soil and climatic conditions at
the research site (research site); and factor 3 —
climatic conditions during the sunflower culti-
vation growing season (year). The proportions
of each factor’s influence on the fatty acid con-
tent of sunflower oil were determined using an
analysis of variance with the trial version of the
STATISTICA 12.0 computer programme (trial
version) [16].

The linear regression method was applied to
determine the nature and strength of the rela-
tionship between the fatty acid content in sun-
flower oil [17]. Pearson linear pairwise correla-
tion analysis was applied to assess the strength

and direction of the relationship between indi-
vidual components of the fatty acid composition
[18]. These analyses were performed using MS
Excel tools and functions.

The ecological plasticity of the dominant fat-
ty acid composition in sunflower seeds was de-
termined in accordance with the Eberhart and
Russell model [19]. The Wricke stability model
[13] was used to evaluate the stability of the
varieties. The trial version of PTC Mathcad
Prime 3.1 software (trial version) was used to
calculate the regression coefficients (b,) and
Wricke’s ecovalence (W).

Research results

Calculated coefficients of significance of de-
viations for air temperature and precipitation
suggest that weather conditions varied signifi-
cantly throughout the sunflower growing sea-
son at the research sites (Figures 1 and 2).

During April-May, it was noted that temper-
ature conditions at most observation points de-
viated from the long-term average by a factor of
Cs =0-1, indicating conditions close to the long-
term average. At the same time, reduced pre-
cipitation at a number of stations during this
period was indicated by coefficients of Cs = 1-2,
suggesting significantly different moisture con-
ditions and the potential for limitations to the
initial growth of plants.

During the flowering period (July—August),
which is considered a key stage in establishing
oil-yield potential, significantly different tem-
perature conditions to the long-term average
(Cs =1-2) were observed at most research sites.
In some years, these conditions were close to
extreme (Cs > 2). The lack of rainfall during this
period exacerbated the plants’ water stress,
contributing to the enhanced expression of
genotype-specific adaptive mechanisms.

During the seed-filling phase, which directly
influences the intensity of fatty acid synthesis,
temperature conditions at several locations
were close to the long-term average (Cs = 0-1),
while moisture conditions differed significantly
(Cs = 1-2). This combination of temperature
and limited water availability is crucial for
achieving the desired ratio of oleic to linoleic
acids, especially in high-oleic varieties [21].

Thus, contrasting weather conditions during
key stages of sunflower development resulted
in varying temperature and moisture regimes.
This justifies the need for further quantitative
assessment of how individual factors and their
interactions contribute to the fatty acid compo-
sition of seeds.

The results of the analysis of variance re-
vealed how the main factors influenced the
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variation in the content of key fatty acids (oleic,
linoleic, palmitic and stearic acids) in oil from

five sunflower varieties with a high oil content
(Table 1).

Table 1

Mean square of deviations (MS) and percentage contribution of factors
to the content of oleic, linoleic, palmitic, and stearic acids

Factor Oleic acid [Linoleic acid | Palmitic acid| Stearic acid
MS % MS % MS % MS %
Genotype 2945.7] 66 |2284.01 66 | 5.9 |64 | 23 3
Research site 138.3 | 3 | 210.0 | 6 1.1 | 12| 12 2
Year 491.0 | 11 | 21.7 1 0.4 4 541 | 79
Genotype x Research site 1265 | 3 | 133.2| 4 | 0.4 | 4 03 0
Genotype x Year 106.8 | 2 | 181.8 | 5 0.3 3 0,4 1
Research site x Year 476.3 | 11 | 406.8 | 12 | 0.8 8 10,0 | 15
Genotype x Research site x Year | 164.3 | 4 | 209.8 | 6 | 04 | 5 | 04 | O
Errors 0.0 0 0.0 0 0.0 0 0,0 0
LSD s 0.3 0.2 0.3 0.3

Genotype was the most significant factor de-
termining oleic acid levels, accounting for 66%
of the variation. This suggests that the oleic
acid content of the studied sunflower varieties
is predominantly influenced by genetic factors.

It was found that weather conditions during
the growing season accounted for 11% of the
variation in the trait, whereas the combination
of soil and climatic factors associated with the
geographical location of the research sites only
accounted for 3%. An important component of
the analysis is assessing factor interactions.
The largest share of the interactions was ac-
counted for by the “research site X year” combi-
nation, reaching 11%. This indicates that fluc-
tuations in oleic acid content depend signifi-
cantly on the specific conditions of Ukraine’s
soil and climate zones, as well as on annual
variability in weather conditions. The other in-
teractions, namely “genotype X year”, “genotype
x research site” and “genotype X research site X
year’, did not exceed 4%. These low values indi-
cate that the studied hybrids have limited abi-
lity to adapt to external conditions.

According to the analysis of variance results,
the main factor contributing to variation in li-
noleic and oleic acid content in HO varieties
was genotype, accounting for 66% of variation
(Table 1). Annual climatic conditions contribu-
ted minimally, accounting for only 1% of the
variation, while the soil and climatic conditions
at the research site accounted for 6%.

The interaction between the “research site X
year” factors was also significant, accounting
for 12% of the variation in linoleic acid content.
The effects of the other interactions ranged
from 4% to 6%, indicating that they played a
moderate but statistically significant role in
formation the fatty acid profile of the varieties
under study.

It has been determined that there is a strong
inverse correlation between oleic and linoleic

16

acid content, indicating the leading role of geno-
type in shaping the fatty acid profile while not
ruling out the significant influence of growing
conditions and other environmental factors
[22]. Correlation analysis also revealed a strong
inverse relationship between oleic and linoleic
acid content in the studied HO sunflower varie-
ties (r = —-0.93).

Regression analysis revealed a clear negative
linear correlation between oleic and linoleic
acid levels in sunflower seeds. The coefficient of
determination (R? is 0.8687, indicating that
approximately 87% of the variation in linoleic
acid content can be explained by changes in
oleic acid content. This suggests a strong, stable
inverse relationship between these two indica-
tors of fatty acid composition (Fig. 3).

The observed relationship is consistent with
the known biochemical mechanism of conver-
ting oleic acid to linoleic acid via the enzyme
desaturase, which explains the opposite trends
in their accumulation [23].

The genotype factor was found to contri-
bute most significantly to variability in pal-
mitic acid content in the sunflower hybrids
studied, accounting for 64% of total variation
(Table 1). Soil and climatic conditions at the
study sites accounted for approximately 12%
of the total variability in fatty acid (FA) con-
tent, while annual weather conditions influ-
enced this indicator by 4%. Of the interac-
tions studied, the most significant was the
combination of the “study site X year” factors,
indicating that under unfavourable soil and
climatic conditions, the compensatory effect
of weather factors in a given year can create
conditions that allow sunflower varieties to
demonstrate their adaptive potential regar-
ding palmitic acid content.

The results of the correlation analysis re-
vealed a strong inverse relationship between
oleic and palmitic acid content (r = —0.82). By
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Fig. 3. Regression relationship between the content of oleic and linoleic acids in high-oleic sunflower varieties

contrast, a strong positive correlation was found
between linoleic and palmitic acid content (r =
0.85).

Regression analysis confirmed the presence
of a clear negative linear relationship between

6

~

The content of palmitic acid, %

20 40

palmitic acid and oleic acid. The coefficient of
determination (R? i1s 0.6701, indicating that
approximately 67% of the variation in palmitic
acid content is attributable to changes in oleic
acid concentration (Fig. 4).

3 y=-0,0417x +6,9992
R?=0,6701

60 80 100

The content of oleic acid, %

Fig. 4. Regression relationship between the content of oleic and palmitic acids in the HO sunflower varieties

At the same time, a consistent positive linear
relationship was observed between palmitic
acid and linoleic acid, as evidenced by R? =
0.7257. This level of determination indicates a
strong, statistically significant correlation be-
tween these fatty acid components (Fig. 5).

According to the results of study [24], a
strong negative correlation was observed be-
tween the content of oleic and linoleic acids
under optimal growing conditions and during
water stress. The authors also noted a strong
negative correlation between palmitic and
oleic acids, as well as a pronounced positive cor-
relation between palmitic and linoleic acids. In
contrast, data obtained for local Tunisian sun-
flower varieties [25] revealed a significant
negative correlation between linoleic and pal-
mitic acids.

Taken together, these results indicate that
the content of oleic, linoleic, and palmitic acids,
as well as the nature of the relationships be-
tween them, are influenced not only by geno-
typic characteristics but are also significantly
modified depending on growing conditions.

Unlike the other fatty acids studied in HO-
type sunflowers, stearic acid content was pri-
marily determined by weather conditions du-
ring the year in question, accounting for 79% of
the variation (see Table 1). The genetic charac-
teristics of the variety accounted for just 3% of
the variation in this parameter, whereas soil
and climatic conditions at the research site ac-
counted for approximately 2%.

Of the factor interactions, the “experimental
site X year” combination was found to be the
most significant, explaining 15% of the varia-

ISSN 2513-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2026, VoL. 22, No 1 17



COpITIOBUBLleHHH ma copmo3Hascmso

(8] (=)}

N
| ]

(A}

-

The content of palmitic acid, %
w

o

10

YIRS

P

2ee

®

y=0,0452x + 3,0641
R? =0,7257

20 30 40

The content of linoleic acid, %

Fig. 5. Regression relationship between the content of linoleic and palmitic acids in the HO sunflower varieties

tion. In contrast, the “genotype X year” interac-
tion accounted for just 1%. The other interac-
tions among the studied factors had a signifi-
cant but very low influence on the formation of
stearic acid content in HO-type sunflowers.

Based on the results of two-year studies of
sunflower genotypes under various growing
conditions [6], the authors determined that the
palmitic acid content was most strongly influ-
enced by the interaction of the “genotype X
growing conditions” factors (28.8%). Stearic
and oleic acids were predominantly controlled
by growing conditions (33.4% and 34.4%, re-
spectively), while linoleic acid depended more
on genotype (30.7%).

In addition, it has been established that arid
conditions significantly reduce the oleic acid
content of sunflower oil. The authors attribute
this effect to the activity of the A°-desaturase
enzyme, which becomes active around eight
days after flowering and coincides with an in-
crease in oil biosynthesis. As this enzyme ca-
talyses the desaturation of stearic acid, it is
thought to be responsible for the accumulation

4.5
4
35
3
25 y=-0,0322x + 4,5529
2 R?=0,1606
15
1
0.5
0

The content of stearic acid, %

20 40

of oleic acid. Further desaturation of oleic acid
to linoleic acid is catalysed by the A-12-desatu-
rase enzyme, which also plays a role in deter-
mining the oleic acid content. Furthermore, it
has been demonstrated that under water stress,
the concentration of saturated fatty acids, such
as palmitic and stearic acids, increases conside-
rably, suggesting their potential involvement
in plant drought tolerance mechanisms.

Our studies have revealed a moderate in-
verse correlation (r = —0.40) between the accu-
mulation of oleic and stearic acids in sunflower
varieties. Regression analysis of the relation-
ship between the content of these two acids in
the sunflower samples studied revealed a weak
but distinct negative linear trend (Fig. 6).

The resulting regression equation shows that
an increase in the proportion of oleic acid tends
to be accompanied by a decrease in the concen-
tration of stearic acid. With a coefficient of deter-
mination of R?=0.1606, only around 16% of the
variation in stearic acid content can be explained
by changes in oleic acid levels. This suggests a
weak linear relationship and that other factors,

60 80 100

The content of oleic acid, %

Fig. 6. Regression relationship between oleic and stearic acids content in HO sunflower varieties
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particularly genotypic characteristics and gro-
wing conditions, have a significant influence.

The pathways of fatty acid biosynthesis in sun-
flower seeds, along with the mechanisms that
regulate them, have been well characterised at
molecular and biochemical levels [27]. Mean-
while, statistical “product—substrate” analysis
enables us to evaluate the impact of genetic dif-
ferences and environmental conditions on the
fatty acid composition of sunflower varieties.

According to [28], the oleic acid content of sun-
flower varieties was significantly reduced under
drought conditions, while the linoleic acid con-
tent increased. It was also noted that the stearic
acid content decreased under water-deficient
conditions. A decrease in stearic acid content
was also observed under drought conditions [29].
The differences observed in changes to the fatty
acid composition of sunflowers under drought
conditions, as described in various studies, may
be due to the use of different varieties, as well as
the application of drought stress at different
stages of plant growth and development.

The observable effects of the environment
and the “genotype X growing conditions” inte-

4000

AM KLP 25 3000

2000
IR Polysk
1000

IR Legat QO
AM PRESTIGE ©

-500
=1000

s ecovalence (Wi)

-2000 -1500 -1000

Wricke

=2000

=3000

P64GE233

IR Polysk
<%D 500 ()

raction can be attributed to significant diffe-
rences in the experimental conditions. These
include the location of the experimental sites,
the years in which the experiments were con-
ducted and the weather conditions. These fac-
tors led to variations in the fatty acid content of
different plant varieties. The presence of a sig-
nificant “genotype X growing conditions” inte-
raction indicates that varieties respond diffe-
rently to environmental conditions. This makes
it possible to assess the adaptive characteristics
and stability of genotypes in terms of major
fatty acid content.

The results of the regression analysis showed
that the varieties ‘AM PRESTIGE and
‘P64GE233 exhibited high ecological plasticity
in terms of oleic acid content. Meanwhile, based
on linoleic acid content, the varieties ‘AM KLP
25’, ‘IR Polysk’ and ‘IR Legat’ were found to be
plastic. Taking the obtained Wricke ecovalence
values (W) into account, these varieties were
classified as intensive, indicating their ability
to realise their genetically determined poten-
tial for corresponding fatty acid content under
favourable growing conditions (Fig. 7).

IR Legat

1000
AM KLP 25

1500 2000

AM PRESTIGE
P64GE233

The regression coefficient (b;)

The content of oleic acid

O The content of linoleic acid

Fig. 7. Ecological plasticity and stability of sunflower varieties based on their oleic and linoleic acid content

Based on their palmitic and stearic acid con-
tent, the varieties ‘IR Polysk’, ‘AM KLP 25’ and
‘IR Legat’ are classified as intensive-type varie-
ties with high ecological plasticity. This indi-
cates their ability to respond adequately to
changes in growing conditions and synthesise
these fatty acids effectively (Fig. 8).

The results obtained for the classification
of the studied sunflower varieties as inten-
sive types, based on their major fatty acid
content, are consistent with the conclusions
of the correlation and regression analyses.
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The identified patterns confirm the existence
of correlations between the fatty acid compo-
sition of the oil and the genotypic characte-
ristics of the varieties, as well as the influ-
ence of weather and soil-climatic growing
conditions [30, 31].

The stability of the fatty acid content was as-
sessed based on particularly negative values of
Wricke ecovalence. Analysis revealed that high-
yielding sunflower varieties with high levels of
major fatty acids are characterised by a high
degree of stability. This indicates their ability
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Fig. 8. Ecological plasticity and stability of HO sunflower varieties based on palmitic and stearic acid content

to ensure consistent trait expression under va-
riable environmental conditions.

Among the sunflower varieties studied, no
varieties could be classified as extensive in
terms of their major fatty acid content. This is
likely due to the significant influence of the ge-
netic component on the formation of the studied
indicators, particularly the high oleic acid con-
tent, which defines high-oleic sunflower varie-
ties. The results suggest that, if the crops are
adequately isolated, the maximum oleic acid
content will remain stable and sufficient for
classifying these varieties as high-oleic, despite
variations in growing conditions.

Conclusions

Two-year studies conducted under various
soil and climatic conditions established that the
fatty acid composition of oil from annual sun-
flower varieties depends on the combined influ-
ence of their genotypic characteristics and
growing conditions. Analysis of variance re-
vealed the key role of the genotype factor, ac-
counting for 66% of the variation in oleic and
linoleic acid content. This confirms the crucial
importance of varietal characteristics in deter-
mining these traits in sunflower varieties.
However, the influence of annual weather con-
ditions, as well as their interaction with soil
and climatic conditions at the research sites,
was also significant, particularly during the
critical flowering and seed-filling phases, which
determine the intensity of fatty acid synthesis.

Correlation and regression analyses con-
firmed the presence of strong inverse relation-
ships between oleic and linoleic acid content,
and between oleic and palmitic acid content.
These results are consistent with known bio-

chemical mechanisms of metabolism. Stearic
acid content was characterised by increased
sensitivity to seasonal weather conditions, indi-
cating the significant role of environmental fac-
tors in its accumulation.

An assessment of ecological plasticity and
stability revealed that the ‘AM PRESTIGE’ and
‘P64GE233 varieties belong to the intensive
type in terms of oleic acid content. Meanwhile,
the ‘IR Polysk’, ‘AM KLP 25’, and ‘IR Legat’ va-
rieties belong to the intensive type in terms of
linoleic, palmitic, and stearic acid content, com-
bining high adaptability with stable trait ex-
pression. The absence of extensive genotypes
indicates that the high-oleic type is expressed
stably, regardless of variations in growing con-
ditions, provided that technological require-
ments are met.
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MeTa. YcTaHOBUTH posib reHeTUYHUX 0COBNUBOCTEl COp-
Ty, YMOB BMPOLLYBaHHA Ta ixHbOT B3aeEMofii y popMmyBaHHi
xupHokucnotHoro (XKK) cknagy onii, a TakoX BU3HAUUTK
aflanTauiitHy 3p[aTHicTb i CTabiNbHICTb CUHTE3Y OCHOBHMX
KUPHUX KUCNOT y BuUcokooneiHoBux (BOJT) copTiB coHsw-
HUKY opHopiyHoro. Metopm. bioximiyHi (rasosa xpoma-
Torpadis), cTaTUCTMYHI (AMCNepCiiHuii, KopensauiitHo-pe-
rpeciitHuii aHanis). Pe3ynbratu. 3a pesynsratamu OUiHi0-
BaHHA BNAMUBY I'PYHTOBO-KAIMaTUYHUX YMOB BUPOLLYBAHHA
Ta reHoTuny Ha XK cknap onii COHAWHMKY BCTAHOBNEHO,
WO HanbinbW BaroMUM YMHHUKOM, AKUN Ha 66% BU3HAa-
yaB 3MiHM y BMicTi oneiHoBOi Ta niHonesoi kucnoT, byna
HaNeXHicTb [0 neBHOro copty. lorofHi yMoBM pOKY 3y-
MmoBntoBanu 11% y Bapialisx BMicTy oneiHOBOi KMCnoTH, a
B3a€EMOJiA (DAKTOPIB «MYHKT AOCHIAKEHb X Pik» — we 11%,
WO NiKPecNoe posib eKONOriYHOT MiHAMBOCTI B peanisayii
reHeTMYHOro NoTeHUiany copTiB. MaKcMManbHy eKoNoriyHy
NNACTUYHICTb 3a BMicTOM 0neiHOBOT KUcnoTu 3atikcoBaHo
B coptie ‘AM MPECTUX' ta ‘N64ME233". BoHu noepHyBanu
BMCOKi 3HAYEHHA eKOoNoriyHoi nnacTuyHocTi (b;) 3 HU3bKK-
MU nokasHukamu ctabineHocTi (W), wo aano 3mory knacu-
(hikyBaTM iX AK reHOTUNM iHTEHCUBHOrO TWUNy. 3a BMicTOM

NiHONEeBOi KMCNOTU nnacTuyHumMu Buasuaucs ‘AM KM 25,
‘IP Monuck’ ta ‘IP Jlerat. YMicT nanbMiTMHOBOT KMCNOTU
3HayHOW Mipoto 3anexas Bif takTopa reHotuny (64%) Ta
B3a€EMOJiT YNHHUKIB «NYHKT LOCAIAXKEHDb X PiK», TOLI AK CTe-
apuHoBoi — Bif norofHuUx ymoB (79%). Mix BmicTom onei-
HOBOT Ta NiHOJIEBOT KNCIOT BCTAHOBNEHO TiCHUIA 06epHeHUI
KopenauiitHuin 38’a3ok (r = -0,93; R? = 0,87). BucHoBKmM.
BOJ1 copTi COHAWHMKY XapaKTepuU3yloTbCA 3HAYHOI reHe-
TUYHO 3yMoBJeHol cTabinbHicTio XK cknagy it BogHouac
3[aTHiCTIO edheKTUBHO peanizoByBaTU CBili noTeHuian fo
NiABUIEHOTO CMHTE3Y 0/1eTHOBOT KMC/IOTU 33 CNPUATAMBUX
yMOB BupolwyBaHHA. OUiHIOBAHHA eKOMOrivyHOi niacTuy-
HoOCTi Ta cTabinbHOCTI nokasano, wo coptu ‘AM MPECTUX' i
‘NM64TE233" € iIHTEHCUBHMUMM 33 BMICTOM 0N1€THOBOT KMCOTH,
Toai Ak ‘IP Monuck’, ‘AM KNN 25" 1a ‘IP Nlerat’ — 3a BMicToM
niHoneBoi, NanbMiTMHOBOT i cTeapuHoBoi. BoaHouac Bip-
CYTHICTb €KCTEHCMBHUMX FEHOTUNIB CBiAYUTL NPO CTABiNbHY
peanizauito BOJl Tuny Bcix pocnigKyBaHUX COPTiB, He3a-
JIEXHO Bify yMOB BUPOLLYBAHHS.

Knro4osi cnosa: copmu COHAWHUKY; XUPHOKUCAOMHUL
CK/1a0; BNIUB haKkmopis BUPOUYBAHHA; adanmayiliHa 30am-
HiCmb,; cmamucmuyHud aHanis.

Haodiliwna / Received 10.02.2026
Mputinamo 0o opyky / Accepted 20.03.2026
Ony6nikosaHo ornalin / Published online 30.03.2026

22 ISSN 25138-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2026, T. 22, N¢ 1



CrryEru)
TE HACHHIALTBO

VK 633.162:631.527:631.524.85(477) https://doi.org/10.21498/2518-1017.22.1.2026.357581

CTiNKiCTb KONeKUinHMX 3pa3KiB AYMEHI0 03UMOro
NPOTH KoMnaeKcy 6io- Ta a6ioTMUHUX CTPECOBUX YNHHUKIB
y Jlicocteny YKpaiHu

B. M. lya3zenko'2*, A. A. Jlucenko?, T. M. MNoniwyk*, H. M. byHak!, M. 0. Capaak?, T. B. lOpueHko*,
€. A. KysbmeHko?, J1. B. Xyaonii?, I. B. KoxoBcbka?, 0. A. KpaBueHKo?

Hociscbka cenekyitiHo-0ocnioHa cmanyis MupoHisceko20 iHcmumymy nweHuyi imeHi B. M. Pemecna HAAH Ykpaitu,
syn. Mupy, 1, c. JocnioHe, Hociscbkuli p-H, YepHieiscbka 06.., 17131, Ykpaina, *e-mail: barley22 @ukr.net

2YkpaiHceKuli THcmumym ekcnepmu3u copmis pocauH, sya. lenepana Pooumyesa, 15, m. Kuis, 03041, Ykpaita

3TOB «Kuis-Amnanmuk Ykpaina», syn. Cmenosa, 8, M. Muponiska, 06yxiscbkuli p-H, Kuisceka 0651., 08800, YkpaiHa
“Muponiscekuli iHcmumym nweHuyi imeri B. M. Pemecna HAAH, syn. llenmpansHa, 68, c. LlenmpansHe, 06yxiscukuli p-H,
Kuiscbka 061., 08853, YkpaiHa

Merta. Buainutv reHeTUYHi gkepena CTiiiKocTi / ToNepaHTHOCTI 0 HaiBinbl nowmpeHux 6io- Ta abioTUUHMX CTPECOBUX YUHHU-
KiB As 3a/ly4eHHs iX y cenekLiiHi nporpamu sumeHio o3umoro B Jlicocteny YkpaiHu. Metoau. [locnigxeHHs npoBoauan B yMOBax
MwupoHiBCcbKOro iHCTUTYTY nweHuLi imeHi B. M. Pemecna HAAH npotsrom 2018/19, 2020/21, 2021/22 pp. Marepianom ans gocni-
L)XeHb CyryBanu 74 KONeKLUiiHi 3pa3ku pisHoro noxomxeHHs. OLiHIOBaHHA CTINKOCTI/ToNnepaHTHOCTI fo 6i0- Ta aBioTUUHUX YNHHK-
KiB BUKOHYBanu B NONbOBMX Ta 1a6OPATOPHWUX YMOBAX Bif\NOBIAHO 10 3aranbHONPUINHATIX METOAMK. [Ins XapakTepucTUKM 3paskis 3a
KOMMJIEKCOM O3HaK Ta iX NOELHAHHA 3 BpOXalHicTio 3actocoByBanu GYT biplot. Pe3ynbratu. 3a pesynstatamu npoBefeHux Jocri-
L)XeHb BUAINEHO reHeTUYHI IKepena CTiINKOCTi/TonepaHTHOCTI A0 6io- Ta aGioTMYHWX YMHHUKIB. 30KpeEMa, CTiiKoCTi NpoTh: GopoL-
HMCTOT pocy — 14 3paskis ['MUP 13/1','MUP 12-1,"MUP 12-12’ (UKR) ToLo], TeMHo-6ypoi nasmuctocti — 13 ['MUP 12-13),‘MUP 12-11’
(UKR); ‘Novosadski 737" (SRB) Ta iH.], cmyractoi nnamucrocti — 17 [1122’, ‘MWP 12-14" (UKR); ‘Augusta’ (DEU) Towo], kapnukoBoi
ipxi — 1pu ['Merlo” (FRA); ‘MUP 12-12" (UKR); ‘Scarpia’ (DEU)], BunsraHHa — 15 3paskis [‘Novosadski 525" (SRB); ‘Naomie” (DEU);
‘Panda’ (FRA) Ta iH.]. flk mxepena mye BUCOKOT BifHOCHOT MOpO30CTiiiKocTi ifeHTUdikoBaHO ABa 3pasku [‘Manitum’ (FRA), ‘MUP
12-13' (UKR)], Bucokoi — 13, Buwoi 3a cepefHio BifHOCHOT NOCYXOCTIMKOCTI — M'ATb 3paskis ['MUP 12-13',‘MUP 12-12', ‘MNP 4787,
‘MWP 4790', ‘MUP 12-8' (UKR)]. BignosigHo fo GYT biplot, y 3paska ‘Titus' (DEU) BusBneHo onTumanbHe NOEQHaHHA BPOXANHOCTI
Ta KOMNeKcy o3Hak. [lxepenammu KOMMAEKCY 03HaK Takox Bu3HayeHo ‘Merlo’, ‘Manitum’ (FRA); ‘MUP 12-11", ‘MUP 12-9, ‘Cnirosa
koponesa’ (UKR); ‘Novosadski 737" (SRB); ‘Scarpia’ (DEU). OgHak ‘Merlo” (FRA) noTpebye noninweHHs 3a napameTpoM BifHOCHOT
MOpO30CTilKoCTi. BUCHOBKW. BusBneHi reHeTUYHi Jxkepena okpeMux 03HaK Ta iX NOefHaHHA PEKOMEH[0BAHO BUKOPUCTOBYBATH B
ceneKLiHNX Nporpamax sYMeHIo 03MMOr0, @ TaKOX AYMEHI0 AIOO 3a MOKA3HNKaMY BiHOCHOT NOCYXOCTINKOCTI Ta CTilKOCTi npotu
36yAHuKiB x30p06 3anyuyaloun 4O CXpellyBaHHs [pkepena, BuaiNeH 3a CTIMKiCTIO NPOTM OKpeMuX 6io- Ta aGi0TUUYHUX YNHHWMKIB, CITiA
3Ba)XaTW Ha piBeHb NPOSABY PeLTH NapaMeTpiB i KOMGiHYBaTY iX 3 THWKMMM KOMMOHEHTAMM 33 NPUHLMMNOM B3aEMOJONOBHEHHS 03HaK.

Kniouosi cnosa: Hordeum vulgare L.; sBunszarHs; 60powHucma poca; meMHo-6ypa nasmucmicms; cMyeacma naamMucmicmes;
Kap/auKoBsa ipxa; mopozocmilikicms,; nocyxocmitikicms,; GYT biplot.
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Cenekyis ma HacCiHHULMBO

Bctyn

duMiEEb — omHA 3 HAMBAMKJIUBIIINX CLILCHKO-
FOCIHOTAPCHKHUX KYJIBTYP, III0 MAE BEJIUKY KlIb-
KICTh HAIPAMIB BUKOPUCTAHHS Ta OJHE 3 HAU-
OLIIBIITUX TeorpaIYHUX PO3MOBCIOIIKEHD — AK Y
IIHPOTHOMY Ta IOBLOTHOMY, TAK 1 BHCOTHOMY
rpagiearax [1]. Takosx BiH xapakTepHU3yeThCS
PISHHMHN THUIIAMH POCTY TA PO3BHUTKY — SIPHM,
o3uMuM 1 PaKyJIHTATUBHUM (2JIbT€PHATUBHIM)
[2]. Jlo1st mBOX OCTAHHIX KJIIOUYOBUM (PAKTOPOM,
10 BU3HAYA€ ANANTHBHUN IIOTEHINAJI COPTY, €
3IaTHICTDL O IIEPEe3UMIBJIIL M 30KpeMa CTIMKICTD
IpoTH il 3HMIKEeHUX TemIiiepaTtyp (MOpo30CTii-
KICTb K OOWH 3 il OCHOBHMX CKJIATHUKIB) [3].
Tomy BHBUEHHIO BKA3AHUX ACIIEKTIB IIPHCBIYIE-
HO 3HAYHY K1JIbKICTH po0iT [4—6]. Xoua ocTamHi-
MU JIEeCATHPIYUSME IIPOCTEKYETHCA 3arajbHa
TEHIEHIN 10 IIOM SKIIEHHSI 3UMOBOIO IIePlomy
B Lenrpasnsniit 1 Cxiguiit €Bpomi (30kpema i B
VEpaini), BTIM JaHl JOCTIIKEHHS He JIAIIe He
BTPAYaAIOTh aKTYaJBLHOCTI, a il Ha0yBaOTh HOBUX
BUKJIMKIB. BoHM mmosdramoTh y HeEOOXigHOCTI
CKPHMHIHTY HOBHMX COPTIB 1 T€HeTHUYHUX Kepell
y paai omHo- Ta/abo KIIBKAapa3oBOro po33arapry-
BaHHA (JearJiMaTH3allli) BIIPOSOBK 3MMOBOI'O
epioay 3 MOTAJIBIINM KOPOTKOYACHHM IIOBEp-
HEHHAM HH3bKHX TEeMIIepaTyp, 3a3BUYai 3a He-
3HAYHOro ab0 B3araJil BIICYTHHOI'O CHITOBOIO
nokpusy [7]. IIposemeHi B 11bOMy HAIpsMI I0-
CJTITKeHHSI BKA3yITh HA BIJHOCHY T'€HETUYHY
HEe3aJIeKHICTh MOPO30CTIMKOCTI T'€HOTHIIIB 3a
YMOBH 3arapTyBaHHs TA IIICJISA JeaKIIMATH3AIII]
[8]. TobTo He 3aBxIM COPTHU 3 IIIBHUILEHOIO MO-
PO3OCTIMKICTIO 34 OITUMAJILHOIO 3arapTyBAMHSI
MOKYTh BHTPHUMYBATH KOPOTKOYACHI MOPO3HU
MICJIS PO33arapTyBaHHs 1 HABIIAKK. Tawox, 3
OIVISOy Ha IIOrOOHI YMHHHKKN (0paxk BOJIOTH B
IPYHTI y JITHBO-OCIHHIN IIepiom) Ta peasiii BH-
pobuuIITBa (3HAYHI IIOCIBHI ILJIOII], 3aClIH] IIic-
JIA KYJIBTYP, K1 MI3HO 30MPAa0Th), POCIMHI 03H-
MUX 3€PHOBHUX 3AJIEKHO BIJl YMOB KOHKPETHOIO
POKY MOKYTh WTH y 3uMy B pisuux dasax. Ile
CYTTEBO IIO3HAYAETHCA HA BPOKANHOCTI TA HUSIIL
IHIIKX 03HAK oKpemux rexmoruiis [9]. Ocrammi-
MU POKaMu B YEKpaiHli HaOyBae IIOLIMPEHHS
MIPaAKTUKA CIBOM O3MMUX 3€PHOBHUX MaiKe IIe-
pen HacTaHHAM 3UMOBOro mepioxmy. Tomy arTy-
AJIBHUMH € JOCJIIMKECHES MOPO30CTIMKOCTI K Ha
PI3HHX eTanax POCTy TA PO3BUTKY POCIIMH, TAK 1
3a BIIMITHHX YMOB BereTarfii.

BesymoBHO, 110 3a CKIAOHMX KJIIMATHYHHX
dIyKTyaIii chOrogeHHs IOCYXOCTIMKICTE € OfI-
HI€IO 3 KJIIOUOBUX aJAIITHBHUX 03HAK Y OLJIBIIIOC-
Ti yactue 3eMmHol Kyl [10-12]. Bigmosimmo,
3HAYHY KIJIBKICTh MyOJTIKATII IIPUCBSIYEHO BUB-
YEHHIO CTIMKOCTI/TOJIEPAHTHOCT]L SUMEHIO 0 Je-
dirmry Bostoru. Taxl gocmimxeHH IPOBOLATE ¥

denoruioBomy [13], reHeTHYIHO-MOJIEKY JISIPHO-
My [14] Ta disiomoriunomy [15—17] acrekrax, a
TaKOK HA PI3HUX €Tanax PoCcTy Ta PO3BUTKY PocC-
JIMH, 30KpeMa B IOBEHLJIBHUHA IIePIO, CII0CO00M
IPOPOIILYBAHHSA HA PO3UMHAX OCMOTHKIB [18,
19].

CTIHKICTD AYMEHIO IIPOTH BUJIATAHHS HAa TJII
IJI00AJILHOL ApHUAM3Allil KIIMATY TAKOMK He JIKIIEe
He BTpaTUJIa 3HAYYIIOCTI, aJ1e ¥ IToTpedye morIuo-
JIHHS JTOCJIIKEHD 3 OISy Ha IOrOIH1 0COOJIH-
BOCT1 OCTAHHIX poKiB [20—22], a came: HAIJINIIIKO-
BY KIJIBKICTH OIIQJIiB — 3JIMB 31 IITKBAJaMu Ta 0y-
PeBIAMH — 34 KOPOTKHI IIPOMIMKOK YACY IIICJISA
TPUBAJIMX HEPIOHIB IXHBOI BIICYTHOCTI.

I3-mmomisx HAMOLIBII JIIMITYBAJIBHIX 010JI0TIY-
HUX YMHHWKIB, 1[0 MOKYTh CYTTEBO 3HUMKYBATHU
BPOKAMHICTD TA AKICTH 3epHA SUMEHIO, BAPTO
BULINTHY 30y IHUKIB JINCTOBUX XBOPOO: IIJISMIC-
TOCTEH (e IBMIHTOCIIOPIO31B) JIMCTSI, OOPOIIHIC-
TOI POCH, KapJILKOBOI ipsKl [23—25].

Bopomaucra poca [Blumeria graminis (DC.)
E.O.Speer, f. sp. hordei emend. E.J.Marchal
(amamopda Oidium monilioides Link)] — omua 3
HAUIOIINPEHIIINX XBOPO0 SUYMEHIO, KA MOXKe
HPU3BOOUTH JI0 SHIMKEHHS BposxkaiinocTl Ha 30%
1 OurbIme. ¥ HUM3IN IyOJIIKAINNA OCTAHHIX POKIB
BUCBITJICHO OCHOBHI BUKJIHKH TA OKPECJICHO CIIO-
co0u X II0J0JIaMHEA Yepes IMoeTHAHHS crIeludiy-
HOI Ta Hecrnenu@iuHol TeHeTHYHOl CTIAKOCTI
IPOTH IIHOr0 30YIHMKA Yy CTBOPIOBAHMX COPTAX
KyJabpTypu [26—28].

Temuo-0ypa mramucticts [Cochliobolus sati-
vus (amamopda Bipolaris sorokiniana [Sacc.]
Shoem.)] 3a3Buuail CripUUMHsIe 3HIMKCHESI BPO-
sxarigocTl Ha 40%. YTiM 34 OITHMAJIBHUX IS
PO3BUTKY IIATOr€HA Ta BUPOIILYBAHHS CIIPUIH-
HATJIWBUX COPTIB TIAPOTEPMIYHHX YMOB MOKE
IOBHICTIO 3HUIIYBATH ACHMIUIAIIMHAN amapar,
a orxe, 1 100% yposkaro [29]. Came ToMy mOCITi-
JPKEHHs 3 IOLIYyKY HOBHMX I€HETHYHHUX JiKepesl
CTIAKOCTI SUMEHIO IPOTH ITiel XBOpO6I/I AKTHBHO
HPOBOIATE AK B Yrpaidl [30], Tax 1 B 6aratnox
IHIIMX KpaiHax ceity [31-33].

Cwmyracra masmucticts — Pyrenophora grami-
nea (S. Ito and Kurib.) [amamopda Drechslera
graminea (Rabenh. exSchlecht.) Shoemaker
(Helminthosporium gramineum Rabh.)] — ta-
KOJK € HAI3BHYANHO HpO6JIeMHOIO Ta IIHPOKO
POBIIOBCIO?KEHOI0 Ha STUMEHI1 03IMOMY B Yrpai-
Hi. Bona JLysKe JIETKO IIePesIaeThCs 3 HACIHHSAM 1
MO3Ke IIOBHICTIO YPAasKyBATH BCl YACTHHU POCJIH-
HHU, Yepes 10 BOHM I'MHYTHh HABITH HE BHKOJIO-
CHBIINCH [34—36].

Kapnurosa ipska (Puccinia hordei Otth.) e
HAWIIOIIMPEHIIIOK cepel IPYIIN 1PMKACTUX XBO-
pob sumemnto [37]. B cepenuaboMy 30yIHUK CIIPH-
YMHSAE 3HUMKCHHS BPOKAMHOCTI B Mexax 15—
25%, a 3a 3HAYHOro Po3BUTKY — 60% 1 HaBITH
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oispire. OcTaHHIME POKAMU 3aBISIKU BUKOPHUC-
TAHHIO MOJIEKYJIAPHO-TeHeTUUYHNX MapKepiB
meHTmblROBaHo HU3KY ecbeRTI/IBHI/Ix MaKOPHUX
TeHiB, a TAKOK norcycua klrbKicHuX o3HaK (QTL),

ACOILIIMOBAHMX 31 CTIMKICTIO IIPOTH IIHOT'0 IIATOTe-
Ha [38—40].

3Bakauyu Ha BUIIeHABeOeHe, BUIIJICHHS
e)eKTUBHUX M€ HeTHYHUX JI3epeJsI CTIMKOoCT1 / TO-
JIEPAHTHOCT] AYMEHIO O3WMMOI0 [I0 3a3HAYEHUX
010- Ta ab0lOTHYHHUX YMHHUKIB € HAI3BUYANHO
AKTYaJbHUM 3aBOAHHSAM IJIA IOSAJIBIIONO II0-
CTYILy B CEJIEKIIli COPTIB 13 MIOBHIIEHUM AaIAall-
TUBHUM IIOTEHITIAJIOM.

Mema oOocnioocerb — BUOLIUTHA TIeHETHUYHI
IzKepesIa CTIMKOCTI / TOJIEPAHTHOCTI 40 HAMOLIBIII
MOITUPEeHUX 010- Ta A0lOTUYHUX CTPECOBUX UMH-
HUKIB [IJI 3aJIyYeHHS B CEJIEKIIIMHI IporpaMu
STYMEHI0 03UMOoro B ymoBax Jlicocrerry Yrpainu.

Matepianu Ta MeTOAMKa ROCNIAKEHD

Jlocmimxents mpoBoausu B ymoBax MupoHiB-
chbKOTO 1HCTHUTYTY Ienutrl imedi B. M. Pemecna
HAAH npotsirom 2018/19, 2020/21 ta 2021/22 pp.
JleranpHuit aHAaITI3 IXHBOTO T1IPOTEPMIYHOTO pe-
KMy (32 JaHUMH arpomereocTaHInii « MupoHiB-
Ka»), a TAKOK XapaKTePUCTUKY I'PYHTIB HaBe/Ie-
HO HAMU Yy TIOIIePeTHIH ITyOTiKallll, IPUCBIYeHI i
BUBYEHHIO PIBHSA IIPOSBY Ta BapilOBAHHS BPO-
sgariroceri [41]. Tomy B 11bOMY IIOBIOOMJIEHHI, Y
posmut «PesyabraTi JOCTIIMKEHE» MU O0OMEKIH-
JIUCH OITMCOM OCOOJIMBOCTEH POKIB 34 BILJIMBOM,
1110 BOHU MAIOTh HA PO3BUTOK / IIPOSIB TUX YU 1H-
mrux 0i0- Ta ablOTUYHMX YHNHHUKIB.

Marepiasom I IDOCTIMMKEHHS CTAIun 74
3pa3Ku AYMEHI0 03UMOTO0, IO TOXOIUJIN 3 CEMU
kpaid [Yepaiuu (UKR), ®paniii (FRA), Himeu-
ypan (DEU), Cupii (SYR), Cep6ii (SRB), Yexii
(CZE), Benuroopuranii (GBR)]. Cisdy mpoBo-
muwcisankon CKC-6-101 y meprmiin sTumeHIT
sx0BTHA. OO0JIIKOBA ILJIOIA ALIAHKN CTAHOBHJIIA
1 M2 IloBropwuicte TpupasoBa. Cxema poami-
IIEHHA TUIAHOK — IIOBHAMHK PEHI0MI30BAHNMU
omoxkamu. CraHgapT — COpT STYMEHIO O3WUMOI'0
‘WHepap’ — BucamryBasu yepe3 20 HomepiB. Ar-
pOTexXHIKa BUPOIIyBAHHS 0OyJia 3arajbHOIPUL-
HsTom B 30HI1 Jlicocrenmy. OmHak a1 BU3HAUEH-
HA TeHeTHYHO JeTePMIHOBAHOI'O PIBHS CTIMKOCTI /
TOJIEPAHTHOCTI JI0 Iil CTpecoBHX 010- Ta abl0THY-
HUX YMHHUKIB 3aC00H 3aXUCTy POCJIUH He 3aCTO-
COBYBAJIH.

OLiHIOBAHHSA CTIMKOCTI IIPOTH 010- TA A010THY-
HUX YAHHUKIB IIPOBOIWJIN B IIOJIBOBHUX Ta J1a00-
PATOPHUX YMOBAX BIAMOBITHO OO0 METOIWYHNX
pexomenmaiiii [42]. PiBenp crifikocTi IIpoTH
30yIHUKIB XBOpPOO, & TAKOK ITPOTU BUJISTAHHS
BHUpaxkaau B basax Big 1 mo 9 (makcumym). O6-
JIIKA BUKOHYBAJIU 38 KOMKHOIO ITIOBTOPHICTIO, 110
IAJI0 3MOT'Yy BHU3HAYMTH CTATHCTHYHI PIBHI II0-

CTOBlpHOCTl y npouem IudepeHINoBaAHHA 3pas-
KIB 3aJIEYKHO BiJ CTYIIEHs IIPOSIBY O3HAK.

BigHoCcHY mOCYXOCTIHKICTL BCTAHOBJIIOBAJIMH,
IIPOPOIIyIoYH HAaciHHA B yarmkax [lerpi Ha pos-
YHHI CAaXapo3H 3 KOHIIeHTpaInemo 12 armocdep,
BIIIIOBIIHO JI0 BUIINE33a3HAYEHUX METOJMIHUX
peROMeH,uaLuI/I HOBTOleCTB Tpupasosa. PiBeun
TOJIEPAHTHOCTI 3pa3KiB BH3HAYAJIM, HOplBHIOIO-
UM 3 IPOPOCTAHHAM HACIHHS HA JUCTHUILOBAHIN
BOI, a JJI IXHBOI JudepeHInaIii BUKOPUCTOBY-
BaJIX TAKY I'PaJAlliio: BUCOKA BIIHOCHA IIOCYXOC-
TIAKICTD (IIPOPOCTAHHS HACIHHA — mmoHan 81%),
BHIIlECEPEIHIN piBeHs (IIpopocTalusa — 61-80%),
cepenuiit (mpopocranHHa — 41-60%), HU3BKMI
(mpopocrarHa — 21-40%), mys:xe HU3BKHHA pi-
BeHb (IpopocTaHusa — MeHire Hixk 20%).

BigHocHY MOpPO30CTIHMKICTH BCTAHOBJIIOBAJIM
CII0COOOM ITPOMOPOIKYBAHHS IIPOPOCTKIB Y MOPO-
suapHi xamepl JIBH-200I' BigmosigHo 1o
omnrtuMisoBaHol Mertomukn [43]. 3paskm mude-
PEHIIII0BAIN 34 TEMIIEPATYPH IIPOMOPOKYBAH-
ua -8 °C.

CraTnuHmii aHAaNl3 IIPOBOIMJIM, BHUKOPHCTO-
BYIOUNM KOMII'IOTEpPHy IIporpamy Statistica 12
(TIBCO, CIITA). I'pacpiunamit GYT biplot anasmia
Ta IHTEPIpPEeTAIn HAHKX BUKOHYBAaJIM BiIIIO-
BIJHO 10 OPHUIIHAJIBHOIO IIOBIIOMIICHHS [44], 3a
moromoro 1mporpamu  GEA-R, version 4.1
(CIMMYT, Mekcuxa) [45].

Pe3ynbTatu gocnigxeHpb

Bopowrnucma poca xapakrepusyBajacs I0-
CUTH ICTOTHUM IIPOSIBOM I1I0poKy. OHAK, K TI0-
PIBHATH 3 OBOMA I1HIIMMHK CE30HAMM, MAKCH-
MaJbHUU pIBeHb I PO3BUTKY CIIOCTEPIraaud y
2020/21-my, wosm cepedHiii 0as  CTIHKOCTI
(Mean) B gocmiml cragoBuB 6,0 3 BapilOBAHHSIM
Bix 4,0 Min) y 3pasrxa G52 ‘Novosadski 519
(SRB) no 7,7 Max) y G71 ‘(IR 08287) (SYR) i
G45 ‘MUP 13/1° (UKR) (taba. 1). ¥ 2018/19 p.
JiMiTH BapiroBaHHsS Oysiu Takumu: Mean — 6,3
basa, Min — 5,3 [G52 ‘Novosadski 519’ (SRB)],
Max — 7,3 6amna [G71 ‘(IR 08287) (SYR)], a y
2021/22-my: Mean — 6,2 6asa, Min — 5,0 [G61
‘Diapason’ (FRA)], Max — 7,7 6ana [G45 ‘MUP
13/17” (UKR)]. Ax y CepeJHbOMY 38 TPH POKH
(critiricTty — 7,4-6,6 6aJ1a) TaK 1 B KOMKHOMY 3
HUX OKPEMO, JIOCTOBIpHY IlepeBary Haj CTaH-
maprom G1 ‘Kepap’, piBeHb CTIHKOCTI SIKOTO B
yCl ce30HU CTAHOBUB 5,3 0asia, maau 14 3paskis:
G71 ‘(IR 08287) (SYR), G45 ‘MUP 13/1’ (UKR),
G27‘MUP 12-1’ (UKR), G41 ‘MNP 12-12’ (UKR),
G40 ‘MUP 12-117 (UKR), G42 ‘MUP 12-13
(UKR), G51 ‘Titus’ (DEU), G17 ‘Arkamemiuuuit’
(UKR), G43 ‘MUP 12-14’ (UKR), G70 ‘Radical /
Pervenets’ (SYR), G58 ‘Merlo’ (FRA), G18 ‘Cui-
rosa koposeBa’ (UKR), G22 ‘MUP 4787 (UKR),
G55 ‘Novosadski 737 (SRB).
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Temno-6ypa naamucmicmd HabyJIa MaKCH-
MaJsibHoro nomupeHHsa y 2018/19 p.: Mean — 5,9
basa, Min — 3,7 [JI 4/2° (UKR)], Max — 7,0 6aina
[G71 (‘IR 08287) (SYR)]. Hero MeHIIIMiz IPOsB
i€l xBopobu Bimmiverno y 2020/21 p.: Mean — 6,5
bama, Min — 4,3 [G7 ‘JI 4/2° (UKR)], Max — 8,0
bama [G29 ‘MHUP 12-13" (UKR) 1 G70 ‘Radical /
Pervenets’ (SYR)]. Hatiausxuuii piBeHb ypaskeH-
Hsa crioctepiraiu y 2021/22 p.: Mean — 7,3 6aua,
Min — 5,0 [G15 ‘A6opurer’ (UKR)], Max —
8,7 bama [G45 ‘MUP 13/1’ (UKR)]. B cepennbo-
My 3a Tpu poru craumapt G1 ‘Wepap (UKR)
(5,9 6asa) mocToBipHO ITepeBakau 13 3pas3KiB:
G45‘MUP 13/1’ (UKR), G42 ‘MUP 12-13’ (UKR),
G71 ‘(IR 08287) (SYR), G40 ‘MUP 12-11’ (UKR),
G70 ‘Radical / Pervenets’ (SYR), G27 ‘MHUP 12-1’
(UKR), G58 ‘Merlo’ (FRA), G55 ‘Novosadski
737 (SRB), G66 ‘Manitum’ (FRA), G41 ‘MNP
12-12’ (UKR), G49 ‘Scarpia’ (DEU), G20 ‘Bumo-
suir’ (UKR), G28 ‘MUP 12-2’ (UKR).

Cmyeacma nasamucmicms. 3pasor GT71
(‘IR 08287) (SYR) xapakrepuayBaBcsi MAKCH-
MAJIbHOIO CIIPUMHATIMBICTIO IO Iflel XBopoOu
(2018/19 p. — 3,0 6ama, 2020/21 p. — 2,0 Gana,
2021/22 p. — 3,0 6asa), HA IPOTHUBATY CTIMKOCTI
IIPOTH OBOX PO3rIIHyTHX Buie. Ha 1e ciim 3Ba-
SKATH, 3aJIyYal0Un HOro 10 CXPEeIlyBaHb SK JIKe-
pesio crifikocTl mmpotH GopomrHmceTol pocu. Ce-
penHe 3HavyeHHd B mocuial 3a 2018/19, 2020/21,
2021/22 pp. cranosuiio 7,8; 7,8 Ta 8,2 6ana BiI-
noBimao. Crammapr G1 ‘Hepap’ (UKR) (7,4
0aja) y cepeqHBOMY 3a TPH POKHU 34 IIOKA3HM-
KOM CTIiMKOCTI JOCTOBIpHO (8,9-8,6 6asa) mepe-
Baxkanmu 17 3paskiB: Gb2 ‘Novosadski 519
(SRB), G70 ‘Radical / Pervenets’ (SYR), G19
‘Bypesiit’ (UKR), G4 J1122’ (UKR), G30 ‘MHP
12-14° (UKR), G48 ‘Augusta’ (DEU), G27 ‘MHUP
12-1’ (UKR), G28 ‘MUP 12-2’ (UKR), G41 ‘MHP
12-12° (UKR), G74 ‘20625)* (SYR), G68
‘Glenan’ (FRA), G39 ‘MUP 12-10° (UKR), G44
‘MUP 12-15 (UKR), G59 ‘Panda’ (FRA), G61
‘Diapason’ (FRA), G42 ‘MUP 12-13’ (UKR), G15
‘Abopuren’ (UKR).

Kapnukosa ipoca Habyia MAKCUMAJILHOTO I10-
mmperHsa y 2018/19 p.: Mean — 6,7 6amna, Min —
4,7 [G17 ‘Aragmemiunmit’ (UKR)], Max — 8,0 6asa
[G58 ‘Merlo’ (FRA), G14 JI 41/1’ (UKR), G42
‘MUP 12-13 (UKR), G6 JI 13/2° (UKR) 1 G9
JI 401/2° (UKR)]. V 2020/21 p. piBeHDb IPOSBY
xBopobu 0yB Takum: Mean — 7,3 6asa, Min — 6,0
[G4 J1122’ (UKR)], Max — 8,0 6asma [G41 ‘MUP
12-12’ (UKR), G58 ‘Merlo’ (FRA), G49 ‘Scarpia’
(DEU), G50 ‘Maybrit’ (DEU), G66 ‘Manitum’
(FRA), G32 ‘MUP 12-6’ (UKR), G69 ‘Carrery’
(GBR), G51 ‘Titus’ (DEU), G56 ‘Okal’ (CZE),
G62 ‘Matador’ (FRA) ta G57 ‘Luran’ (CZE)].
Haiticna0bummii po3BUTOK KapJIMKOBOI 1Pl CIIO-
crepiraiamu y 2021/22 p.: Mean — 7,7 6ama, Min —

5,7 [G67 ‘Sumo’ (FRA)], Max — 8,7 6ana [G41
‘MUP 12-12’ (UKR)]. V cepenuboMy 3a pOKH 10-
cmmeens crapmapr Gl ‘Kepap® (UKR) (7,0
0ama) mocroBipHo mepeBaskanu (8,1-8,0 0asa)
nure Tpu 3pasku: G58 ‘Merlo’ (FRA), G41 ‘MUP
12-12’ (UKR) 1 G49 ‘Scarpia’ (DEU).

Cmitrxicms npomu sunsaearns. Maxcumaiinb-
HUH IIPOAB BIJIATAHHS Bigmiueno y 2020/21 p.:
Mean — 4,1 6ama, Min — 1,7 [G12 JI ub/11
(UKR)], Max — 8,0 6amna [G53 ‘Novosadski 525’
(SRB)], ay 2018/19 Ta 2021/22 pp. Bix OyB He3HA-
yuuM: Mean — 8,0-8,3 6amna; Min — 6,0; Max —
9,0 6asa. Y cepeIHBOMY 3a POKH JTOCIIIIMKEHb 21
3pas3oK IOCTOBIpHO IepeBaskas crammapr Gl
‘Hepap’ (UKR) (5,9 6ana) 3a critiricto. Y 15 3
X 3pa3KiB BOHa Oyia B Mexax 8,4—7,5 bama:
G53 ‘Novosadski 525’ (SRB), G59 ‘Panda’ (FRA),
G46 ‘Naomie’ (DEU), G51 ‘Titus’ (DEU), G52
‘Novosadski 519 (SRB), G72 ‘(20604)* (SYR),
G34 ‘MUP 4790 (UKR), G17 ‘Arxamemiummii’
(UKR), G2 ‘Tpynisaur’ (UKR), G19 ‘Bypesiir’
(UKR), G54 ‘Novosadski 529’ (SRB), G33 ‘MNP
12-7 (UKR), G48 ‘Augusta’ (DEU), G58 ‘Merlo’
(FRA), G60 ‘Baraka’ (FRA).

Bionocra moposzocmiiikicms. 3a pesyabTara-
MM BHU3HAYEHHS BIlJHOCHOI MOPO3OCTIMKOCTL B
CepeaHbOMY 34 POKH BHIIPOOYBAHB OTPHMAHO
BapioBaHHg Big 93,0% KHUBHX POCIHH IIICJIS
IPOMOPOKYBaHHA y 3paska G66 ‘Manitum’
(FRA) mo 35,0% —y G19 ‘Bypesiit’ (UKR). [l
craggapry G1 ‘Wepap’ (UKR) piBeunp mposBy
miel osHaku craHoBuB 66%. Oxpim 3paska G66
‘Manitum’ (FRA), nysxe Brcory (92%) BigHOCHY
Mopo3ocTifikicTh Busieiierno y G42 ‘MUP 12-13
(UKR), Bucory (86-81%) — y 13 spaski: G12
JIub5/11’ (UKR), G56 ‘Okal’ (CZE), G65 ‘Classica’
(FRA), G10 JI 2/1’ (UKR), G49 ‘Scarpia’ (DEU),
G74 ‘(20625)* (SYR), G45 ‘MHP 13/1’ (UKR),
G13JI 17/7 (UKR), G20 ‘Bumosuit’ (UKR), G44
‘MUP 12-15’ (UKR), G46 ‘Naomie’ (DEU), G27
‘MUP 12-1’ (UKR), G21 ‘Hocroitauit’ (UKR).

Bionocra nocyxocmiiikicmob. Y cepegHbOMY
3a TPHU POKM JIA00OPATOPHUX JOCILIMKEHb BlIHOC-
HOI IIOCYXOCTIAKOCTI B IOBEH1LJIBHUM II€PI0I, CIIO-
co0OM IIPOPOIILYBAHHSA HACIHHS HA PO3YMHAX
OCMOTHEKIB, 0 I'PYIIM 3 BUIIUM 34 CepPemHii ii
piBaem (71,8-61,0% IIpoOpOoCTAHHS BIIHOCHO
KOHTPOJIIO) HAJIEKAIN IT ATk 3paskis: G42 ‘MUP
12-13° (UKR), G41 ‘MHP 12-12° (UKR), G22
‘MUP 4787 (UKR), G34 ‘MHUP 4790 (UKR),
G37 ‘MUP 12-8 (UKR). Ille 27 xapakTepusysa-
JHCA cepenHiM IposBoM Iriel oszmaxu (60,5—
41,1% mo xomTposaw). Crammapr Gl ‘Wepap’
(UKR) morpamnus g0 Ipynu 3 HU3BKMM PIBHEM
BITHOCHOI IToCyXO0cCTiiKocTl (26% 10 KOHTPOJIIO).

BasxnueuM acmekToM yCImixy CeJIeKIIHOI po-
00TH HA CyYaCHOMY eTalll € 1MeHTU(IKAIII 3pas3-
KIB 13 KOMILJIGKCOM I[IHHHMX TOCIIOZAPCHEUX
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03HAK, 30KpeMa CTIHKOCT] ITPOTHU CTPECOBUX UMH-
HUKIB, Ta IOEIHAHHSA IX 13 BpOKaMHICTIO [46].
Came ToMy TIOIIMpeHHS HAOYJIM CTATUCTUYHIL
MIX0aU, SIK1 JAIOTh 3MOTY BpPaxOBYBaTHU PI3HI
O3HAKM Ta BJIACTHBOCTI 34 OU(PEPEHINIOBAHHS
resoruiris. OnHIe 3 TAKNX ePEKTUBHUX MAaTe-
martuyHo-Tpadiuaux wmomeneit € GYT biplot
[47—-49].

V Tabmuini 2 momaHo 1HIEKCHI CTaHIapTH30-
BaHl 3HAYEHHS CIOJIYyYEHHS «BPOKANHICTD X
osuaka» BimmosBigHo mo joriku GYT biplot ama-
mi3dy. PiBeHb mposiBy BpOKAMHOCTI Ta 0COOJIH-
BOCTI Ii BapiloBaHHS 3a POKaMU, SK BiKe 3a3HA-
YaJI0Ch, OITy0JIiKOBaHO HaMu pawire [41]. Baro-
Moo mmepeBaroo GYT biplot momesi € mMokIn-
BICTh KOPEKTHOI'0 KOMILIEKCHOI'O OI[IHIOBAHHS
3pa3KiB 34 PISHUMU IIapaMeTpaMu, 30KpeMa 1 3

PI3HUMU OAWHUIIIMHU BUMIpY — OajiamMu, BIJICOT-
KaMM, OCKLIbKY BCl 3HAUYEHHS IIePEeBOIATH B 1H-
JIEKCHI ITOKA3HUKHN Ta PAHMKYIOTH BIJHOCHO Ce-
PEeHBOTO B MOCIIIKEHIN BUOIpIN. Y TOH caMmmii
Yac IMoeTHAHHS IIUX HOKA3HUKIB 13 PIBHEM IIPO-
SIBY BPOKAMHOCTI [1a€ 3MOT'Y BpaXyBaTH BKA3AHY
O3HAKY SIK OCHOBHY I'OCIIOaPCHKO-IIIHHY.

Cepenue sHaueHHS OYIb-IKOTO OKPEMOIo 1H-
IIEKCY IIOETHAHHS «BPOKAMHICTD X 03HAKA» B JI0-
CJIKEHIN BHOIPI[l 3pasKiB IOPIBHIOE HYJIIO.
BigmosimHO, 1HOEKCHI NOKA3HUKHW OLIBIIL 34
HYJIb XapaKTepHU3YIOTh 3PA30K AK TAKHI, III0 IIe-
PEBUILye CEePeIHBLOIOIYJIAINNHEe 3HAYCHHST;
MEHIIT — IIOCTYIIA€ThCS CePeIHbOMY y BHOIpPITI.
GYT Index Bimobpaskae cepeJHLO3BAMKEHY OI[IH-
Ky T€HOTHUIIY 3a BCiMa PO3paxOBAHUMH 1HIEKCA-
MU CIIOJIYYEHDb «BPOKANHICTD X O3HAKA».

Tabauus 1

XapaKrepucTuka KosleKLiinHux 3pasKiB AYMEHI0 03UMOro 3a KOMMIEKCOM 03HaK CTilKocTi /
TonepaHTHOCTI A0 Gio- Ta abioTMuHMX cTpeciB (cepeaHe 3a 2018/19, 2020/21 1 2021/22 pp.)

CTiftkicTb / TonepaHTHicTh, 6an BinHocwa criiikicts nporw

Wndp | 3pasok KpaiHa P ! GiOTUYHNX YNHHUKIB, Y%
PM SB STB PH LR FR DT
G1 | Yepap - craHpapt | UKR | 53 | 59 | 74 | 70 | 59 66 26,0
G2 | ‘TpygiBHuk UKR | 61 | 61| 7,9 | 66 | 7,7 65 18,3
G3 | 3apop’ UKR | 65 | 69 | 84 | 7,7 | 64 61 32,2
G4 |‘N1122 UKR | 66 | 64 | 88 | 69 | 64 61 35,5
G5 | ‘1562 UKR | 59 | 67 | 83 | 7,2 | 61 56 36,3
G6 |‘N113/2 UKR | 58 | 61 | 71 | 76 | 59 37 353
G7 |‘N4/2 UKR | 58 | 50 | 7,4 | 74 | 65 76 30,3
G8 |‘N2/2 UKR | 64 | 67 | 78 | 7,3 | 6,6 66 30,9
G9 |N 4n1/2’ UKR | 61 | 66 | 6,6 | 7.4 | 6,0 73 31,2
G10 |‘N2/1 UKR | 58 | 64 | 81 | 7,4 | 58 85 26,3
G11 | ‘N4n/1 UKR | 61 | 59 | 78 | 7,9 | 57 80 40,4
G12 |‘Nn5/11 UKR | 5,9 60 | 81 71 59 86 35,5
G13 |‘N17/7 UKR | 61 | 68 | 7,7 | 71 | 63 82 44,7
G14 |‘Nn4/1 UKR | 61 | 63 | 7,6 | 7.4 | 59 53 30,2
G15 | ‘A6opureH’ UKR | 63 | 49 | 86 | 72 | 74 61 333
G16 | ‘Metenuus’ UKR | 57 | 65 | 83 | 69 | 61 67 40,4
G17 | ‘AkapemiyHuin’ UKR | 68 | 6,7 | 80 | 6,4 | 7,8 54 26,6
G18 | ‘CHirosa koponeea’ | UKR | 6,7 | 6,6 | 79 | 70 | 6,9 57 50,9
G19 | ‘bypesiit’ UKR | 59 | 68 | 88 | 7,2 | 7,7 35 56,7
G20 | ‘3umosuin’ UKR | 64 | 71 | 81 | 7,0 | 6,7 82 37,9
G21 | ‘OocToitHnit’ UKR | 64 | 70 | 81 | 71 | 6,6 81 35,3
G22 | ‘MUP 4787’ UKR | 67 | 67 | 79 | 76 | 65 66 67,7
G23 | ‘MUP 4867’ UKR | 64 | 64 | 81 | 7,4 | 63 53 58,8
G24 | ‘MUP 4773 UKR | 62 | 64 | 81 | 71 | 63 64 56,4
G25 | ‘MUP 4660’ UKR | 62 | 69 | 74 | 70 | 64 80 53,9
G26 | ‘MUP 4580 UKR | 62 | 67 | 7,4 | 68 | 67 61 54,8
G27 | ‘MUP 12-1 UKR | 72 | 74 | 87 | 79 | 63 81 57,7
G28 | ‘MUP 12-2 UKR | 59 | 71 | 87 | 73 | 63 54 52,2
G29 | ‘MWUP 12-3° UKR | 62 | 69 | 82 | 71 | 6,7 54 54,9
G30 | ‘MUP 12-4 UKR | 58 | 68 | 84 | 69 | 74 68 43,3
G31 | ‘MWUP 12-5 UKR | 63 | 64 | 80 | 76 | 69 80 45,9
G32 | ‘MUP 12-6 UKR | 6,4 | 66 | 80 | 74 | 64 66 45,5
G33 | 'MUP 12-7 UKR | 61 | 64 | 71 | 73 | 7,6 66 47,2
G34 | ‘MUP 4790’ UKR | 61 | 63 | 76 | 7.4 | 78 56 65,0
G35 | ‘MUP 4723’ UKR | 63 | 61 | 78 | 74 | 69 60 58,1
G36 | ‘MUP 4654 UKR | 61 | 58 | 7,8 | 7,4 | 72 78 60,5
G37 | ‘MUP 12-8 UKR | 61 | 67 | 79 | 71 | 68 59 61,0
G38 | ‘'MUP 12-9’ UKR | 63 | 66 | 7,7 | 7.4 | 68 78 41,1
G39 | ‘MUP 12-10’ UKR | 60 | 64 | 86 | 72 | 71 73 36,4
G40 | ‘MUP 12-11' UKR | 71 | 74 | 73 | 7,0 | 63 59 46,4
G41 |'MUP 12-12 UKR | 71 | 7,2 | 87 | 80 | 6,6 65 70,6
G42 | ‘MUP 12-13' UKR | 70 | 76 | 86 | 7.8 | 65 92 71,8
G43 | 'MUP 12-14 UKR | 68 | 69 | 87 | 7,7 | 6,0 53 45,0
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podosxeHHs mabauyi 1

CriiikicTb / TONepaHTHiCTb, 6an Biarocka crifikicTs npoT

Wndp | 3paszok Kpaina ! GiOTUYHUX YNHHUKIB, %
PM SB STB PH LR FR DT
G44 | 'MWP 12-1% UKR | 61 | 69 | 86 | 66 | 6,4 82 59,8
G45 | ‘MUP 13/1 UKR | 73 | 76 | 80 | 7,7 | 6,2 83 49,8
G46 | ‘Naomie’ DEU 2 169 | 74 | 71 ,2 82 38,1
G47 | Highlight’ DEU | 6,2 | 6,7 | 7,7 | 6,9 | 57 72 32,2
G48 | ‘Augusta’ DEU | 6,4 | 6,1 | 87 | 76 | 75 73 58,5
G49 | ‘Scarpia’ DEU | 59 | 71 | 74 | 80 | 7,2 85 44,5
G50 | ‘Maybrit’ DEU | 64 | 66 | 73 | 7,8 | 68 79 43,1
G51 | ‘Titus’ DEU | 68 | 70 | 80 | 7,7 | 8.2 77 40,5
G52 | ‘Novosadski 519 SRB | 48 | 59 | 89 | 73 | 81 56 21,2
G53 | ‘Novosadski 525 SRB | 58 | 63 | 84 | 6,7 | 84 62 23,3
G54 | ‘Novosadski 529° SRB | 58 | 69 | 83 | 69 | 7,6 57 12,4
G55 | ‘Novosadski 737’ SRB | 66 | 72 | 74 | 68 | 7,3 66 42,0
G56 | ‘Okal’ CZE | 59 |61 | 78 | 71 | 73 86 46,9
G57 | ‘Luran’ CZE | 56 | 63 | 81 | 68 | 6,7 63 33,7
G58 | ‘Merlo’ FRA 6,7 7.3 7,7 8,1 7,5 39 37,8
G59 | ‘Panda’ FRA | 61 | 62 | 86 | 68 | 8.2 77 35,0
G60 | ‘Baraka’ FRA | 64 | 68 | 81 | 70 | 75 74 28,0
G61 | ‘Diapason’ FRA | 51 | 59 | 86 | 74 | 6,9 77 36,5
G62 | ‘Matador’ FRA | 59 | 68 | 81 | 7,2 | 6,7 60 35,4
G63 | ‘Poulaine’ FRA | 61 | 6,7 | 84 | 75 | 6,9 60 29,2
G64 | ‘Cindy’ FRA | 59 | 62 | 81 | 74 | 69 69 36,1
G65 | ‘Classica’ FRA | 60 | 60 | 59 | 7,2 | 68 86 33,3
G66 | ‘Manitum’ FRA | 58 | 7,2 | 69 | 7,7 | 6,9 93 52,2
G67 |‘Sumo’ FRA | 58 | 64 | 83 | 63 | 55 42 23,5
G68 | ‘Glenan’ FRA | 53 | 59 | 86 | 7,1 | 7,0 78 37,0
G69 | ‘Carrery’ GBR | 58 | 60 | 61 | 7,4 | 7,3 64 331
G70 |‘Radical / Pervenets’ | SYR | 6,7 | 74 | 88 | 74 | 7,2 58 19,9
G71 | ‘(IR 08287) SYR | 74 | 76 | 35 | 58 | 74 70 19,8
G72 |‘(20604)"* SYR | 52 | 63 | 84 | 67 | 7,9 42 38,0
G73 | ‘(20618)* SYR | 53 | 56 | 82 | 68 | 6,6 70 35,6
G74 |‘(20625)"* SYR | 58 | 67 | 86 | 7,7 | 57 84 34,6
Mean 62 | 66 | 79 | 7.2 | 68 68 41,1
Max 74 | 76 | 89 | 81 | 84 93 71,8
Min 48 | 49 | 35 | 58 | 55 35 12,4
R (max-min) 26 | 27 | 54 | 23 | 29 58 59,4
HIP, . 08 [ L1 [ 11|09 | 13 77 89

Mpumitka. Mean, Max, Min — cepefHe, MakcuManbHe Ta MiHiManbHe 3HAYeHHA 03HaK, 6an, %;
R (max-min) — po3max BapitoBaHHs 03Hak, 6an, %; PM — cTiiikicTb npoTu 6opowwHKcTOi pocy, 6an;
SB — cTiiikicTb npoTu TeMHO-6ypoi nasmucTocTi, 6an; STB — cTiiikicTb NpoTH cMyracToi NAsMMCTOCTI,
6an; PH — criiikicTb npoTu kapnukoBoi ipxi, 6an; LR — cTiiikicTb npotu BunsravHs, 6an; FR —

BiJHOCHa MOPO30CTiliKicTb, %; DT — BigHOCHa nocyxocTiiikicTb, %.

Tabauys 2

CraHpapTU30BaHi iHAEKCHi 3HaYeHHA CNONYYEHHA «BPOXKANHICTb X 03HaKa» Ta 3aranbHui GYT index
nepeBaru reHOTMNY ANA 3pasKiB AuUMeHto o3umoro (cepepHe 3a 2018/19, 2020/21 1 2021/22 pp.)

W 3pasok Kpaina CriiikicTb / TonepaHTHicTy, 6an, %

P P P YLD_PM | YLD _SB | YLD_STB | YLD_PH | YLD_LR | YLD_FR | YLD_DT | GYT index
G1 | Kepap' - ctanpapt | UKR | -0,55 -0,32 -0,14 0,08 -0,47 0,10 -0,95 -0,32
G2 | “TpymiBHUK' UKR 0,51 0,14 0,57 0,06 1,14 0,27 -1,42 0,18
G3 | “3apop’ UKR -0,27 -0,28 -0,26 -0,24 -0,74 -0,78 -0,83 -0,48
G4 |'N122 UKR 0,13 -0,36 0,34 -0,53 -0,50 -0,57 -0,49 -0,29
G5 | ‘N562 UKR -2,11 -1,85 -1,89 -2,21 -2,03 -1,98 -1,23 -1,90
G6 |‘N13/2 UKR -0,72 -0,76 -0,99 -0,19 -0,97 -2,08 -0,59 -0,90
G7 |‘N4/2’ UKR -1,64 -2,30 -1,75 -1,46 -1,39 -0,69 -1,27 -1,50
G8 |‘Nz2/2 UKR 0,17 0,07 -0,13 0,02 -0,20 -0,12 -0,71 -0,13
G9 |‘N4an1/2’ UKR -0,21 -0,13 -1,08 -0,03 -0,70 0,22 -0,74 -0,38
G10 |‘N2/1 UKR -0,41 -0,23 0,02 0,04 -0,79 1,00 -1,04 -0,20
G11 | ‘N4n/1 UKR -1,26 -1,60 -1,34 -0,92 -1,67 -0,34 -0,67 -1,11
G12 |‘NIn5/11 UKR -1,66 -1,78 -1,47 -1,74 -1,77 -0,32 -1,05 -1,40
G13 |'N17/7 UKR -0,03 0,21 -0,15 -0,08 -0,36 0,92 0,25 0,11
G14 | ‘N n4/1 UKR -0,73 -0,85 -0,92 -0,63 -1,16 -1,31 -1,00 -0,94
G15 | ‘Abopuren’ UKR -0,48 -1,76 -0,19 -0,67 -0,17 -0,81 -0,78 -0,70
G16 | ‘Metenuugsa’ UKR -1,36 -1,05 -0,86 -1,37 -1,31 -0,82 -0,57 -1,05
G17 | ‘AkapemiyHunin’ UKR 2,04 1,43 1,45 0,63 1,98 -0,01 -0,54 1,00
G18 | ‘CHiroBa Koponesa’ UKR 1,57 1,01 1,02 0,90 0,92 0,01 1,31 0,96
G19 | ‘bypesiit’ UKR -0,31 0,11 0,53 -0,11 0,51 -2,05 1,00 -0,05
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Wndp 3pazoK Kpaina CriiikicTb / TOnepaHTHiCTb, 6an, %

P P P YLD_PM | YLD_SB | YLD_STB | YLD_PH | YLD_LR | YLD_FR | YLD_DT | GYT index
G20 | 3umoBuir’ UKR 0,33 0,55 0,24 -0,07 0,00 1,01 -0,17 0,27
G21 | ‘focToitHuin’ UKR 0,02 0,15 -0,08 | -0,31 -0,33 0,67 -0,48 -0,05
G22 | ‘MWUP 4787 UKR 0,65 0,27 0,14 0,50 -0,10 0,03 1,94 0,49
G23 | ‘MWUP 4867 UKR 0,64 0,26 0,56 0,62 -0,04 | -0,65 1,51 0,42
G24 | 'MUP 4773 UKR | -0,99 | -1,10 | -0,96 | -1,21 -1,18 | -0,96 0,32 -0,87
G25 | ‘MUP 4660 UKR 0,21 0,45 -0,21 0,00 -0,16 0,95 0,99 0,32
G26 | ‘MNP 4580 UKR | -0,80 | -0,72 | -1,19 | -1,22 | -0,80 | -0,98 0,36 -0,76
G27 | ‘MWP 12-1" UKR 1,04 0,79 0,67 0,70 -0,29 0,95 1,20 0,72
G628 | ‘MNP 12-2' UKR | -0,57 0,05 0,13 -0,34 | -0,66 | -1,06 0,51 -0,28
G29 | ‘MUP 12-3’ UKR 0,04 0,28 0,20 -009 | -0,09 | -0,83 0,94 0,06
G30 | ‘MWP 12-4 UKR | -0,51 | -0,02 0,10 -0,49 0,19 -0,13 0,03 -0,12
G31 | ‘MWP 12-5 UKR 0,04 -0,21 -0,04 0,22 -0,03 0,71 0,28 0,14
G32 | ‘MWP 12-6 UKR 0,38 0,19 0,22 0,34 -0,17 0,04 0,39 0,20
G33 |‘MWP 12-7' UKR 0,50 0,40 -0,07 0,69 1,06 0,34 0,74 0,52
G34 | ‘MWUP 4790 UKR 0,40 0,21 0,22 0,67 1,11 -0,42 1,99 0,60
G35 |‘MWUP 4723’ UKR | -0,22 | -059 | -0,34 | -0,13 -0,17 | -0,63 0,98 -0,14
G36 | ‘MUP 4654 UKR | -0,23 | -0,76 | -0,27 | -0,05 0,09 0,50 1,18 0,07
G37 |‘MWP 12-8' UKR | -0,02 0,14 0,01 -0,07 0,00 -0,50 1,38 0,14
G38 | ‘MUP 12-9’ UKR 1,12 0,98 0,82 1,26 0,81 1,53 0,50 1,00
G39 | ‘MUP 12-10 UKR | -0,03 | -0,02 0,61 0,11 0,28 0,44 -0,27 0,16
G40 |‘MWP 12-11 UKR 2,28 2,05 0,76 1,17 0,63 0,33 1,09 1,19
G41 | ‘'MUP 12-12 UKR 0,85 0,53 0,57 0,68 -0,15 | -0,13 2,02 0,62
G42 |‘MWP 12-13 UKR 0,76 0,85 0,50 0,51 -0,22 1,55 2,10 0,87
G43 | ‘'MUP 12-14 UKR 0,24 -0,03 0,22 0,05 -080 | -1,07 0,10 -0,18
G44 | 'MUP 12-15 UKR | -0,49 | -0,19 | -0,03 | -0,97 | -0,67 0,49 0,93 -0,13
G45 | ‘'MWP 13/1 UKR 1,38 1,19 0,39 0,78 -0,19 1,28 0,79 0,80
G46 | ‘Naomie’ DEU 0,12 0,35 -0,30 | -0,01 1,02 0,98 -0,17 0,28
G47 | ‘Highlight’ DEU | -1,61 | -152 | -1,82 | -2,01 -197 | -1,07 | -1,27 -1,61
(48 | ‘Augusta’ DEU 0,57 -0,06 0,94 0,72 0,78 0,64 1,43 0,72
G49 | ‘Scarpia’ DEU 0,61 1,35 0,47 1,73 1,05 1,95 0,72 1,13
G50 | ‘Maybrit’ DEU 0,15 -0,03 -0,50 0,42 -0,08 0,67 0,10 0,11
G51 | ‘Titus’ DEU 2,26 1,94 1,66 2,22 2,53 1,95 0,73 1,90
G52 | ‘Novosadski 519’ SRB | -1,26 | -0,60 0,60 -0,02 0,78 -0,76 | -1,38 -0,38
G53 | ‘Novosadski 525’ SRB 0,59 0,68 1,39 0,55 2,09 0,34 -0,93 0,67
G54 | ‘Novosadski 529 SRB | -0,10 0,50 0,51 -0,03 0,74 -050 | -1,92 -0,11
G55 | ‘Novosadski 737’ SRB 1,86 1,97 0,95 1,08 1,58 0,95 0,78 1,31
G56 | ‘Okal’ CZE 0,23 0,06 0,40 0,42 0,76 1,63 0,67 0,60
G57 | ‘Luran’ CZE 0,02 0,32 0,73 0,24 0,38 0,14 -0,27 0,22
G58 | ‘Merlo’ FRA 2,47 2,57 1,69 3,03 2,20 -0,95 0,64 1,67
G59 | ‘Panda’ FRA | -0,19 | -042 0,32 -0,50 0,79 0,47 -0,48 0,00
G60 | ‘Baraka’ FRA 0,77 0,73 0,69 0,39 0,96 0,86 -0,71 0,53
G61 | ‘Diapason’ FRA | -0,75 | -0,34 0,72 0,40 0,23 0,79 -0,22 0,12
G62 | ‘Matador’ FRA 0,54 0,99 0,97 0,87 0,58 0,09 -0,04 0,57
G63 | ‘Poulaine’ FRA 0,08 0,24 0,49 0,39 0,16 -0,37 | -0,76 0,03
G64 | ‘Cindy’ FRA 0,16 0,08 0,55 0,61 0,39 0,42 -0,16 0,29
G65 | ‘Classica’ FRA | -044 | -0,72 | -1,68 | -0,36 | -0,29 0,86 -0,66 -0,47
G666 | ‘Manitum’ FRA 0,62 1,57 0,17 1,58 0,91 2,65 1,40 1,27
G67 | ‘Sumo’ FRA | -0,28 | -0,09 0,31 -0,73 -090 | -156 | -1,19 -0,64
G68 | ‘Glenan’ FRA | -0,61 | -0,38 0,67 0,09 0,26 0,81 -0,20 0,09
G69 | ‘Carrery’ GBR | -1,26 | -1,34 | -2,10 | -099 | -0,61 | -0,95 | -096 -1,17
G70 | ‘Radical / Pervenets’ | SYR 1,45 1,65 1,66 1,17 1,07 0,01 -1,22 0,83
G71 | ‘(IR 08287) SYR | -2,30 | -234 | -445 | -3,71 -2,26 | -2,11 -2,15 -2,76
G72 | ‘(20604)* SYR | -0,80 | -0,17 0,39 -0,39 0,77 -156 | -0,19 -0,28
G73 |’(20618)"* SYR | -1,36 | -1,35 | -056 | -1,09 | -0,75 | -0,40 | -0,69 -0,89
G74 | '(20625)* SYR | -1,38 | -1,01 -080 | -094 | -1,60 | -0,06 | -094 -0,96

Mean 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Mpumitka. Mean — cepefHe; NOEfHAHHA BPOXKANHOCTI Ta BignoBifgHMX 03Hak: YLD_PM — cTiiikocTi npoTn 6opowHucToi
pocu, YLD_SB - cTiitkocTi npotu TeMHo-6ypoi nasmuctocTi, YLD_STB — cTilikocTi npotu cmyractoi nnsmucrocti, YLD_PH —
CTINKOCTi NpoTn KapaukoBoi ipxi, YLD_LR — cTiiikocTi npotu BunsrawHs, YLD_FR — BigHocHoT Mopo3ocTiiikoci, YLD_DT -
BigHOCHOT nocyxocTiitkocTi; GYT Index — 3aranbHuii iHaeKc nepesaru

Ha ocHoBI 1HIEKCHUX ITOETHAHD BPOMKANHOCTL
3 OKPeMHUMH 03HAKAMH CTIAKOCTI / TOJIEPAHTHOC-
Tl 70 010- Ta a0lOTUYHNX YMHHUKIB II00YI0BAHO
GYT biplot Bisyasmaamii. Bigmosimao qo GYT
biplot mudepenItitoBaIbHOI 3/TATHOCTI TA perpe-
3€HTATHUBHOCTI 1HIEKCIB «BPOKAMHICTEL X 03HA-
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Ka», MAKCUMAaJbHO BIAIAJIECHUMU ONUH Bl OII-
HOIO Ta CepegHbO3BAYKEHOI0 BEKTOpa (SKHUpHAa
TIOXMJIA JIIHIS 31 CTPLIIKOIO, 1110 IIPOXOIUTDH Yepes
menTp GYT biplot) 6ynu moeguamusa YLD _LR 1
YLD_DT (pmec. 1). Haitoamaxde go cepeaunoi oci
poaranryBasauchk Bexkropu croayuers YLD _PH i
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YLD_PM, axi maiiske 30iraaucsa Misk co0OIO.
OTixe, BOHM Majau HAWBHIILY peIpe3eHTaTUB-
HicTb. BimspkuM 10 HUX OYB TaKOK BEKTOD
YLD_SB. 3a mgoB:MHOI BEKTOPIB MOMKHA Xa-
pakTepu3yBaTu IuQEpeHIToBAIbHY 3IaTHICTh
OKpeMHX IOeJHAHb «BPOKAMHICTH X O3HAKAY.
Cuin BKasaTu HA Maiiske piBHO3HAYHY, aJjie J0-
CUTH CYTTEBY IUQEpPEeHITIIOBAbHY BEIUIYUHY
BEKTOpPIB OurkImocTi crosmydedb — YLD_LR,
YLD_STB, YLD_SB, YLD_PH ta YLD_PM.
Jlero KoporTomo, Ak MOPIBHATH 3 HA3BAHUMHU,
IOBJKMHA BeKTopa Oyia y moemuanda YLD_FR,
memro mosrio — B YLD_DT. Bigmosimwo, mep-
MUY TPOXHU IIOCTYIIABCSA PeINTi 3a JudepeHIiio-
BAJILHOIO 3[IATHICTIO, OCTAHHIHA — IIepeBakas ii.

AXIS2 11.08 %

~—
S
—

T T T T
2 0 2 4 6 8

AXIS170.91 %

Puc. 1. GYT biplot gudepeHuyiroBanbHoi 3gaTHOCT Ta
penpeseHTaTUBHOCTI iHAEKCIB K BPOXKANHICTb X 03HAKa»
(2018/19, 2020/21, 2021/22 pp.)
Mpumitka. TyT i Ha pUCYHKax 2—4 YMOBHi NO3HAYeHHsA
BiANOBifaloTb HaBefeHUM y Tabnmuax 112

GYT biplot «xorpuii-me-miepemir» Bras3ye Ha
dopMyBaHHS JBOX CEKTOPIB 13 MeracepesioBHIIa-
Mu (puc. 2). V mepiioMy 3 HUX HA BEPIIUHI I10-
mirony onuamBes 3pasok G51 ‘Titus’ (DEU). o
IIHOTO CEKTOPY BRJIIOYUIN TIOETHAHHS O3HAK
YLD_PH i YLD_PM. Cepen 3paskis, 1110 po3ra-
LIIYBAJIKCSA B 3a3HAUEHOMY MeracepeqOBHIIIl, CJIiT
Buokpemutu Takoxk G55 ‘Novosadski 737 (SRB),
G40 ‘MUP 12-11' (UKR), G38 ‘MUP 12-9’ (UKR),
G18 ‘Cuirora roposeBa’ (UKR) 1 G49 ‘Scarpia’
(DEU). Ioemmanna YLD_LR 1 YLD_STB «sma-
7w y Apyruit cextop. Brmiamvu 1o Bepmuin
tioro mostirony Oysm G17 ‘Axamemiuamit’ (UKR) 1
G53 ‘Novosadski 525’ (SRB). 3pasox G70 Radical /
Pervenets’ (SYR) mictmBes Ha iHImoMy, OLIIBII
IIOJIOTOMY KYTI IIOJIITOHY B ITbOMY K cekTopi. CIro-
nydenss YLD _SB ommumioca Ha iHID MIK JBO-
Ma 3a3HayeHUMH cekTopamu. OTike, 3pasK, 110

pO3TAIlyBaJINCA y OBOX BKA3AHUX Meracepemno-
BUIIAX, MAJIN JIOCUTH CXO3Kl 0COOJIMBOCTI 3a PiB-
HEeM IMpOosiBYy TaHOro moemHaHus o3Hak. Crosry-
vyenns YLD _FR 1 YLD_DT nmorparmmiu B okpemi
BY3bKI1 CEKTOPH ¥ He YTBOPHUJIN MEracepeIOBHIII.

AXIS2 11.08 %

T T T
6 4 =) 0 2 4

AXIS170.91 %

Puc. 2. GYT biplot «koTpwuii-pe-nepemir» (2018/19,
2020/21, 2021/22 pp.)

3rigao 3 GYT biplot koopauHairiero mo cepen-
HBOrOo Tecrepa (average tester coordination),
3pa3Ku STYMEHIO 03UMOTO0 JU(epeHINIHOBAHO AK
3a BEJIMYMHOKI 3araJIbHOTO I1HIEKCY IIepeBaru
(GYT index), Tak 1 BIZXHMJIEHHAMN 32 OKPEMIMUA
MOETHAHHAMY BPOKAMHOCTI Ta KOMILIEKCY agall-
TUBHUX 03HAK (puc. 3).

AXIS2 11.08 %

T T T T T
8 4 2 0 2 4

AXIS170.91 %

Puc. 3. GYT biplot «koopauHauia go cepeaHboro
TecTepa» 3pa3kKiB AYMEHI0 03UMOr0 33 NOEAHAHHAM
BPOXKaWHOCTi Ta KOMNNEKCY aAanTUBHMX 03HAK
(2018/19, 2020/21, 2021/22 pp.)
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3HaveHHs 3pa3KiB, PO3TANIOBAHUX IIPABOPYY
BIJI IIEHTPAJILHOI BEPTUKAJIBHOIL 0Cl, € OLJIBIIINMU
3a CepeTHBOIIONYJIAIINHE B JOCTIIKEeHIM BUO1p-
17l TEHOTHIIIB 34 1H/IEKCOM IIepeBaru, JIBOpyd —
OCTYIIAIOTHCA CePeIHBOMY B Jocrimi. Bimmosina-
HO, Hammmui mokasuuk Oy y G51 ‘Titus’
(DEU), mairipmmuit —y G71 ‘IR 08287) (SYR).
[TomiTHo, mo craumapt G1 ‘WKepap’ (UKR) pos-
TalIyBaBCs CyTTEBO JIIBIIIE BiJ] CEPeIHBOTO Bep-
THUKAJIBHOI0 BeKTOpa. [HIIImM mapamerpoM € Bif-
XMJIEHHS BIJHOCHO CEePEeIHBOI0 IOPU30HTAJIb-
HOT0 BekTopa. 3okpema, moemuanus YLD_LR,
YLD_STB, YLD_SB, YLD_PH ta YLD_PM pos-
mimmeH! Hag HuM, YLD _FR1 YLD DT — mig Hum.
OT:xe, cyTTeBe BIAXUJIEHHS Bropy BIIHOCHO ce-
PEeIHBOTO TOPH30HTAJIBHOIO BEKTOpPA 3pPas3KiB
G58 ‘Merlo” (FRA), G17 ‘Aramemiunamnii’ (UKR),
G70‘Radical/Pervenets’ (SYR), G53‘Novosadski
525’ (SRB) Ta iH. Bkadye Ha IXHI TipIIl IIOKA3HH-
KU 34 CIIOJIyYEHHSIMU, PO3TAIIOBAHNMI CYTTEBO
Hmxye Blg Bekropa. Hampurmaan, YLD _FR —
G58 ‘Merlo’ (FRA), YLD_DT — G70 ‘Radical /
Pervenets’ (SYR), G53 ‘Novosadski 525’ (SRB).
3pasor G17 ‘Arxamemiunnit’ (UKR) mas ripimi,
HIK cepelHi, 3HAUYeHHsS 34 000Ma BKA3aHUMU
Buie noegHaHpamu. ONTHMAaJIBLHAM € PO3Mi-
IIIeHHS 3Pas3KiB SAKOMOra IIpaBlllle I BOJHOYAC
MAKCHMAJIBHO OJIM3bKO 10 IIEHTPAJIHLHOr0 FOPH-
30HTAJILHOI'O BEKTOpPA.

BigmoBimeo 10 paHsKyBaHHSA BIiOHOCHO 1me-
AJILHOTO T'€HOTHILY, MAKCHMAJIbHO OJIM3BKHM 0
mporo 0yB G51 ‘Titus’ (DEU), posramoBanumit y
meHTpl ueHTpmuHuX KT (puc. 4). OrTxke, 1ei
3pa30K MaB HAMOITHMAJILHIIIE IIO€JHAHHSI BPO-
SKAMHOCTI TA KOMILIEKCY HOCJIIMKEHHNX O3HAK.

AXIS2 11.08 %

T T T T T
6 -4 -2 0 2 4

AXIS170.91 %

Puc. 4. GYT biplot paHyBaHHsA 3pa3KiB BigHOCHO
ipeanbHOro reHOTUNYy 3a NOEAHAHHAM BPOXKAMHOCTI
Ta KOMMJIEKCY afanTUBHMX 03HAK
(2018/19, 2020/21, 2021/22 pp.)

VY npyromy kot onuummcs 3pa3ku G58 ‘Merlo’
(FRA), G55 ‘Novosadski 737 (SRB), G40 ‘MHP
12-117 (UKR), G49 ‘Scarpia’ (DEU) Ta G66
‘Manitum’ (FRA). Ix Tako:mx MoxHA BBaKATH
eeKTUBHUMU [ZKepelaMi MOETHAHHS KOMII-
snercy o3uak. OmHaK 3iCTaBJIEHHS Pe3yJIbTATIB
BisyaJsbHOro aHasay rpadgikis GYT biplot 1 ga-
HUX TaOIHUIb 1 Ta 2 CBIIYUTD, IO «CJIa0KAM MIC-
mem» G58 ‘Merlo’ (FRA) e mmoka3HuK B1IHOCHOI
mopo3socriikoceri. Ha e meobxigHo sBasaru, 3a-
JIydarouu foro mo riopumuasarii. BigmosigHo, 1H-
IIMM KOMIIOHEHTOM CXpeIllyBaHb Mae OyTu 3pa-
30K 13 IIIBHUINEHMM pPIBHEM BKA3aHOI O3HAKH.
OkpiM Bixe 0XapaKTepPHU30BAHUX, 3aCJIyTOBYIOTH
Ha yBary takosx spasku G38 ‘MUP 12-9’ (UKR)
1 G18 ‘Cuirosa roposiera’ (UKR), axi posramry-
BaJIMCS HA MEXK1 JPYroro Ta TPEeThOro KiJI, ajie B
TOM caMuii yac 0yJIu MaKCUMAaJIbHO OJIM3bKUMU
II0 IIEHTPAJILHOI0 BEKTOPA.

BucHoBKMU

Bunisieno remermuni mkepesa CTiMKOCTI/TO-
JIEPAHTHOCTI 10 OCHOBHHUX 010- Ta a0lOTHYHMX
YMHHUKIB: cmiltikocmi npomu 6opouHucmoi
pocu — ‘MHP 13/1°, ‘MUP 12-1’, ‘MHUP 12-12’,
‘MHUP 12-117’, ‘MUP 12-13, ‘Aramemiuuumir’
‘MUP 12-14°, ‘Cuiroa kopoiaesa’, ‘MUP 4787
(UKR); ‘(IR 08287)’, ‘Radical / Pervenets’ (SYR);
‘Titus’ (DEU); ‘Merlo’ (FRA); ‘Novosadski 737
(SRB); npomu memmno-6ypoi nasmucmocmi —
‘MUP 13/1’, ‘MUP 12-13°, ‘MUP 12-11’, ‘MUP
12-1’, ‘MUP 12-12’, ‘MUP 12-2’, ‘Bumosuir’
(UKR); ‘(IR 08287)’, ‘Radical / Pervenets’ (SYR);
‘Merlo’, ‘Manitum’ (FRA); ‘Scarpia’ (DEU);
‘Novosadski 737 (SRB); npomu cmyeacmoi nnis-
mucmocmi — ‘Bypesiit’, J1122°, ‘MUP 12-14’,
‘MUP 12-1’, MUP 12-2’, MUP 12-12°, MUP 12-
100, ‘MHUP 12-13, ‘A6opuren’, ‘MHUP 12-15
(UKR); ‘Augusta’ (DEU); ‘Novosadski 519
(SRB); ‘Radical / Pervenets’, ‘(20625)* (SYR);
‘Glenarn’, ‘Panda’ (FRA); ‘Diapason’ (FRA); npo-
mu kapaurosol ipaci — ‘Merlo” (FRA), MUP 12-
12’ (UKR) 1 ‘Scarpia’ (DEU); cmiiikocmi npomu
sunaeanns — ‘MUP 4790, ‘Axagemiunamit’, ‘Tpy-
meuur’, ‘Bypesir’, ‘MNP 12-7 (UKR);
‘Novosadski 525, ‘Novosadski 519’, ‘Novosadski
529" (SRB); ‘Panda’, ‘Merlo’, ‘Baraka’ (FRA);
‘Naomie’, ‘Titus’, ‘Augusta’ (DEU); ‘(20604)*
(SYR); siorocHoi mopozocmitikocmi — ‘MUP 12-
13, JI ub5/11°, ‘ MUP 13/1°, JI 17/7, ‘Bumosuir’,
‘MUP 12-15’, JI 2/1°, ‘MHUP 12-1’, ‘Ilocroitamit’
(UKR); ‘Manitum’, ‘Classica’ (FRA); ‘Okal’
(CZE); ‘Naomie’, ‘Scarpia’ (DEU); ‘(20625)*
(SYR); siornocroi nocyxocmitikocmi — ‘MUP 12-
13", ‘MUP 12-12’, ‘MUP 4787, MUP 4790,
‘MUP 12-8 (UKR). Banyuaroun 10 CXpeIryBaH-
HA 3pa3KH, BUILIEH] 3a CTIHKICTIO IIPOTH OKpe-
Mux 010- Ta a0l0THYHUX YMHHUKIB, CJIIT 3BAKA-
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Cenekyis ma HacCiHHULMBO

TH HaA PiBEHb MPOSIBY PEIITH ITapaMeTpiB 1 KOM-
OlHyBaTH iX 3 IHIITUMY KOMIIOHEHTAMU 34 IIPUH-
ITUTIOM B3a€MOJIOITOBHEHHS O3HAK.

Bigmosimeo mo GYT biplot, omrumasnbHe mo-
€IHAHHS BPOYKANHOCTI T KOMILJIEKCY 03HAK BU-
seieno y 3paska ‘Titus’ (DEU). xepenamu
KOMILJIEKCY O3HaK Takok BuaHauerno Merlo’,
‘Manitum’ (FRA); ‘MHUP 12-11°, ‘MUP 12-9,
‘CairoBa koposeBa’ (UKR); ‘Novosadski 737
(SRB); ‘Scarpia’ (DEU). Oguax ‘Merlo’ (FRA)
rmoTpebye IOJIIIIIIEHHs 3a ITapaMeTpPOM BiJIHOC-
HOI MOPO30CTIHKOCTI.

Bupgisieni remermuHi mikepesia OKpeMHX Ta
KOMILJIEKCY O3HAK PEKOMEHI0BaHO BUKOPHUCTO-
BYBAaTH B CEJIEKIIMHHX IIPOrpaMax SYMEHIO
03UMOTO JIJISI CTBOPEHHS HOBOT'0 BUX1HOTO Ma-
tepiaiy. 111 3pasku TaKoK MOKYTH OYyTH ITiH-
HUMH KOMIIOHEHTAMH CXPeILyBaHb JJIS PO3-
IMMUPEeHHs TeHeTHYHOI OCHOBU STYMEHIO sIPOTo,
30KpeMa 3a IMOKA3HUKAMM BIJHOCHOI IIOCYXO-
CTIAKOCTI Ta CTIAKOCTI HpoTH 30YyIHHUKIB
XBOPOO.
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Purpose. To identify the genetic sources of resistance/
tolerance to the most common biotic and abiotic stress fac-
tors in order to incorporate them into winter barley breeding
programs in the Forest-Steppe region of Ukraine. Methods.
The study was conducted at the V. M. Remeslo Myronivka
Institute of Wheat of NAAS in 2018/19, 2020/21, 2021/22.
The study material consisted of 74 accessions of various
origins. Assessments of resistance/tolerance to biotic and
abiotic factors were carried out under field and laboratory
conditions in accordance with standardized methods. GYT
biplot analysis was then used to characterize the accessions
based on a set of traits and their correlation with yield.
Results. As a result of the study, genetic sources of resis-
tance/tolerance to biotic and abiotic stresses have been
identified. In particular, sources of resistance to: pow-
dery mildew — 14 accessions (‘MYR 13/1', ‘MYR 12-1', ‘MYR
12-12" (UKR) and others), spot blotch — 13 accessions
('MYR 12-13’, ‘MYR 12-11" (UKR); ‘Novosadski 737" (SRB)
and others), leaf stripe — 17 accessions (‘L122’, ‘MYR 12-
14" (UKR); ‘Augusta’ (DEU) and others), leaf rust — three
accessions (‘Merlo” (FRA); ‘MYR 12-12" (UKR); ‘Scarpia’
(DEUV)), lodging — 15 accessions (‘Novosadski 525" (SRB);
‘Naomie’ (DEU); ‘Panda’ (FRA) and others). Two accessions
(‘Manitum” (FRA), ‘MYR 12-13" (UKR)) were characteri-

zed as a sources of a very high relative frost tolerance.
High relative frost tolerance was found for 13 acces-
sions. Higher than average relative drought tolerance was
identified in five accessions (‘MYR 12-13", ‘MYR 12-12,
‘MYR 4787, ‘MYR 4790°, ‘MYR 12-8" (UKR)). The optimal
combination of yield and complex of other traits ac-
cording to GYT biplot was found in the accession ‘Titus’
(DEU). Also, as the sources of the complex traits we can
characterized the accessions ‘Merlo’, ‘Manitum’ (FRA);
‘MYR 12-117, ‘MYR 12-9’, ‘Snihova koroleva’ (UKR); ‘Novo-
sadski 737" (SRB); ‘Scarpia” (DEU). However, ‘Merlo” (FRA)
needs improvement in terms of relative frost tolerance.
Conclusions. The identified genetic sources of individu-
al traits and their combinations should be used in bree-
ding programmes for winter barley, as well as spring bar-
ley in terms of relative drought tolerance and resistance
to pathogens. When selecting sources for hybridization
based on their resistance to specific biotic and abiotic
factors, it is important to consider the expression levels
of the remaining traits and combine them with other
components on the basis of complementary traits.

Keywords: Hordeum vulgare L.; lodging, powdery mildew;
spot blotch; stripe blotch; leaf rust; frost tolerance; drought
tolerance; GYT biplot.
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BitunsHaHi coptu Primula L. Ta cenekyinHi Hanpamu
NiABULLEHHA IXHbOT CTIMKOCTI 3 3MiHU KNIMAaTUYHMX YMOB
MiBHiYHoro Jlicoctreny YKkpaiHu

0. M. Nepe6oituyk

HayioHaneHuli 6omaniyHull cad imeHi M. M. [puwka HAH Ykpaiu, syn. Cadoso-bomariyna, 1, m. Kuis, 01014, YkpaiHa,
e-mail: fiorgy@meta.ua

Merta. BcTaHoBUTY Ta 06IPYHTYBATH K1IOYOBI HanpsMu cenekuii npeacTaBHUKiB poay Primula L. Ha nigBUWEHHS CTiliKOCTi
L0 KCEepPOTEPMiYHOrO CTpecy Ta 34INCHUTU KOMMJIEKCHUI aHani3 rocnofapCcbKo-LiHHUX [EKOPATUBHUX 03HAK HOBUX afanTo-
BaHMX BiTYM3HAHMX copTiB B yMoBax [iBHiuHoro Jlicocteny Ykpainu. Metoau. JocnifgxeHHs nposogunu npotarom 2010-
2025 pp. BuBuanu konekuinHuit doup popy Primula HauioHansHoro 6otaHiyHoro cagy imeHi M. M. Tpuwka HAH Ykpaiuu,
Wwo Hanivyye 17 Buaie, 2 nigeuau, 38 coptie i MiXBMAOBUX ri6PUAIB. IHTPOAYKLiNHY Ta ceneKLiitHy LiHHICTb TAKCOHiB BM3Ha-
yanu 3a KOMNJEKCOM iHTerpanbHuUX NOKa3HWUKIB CTINKOCTi, IeKOPATUBHOT CTabiNbHOCTI Ta NapameTpie (GeHoNoriYHoro pos-
BUTKY. 3aCTOCOBYBanW METOAM LinecnpsAMOBaHOi Ta iHTporpecuBHoi ribpuansalii, iHAMBigyanbHOro KNOHOBOro aobGopy i
nopiBHANLHOrO COpTOBUNPOOYBaHHSA. Pe3ynbTatu. YnHHUKOM, WO NiMiTyBaB KyNbTUBYBAHHSA NpefCcTaBHUKIB poay Primula
B ymoBax [liBHiyHoro Jlicocteny, 6yB rigpoTepMiuHuii pexum, e KpUTUYHUM CTPECOPOM CTaia NiTHbO-0CiHHA NOoCyXa HaBiTb
3a noMipHoro nonuey. Ha ocHoOBi KOMNNEKCHOTO IHTPOAYKLiHOTO [OCNiAXKEHHSA Ta aHaNi3y eKoNoro-6ioNoriyHMx xapakTepu-
CTUK NpUpofHMx GioTonie iAeHTU(IKOBAHO TaKUX OCHOBHMUX AOHOPIB CTIMKOCTI MPOTHU KCEPOTEPMiYHWUX YMOB perioHy: P. au-
ricula L., P. elatior (L.) Hill, P. veris L., P. veris subsp. macrocalyx (Bunge) Lidji, P. vulgaris Huds., P. vulgaris subsp. rubra (Sm.)
Arcang., P. woronowii Losinsk. 06rpyHTOBaHO eTanu cenekuiiiHoro npotecy, Wwo 6a3yioTbCs Ha reHepaTUBHii pekombiHauii Ta
(hikcyBaHHi LiNbOBUX 03HAK BereTaTMBHUM cnocobom. [pefcTaBneHo nepuwi BiTYM3HAHI COPTU, AKI NOERHYIOTH KOMMNEKCHY
PE3UCTEHTHICTb 10 ab6ioTUYHMX i GIOTUYHMX CTpecopiB i3 BUCOKUMU NOKA3HWUKAMU eKOpaTUBHOCTI. BUCHOBKU. [loBeaeHo,
WO YCMilHICTb KYNbTUBYBAHHSA NMEPBOLBITIB 3a/I€XUTb Bif CTYNEHs NMPUCTOCOBYBAHOCTI POC/IMH O KCEPOTEPMiYHOrO CTpe-
cy B NiTHLO-0CiHHIK nepiog. Cepepn gocnimxyBaHoro reHoGoHAY MaKCUManbHUM PiBHEM afanTUBHOCTI BUPi3HANUCA npeg-
CTaBHWKM ceKkuii Primula. BugineHo Buaum 3i cneundiyHMMmn aganTUBHUMK cTpaTerismu, a came: P. japonica A. Gray, P. rosea
Royle ta P. sieboldii E. Morren. lMpeacTtaBneHo 4eB’aTb BiTYUU3HAHUX COPTiB (‘BecHsaHKa', ‘Yymaupbkuit Wnsx', ‘Nicosa nicHs',
‘Buwueanka’, ‘CytiHku', ‘binocHixka’, ‘Mapi’, ‘CeitaHok’ Ta ‘Otowa’), ski noeaHYOT BUCOKI eKOPaATUBHI AKOCTI 3 NiABULLEHOIO
afanTueHolo cTiitkicTio. Le fae 3mory pekoMeHayBaTth ix Ans pO3LWMPEHHA aCOPTUMEHTY PaHHLOKBITYYUX POCIMUH Y Pi3HUX
TMNax naHpwadTHUX KOMNo3uLii ypbaHi3oBaHWUX cepefoBuLL.

Knrouosi cnosa: kcepomepmiyHulli cmpec; adanmusHiCmb; 0eKOPAMUBHI POCAUHU;
ypbogimoyeHosu.

IHMPOOYKYiA; KBIMHUKAPCMBO;

TOPOBO-YACOBUI PO3IO/ILII CTAE IeJasli HepiBHO-
mipaimum [3]. BkasaHi cTifiki 3aKOHOMIPHOCT1

Bctyn

BesieH] HacaKeHHS € KPUTUYHO BAYKJIUBUAM
KOMIIOHEHTOM yPOOEKOCHUCTEeM, OCKIITBKH CIIPUSI-
0Th HIBEJIOBAHHIO MIKPOKJIIMATUYHUX E€KCTpe-
MYMIB 1 IIBUIIEHHIO SKOCTI aTMOC(epHOro I10-
BiTps [1, 2]. Bogmouac kyabTypHI (iTorieHo3n
YmMpas3 4acTiire 3a3HaATh HeTaTUBHOTO BILIH-
By a0l0OTHYHUX CTPECOPIB YHACIIIOK CUCTEMHUX
raiMaTuyHUX 3MiH. B YKpaiui BoHU mpOsSiBIIS-
IOTHCSI CTIAKOIO TeHIEHIIIE 0 apHUOaU3aliii, 1o
MoJIsITae B 3POCTAHHI CepeIHbOPIYHOI TeMIrepa-
TYPH MIOBITPSA T YaCTOTH MEPIOIIB 13 KPUTHIHO
BUCOKMMU TeMmileparypamu. [lompu BimHOCHY
CTaOLILHICTE PIYHOI HOPMHM OIIa[iB, IXHIN IIpoC-

Oksana Pereboichuk
https://orcid.org/0000-0002-6273-6158

aKTyaJsIi3yl0Th HEOOX1THICTh HAYKOBO OOIPYHTO-
BAHOI0 IIX0Oy O0 (POPMYBAHHS aCOPTHMEHTY
AJAITUBHUX JTeKOPATUBHUX BUIB 1 COPTIB IJId
nauamadgTHOTO OyIIBHUIITBA B ypOaHI30BAHUX
cepemoBuIax [4].

BasmnauBuM CcEIaITHMKOM KyJIBTYPHHX (iTO-
IIEHO31B € KBITHHKOBO-IEKOPATHUBHI TPAB STHUCTI
OaraTopiuHl pocauHu. BoHU IIIBHUIMYIOTH ecTe-
TUYHY IIPUBAOJIUBICTD JIAHIIITAPTHUX KOMIIO3HU-
M Ta IXHIO eROJIor'quy CTIAKICTD, CHPHUSIOTH
OLITHMI3AIi FIPOTEPMIYHOTO PEsKUMY IPYHTY 1
MiHIMI3arli eposiiiHux npouecis. OnuH 13 mep-
CIIEKTUBHUX HAIIPSAMIB 30arauyeHHs acOPTUMEH-
Ty 1€l TPYIH — POSIIUPEHHS CerMeHTa paH-
HBOKBITYunx pocyus. Taxmmvu g IliBHIuHOrO
HlCOCTeny VxpaiHu e IpecTaBHUKU POy Hep-
BousiT (Primula L.). Ixue panHbOBECHSAHE I1B1-

© The Author(s) 2026. Published by Ukrainian Institute for Plant Variety Examination.
@ This is an open access article distributed under the terms of the license CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/),
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited.
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TIHHS, OKPIM BHCOKOI JeKOPATHUBHOCTI, €KOJIO-
TIYHOI ITACTHYHOCTI TA 34ATHOCTL 0 YCIIIIITHOI
BereTailii B yMOBax 3aTiHEHHs, 3a0e3Ieuye IIij-
TpUMaHHSA TPOPIYHUX 3B’SI3KIB /I KOMAaX-3a-
mITI0BayviB [5].

Pig ITepBouBiT BupisHaeTHCS 3HAYHIM BUIO-
BUM 010pI3HOMAHITTAM Ta € HAWYUCICHHIIINM
takcoHoM y poausi [lepBorisiToBi (Primulaceae
Vent.). Hapasi Bin Hamiuye 549 BU3HAHUX BU-
niB [6], sarpymoBanux y 37 cekirii [7]. Bogaouac
HAYKOBA AMCKYCISA IIOA0 CHCTEMH POy JIMIIIA-
erbes BigkpuToo. Ile s3ymoBiieHo THM, 110 H0Or0
BU3HAHO ITapalIeTHYHUM Y MeKaX 3araibHOI
pesBisii poguuau Primulaceae, a Takox cyTTeBU-
MU PO30LKHOCTSIMY MisK pe3yJbraTaMu gijiore-
HEeTUYHUX OCIIIMKEeHDb AIePHOI Ta IIJIaCTHIHOI
JHK [8]. JomaTkoBUM YMHHHUKOM TAKCOHOMIY-
HOI HecTablLIBHOCTI € IIPOIeC OIIMCY HOBUX BH-
ms [9, 10].

Apeast pomy OXOILTIOE II€PEBAMKHO TEPUTOPIIO
losmaprTukm, a oro mpeaCcTABHUKN JIOKAII30BA-
Hl y BOJIOrMX 0l0oTOIIax IIOMIPHOI Ta apPKTHYHOIL
30H. OCHOBHMM IICHTPOM BHIOBOI quBepcrudiKa-
mi Primula BBaskaroTh I'imaJial Ta ripcbKil cucre-
mu 3axigaoro Kuraro, ne socepemsxeno rmpubIims-
HO 334 BuIu, K1 HAJIEXKATD 10 24 cexini [7, 11].
Y dmopl €sponu imeHTHRIKOBAHO 34 BHIM, IO
BXOJIATH OO YOTUPHOX CeKIni [12], a B Yrpaiui —
cim Bumis [P. elatior (L.) Hill, P. farinosa L.,
P.hallerid.F.Gmel., P. matthioli (L.) V. A. Richt.,
P. minima L., P. UerLsL , P. Uulgarzs Huds.], TPHU
3 SAKMX MAITHh OXOPOHHHI CTATYC 1 BHECEHI 0
Yepsonol kuuru YEpaium [13, 14].

3rimHo 3 ICTOPUYHUMHY MEPIIoIKepeIaMu, B
KyJIBTYpl 3aXiJHOEBPOIEHCHKUX KpaiH IIepBO-
uBiTH Bimomi 3 KiHisa XVI cr. [7]. Ix Bupomysa-
JIN K JIKAPChKl Ta NeKopaTUBHI pocauHn. Boun
CTAHOBMJIM 3HAYHUH 1HTEpeC IJI XYI0KHIKIB 1
ooramikie. Ha mouatky XVII ct. 3’ssBusucs istro-
crpaifii Ta OIMCH, IO BIMOOPAMKAIM IIHPOKHI
CIIEKTP MOP(OJIONYHNX MyTAIIM KBITKHX M Bapi-
abespbHICTh i1 3abapBienHsa [15]. Lle cBimumTh
IIPO CTAHOBJICHHS TA PO3BUTOK CEJIEKIIIHOI Po-
0oTH, 3aCHOBAHOI HA IO0pa3 OLILIIOMY 1HTEepecl
IO JEeKOPATHBHOIO PISHOMAHITTS IIPEICTABHU-
KiB poxy Primula.

Bumu P. auricula L., P. veris ta P. vulgaris
OyJI OOHHMIMHM 3 MEPIINX, BBEOEHUX V KYJIbTYPY
€BPOIIEMCHLKOro KBiTHHKApPCTBA [7]. 3a pe3ysbra-
TaM¥ aHAaJI3y CaJ0BUX KATAJIOTIB Ta 1HIIHUX HAY-
KOBHX [7KepesI BCTAHOBJIEHO, III0 HUHI B IeKOpa-
THUBHOMY CaIIBHUIITBI Kpain €sporm Ta IliBHIU-
HOI AMEPHKHN BHUKOPHCTOBYIOTH IIpHOJm3Ho 140
BUMIB 1 moHay 20 MIMKBHMIOBUX TIOPHOIB, MaiKe
9% 3 AKMX YpIZHOMAHITHEHI COPTOBHUMU (popMa-

u [16]. Haibinemmit nonut maots P. auricula,
P. bulleyana Forrest, P. denticulata Sm.,
P. elatior, P. japonica A. Gray, P. juliae Kusn.,

P. saxatilis Kom., P. sieboldii E. Morren, P. veris,
P. vialii Delavay ex Franch. ta P. vulgaris [7, 16].

Amnauiz 610MopdOIIOTIIHOI CTPYKTYPH CyUIaCHO-
T'O CBITOBOT'O ACOPTUMEHTY 3aCBII4ye JOMIHYBaH-
HS JBOX KJIIOUOBHUX CTPATEIH CEJICKIMMHOro BIO-
croHAJIeHHA poxy. Ilepia opleHTOBaHA Ha KOH-
TeHHepHY KyJIbTypy i mepenbadyae CTBOPEHHS
HQL[OBI‘OBI‘IHI/IX COPTIB 13 PACHUM O{HOMOMEHT-
HUM IBITIHHAM IJIsI KOMEPIIIHHOro BUKOPHCTAH-
HA. I[pyra CIIPsAMOBAaHA HA [IeKOPaTHBHE caiB-
HUIITBO Bl,ILKpI/ITOI‘O IPYHTY, Jie OpsJL 13 BUpasKe-
HOIO €CTETHYHICTIO CEeJIEKI[NHI I'eHOTUIIH BUPI3-
HAOTHCA JOBIMOBIYHICTIO Ta IILIBUIIEHOIO CTIHKIC-
TIO IIPOTH KOMILIEKCY a0lOTHYHIX CTPECOPIB.

IIpiopuTeTHIM 3aBIAHHAM CyJYACHOI CeJIeKIIII
€ CTBOPEHHS CTa0LIBLHO BUCOKOACKOPATUBHUX 1
KJIIMATOCTIMKMX COPTIB HA OCHOB1 POSIIHPEHOI
TeHeTHYHOol 0a3u, chopMOBaHOI CIIOCOOOM BiIIa-
JICHOI TOpUAM3alril, 110 OXOILIIOE MIYKBHIOBI Ta
MIKCEKIIIMHI CXPEIyBAHHSA 13 3aCTOCYBAHHSIM
METOIIB IOMOJIAHHS IIPOrPaMHOI HECYMICHOCTI.
VaromxeHHa TaKUX CeJIeKIIUHUX IJIei 13 3a-
IUTAMM 1HTEHCHUBHOI ypOaHisaifi cupmse pos-
B’SIBAHHIO K IPUKJIAJIHAX 3aBJAHB JeKOPaTHB-
HOTO ca,mBHHuTBa Tak 1 IMIHPIIAX €KOCHCTEM-
HUX BUKJIUKIB [17, 18].

Ilompu 3HaYHMI CBITOBUI ACOPTHUMEHT IEKO-
PATHUBHUX COPTIB IIEPBOLBITY, III0 IIOCTIHHO PO3-
IINPIOETHCSA, aKTYAJIbHUM JIMIIAETHCA CTBOPEH-
Hs BITYM3HSAHNX KYJbTHBAPIB, OCKLIBKKM BOHU
XapPaAKTePU3YIOThCA JIIIIIIOK AJAIITUBHICTIO 0
crreruiuEnx enado-KIIMATHIHUX YMOB PErio-
HIB YEKpalH{, IIIABUIICHOI PE3UCTEHTHICTIO 10
a010TMYHUX 1 OIOTHYHHX CTPECIB Ta 34ATHICTIO
30epiraty CTAOLILHI JEeKOPATHUBHI O3HAKH IIPO-
TATOM TPHBAJIOTO YacCy B MIHJIMBOMY CEePeIOBH-
mri. Kpim toro, sanydyenus abopHUreHHUX BUOIB Y
CEeJICKITIMHI IIPOrpaMu CIpHsie 30epeskeHHIO peri-
OHAJILHOIO 010PI3HOMAHITTS TA BIIPOBAIMKEHHIO
IPUHIIAIIB pecypcoeeKTHBHOIO Ca IBHUIITBA.

Mema docniidscerb — BCTAaHOBUTH TA OOIPYHTY-
BATH KJIIOYOB1 HAIIPSIMU CeJICKIN] ITpeICTaBHUKIB
pony Primula L. Ha miOBUIIEHHS CTIHKOCTI IIPO-
TH KCEPOTEPMIYHOI0 CTPECy Ta 3MIACHUTH KOMII-
JIGKCHUI aHAJI3 TOCIOTAPChKO-IIHHUX JeKopa-
THUBHHX O3HAK HOBUX aJaIITOBAHUX BITUM3HIHNIX
copris B ymoBax Ilisaiunoro Jlicocremy Yrpainum.

Matepianu Ta MeToAMKa ROCNiAKEHD

Hocmimxenns mpopomuian mporarom 2010—
2025 pp. Ha 6a3l BUIUIY KBITHUKOBO-IEKOpa-
TUBHUX pocauH HairioHasisHOro 00TAHIYHOIrO
canay imeri M. M. I'pummrka HAH Vipainu (HBC
HAH Vxpaium). ExcnepumenTasbHa TiISHKA
posramoBana B 30ui IliBHIuHOTO JlicocTemy Ha
BHCOKOMY IIpaBobepesxkHOMY IiaTo piuku Ji-
mpo (50°32' mma. 11., 30°33' ¢x. g.; 170-190 M Hax
piBHeM Mops1). [ pyHTH — aHTPOIIOreHHO 3MiHeHi

36 ISSN 25138-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2026, T. 22, N¢ 1



Plant breeding and seed production

TEeMHO-CIP1 OITiI30JIeH] Ha JIECOBMX BIIKJIAmaX 13
momimrkamMu Topdy Ta micky. Bonu xapakrepu-
3YIOTBCSA JIEFKOCYTVIMHKOBUM I'PAHYJIOMETPHY-
HIM CKJIAI0OM, XOPOIIIOK aePalllelo Ta HeHTpasb-
HOI0 peakirielo IpyHToBoro posumuy (pH 6,5—
7,5). 3ansaraHus 'pyHTOBUX BOJ HE Mae JeTepMi-
HOBAHOI'0 BILIMBY Ha IIPOLECH IPYHTOTBOPEHH
Ta BOSHHUMN PEsKIM BerHIX I‘OpI/ISOHTlB

Kmmart paiioHy mociimsxeHb — IIOMIPHO-KOH-
TUHEHTAJIFHUN 13 BUPAKEHOI MIKPIYHOI MIH-
JIUBICTIO METEOPOJIOTIYHUX ITOKA3HUKIB. YIIPO-
moeak 2010—2025 pp. crmocTepiraju CTIMKY TeH-
JIEHIII0 10 3POCTAaHHS CePeIHbOPIUHOI TeMIIepa-
Typu moBitps (+10,4...11,4 °C). Bona cyrreso
mepeBuIiiyBasia kKiaiMatuday sHopmy (+9,0 °C), a
il excTpeMaIbHO BUCOK] 3HAUEHHS 3ad)iKCOBAHO
y 2020 Ta 2024 pp. AOCOIIOTHHUI TeMIIepaTyp-
HUI MiHiMyM 3apeectpoBaroy 2012 p.——26,8°C,
TOI1 IK CepemHl HalHMKY] IIOKA3HUKN BAplioBa-
au B meskax —15,0...—20,0 °C. XapaxrepHuMu
0COOJIMBOCTSMH 3UMOBOTO TIEPIOy OyJiM 3HAYHIL
AMILTITYOY TEMIIEPATYPHUX KOJIMBAHD 1 BIACYT-
HICTBH CTIAKOro cHiroBoro moxpuBy. Ha il 3a-
raJILHOIO MOTEILTIHHSA IPOCTe KyBAJIACd TeHIeH-
L1151 IO CKOPOYCHHSA TPHUBAJIOCT] METEOPOJIOrTUHOL
3uMU Ta HonoB:keHHd (Ha 10—14 mi6) Bererarii.
Ii panne BimHOBIEHHSA (PIKCYBAJIM B JIIOTOMY —
OepesHi, 110 3yMOBJIEHO HEPEeIYACHHM CTAOLIb-
HUM II€PEeXO0I0M CEepeaHbOmI000B0I TeMIIEPATY P
yepes 0 °C 1o momaTHMX 3HAYEHb (HaldvacTiime —
y TpeTili geKasl JoToro). BecHsauuii mepiod Bu-
PI3HABCA 3HAYHOI TEPMIYHOI KOHTPACTHICTIO: ¥
KBITHI IIO3HAYKH TepMOMETpa  JOCATAJIN
+20...+25 °C Ha T/l YacTUX HIYHUX 3aMOPO3KiB,
AK] TPUBAJIX [0 TPETHOI JeKaay TPaBHs. ¥ JIIT-
HIN Iepiof CIOCTEPIrajy CTIMKY TEHIEHIII0 I0
apuaM3alrii, o IIPOABIIAI0CA 30LIBIICHHAM a0-
COJIIOTHUX TEeMIIePATypPHUX MAaKCHUMyMiB. Pe-
Kopaue sHavenusa cragoBuiio +39,2 °C. Ilounna-
oun 3 2020 p., MAKCHMAJILHI TEMIIEPATYPH BJIIT-
Ky cTablIbHO IepeBuiiyBain nmodHadry +35 °C.
KinesxricTs gmiB 31 cuexoro moHan +30 °C 3pociia
MaiKe BABIYI, K IIOPIBHATHU 3 IIOIEPETHIMHU J1e-
CATHIIITTAMH, — 00 25—-35 Ha ce3on. ¥ 2024 p. 3a-
dixcoBanmo 37 Takmx AHIB, 17 3 AKKMX OyJIH Tep-
miuHO ekcrpemasubuuMu (> +35 °C). Tarox
30LJIBIINIIACSA YHCEJIBHICTh «TPOIIYHUX HOYE,
KON TeMmIlepaTypa He OIIyCKaJacs HIKYe
+20 °C. e cramo mogaTKOBHM KPUTHYHIM (aK-
TOPOM CTPECy IJIsI POCJIMH, OCKLILKH BOHH HeE
BCTUTAJIN 34 TAKHUX YMOB BIOHOBUTH TYypProp Ta
3HU3UTH IHTeHCHUBHICTD TUXaHHI [19].

CepenupopluHa KINbKICTH omamiB (617 mm)
JIAIIAJIACS B MEXKAaX KJIIMATHYHOI HOPMH, IIPOTE
XapakTep IXHBOr0 PO3IOALIY 3a3HAB CyTTEBUX
3MIH: 3pOCjIa YacTOTa TPHUBAJIUX 0E3IOII0BHX
mepiomiB, IO YepryBaJIMCsa 3 IHTEHCHUBHUMU
anmuBaMu. Yepes MaJIOCHIMKHI 3UMHU CIIOCTEPIra-

o gedilliT 3amaciB IPOSYKTUBHOI BOJIOTH B
IpyHTI Ha mtodaTky Bererarni. [IigBuienus TeM-
mepaTypu IIOCHIIOBAJIO eBamoTpaHcIiparimo. Lle
IPHU3BOIMJIIO 10 IPYHTOBUX IIOCYX, OCOOJIMBO KPU-
TruHUX HaBecHl (30—50% Bl HOpMHU 3a11acy IIpo-
OYKTHUBHOI BOJIOT'H). DIJIBIIICTH JIITHIX OIIaIiB
MAaJIu 3JIMBOBHUM XapakTrep (rpo3u, rpaj), a BTpa-
Ty 3Ha4HOI JYacTuHu BoJioru (mo 70%) CIpyYu-
HsB II0BEPXHEBUM cTiK. J{pyra mosioBuHa mita —
Yac BTOPHHHOI'O POCTY JIMCTKIB 1 3aKJIAOAHHS
reHepaTUBHUX OPYHBOK — BHUPI3HSJIACS TPUBA-
JIAM IIaHYBAHHAM AHTHUIIMKJIOHIB Ta 0e31oIIo-
BHX Ieploms (mo 25 m10), KoaIu 3HAYEHHS TlIpo-
TepMivHOro Koedirienra 3a CeIsTHIHOBUM 3HH-
skyBasucst 1o 0,4—0,6 (3a omTumMyMmy JIsT Me30-
ditis 1,0-1,5). TpaucmipaliliiHui cTPeC POCIUH
OCHJTIOBAJIN CyXOBii [19].

OG’ekTaMu IOCTIIMKEHDb CIIYT'YBAJIM POCJIMHUI
17 BuaiB, OBOX IIABHUAIB, 38 COPTIB 1 CKJIATHUX
MIKBHIOBUX TOPHUIIB, 4 TAKOMK JIEB SITHU aBTOP-
CBKHX 3apeeCTPOBAHNX COPTIB TA BJIACHUX Ce-
JeKIAHX ribpumais poxy Primula 3 roserini
mastonomupennx Oararopiuaukis HBC HAH
Vepainu. Buxigamit MmaTepiaj sajayvyain 3aBs-
KM JeJIEKTYCHOMY OOMIHY HACIHHSIM Yepes3 MiK-
HAPOOHY Mepesky OOTAHIYHMX CajiB, IIPHUIOaH-
HIO BET€TATUBHUX YACTUH POCIIUH (ropeHeBHII)
y npooblm)HI/Ix poscagHHEaX 1 IPOBEIEeHHIO ce-
JIEKITIAHIX CXPeIlyBaHb.

3a eKO0JIOrIYHOI0 HAJICKHICTIO IIPEICTABHUKI
pony Primula — 11e eBOIIOIINAHO aIanTOBAaHI 10
YMOB CTa0lIBHOTO 3BOJIO:KEHHA Me30(iTH Ta Iir-
pomesoditu. IxHr010 MOpd0I0riUHOI0 0COOIHBIC-
TI0 € (POPMYBAHHSI MHUYKYBATOI IIPHUIATKOBOL KO-
peHeBol cucreMu IoBepxHeBoro tuiry. OcHOBHA
Maca aKTUBHHUX BCHCHHX KOPEHIB 34 KyJIbTHUBY-
BAaHHSA JIOKAJII30BaHA B efgadplyHOMY IIapl 3aB-
rubikn 0—15 cvm. Pociyey € BHCOKOUYTIMBY-
MU 10 ge@IIuTy BOJIOTH caMe Y BEepXHBOMY FOpPH-
30HTI IPYHTY, AKWN HAWIIBHAIIE BHCHUXAE. 3
OIVIAAY Ha IIe, J00lp IIOCYXOCTIAKHX T'eHOTHIIIB
IPOBOMMJIN HA TJI IATPHUMYBAJIHLHOIO 3POIIEH-
HS B IIEPIOOH EKCTPEeMAaJIbHUX TLAPOTePMIYHUX
anomauii. llltyune 3BoJIOMEHHS 3IMCHIOBAJIN
MEeTOHOM OplOHOKPAIIEJILHOTO [IOIIYBAHHS B
mopMil 3-5 Ji/m?. Brasanmii MeTOOMYHMM II1AXIT
HE HIBEJIIOBAB IIPUPOIHHM cTpecoBHi POH, a
JINIIIE 3a1100iraB He3BOPOTHOMY B SIHEHHIO Ta II0-
BHIM gerpagaifii acHMUIAIIIMHOIO arapary.
OcHOBHUMH KpHUTEpiAMHU T000py CIYTYBAJIHA
Takl: IIBUIKICT BiAHOBJIEHHS TyPIropy IIiCJIA ITi-
KOBHX TEPMIUHMX HABAHTAMKEHD, IHTCHCHUBHICTD
HEKPOTH3AIlil JIMCTKOBUX ILIACTHHOK, 4 TAKOMK
3IATHICTHb 0 IIOBHOIIIHHOI'O 3aKJIATaHH:d T'eHe-
PATHUBHUX OPYHBOK y MesKaxX KPUTHYHOrO, aJie He
JIETAJILHOTO PIBHSA TAPOTEPMIYHOIO CTPECY.

IaTponyKIiiil mOCTIIMKEeHHS HPOBOAWIIN 34
3arajJgbHOIpUMHATUME MeTomgukamu [20] 3 aB-
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TOPCHKUMHY MOOU(PIKAIILAMY, aTaITOBAHIMHE 0
0los10TIYHEX 0cO0IMBOCTEM mepBoIBiTIB. Homii-
JIEKCHE OIIIHIOBAHHS YCIIIIIHOCTI IHTPOAYKIIII Ta
CEJICKITNIHHOI 3HAYYIIOCTI IeHOQOHIY 3IINCHIO-
BaJM 3a I'SIThbMAa 1HTErpaJbHUMH I[Iapamerpa-
MU, Kl BUSHAYAJIM SKUTTE3NATHICTE TA IeK0pPa-
TUBHY CTAOLIBHICTH TAKCOHIB y KOHKPETHOMY
perioHi. A came: 3UMO- Ta ITOCYXOCTIAKICTD, (pop-
MyBaHHS ra0iTycy, IHTEHCHUBHICTH Ta CTAOLIb-
HICTB IIBITIHHS, PE3HUCTEHTHICTD 10 ITKITHIKIB 1
xBop00. O1iHIOBaHHS B1I0yBaJIOCA 3a TPUOAJIb-
HOIO IITKAJI0I0: 1 6aJI — HU3bKUI piBEeHD (CyTTEBA
Jerpagaifis O3HAK, eJIIMIHAIIA TAKCOHIB, BHCO-
Ka BPAaaJIMBICTL A0 Ol0THMYHHNX YMHHUKIB, CJIa0-
Ka IHTeHCHUBHICTD I[BITIHHS); 2 0aJI1 — cepemHii
piBeHD (YaCTKOBA MOIIKOIKYBAHICTD, 3a00BLIb-
HO copmoBaHmii rabiTyc, cepeqHs 1HTEHCHB-
HICTB IIBITIHHA); 3 0aJIX — BUCOKHM plBeHb (II0B-
Ha aJallTOBAHICTh, CHJILHA PE3UCTEeHTHICTD, CTa-
OLIILHO PSCHE KBITYBAHHS).

BaraJibHUH IIOKA3HUK IIePCIIEKTHBHOCTI TaK-
COHIB BCTAHOBJIIOBAJIN AK CepemHe aprugIMeTH -
He IHTerpaJIbHUX 0aJIiB 3a BCiMa IIapaMeTpPaMHU.
Orpumanl 3HAYEHHS BHKOPUCTOBYBAJIM IJIS
rPYIIyBaHHA T'eHO(OHIY 34 CTyIeHeM IIPHIaT-
HOCT1 [I0 BIPOBAIKEHHS B KYyJbTYPY T4 BHKO-
PHCTAHHA B CeJEKIIHHMX mporpamax: 2,8-3,0
0aJjia — BUCOKOIIEPCIEKTUBHI, IIOBHICTIO aAIITO-
BaHI1 'eHOTHIIN 13 BUPAMKEHOIO CTA01IBHOIO JEeKO-
patusHictio; 2,0-2,7 6aja — IIEpCIeKTHUBHI,
VCITIIITHO KyJIbTUBYIOTEHCS, ajIe MOKYTH BUABJIIA-
TH He3HAYHY Jerpagalliio 0O3HAK y Ieploau KpH-
TUYHHUX TiApoTepMivyHMX yMmMoB; 1,0—1,9 Oama —
MAJIOIIEPCIIEKTUBHI TAKCOHM 3 HHU3BKOI €KO0JIO-
TYHOI0 ILJIACTHYHICTIO, IO IIOTPEOYIOTH 1HTEH-
CHBHOI arpoTexHIYHOI marpuMin. Mesxi rpyi
BCTAHOBJIEHO 3 OIVIAAY HAa 0araTopivHl 1HTPO-
OYKINAHI CIOCTEPE:KeHHA Ta IIPAKTUKY COPTO-
BUBYEHHS.

®enodasu (mouaTok BiApocTaHHs; OyTOHI3a-
11151 II0YATOK, MACOBE TA 3aBEPIICHHS I[BITIHHI;
IIJIONOHOIIEHHS) PEeECTPyBaIN BI3yaJIbHO, BIJ-
HOBIAHO JI0 MIXHAPOSHUX pexoMeHmalni [21].
Exosoro-6iosioriuny xapakTepUCTUKY 1HTPOIY-
IIEHTIB 3I1MCHIOBAJIM 34 JOIIOMOI0I0 IIOPIBHAIIE-
HOT'0 aHaJTI3y Ta y3araJbHEeHHS JTaHUX CBITOBUX
HaykoBuX mkeped. Jisa imenTrdikarii 3abaps-
JIEHHS BIHOYKA KBITKM BHUKOPHCTOBYBAJIM KO-
nipHy mrairy KoposBehbKoro caagiBHIYOrO TOBA-
pucrBa Benuxoi Bpuranii (RHS).

¥V mporreci J0CHIIIMKEeHD MOCIIYTOBYBAJINCS Me-
TOOAMM I[LJIECHPAMOBAHOI Ta I1HTPOIPECHBHOI
ribpuanaarii, IHINBIAYAJILHOTO KJIOHOBOIO II0-
0opy # IIOPIBHAJIBLHOTO COPTOBUIIPOOYBAMHS.

Pe3ynbTatu gocnigxeHb

Kommexcunit amasia KJIIMATHYHAX yMOB
(2010-2025 pp.) Ta pe3yabTaTiB OAraTOPIYHHUX

IHTPOOYKINHMHNX TOCIIIMKEHb 3aCBIOUMB, IO
VCITITITHICTD KYJIBTHBYBaHHS MPEeICTABHUKIB POIY
Primula y BmeI/ITOMy rpyHuTi IliBH1uHOrO Jlico-
crery VErpainuy JIMITyeThCA IapamMeTpaMu Tiapo-
TEPMIYHOIO PERHIMY. [IpoBigamMYI leCTpecopaMu
€ TeMnepaTyle eKCTPEMYMH 3MMOBOIO neplony
Ta JITHI TEPMIYHI MAKCUMYMHU B IIOCOHAHHI 3 JIe-
irmrom aTmMocepHOl, a TAKOMK IPYHTOBOI BOJIO-
ru. [lepiogmama HecTaua OCTAHHLOI HA TJIl BECHS-
HUX CYXOBIIB TAKOK Mae€ CyTTEBHI IecTadiidy-
BaJIbHUU BILIMB HA POCIUHU PI3HUX TAKCOHIB.

3 oryisaoy Ha 3a3HAYEH] €KOJIOTIUHI 00MesKeH-
HsI, TOJIOBHY CeJIeRLLII/IHy IIHHICTh CTAHOBJISTH
BHCOKO3MMOCTIHKL 1HTpO,I[yH,eHTI/I Ta TeHOTHUIIH 3
BHPAKEHOIO JIeKOPATUBHICTIO I IIOMIPHOIO a1all-
TUBHICTIO, IO CJIYI'YIOTh JOHOPAME BASKJINBUX
MOP(OJIOTIYHUX O3HAK.

Jly1s1 3MMOCTIAKHX IHTPOMYIIEHTIB KPUTHYHU-
MU CTPeCOPaMH JIMIIAITHCS TPUBAJIl BECHSIHO-
JIITHI Ta JIITHHO-OCIHHI IIOCYXH, 110 CYIPOBOIKY-
IOTHCS BEICOKOIO 1HCOJIAINIEID Ta YACTHMHU CYXOBi-
avu. CykymHa i mux (PaxKTOpiB CIPHYMHSIE
PO3BUTOK BHPAMKEHOI0 KCEPOTEPMIUHOIO CTPECY,
HACJIIOKOM SIKOI'0O € IIPUTHIYEHHSI POCTOBHX IIPO-
IeciB Ta CyTTeBa Aerpamailis IeKOpaTHBHUX
O03HAK. 3riOHO 3 pe3yjIbTaTaMK 0araTopluHUX
CIIOCTEPEsKEeHb, 0 OXOIIIIIOBAJIN KOHTPACTHI 3a
TAPOTEPMIUYHHM PEKHMMOM IIEplogH, MAaKCH-
MAJIbHY PE3HUCTEHTHICTh 0 KCepPOTePMIUHKX
YMHHUKIB MaOTh NIPEICTaBHUKU CeKIii Primu-
la. IxHIN BUCOKUN amalTUBHUN IIOTEHITIAJ IIif-
TBEPIKYETHCS (PEHOTHUIIOBOK CTAOLILHICTIO M
30epesKeHHAM apXITEeKTOHIKKM PO3ETKH HAaBITH
HAa IIIKOBMX CTamiAX mmocyX. BogHouac 1t cexirii
BJIACTHBA CHEeI(pIYHA BPa3JINBICTh, 3yMOBJIEHA
HAJIKHICTIO 10 IPYIIN 3UMO3eJIEHIX 0araTopid-
HUKIB, IJI AKUX HAPOCTAHHSA ACHMILIAIIIIHOIO
arapaTy BIIPOMIOBIK JIITA € BAMKJIMBOIO II€pPemy-
MOBOIO HIITPUMAHHSA KATTE30ATHOCTIL. 3a nedi-
LIATY BOJIOTH Y HUX CIIOCTEPIralThCA IIepeqdac-
Ha medosriallisg, BUCHAMKCHHSI MEePHUCTEeMHOl aK-
THUBHOCTI, €JIIMIHAIIIA OKPEeMUX OCOOMH UM IIOBHA
3arubesib IIPeICTABHUKIB JesdKuX BuIiB. Ilopy-
IIEHHS BOJHOI0 0aJIaHCy HEraTHBHO BILIHBAE
Ha (i310JIOTIYHY MHIATOTOBKY POCJIHH 0 CTAHY
CITOKOI0, 3yMOBJIIOIOYM BTOPUHHE SHUKEHHS 3M-
MOCTIMKOCTI, III0 ¥ BJIACTHBO HECTIMKHM COPTAM
cexmmii Primula. Halxpurmumine sasHadveHl
IPOIIECH IIPOSBIIAIOTHCA Y BOJIOTOJIIOOHIIIINAX
JITHLO3EJeHUX IpercraBHuKiB cekinii Cande-
labra Ta Sikkimensis. Ha Bimminy Bim 3mMoase-
JIEHNX TAKCOHIB, BUOM Ifiel rpymu 3a mii rigpo-
TEePMIYHOI'O CTPECy HPHCKOPEHO MIEePEeXOsaTh Y
CTaH BUMYIIIEHOT'O CIIOKOI0, IIEPeUACHO BTpada-
OYM ACHMUIAINMHANA anapar, Lo IPU3BOIUTH
0 ne(IIUTy IJIACTUYHNX PEYOBHH Y 3aIaCAJIb-
HUX OpraHax 1 IIPOBOKYE eJIIMIHAIII OCOOMH Y
3UMOBHH IIeplo]I,.
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BaBasgxu chopMoBaHOMY B IIpoIleci 1HTPO-
OYKINI KOJEKINHHOMY (POHIY POCIHH BIAJIOCST
ITPOBECTH KOMILJIEKCHE ITOPIBHSAJIbHE OI[IHIOBAH-
HsI aJalTHBHOIO IIOTEHINAJIY PISHHUX TAKCOHO-
MIYHUX Ta CeJeKIIWHUX rpymn poay Primula
BITPOJTOBIK TPHUBAJIOTO IIEPIOIY Ta 34 yMOB KJTIMAa-
THYHOI Bapla6eJIBHOCT1 paioHy mocaimxeHn. Pe-
3yJIbTaTH lHTeI‘paIII)HOI‘O OI_LlHIOBaHHH BI/I,HIB 1
IMABHUIIB — BUX1IHOIO MaTepiay IJis CeJIeKIil —
CBITUATH IIPO YITKY OudepeHIlallin 3a IoKa3-
HUKAMHJ €KOJIOTIYHOI mracTudHocTl (Tadm. 1).
Amnauma mapamMeTpiB KHTTE3HATHOCTL Ta HEKO-
paTuBHOI CTablJIBHOCTI IIOKA3aB, IO MAKCH-

MAJIbHY aJalTHUBHICTH IPOSBJISIOTH TAKCOHHU 3
IIMPOKOI €KOJIOTIYHOK aMILIITYI0I0 I0 TEeMIIe-
PATYPHOr0 Ta BOMHOI'O PEMKMMIB, Y SKHX BHCO-
KU piBEHb 3UMOCTIAKOCTI ITO3UTHUBHO KOPEJI0E
3 BUTPHUBAJICTIO J0 TIIPOTEPMIYHOTO CTpecy B
nepiox Bereralnli. OCKIJIBKY TaKl FeHOTUIIN Xa-
PAKTEepHU3YIOTLCS CTAOLIBHIM dpopMyBaHHaM
rabiTycy, peryJsipHHM Ta TPUBAJIUM IIBITiH-
HAM, 4 TOMY ¥ MaKCHUMAaJbHHMH 0aJlaMU IIep-
CIIEKTUBHOCTI B KyJIBTYpi, came ix OyJI0O BHUKO-
pucTaHo HJig Tidpuoms3alrii K JOHOPIB O3HAK
KCEpPOPE3NCTEHTHOCTI 3 METOK CTBOPEHHS HO-
BUX BITUM3HSHHUX COPTIB.

Tabauus 1

OuiHka ycniwHocTi iHTpoAyKUii BuAiB i nigeuaie poay Primula

Pe3ucTeHTHicTb
HasBa TakcoHa (Bug / nigsup) qJOpMyBaHHH LiBiTiHHA | 3uMocCTiliKicTb | MocyxocTifKicTb RO WKIAHWKIB nePCHEKTMBH.me
rabitycy Ta 36yAHMKIB V KynbTypi
XBOPO6

P. auricula L. 3 3 3 3 3 3
P. bulleyana Forrest 2 2 2 1 3 2
P. bulleyana subsp. beesiana (Forrest)

A. J. Richards 2 2 2 1 3 2
P. denticulata Sm. 3 3 3 3 3 3
P. elatior (L.) Hill 3 3 3 3 3 3
P. florindae Kingdon-Ward 1 2 2 1 3 1,8
P. halleri J. F. Gmel. 2 3 3 1 3 2,4
P. japonica A. Gray 2 2 3 1 3 2,2
P. juliae Kusn. 3 3 3 2 3 2,8
P. megaseifolia Boiss. & Balansa 1 1 3 1 3 1,8
P. polyneura Franch. 1 1 3 1 3 1,8
P. rosea Royle 2 3 3 1 3 2,4
P. saxatilis Kom. 2 3 3 2 3 2,6
P. sieboldii E. Morren 3 3 3 3 3 3
P. veris L. 3 3 3 3 3 3
P. veris subsp. macrocalyx (Bunge)

Ladi 3 3 3 3 3 3
P. vulgaris Huds. 3 3 3 3 3 3
P. vulgaris subsp. rubra (Sm.) Arcang. 3 3 3 3 3 3
P. woronowii Losinsk. 3 3 3 3 3 3

«Crapi» coptu Ta cagoBi opmu, 110 BiKe TPHU-
BaJIMI Yac IHTPOIAYKOBAaHI B YKpaiHi, TAKOK BU-
SIBJISTIOTBH 1CTOTHY CTIHKICTH ¥ KyJbTypi. Jlo ®o-
JIEKIIIAHOro (POHIYy BKJIIOUYEHO Takl 3 HuX: ‘Pa-
cific Giants’, ‘Perth Sunrise’, ‘Perth Sun Set’,
‘Silver Lace’, ‘You and Me Punch’, ‘Wanda’, a
TaKOsK JaBHI OesiMeHH] riopumu P. X polyantha,
IITUPOKO PO3MOBCIO/IIKEH]1 B aMaTOPCHKOMY CaJTiB-
muirel. HaromicTs cyvacHMM BHCOKOmEKOpA-
TUBHUM KyJbTUBapaM 1HO3eMHOI CeJIeKIIll Jac-
TO BJIACTHBA HU3bKA cTablibHicTh. Ilocnabiena
SKATTE3OATHICTD IIUX (DOPM CIPHYMHEHA HEeB1J-
MHOBITHICTIO IXHIX EKOJIONIYHMX IIOTPed KJIiMAa-
TUYHMM yMOBAM PAMOHY HOCIIIMKeHb. A came:
BHUIIIA KOHTHHEHTAJILHOCTI Ta APUIHOCTI Cepes-
OBHIIA, IMOPIBHIOIOYN 3 pPErioHaMH CeJIEKIIii.
Iumra mpuumHa — oOMeskeHa TeHEeTHYHA JOBIO-
BIYHICTH CAMMX M'eHOTHIIIB. B1IbIIicTh cydyacHMX
COPTIB, AKI HAOXOOATH HA PHHOK Y KpPaiHU, € re-
Tepo3uCHUMHU Tibpugamu F , mo remerudso fme-

TePMIHOBaHI JJIs KOPOTKOTPUBAJIOTO BHKOPIC-
TAHHA B ROHTeI/IHepHH/I Ryanypl Bragsami 0io-
JIOTTYHI1 0COOJIMBOCTI JIIMITYIOTh MOKJIMBICTE 1X-
HBOI'0 TPHBAJIOIO BHPOIILYBAHHA TA AKTyaJIi3y-
IOTH IINTAHHS IIOCTIMHOI peHoBarlii mmiel YacTuHN
reHooH/IY. Bo,uHoqac 3a peayJIbTaTAMH MOp-
cbonorltmoro CKPHMHIHTY 1HO3eMHI COPTH BU3HA-
HO IIHHMMM JIOHOPAMHU IEeKOPATHBHHUX O3HAK
(miameTrpa BiHOYKA, KIJIBKOCTI Ta (OPMU I1eJIr0C-
TOK, eKCKJIFO3UBHOTO 3a0apBiienus). [le o0rpyH-
TOBY€ IOIILJILHICTD 1X BUKOPHMCTAHHS B KOMOIHA-
IIAHIA cesIeKINi SIK BHXITHOIO MaTeplayly JIs
YPI3HOMAHITHEHHS JeKOPATUBHOIO MIOTEHITIAIY
HOBUX CTIAKUX BITYM3HAHUX KYJIBTUBAPIB.
[Mo6 mMiHiMI3yBATH HEraTHBHI HACIIIKH KJIi-
MATUYHUX 3MiH, MOTPIOHO IHTEHCUPIKYyBATH
caMe JIOKAJIbHY CEJIEKINI0, OCKLIILKH aIallTHB-
HICTH COPTY Ta IOBHOTA IIPOSBY MO0 JEKOpAa-
THUBHOCT] BU3HAYAIOTHCSA CIICITA(IUHOI0 B3aEMO-
II1€I0 T@HOTHUIY 3 a0l0THYHNMY YNHHIKAMEA KOH-
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kpetHoro periony. DopmyBaHHsa reHOTHIIIB 0e3-
IIoCepeIHb0 B YMOBaX IIOJAJIBIIIOT0 KYJIBTUBY-
BaHHA 3a0eallevye BIONOBLIHICTD IXHIX €HIO-
FeHHNX (P1310JIOTIYHUX PUTMIB JUMHAMIII MicCIIe-
BUIX TipoTepMidHmux mapamerpis. Jlorpumantsa
IILOTO IPUHITANY JIae 3MOTY CTBOPIOBATH HAU-
OLIIBII AHAIITOBAHI IO CYYaCHUX KJIIMATHYHKX
3MIH BUCOKOJEKOPATHUBHI COPTU II€PBOIIBITIB.
Cenexiriitna poboTa 3 IIpeJACTaBHUKAMU POIY
Primula 8 HBC HAHY 6a3syerbest Ha cucTeMHO-
My IIJIX0[T1, SKHUI IHTerpye pe3yJabTaTu 0araTo-
PIYHUX IHTPOAYKINMHUX JOCTIIMKEHD Y I[LIICHY
mporpamy mooopy. st mobopy OaTbKiBCHKUX
KOMIIOHEHTIB MPOBOLATEH CEJICKIIIMHUN CKpPH-
HIHI KOJIEKIIIMHOI0 MATeplally, CTPYKTYPYIOUN
#oro y aBa kJrro4oBi 6stoku. [lepmuit porycyeTn-
cs HA OIIHIOBAHHI €KOJIOIIYHOI IIJIACTHYHOCTL
TAKCOHIB, AKa II0JISATaE IIepeayciM v iXHIN Tosre-
paHTHOCTI A0 HediIuTy BOJOTH HA TJIl eKCTpe-
MaJIbHO BHCOKHX TEMIIEPaTyp, 4 TAKOMK Y KOMII-
JIEKCHIM PEe3HCTEHTHOCTI 10 (PITOIMAaTOreHiB 1 (oi-

tocparis. Jpyruii 6JI0K CpsIMOBAHO HA 1IEHTH-
diramio HoCIIB yHIKAJIbHHX JeKOPATHBHUX
03HAK: TPHUBAJIOCTI Ta PSICHOCTI IIBITIHHS, Bapia-
OesibHOCTI 3a0apBJIEHHSA BIHOYKA, CHEIM(PIKHK
MopdoJIorii CYLBITTA TA KBITKH, a TAKOMK apXi-
TeKTOHIKM rabiTycy. Taxkuit iHTerpaJbHUHA IijI-
XIJI JAa€ 3MOr'y BHOKPEMHUTH IIJIHOBI I'€HOTHIIN
IJIS TIOOAJIBINOI KOMOIHAIIIHOL ceIeKITl.

J1o61p mJOHOPIB CTIAKOCTI IIPOTH KCEPOTepMIiU-
HOI'O CTpecy 3MIMCHIOITL Ha OCHOBl KOMILICK-
CHOI'O IIOETHAHHSA Pe3yJIbTATIB IHTPOLYKIIAHO-
ro OIiHIBAHHA (Tabi. 1) Ta aHAIN3y €KO0JIOro-
010JIOTIYHIX XaPAKTEePUCTUK IPUPOTHUX 010TO-
miB (Tabs1. 2). 3aBOgKM TAKOMY MIIXOMy MOSKHA
1IeHTH(IKYBATH M€ HOTHUIIN 3 BUCOKHM aIalITHB-
HuM moTeHmiagoM. llompm Te, 1mo OLIBIIICTH
IpencTaBHUKIB pony Primula e rirpo- Ta meso-
diTamMu, HU3KA TAKCOHIB BUSBUJIA JOCTATHIO TO-
JIEPAHTHICTH IO He(IIIMTy BOJIOTH TA BUCOKUX
Temmeparyp B ymoBax IliBaiumoro Jlicocrerry
Yrpaiam.

Tabnuys 2
Ekonoro-6iosioriuHa xapakTepucTuKa iHTpoAyKOBaHUX BUAIB Ta nigBuaie popy Primula
Hassa TakcoHa leorpaciuHmii apean EKOﬂOFO-LI,eH'OTI/HHVIVI Enadiuni BUMoru BopHuit pexkum Cermosuii
(Bua / nipsup) nosc / 6ioton pexum
Cekuis Auricula
P. auricula lpcbki Macueu Cybanbnincbkuit, anbnini-  [KapboHatHi rpyHTH, [Me3okcepodit [Teniodit
LleHTpanbHOi €BponuM | CbKMiA, cyGapKTUYHMA nosc. |nyxHi. Kanbueodin
CkenbHi yrpynyBaHHs
Cekuis Candelabra
P. bulleyana |Tipcbki MmacuBm AnbniiicbKuit, cybanbnin-  [Poptoui, pobpe lrpomesodit |[lTeniocynodit
MiBgeHHo-3axigHoro  |cbkuil nosic. Bonori APEHOBaHi I'pyHTH,
KuTalo, eHaemik Ta 60NOTUCTI ripCbKi NYKK, |HeHTpanbHi, kucni
ripcbKi BigKpUTi Nicu
P. bulleyana |Tipcbki macusu Anbnificoknit nosic. Bonori  [Pogtoui, fobpe gpe- |Tirpomesodit |lTeniocumodit
subsp. NiBaeHHo-3axigHoOro | BUCOKOTipHi nyku, 6eperu HOBaHi I'pLUyHTH, Heil-
beesiana Kutalo, eHpemik ripcbKMX CTPYMKIB Ta NOTOKIB. | TpasibHi, cnabkokuchi
P. japonica  |AnoHcbkuit apxinenar |TMomipHuii nosc. PiBHuHHi, |Baxki, pogtoui rpyH- |Tirpomesodit |Cumoreniodit
Bonori nicu, nyku, 6onota | Tu, cCnabKoKuUchi, Heii-
TpanbHi
Cekuis Cortusoides
P. polyneura |BucokoripHi perionn [HuxkHiit anbniiicbkuid, cyb- [Poatoyi, nobpe ape- [Mesorirpodit |Cumoreniodit
Kutato anbninceKuit nosc. Yaniccs, |HOBaHi rpyHTH, cnab-
NiCOBi ransiBUHM, PiAKONiC- |KOKUCAI, HeATpanbHi
s, ripcbKi yKu
P. saxatilis  |Fipcbki macusu CxigHoT|Cybanbniiicekuii, nicosuin  |Pogioui fobpe apeHo- |Me3odit Cumoreniodit
Azii nosc. Jlicu, pigkoniccs, BaHi IpyHTH, cnabko-
V3N1iCCs, CKeNbHi PO3KOJIMHM | KMCTi, HEATPasbHi
P. sieboldii ~ |MiBaeHHa YyacTUHa MomipHuii nosic. Bonori Poatoui pobpe ppeHo- [Tirpomesodit |[Cuuoreniodit
[anekoro Cxopy, MiB- |WWUPOKOAMCTAHI NicK, Yarap-|BaHi 'pyHTH, cnabko-
HiyHO-CxigHuit Kutaii, |HWUKOBI 3apocsi, BOMIOMi NIYKK | KUCHi, HENTPaNbHi
Kopelicbkuit niBocTpis,
SANoHCbKMi1 apxinenar
Cekuis Denticulata
P. denticulata |Timanai Ta npunerni Cy6anbniiicbkuid, anbnin-  [Poptoyi, Baxki, nobpe [Me3sorirpodit |Cunoreniodir
ripcbKi Macuew Cbkui nosc. Bonori ripceki |npeHoBaHi rpyHTH,
NYKM cnabkokucni, Heir-
TpanbHi
P. rosea 3axigHi, MiBHi4YHO- HwxHin anbnicbkui, Popntoui nobpe apeHo- |Firpodit Cumoreniodit
3axigHi Mmanai cy6anbniiicbkuii nosc. BaHi rpyHTH, GonoTtuc-
Bonori ripcbki nyku, Ti, KUCNi, HEATPanbHi
CKeNACTi YIWeNnnHm
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TpodosxeHHs mabauyi 2

Ha3Ba TakcoHa . . EKonoro-ueHoTu4Hmum - . Ceitnosuit
(8ua / ninswa) [eorpadiunuit apean nosc / Gioton EpadiynHi Bumoru BoaHuit pexxum DEXUM
Cekuis Farinoso-Halleri
P. halleri lpcbki macusm €Bponu [Anbniiicbkuii, cyb6ansnini-  [[obpe fpeHOBaHj, Me3odit leniodit
CbKUM nosc. POAtoYi I'pyHTH, cnab-
BucoKoripHi iyku, CKenbHi - |KOKMCAI, HEUTPaNbHi,
YrpynyBaHHs CnabKoNyKHi
Cekuin Megaseifolia
P. megasei- |3akaBka33s, [liBHiuHa |[HuxHiit cybanbniiicekuit, |Poptouyi, pobpe ape- [Tirpomesodit [Cumodit
folia TypeyuuHa, engemik  |nicoBui nosc. HOBaHi I'pyHTH, cnab-
Bonori nicu, 3atiHeHi KOKWCTi, HeTpanbHi
VWeNMHU, KaHbNOHK
Cekuis Primula
P. elatior €spona MomipHuit nosic. Bonori MuHucTi, cyrnuuucti  |Me3odit Cumoreniodir
nicK, y3niccs, yarapHuKY, | FPYHTH, cnabKokuchi,
NYKK HEMTPabHi, NyXHi
P. juliae CxigHuit KaBkas, JlicoBuit nosic. lWupoko- Poatoui, nobpe gpe- |Mesodirt Cunoreniodit
eHfieMiK JINCTAHI NicK, YarapHUKOBi |HOBaHi I'PpyHTH, CNab-
3apochi KOKMCNi, HeliTpanbHi
P. veris €spona, TypeuunHa, MomipHuit nosic. Mpceki Poatoyi cyrunucti,  |Me3sodit leniocunodit
IpaH, KaBkas Ta CTENOBi VKK, MillaHi Ta |MUHUCTI I'PYHTU, HeW-
WWPOKONUCTAHI NlicK, yarap- | TpanbHi, cnabKonyxHi
HWUKOBI 3apochni
P. veris subsp.|MiBgeHHo-CxigHa €B-  |Cybanbniitcbkuii, nomipHuit |Popioui cyruuucti,  |Me3odit leniocunodit
macrocalyx pona, KaBkas, MiBgeH- |nosc. Ctenosi 1a ripcbki I'PYHTU, HENTPANbHI,
Ho-3axigHuin Cubip JIVKM, Y3N1iCCA, YarapHUKKU | cnabKonymHi
P. vulgaris 3axigHa, MiBaeHHa MomipHuii nosic. Bonori Popioui fo6pe apeHo- [Me3odit Cumnoreniodit
€spona, Kapnatu, nicu, y3niccs, YarapHUKK,  |BaHi rpyHTH, cnabko-
Kpum, 3akaBkasss, NYKK Kucni, HelTpanbHi
MNiBHi4yHa Adpuka
P. vulgaris MigeHHo-CxigHa MomipHwuii nosic. Bonori Poatoui gobpe fpeHo- [Me3odit Cumoreniodir
subsp. rubra |€spona, KaBka3 nicy, y3nices BaHi rpyHTH, cnabko-
KWUCIi, HeNTpanbHi
P. woronowii |3axigHe 3akaBKa33s, |JlicoBuii nosc. Bonori wu- |[Poptoui gobpe apeHo- |Mesodit Cunodpit
eHfieMiK pOKONUCTAHI Nicu, 6epern | BaHi rpyHTH, cnabko-
CTPYMKiB, CKENACTI VILENMHM | KUCNi, HeNTpanbHi
Cekuis Sikkimensis
P. florindae  |NiBaeHHO-CxigHNUM Anbniiicbkuid, cybanbnin-  [[lobpe apeHoBaHi, Mrpodit leniocunodit
TnbeT, eHaemik CbKuii nosc. lpaBiitHi 06Mi- |poatoyi rpyHTH, Cnab-
JINHW, 3aMBHT NIyKK, 60N10Ta | KOKUCATi, HelTpanbHi

KirouoBumu qoHOPaMu CTIHKOCTI € TAK1: €BPO-
meiicekl BucokoripHi (P. auricula, P. vulgaris,
P. vulgaris subsp. rubra), piBHUHHO-TIpCHKI
BHIY TA IIABUIN 3 IHPOKuM apeaJtioM (P. elatior,
P. veris, P. veris subsp. macrocalyx), a Taxkox
KaBKasbKuil engeMik P. woronowii. Cdopmosa-
HA B YMOBaX KOHTPACTHUX IIPUPOIHNX €KOTOIIIB
(Bl meTpoITHUX yIPYIOBAHB J0 Me301TbHUX
JIICIB) €KOJIOTIYHA IJIACTHUYHICTD IIMX TAKCOHIB
JeTepMiHye IXHIO BICOKY aIallTUBHICTE 10 a0io-
TUYHUX CTPEecopiB Ta 3abesredye CTAOLIbHY
SKUTTE3TATHICTD ¥ KYJIBTYPI.

BusiimeHo BHMCOKMI ITOHOPCHKUM IIOTEHITIAJ
cximHoasiticbkoro rirpomedodira P. sieboldii,
3yMOBJIEHHMM HMOro 3JaTHICTIO OO €CTHBAIIil, IO
flae 3MOry ecbeRTI/IBHo YHUKATH KPUTHYHOIO
BILIUBY JIITHBOI TiTTepTepMii. s GiostoriuHa 0coo-
JIMBICTH € IIPUHIIAIIOBOIO MIJISI IHTPOrpecii reHisn
CTIMKOCTI Ta CTBOPEHHS PECypPCOOIIATHIX COP-
TiB, aJAIITOBAHUX [0 YMOB TIJIOOAJIBHOI'O IIOTE-
ILTIHHSA.
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[Tompu HamesxHICTH OO BOJIOTOJIIOOHOI €KOJIO-
riunoi rpymu, mesorirpodit P. denticulata mae
TIOMIPHY TOJIEPAHTHICTH JI0 JITHBOTO TEPMIUHO-
T'0 CTpecy Ta JIOCUTh BUCOKY CTIHKICTB IIPOTH aT-
MOC(epHOi IIOCYyX¥ 3a YMOBH IIITPUMAHHS
ONITUMAJIFHOI BOJIOTOCTI cyOcTpaTry. 3as3HadveHi
BJIACTUBOCT1 YMOSKJIUBJTIOIOTH TOTO BUKOPHCTAH-
HsS AK JOHOpa IJIA 30LIbIIeHHS aJAIlITHBHOIO
HOTEHINAJy HOBHX I'€HOTHIIB y MeEKax ceRuii
Denticulata Ta B [IporpamMax CKJIaJHUuX MIKCEK-
LIMHUX CXPELlyBaHb 13 MeTOK IJBULICHHS
CTIMKOCTI TOPHAIB IPOTH aTMOCPEPHOL IIOCYXH.

Iamn  IHTpoOmyIleHTH KOJEKINMHOro (QOHIY
CJIYI'YIOTh HOCIIMM MOP(POJIOTIUHO IIIHHUX TEKO-
PATUBHUX 03HAK Ta CIIEIU(MPIYHUX €KOJIOTTIHUX
agarrai. 3oxpema, P. rosea, kopeHeBa cucre-
Ma SIKOi 3aBJAKUA PO3BUHEHIW aepeHXiMi IpHU-
CTOCOBaHA J0 Bereramii B yMOBAX KAILJISPHOIO
HACWUYEHHSI CyOCTpaTy BOIOK. 3IAaTHICTH pPOC-
JIMH BUTPUMYBATU TUMYACOBY TIIIOKCII0 BU3HA-
Yae BUCOKY CEJICKINMHY IIIHHICTh BUIY OJISI CTBO-
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Puc. Bitunsnani coptu HBC HAHY:
a) ‘BecHsHka’ (2023);
0) ‘Yymaubkuii wnax’ (2023);

B) ‘NlicoBa nicHa’ (2023);

r) ‘Buwmsanka’ (2024);
A) ‘CytiHku' (2024);
e) ‘binocHixka’ (2025); x) ‘Mapi’ (2025);
3) ‘CeitaHok’ (2025); 1) ‘Oowa’ (2025)
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peHHs COpTlB IPUSHAYEHUX JJI5I rmpomopobHHx
€KOTOIIIB: [OIIOBUX CAalB, 6eper031/1x JOHIA 1
mryuaux 6osit. Kyaetusapu P. japonica e miep-
CIIEKTUBHUMHU [JI1 TIHKMCTHUX (PITOIIEHO31B Ha
BAYKKHUX CJIa0KOIpPEHOBAHUX IPYHTAX 31 3HAY-
HUM pPIBHEM TlAPOMOP(QHOCTI, g€ BOHH MOKYTH
VCITIIITHO IPOTHUCTOSTH IITOKCIi Ta acikcii Kope-
HeBoi cucremu. [Ipencrasumkm cexini Candelab-
ra XapakTepU3yIThCSA M3HIMHU TePMIHAMU I1Bi-
TIHHS Ta YHIKAJbHOI MOpdoJorielo OararTos-
PYCHHX MyTOBYACTHX cyuBiTL 0 Jiae 3MOTy
CYTTEBO IIPOJIOHTYBATH mepion RBITYBaHHH nep-
BOLIBlTlB 1 POSIINPUTH HOr0 apXITeKTOHIYHE Pi3-
HOMAHITTS.

Crpareria BuUBeJIeHHS aJalTUBHUX KYyJbTH-
BapiB I'PYHTYETHCS Ha MOEJHAHHI NeHepaTHUB-
HOI peKoMOIHAIlll Yepes3 IIPOBEeNeHHS CIIPSIMO-
BAHHUX CXPEILyBAHL IJIs CTBOPEHHS IIHPOKOTO
CIIEKTPAa BapladesIbHOCTI MIKBHUIOBUX IOPHIIB
13 HACTYIIHOIO (PIKCAIIIEI0 IIIJILOBUX O3HAK Bere-
TaTuBHUM crmocoooM. Kommmekcuuit iHmuBiny-
AJbHUNA J00lp IIePCIIeKTUBHMUX CIAHINB 3JI1i-
CHIOIOTH HA JPYTHHA-TPEeTiNi piK OHTOTeHe3y Yy
dasi cTablJIbHOr0 MACOBOr0 KBITYBAHHS, IO
A€ 3MOry MaKCHMAaJbHO 00 €KTHBHO OIIIHUTHU
IEeKOPATHUBHUM IIOTEHITIAJ HA BIIIIOBIIHICTD Ce-
JEeKIIAHUM KpuTepiaM. BuaiieHl eiTHI reHo-
TUIM OIIJIATAITH KJIOHAJIBHOMY PO3MHOMKEH-
HIO Ta II0JAJILIIOMY IIOrJIN0JIEHOMY BHBUYEHHIO
IXHBOI aJaIITUBHOCTI 10 a0l0THYHHUX CTPECOPIB.
[TapasensHO IIPOBOOATH MOPIBHSAJIBHE COPTO-
BHUIIPOOYBAHHS, CIPSIMOBAHE HA IIATBEPIKEH-
Hs cTa0lJIBHOCTI T'OCHOJAPCHLKO-IIIHHUX O3HAK
BIMIOpaHMX KJIOHIB y 3iCTaBJIEHHI iX 13 copra-
mu-eragonamu (‘Pacific Giants’, ‘Perth Sun-
rise’, ‘Perth Sun Set’, ‘Silver Lace’, ‘You and
Me Punch’, ‘Wanda’ To1ro), Akl Bike 3apero-
MeHIyBaau cebe AK IOCHTh CTIMKI B HeKopa-
TUBHOMY CaIBHUIITBI YEKpaiuu [23].

Ilepin BiTYMSHAHI KyJIBTUBAPH, BUBEICHI B
HBC HAH Vxpaiun (‘Becusaura’, ‘Uymanbrmi
[nsax’, ‘JlicoBa micus’, ‘Bummsanka’, ‘CyTiHkn,
‘Binmocuixka’, ‘Mapi’, ‘Csiramox’, ‘lOmoma’), e
CKJIQJHUMHY MIKBUJOBAMH T10pHIaMU B MeKaX
cexii Primula (tabi. 3). Ixnii remodous cdop-
MOBAHO CIIOCOOOM KOMOIHAITIAHOI Ta CTyIIEHEeBOl
IHTPOrPECUBHOI Ti0pmau3ariii 13 3aJIydeHHSIM
d)iﬂoreHeTI/IqHO CHOpi,Z[HeHI/IX TarxcomiB (P. vul-
garzs P. elatior, P. veris, P. Juhae P. woronowii),
CTIMKUX COpTlB CTapoi CeJIeKIIil Ta BHCOKOZIEKO-
PATHUBHUX 1HO3eMHUX. TaKui maxig JaB 3MOTY
IOEIHATH B F€HOTHUIIL CUJILHY PE3HUCTEHTHICTD 0
010- Ta a0lOTUYHHX CTPECOPIB 13 CYUYACHUMH JIe-
KopaTHBHUMU sKocTaMu. OTpuMaHI COPTH Xa-
PAKTEePU3YIOThCSA BHCOKOIO aIAallTUBHOI CTa-
OLIILHICTIO Ta € KOHKYPEHTOCIPOMOMKHIMU B
YMOBAX MIHJIMBOIO T1APOTEPMIYHOIO PEsKIMY
[TiBaiunsoro Jlicocrenmy Yrpaium.

Bucoka mexopaTuBHICTE HOBOCTBOPEHUX COP-
TiB 3yMOBJIEHA CYKYIIHUM IIPOSTBOM MOPJ0JIO-
rMYHUX 1 PEHOJIONYHNX 03HAK, IK1 BU3HAYAITD
€CTeTUYHY IIPUBAOJIMBICTE Ta TOCIOTAPCHEY
IMIHHICTDb. |HTeHcHBHICTL 1 crablibHa TpUBA-
gicts mBiTiHHA (30—40 110) OesmocepesHBo Ko-
PEJIII0TE 3 MOro AKICTIO Ta € OJHNMHE 3 TOJIOBHUX
aganTUBHUX IOKA3HUKIB. lle marsepmxye Bu-
COKY SKUTTE3TaTHICTH KJIOHIB 1 TIOBHY peaJiisa-
110 IXHBOr0 T€HEeTHYHOI'0 IIOTEHINAJIY B YMOBAX
mocaimxersb. CopToBl 0COOIMBOCTI YITKO Aude-
PEHIIII0ITLCA 38 CTPOKAMM HACTAHHS M TPHBA-
JicTio (peHosoriuHmx as, a Takox mMopdoMme-
TPUYHNMH IapaMeTPAMM CYI[BITTS, YAIICUKN M
BiHOUKA (po3mipoM, (popMOIO, 3a0apPBIICHHSIM,
KLIBbKICTIO yacTokK) (Tabis. 3). Bimmimmi rocrmo-
IapChbKO-010JIOTIUH] XapaKTePUCTUKKA CTBOpPeE-
HHUX COPTIB Ta IXHA aJalTHBHA CTAOLILHICTH
HIOTBEPIKEH] pedyIbTaTaMU AepP:KaBHOIO COpP-
TOBHUIPOOYBAHHS, III0 3ABEPIIMIOCST O(IIIIAHOO
peecrpairiemo B Jlep:raBHOMY peecTpl COPTIB poc-
JIVH, OPUOATHHUX [JIs IOIIMPEHHS B YKpaiHl
[24] (pmc.).

Brposamxenns 3asHayeHuxX COPTIB 1CTOTHO
POSIIIHPIOE ACOPTHMEHT PAHHBOKBITYUNX, BHCO-
KOIEKOPATUBHUX Ta €KOJIOTTYHO CTIMKUX TPaB’ -
HHUCTHX 0araTOPIYHUKIB IJIS yMOB ITiBHIUYHOTO
HlCOCTeny Y}cpamu 1 cupusie M1H1M13aH11 3a-
JIeYKHOCT1 Bif IMIIOPTY CAIHBHOIO MaTeplany
3aBOgKN 3HAYHOMY AAIITHBHOMY IOTEHI[AJLY
10 a0l0THYHMX CTPECOPIB PErioHy, Il KyJILTHBA-
pu 30aTHI 3a0€3MeUNTH TPUBAJIY €CTEeTHYHY Ta
CTPYKTYPHO-(PYHKIIIOHAIBHY CTAJIICTH AHTPOIIO-
TeHHO TpaHCPOPMOBAHUX (ITOIIEHO3IB — BIJ
00’¢KTIB MICBHKOI'O O3€JICHEHHS [0 IPUBATHUX
CaJI0BO-IIAPKOBUX KOMIIO3HIIIH.

BucHoBKuU

Pesysnpratu GaraTopidHUX I1HTPOMYKIIHHUX
IOCIIIIKEeHb, IIPOBEIeHNX 34 YMOB CHJIBHOL KJIi-
MaTHUYHOI MIHJIMBOCTI, TA aHAJI3y eK0JIOro-010-
JIOTIYHUX XapaKTePUCTUK apeasIiB OKpeMUX BU-
B CBIIYATD, IO KJIIOYOBMMU JIIMITYBAJIbHAMU
YMHHUKAMH YCIIIITHOT IHTPOAYKIIII ITPeICTaBHU-
kiB pony Primula L. y IliBaiunomy Jlicoctemy
Vrpainu e mapameTpu TiIpOTEPMIYHOTO PEIKH-
MY JIITHBO-OCIHHBOTO mepiony. CyKyITHUH BILIUB
IHTEeHCHUBHOI 1HCOJIAIIII, TePMIYHNX MAaKCHUMYMIB
1 1eiIUTy BOJIOTH JeTEePMIiHYE POSBUTOK KCEPO-
TEPMIYHOTO CTPECY, 110 ITPU3BOIUTH JI0 JIerpajia-
il TeKOpaTUBHUX O3HAK Ta 3HUKEHHS BTOPUH-
HO1 3UMOCTIHKOCT1 POCJIHH.

Ha ocHOB1 KOMIIIEKCHOTrO OIIIHIOBAHHS ITPOBE-
OeHo mudpepeHIliamiio reHoOHIy 34 pPIBHEM
€KOJIOTIYHOI ToJIepaHTHOCTI. BeraHoBiieHo, 110
HAUBUIILY aJallTUBHY 3JIaTHICTh TA JIEKOPATHUB-
Hy CTa0lJIbHICTh Y BIAKPUTOMY IPYHTI MaiOTh
Buau cekinii Primula. HatomicTh mpeacTraBHUKN
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cekniit Candelabra ta Sikkimensis xapakrepu-
3YIOThCS HU3bKOI PE3HUCTEHTHICTIO 10 AeIIUTy
BOJIOTH. I,ueHTmbiRauiﬂ BUIIB 31 cneumbit{HI/IMI/I
agantuBHuMH crparteriavu (P. rosea, P. ]apom-
ca, P. sieboldii) nae 3mory 06IpyHTyBaTH OLILIIb-
HICTH CTBOPEHHS CTIMKHX COPTIB HJIS BHKOPIC-
TaHHS B MIPOMOPQHUX €KOTOIAX.

JloBemeHo, 110 TOJIOBHAM HAIIPAMOM BITYH3-
HsAHOI cesnekIii poay Primula e cTBopeHHS cop-
TiB, AKI IOETHYIOTH BHUCOKY JI€KOPATHUBHICTD 13
PE3UCTEHTHICTIO 10 TiAPOTEPMIYHUX (QPIIYKTya-
miit. [lepcrekTMBHEMME JOHOPAMH IIIHHUX 03HAK
BusHaueHo sBunu P. auricula, P. denticulata,
P. elatior, P. sieboldii, P. veris, P. vulgaris ta
P. woronowii, 110 oTpuMaJau MaKCHMaJIbHUI
0aJ1 3a pe3yIbTaTaMH KOMILJIEKCHOTO 1HTPOIYK-
IIIHOT'O OIIIHIOBAHHS.

Brepre mpencrasiieHo neB’aTh BITUN3HAHUX
coprtis pony Primula L. cenermii HBC HAH Vx-
paium (‘Becuanra’, Yymanprmii [llasax’, ‘JlicoBa
micHsa’, ‘Bummpanka’, ‘Cyriakn’, ‘BimocHIxka’,
‘Mapi’, ‘Ceitanor’, ‘lOo1ma’), oTpuMaHUX CIIOCO-
0OOM ITlJIEeCIIPAMOBAHOI MIKBHUI0BOI IMOpHIM3aIIil
y Mesxax cekinil Primula. 111 kynsTuBapu moen-
HYIOTH BUPAMKEHI eCTeTHUYHI BJIACTUBOCTI 3 IIiJ-
BUIICHOIO aJAIlITUBHOIO CTIMKICTIO IIPOTH KCEPo-
TePMIUYHOro cTpecy. Brcoka mexopaTrwBHA cra-
OLJIBHICTE Ta EKOJIOrIYHA IIJIACTUYHICTH TaI0Th
3MOI'y PEKOMEHIYBATH IX [JIA POSIINPEHHS
ACOPTUMEHTY PAHHLOKBITYUYMX POCJIHH y JIAHI-
maTHUX KOMIIO3HIIISAX PI3ZHOrO THUILY B yPOaHi-
30BAHOMY CEPEeIOBHIIIL.
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Purpose. To establish and substantiate the key areas of
breeding for representatives of the genus Primula L., with
the objective of increasing their resistance to xerother-
mic stress. A comprehensive analysis will also be carried
out of the economically valuable decorative traits of new
adapted domestic varieties, in the conditions of the Nor-
thern Forest-Steppe of Ukraine. Methods. The research was
conducted between 2010 and 2025, based on the Primula
collection fund of the M. M. Gryshko National Botanical
Garden of the NAS of Ukraine. This collection includes 17
species, two subspecies, 38 varieties, and interspecific hy-
brids. The introductory and breeding value of the taxa was
determined using a set of integral indicators of resistance,
decorative stability, and phenological development parame-
ters. Targeted and introgressive hybridisation, individual
clonal selection and comparative variety testing methods
were employed. Results. The hydrothermal regime is the
limiting factor for cultivating Primula species in the re-
gion, with summer-autumn drought acting as the critical
stressor, even with moderate irrigation. Based on a com-
prehensive introductory study and analysis of the ecologi-
cal and biological characteristics of natural biotopes, the
primary sources of resistance to regional xerothermic con-
ditions were identified: P. auricula L., P. elatior (L.) Hill,

P. veris L., P. veris subsp. macrocalyx (Bunge) Lidi, P. vul-
garis Huds., P. vulgaris subsp. rubra (Sm.) Arcang., and
P. woronowii Losinsk. The stages of the breeding process,
which are based on generative recombination and the fixa-
tion of target traits through vegetative propagation, have
been confirmed. The first domestic cultivars that combine
complex resistance to abiotic and biotic stressors with high
ornamental indices have been presented. Conclusions. It
has been proven that the success of Primula cultivation
depends on the degree of plant adaptability to xerother-
mic stress during the summer-autumn period. Within the
studied gene pool, representatives of the section Primula
exhibit the highest degree of adaptability. The following
species with specific adaptive strategies were identified:
P. japonica A.Gray, P. rosea Royle, and P. sieboldii E.Morren.
Nine first domestic cultivars (‘Viesnianka’, ‘Chumatskyi
Shliakh’, “Lisova Pisnia’, ‘Vyshyvanka’, ‘Sutinky’, ‘Bilosnizh-
ka', ‘Mari’, ‘Svitanok’, ‘Yuiusha’) are presented. Combining
high aesthetic qualities with enhanced adaptive stability,
these cultivars can be recommended for expanding the as-
sortment of early-flowering plants in various types of land-
scape compositions in urban environments.

Keywords: xerothermic stress; adaptability; ornamental
plants; introduction; floriculture; urbophytocenoses.
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OuiHOBaHHA BPOXaNHUX BNACTUBOCTEN
HaCiHHA NweHuLi M"AKOT 03MMOi

3a MmopcoTunamu 3apoaKiB 3aNe€KHO

BiJ, NpOBeeHHA Pi3HUX arpoTexHiYHUX 3axoAniB

M. M. Jluctyxa

MupoHiscbkuli iHcmumym nweHuyi imeHi B. M. Pemecna HAAH, syn. LlenmpansHa, 68, c. LlenmpansHe, 06yxiscbruli p-H,
Kuisceka 0611., 08853, YkpaiHa, e-mail: [.m.m.1987 @ukr.net

Meta. OuiHUTK BpOXaiiHi BNACTMBOCTI HACiHHA HOBMX COPTIB MIWeHMUi M'AKOT 03MMOT MUPOHIBCbKOT cenekuii B ymoBax
LeHTpanbHoi YyacTuHu Jlicocteny Ykpainu 3a mopchoTUNamMm 3apoAKiB 3aNE€KHO Bif NonepeaHuKiB, CTPOKiB CiBOM Ta HOpM 106-
puB. Metoau. [locnimkeHHs npoBoAunu BnpopoBx 2021/22-2023/24 pp. Ha RocnifHUX nonsx MUPOHIBCbKOrO iHCTUTYTY
nwenuyi imeni B. M. Pemecna HAAH. Busyanu Bnaue pisHux Hopm [25, 50 i 75 kr/ra gitoyoi peqyoBuHu (4. p.)] a3oTHo-
ro pnobpusa (KAC-32), ctpokiB ciBbu (neplwa Ta Apyra [EKafu XOBTHSA), NONEPefHUKIB (COHAWHUK, CO5) Ha HOPMYBaHHS
TMNiB 3apOAKiB i BPOXaiHWUX BNACTUBOCTEN HaCiHHA copTie nweHuui m'akoi o3umoi (‘MIN Acconv’, ‘Ectaceta MupoHiBchbKa',
‘MIN OHinpsaHka'). Pe3ynbratu. HaciHHA focnigkyBaHUX COPTiB NWeHULi M'AKoi 03umoi hopMyBano WicTb TMNiB 3apOSKiB.
3HayHuMK Bynu ioro yacTku 3 I 1a III Tnamu, yTim nepesaxas II — 42-76% 3anexHo Big copTy, nonepegHuka, CTPOKY
CiBOM Ta HOPM A30THOTO XMWBNEHHA. BKa3aHi YMHHMKW iCTOTHO BMAMBANW Ha BPOXaiHi BAAacTUBOCTi. BoHW Gynu ninwumu
Ha 3,2% 33aBAsKW OAEPXKaHHIO B CepeHbOMY Ha 5% BULOT YaCTKM HaciHHA 3 IT THNoM 3apofKa Micns Takoro NonepeaHuKa,
AIK COsl, NOpPiBHIOIOYM 3 COHAWHMKOM. LLlofo cTpokiB ciBOM, TO ii NpoBefeHHS B Nepluy AeKafy KOBTHS, IK NOPiBHATYU 3 Apy-
roto, 3yMOB/OBaN0 YTBOPeHHs Ha 3—-5% 6inbWwoi KinbkocTi HaciHHa 3 II TMnom 3apopka. Lle cnpusano nigBuweHHI0 ouiHKK
BpPOXaNHMX BnacTuocTeil. BukopuctaHHs a3otHoro gobpuea KAC-32 no3utneHO BnMBano Ha GpopMyBaHHA MOphONOriyHo
NOBHOLHHOTO HACiHHA, BOAHOYAC 36iNbleHHs HOpPMU BHECEHHS Bif 25 [0 75 Kr/ra A. p. 3abe3neyyBasno 3pOCTaHHs YacTKu
HaciHHA 3 IT TMNOM 3apoAKa, @ OTXKE 1 MoNiNWeHHA BPOXaNHMX BNacTUBOCTE. BUCHOBKU. [1s hOopMyBaHHA BUCOKOSAKICHOO
HaCiHHA 3 NiABULWEHUMU BPOXKANHUMM BNACTUBOCTAMM LOCNiLKYBAHI COPTU NMweHMLi M'AKOT 03MMOT BapTO BUCiBATH B Nepuly
LEKafly KOBTHs nicns coi 3i BHeceHHsAM a3oTHoro gobpusa KAC-32 y Hopmi 75 kr/ra a. p.

Kntwyosi cnosa: Triticum aestivum L.; copmu; 8poxatiHi 8aacmusocmi; nonepedHuK; cmpok cisbu, azomHe 0obpuso KAC-32.

Bl € IIPIOPUTETHUM 1 HE BTpavae CBOel aKTyaJIb-
HOCTI.

Bctyn

Oco0JIBOI0 TaJIy3310 CIJIBCHKOTO TOCITOAAP-
CTBA, III0 OKPECJII0e PIBeHb PO3BUTKY BITUU3HS-
HOTO arpapHOro CeKTOpY €KOHOMIKH B cydac-
HUX yMOBax € BUPOILYBAHHS 3€PHOBUX KyJIb-
Typ [1]. OnHa 3 HaWBAKIUBININX cepen HUX —
mmenwniid osuma (Triticum aestivum L.). Boua
mocizae Imepime Miciie B YKpaiHi 3a IOCIBHUMU
IJIOIIAMK 1 BBAMKAETHCA IIPOBLAHOI IIPOIO-
BOJIBYUOIO KYyJIBLTYpoio [2]. Tomy HapomyBaHHS
BHPOOHUIITBA 3epHA IIIIeHNIIl B HALIN Jepika-

Mykhailo Lystukha
https://orcid.org/0000-0002-6476-7521

3a peayabraTaMy HOCIIMKEHbL BCTAHOBJIEHO,
110 OKPeMI IPYHTOBO-KJIIMATUYH1 YMOBH a00 IXHsT
CYKYITHICTD y TeBHI nepio,uu PO3BUTKY POCIIHIH,
FeHeTUYHHUHI IIOTEHIIaI IPOIyKTUBHOCTI Cydac-
HUX COPTIB T& TEXHOJIOTiA IX BUPOILYBAHHs BU-
3HAYAIOTh YPOKANHICTE IIITeHUIT 03umoi [3—5].
Jloist 3pocranms 11 piBus, arigHo 3 O. V. Zakhar-
chuk, O. I. Zavalniuk [6], A. A. Cipomrrarom Ta
im. [7], H. Najjar Ta in. [8], 000B’13K0BO BUKOPUC-
TOBYBATH HACIHHS 3 BUCOKMMHU ITOCIBHUMH SKOC-
TAMH TA HAWJIIIIINMEA BPOKARHIME BJIACTHBOC-
TSIMU, ITPOTHO3YBAHHS STKUX € OJIHI€I0 3 TOJIOBHUX
IIpo0JIeM y HACIHHUIITBI.

0 @ © The Author(s) 2026. Published by Ukrainian Institute for Plant Variety Examination.
@ This is an open access article distributed under the terms of the license CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/),
BY which permits use, distribution, and reproduction in any medium, provided the original work is properly cited.
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PocnuHHuymso

Mopdostoriusi 0co0JIMBOCTI 3€PHIBKH, 30Kpe-
Ma PO3BUTOK 1 Oy10Ba 3apOJIKa, TICHO OB A3aH1
3 IOCIBHUMHM Ta BPOMKANHUMHN BJIACTHBOCTIMU
maciaaa [9]. Ilig gac #toro mobopy [J1s1 HACIH-
HUIBKMX IIJIeH, Sk 3asHadanTb M. M. I'aBpu-
giok Ta 1. [10], Z. Kaliniewicz Ta iu. [11], BapTo
OpleHTYBATHCS He JIUIlle Ha a0COJIIOTHI 3HAYEH-
Hs OKPEeMUX IIapaMeTPiB HACIHUHK (TOBIIMHY,
MUPUHY, JOBKHUHY a00 Macy), a ¥ Ha IXHe CITiB-
BIJTHOIIIEHHS, XapaKTepHe IJId IIEBHOI'O COPTY.
Tak, BiA CIIBBISHOIIEHHS JIHIAHAX PO3MIPIB
3EpHIBKHU 3aJIesKaTh PO3BUTOK POCJIUH 1 hopmy-
BAHHS BPOKAMHOCTI.

3riguo 3 miTepatrypuumu gauumu [7, 10], Ha-
CIHHS IIIIIEHUITl MOJKe YTBOPIOBATH K1JIbKA TUIIIB
3apoakiB. Bouu pisHATHCA Misk CO00I0 CTyIIeHEM
PO3SBHUTKY 3apOIKOBHX OPraHiB, IO Oe3mocepes-
HBO BILIMBAE Ha €HEPIiio IIPOPOCTAHHS, [IOJIHLOBY
cxoxkicTh 1 mponykrrBHicTh. B. T. [llesuenko [13]
BU3HAYMB CIM THUIIIB 3apPOIKIB IIIIICHUII M SIKOI,
cepen axux Il ThIr xaparTepu3yeThbCcsa HAMOLIb-
mroro macor 1000 HaciHuH, a TOMy MOKe GopMy-
BATH POCJIMHY 3 BUIIIOK IPOAYKTHBHICTIO. BoHa,
SIK 1 BUCOKA JKUTTE3NATHICTD, BJIACTHUB1 HACIHHIO
3 OLJIBIII TOBHOITIHHO CRQOPMOBAHMM 32 POJKOM.

3a peayapraramu gociaimxenb A. A. Ciporm-
TaHa Ta id. [7, 14] y HOBUX COPTIB IIIIeHHII 0YJI0
BCTAHOBJICHO IICTH THUINB 3apoakis. Komxen 13
HUX BIAPI3HABCI 3a MOpPdooridHuMy Ta ¢isio-
JIOTIYHUMY XaPaKTEePUCTUKAMHE, IO BILJIMBAJIO
Ha IIOJAJBIINN PO3BUTOK POCIMH. 3rigHO 3
B. B. BumnescbxuMm Ta iH. [15], coiBBIIHOIIEH-
Hs KLJIBKOCT1 PI3HMX THIIIB 3aPOSKIB MOXKHA BH-
KOPUCTOBYBATH IS OLIOCEPEIKOBAHOIO OIIIHIO-
BAHHSA IIOCIBHUX SKOCTEM HACIHHSI.

DopmyBaHHs 3apOAKIB 3HAYHOI MI1pOI0 3aJie-
SKUTDH BIJ] M€HETHYHUX 0CODJIMBOCTEM copTy, IO
MOKYTHb 3yMOBJIIOBATH Pi3HY 4acTKy HACIHHS
(BiJ 3araJIbHOI MAcCH) 3 TUMH YM 1HITAMY IXHIME
Tunamu [16, 17]. BUKOHAHHS KOMILIEKCY BCIX
arpoTeXHIYHMX 3aX0J1B, a caMe: ciB0a B OITH-
MAJIbHl CTPOKM IIICJIS HPABUJILHO IIIIIOPaHOT0
MOIEepeJHUKA Ta 3aCTOCYBAHHS MIHEpPAJILHUX
mobpus [7, 18], cTBOpIOE YMOBH [IJIsI POCTY Ta PO3-
BUTKY POCJIMH IIIIEHUIN I (POPMyBAHHS IIOBHO-
IIIHHOI'0 HACIHHA 3 J00pe PO3BHHEHHM 3apOoj-
KOM, III0 ITI03UTHBHO BILJIMBAE HA IIOCIBHI TA BPO-
skaiil Biaacrusocti [19]. Bogmouac mo sumxen-
Hs OCTAHHIX Yepes IMOTIPIIeHHI MOP(OI0ridHOl
CTPYKTYPH 3€PHIBKU MOKE IIPHU3BECTH HEIOTPH-
MAHHS TEXHOJIOT1I BHPOIIYBAHHS copTiB. Kpim
ArpOTEeXHIYHNX YMHHHUKIB, HA (POPMYBAHHS TH-
1B 3apomciB Ta AKICTh HACIHHS BILJIMBAIOTH II0-
TOJIH1 YMOBH BEreTAI[IHOI0 neplo;[y [20].

Orxe, myis OTPUMAaHHS BHCOKOSIKICHOI'O HACIH-
HEBOI'0 MATEPIaJIy JOILJIFHO BUBUYATH BILINB Pi3-
HUX (pakTopiB HA (popMyBaHHSI MOP(OTHUIIIB 3a-
POOKIB ¥ HACIHHI HOBUX COPTIB IIIIIEHMIII 03MMOI.

Mema dociidsicerb — OLIIHUTH BPOMKANHI BJIAC-
THUBOCT1 HACIHHS HOBHUX COPTIB IIIIICHHUIN M SIKOI
03UMOI MHUPOHIBCBKOI CEJIEKIIl 3a MOP(OTHUIIA-
MU 3apOOKIB B YMOBAX IIEHTPAJIBHOI YaCTHUHU
Jlicocrerry Ypalum 3a/esxHO Bl IIOIEPEIHM-
KIB, CTPOKIB CiBOM Ta HOPM JOOPHB.

Matepianu Ta MeToAMKa BOCNIAKEHD

JlocimmreHHa IpOBOIMIIN BIIponoB:xk 2021/22—
2023/24 pp. B ymoBax MupOHIBCHKOTO 1HCTUTYTY
mrennirl ivexi B. M. Pemecna HAAH (MIII).
Busuasnu Brumms asorsoro moopusa [KAC-32 3
HOpMaM# BHeCeHHsI 25 Kr/ra [Iii04ol pedoBHHU
(. p.), 50 Kr/ra g. p., 75 Kr/ra A. p.], CTPOKIB ciBOM
(I — mepma mexana sxostus, II — gpyra mexana
SKOBTHSI), nonepe,uHmclB (COHHH_[HI/IR cosi) Ha
(bopMyBaHH TUIILB 3aPOIKIB 1 BpO?RaI/IHI/IX BJIAC-
TUBOCTEH HACIHHSA COPTIB IIIIIEHUIT M IK0I 03UMOI
(‘MIIT Acconw’, ‘Ecradera muponiscsra’, ‘MIII
Juinpsura’). Asorae qoopuso KAC-32 Brocmn
i gac dpasu moyatky kymienas (BBCH 21).

fpyHTOBHﬂ IIOKPUB — YOPHO3EeM TJIMOOKUI
(38-42 cm), masiorymycHui, CJIa0KOBUJIyTrOBa-
Huii. Bmicr rymycy y 20-caHTHMeETPOBOMY Iapl
IPYHTY CTAHOBUTH 3,6—4,0%, JIETKOIOCTYITHOTO
asotry — 0,006%, docdopy — 0,025%, odMmiHHOTO
raumio —0,011-0,018%; pH 5,3—6,4, cyma morim-
HyTuX ocHOB — 0,23—0,29 Mr-ekB Ha 1 KT IpYHTY,
CTYIIIHb HACHYEHHS OcCHoBaMu — 86,2—94,4%.

[Imrenuirro M AKYy 03UMY BHPOIILYBAJIN BIJIIIO-
BIJHO [0 3araJIbHOIIPHUHAHATOI misa 3oum Jlico-
cremy TexuoJiorii [21]. CiBOy 3mificHoBaIH Cce-
nexiiinoo cisaakow CH-10 IT i3 riaubmuoro 3a-
ropranusa 4-5 cm. Hopma BrciBy — 5 MIUIH CXOKHX
HaclHuH Ha 1 ra. O0JKoBa ILIOIIA JOCIIITHUX
mursHok craHoBmia 10 m2. IlosTopHIicTs woTH-
pupasoBa. 3epHO 30HMpaJId METOIOM IMIPIMOIO
KoMOaHyBaHHA («Sampo-130»).

Jlnss amasmidy HaciHHS 3a MOPQOJIOTTYHUME
O03HAKAMH 3aPOJIKIB 1 BUSHAYEHHS CTYIIEHS PO3-
BHUTKY 3 OIVIAIY Ha IXHIO OyIOBY BiOOMpaIu Tpu
mpo6u mo 100 HaciuwmH. Ix posminsnau Ha dpak-
1111, BUKOPHUCTOBYIOUH JIYIY, 3a ITICThMAa TUTIAMU
3apOJIKiB, 300pasKeHUMH Ha PUCYHKY. | T —
3apOJIOK BaJIbKyBaTOl (POpMU, ITOPIBHIHO BEJIH-
KU, OIMyKJIUH, 31 cJIa0KOI0 IIOIIePevyHOoI0 Iepe-
MUUIKO Imocepenwnui; II Tuir — BepxHsa yacTrHa
nobpe BHUIIOBHEHA Ta HArajye KpaleJbKy He
3aB/IM [PABUIIBHOL (POPMIL; y HIPKHIH 9aCTHHI —
YiTKO BUpaskeHa, HaWJacTillle TPUKYTHA BM -
THHA, CIPSIMOBaHa BicTpaM Kyrta moHusy; III
THUII — HAsIBHE BUpPasKeHe IIOTJIN0JIeHHS Y BepX-
HIM YACTHHI, II0 PO3MEIKOBAHA 3 HUMKHBOIO II0-
IepeYHNM BAJIMKOM, KIHIIl AKOr0 He 3aBKIU
3’emuyroThea mocepenuui; IV Tt — y3mosik 3a-
pPOJIKA TPOXOIUTH TJIMOOKA, IITUPOKO PO3KPHUTA
Ooposenka, 6e3 CKJIAIOK II0 JOBMKHMHI, V THII —
BEpXHA YACTHHA IIJIeCKaTa, CJIa0KO0 IITHATA Ha
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IJIOIIMHOIO IIIUTKA YK MA€ HeBU3HAYEHY hOPMY,
a HUKHS Taka 9K caMa, gK y JPYroro THUILY 3a-
poxka; VI Tum — mmoBepxHs IJIOCKA, B3[IOBK Hel
IIPOXOASATh JABi-TPU HErJIMOOK1 OOPO3EeHKH.

V mporecl mocaigKeHb MAPaX0BYBAJIN K1JIb-
KiCTh HACIHMH KOMKHOI (pakilii Ta BU3HAYATHA
IXHIN BIICOTOK, AKWH, 3TLOHO 3 METOIUYHUMUN
pexomenmamiamMu [14], MHOMKHIN HA BIIIOBiO-

Itun III Tun

Huit 6as npoxykruBHocti (I Tumy 3apogka Bin-
nosimanu 0,2 6asna, IT-1,0,II11-0,7,IV1iV-0,6,
VI - 0,4 6amna). Cyma 6aJiiB mpoayKTUBHOCTI
KOYKHOT0 MOP(OTHITY € IOKa3HUKOM BPOsKAHUX
BJIACTHUBOCTEM Haciuusg [13, 14].

AHaJTi3 OTpUMaHUX eKCIIePUMEHTATbHUX Ja-
HUX 3IACHIOBAJIN 34 METOJaMH OITHCOBOI CTa-
TuCcTURH [22, 23].

i ‘

V 1un

IV Tun

VI Tun

Puc. Mopchonoriuni Tunu 3apoakie nweHuyi

Pesynbrati gocnigKeHo

Porkm mocmimkenHa Oy KOHTPACTHHMU 34
TeMIiepaTypoio IoBiTpst (tads. 1). Ii ycepemmeri
noxasHukn 'y 2021/22 p. cramoBmm 9,3 °C, y
2022/23 p.— 9,7 °C, y 2023/24 p. — 11,6 °C, 110 11€-
PEBUIIyBAJIO CepelHe OaraTopiyHe 3HAYECHHS
(CB3) — 8,3 °C —ua 1,0-3,3 °C. Illopoky B JsmmcTo-
mami, TPyOHl, CIYHI, JIIOTOMY, Oepes3Hl, YepBHI Ta
JutTHI QiKCYBaIN 3HAYHE IT1IBUIIEHHS CEPeIHbO-
micaaroil Temmeparypu — Ha 0,8-6,5 °C Big CB3.
Takox aHOMAJIPHO TEILIUMU BUSBUJINCS Bepe-
CEHb, KOBTeHb, KBITeHb 1 JmneHb 2023/24 p., Koau
mepeBara HaJl ycepeqHeHNM OaraTopiyHUM 3HAa-
yeHHaM craHoBmia 3,6—4,2 °C. Bogmouac icrorue
3HUKEeHH IoKa3HnKIB — Ha 1,3—1,6 °C Bix CB3 —
BlI3HaueHo y BepecHi 2021/22 Ta 2022/23 pp.

JlocmmxyBaH! POKK TAKOK XapaKTepU3yBaJIt-
Cs 3HAYHUM BapllOBaHHAM KLJIBKOCTI OB 34

MICSITIIMU T HEPIBHOMIPHICTIO IXHBOTO POSIIOILITY
mpotsiroM pory. Bereraritamit 2021/22 p. Bupia-
HABCSA TTocynuIuBUMHU ymoBamu (469 MM — 80% 10
CB3), a 2022/23-i1 — HagMipHUM BoJIOro3abdeasrre-
uenHam (773 mm — 132% mo CB3). V 2023/24 p.
BUNAJO 544 MM aTMocepHOI BOJIOTH, IO CTAHO-
B0 93% 1m0 CB3. KputnuHo HU3BKY KUIBKICTH
ormamis (< 50% o CBE3) CHOCTepiI‘aJII/I y BepecHi,
JIOTOMY Ta Oepesmi 2021/22 .y CIYH, TpaBHl Ta
qeme 2022/23 p., y cepIiHi, BepecHi, TpaBHI Ta
el 2023/24 p.; aHOMaIBHO BUCORY (= 150% 10
CBH) y KBITHI Ta cepnm 2021/22 p., y BiTHI,
JIUIIHI, cepHH1 Bepecm ta smcronar 2022/23 p., y
6epe3H1 KBITHI, 5K0BTHI Ta jucrorami 2023/24 p.
3a pesyJsbTaraMu JIOCTIIPKEHb BUSBJIEHO, IO
HACIHHS TIIeHUIT M AIK0I 03uMoi opMye IITCTh
THMIB 3apoakiB (Tabst. 2—4). ¥ copty ‘MIII Accostr’
ONIEPIKAHO HAMOLIBIIY dYaCTKy HACIHHA — 42—
76% — 3 Il turmom 3apomka, sHAYHY — 10 26% —

Tabnuys 1

CepepHboao60Ba TemnepaTtypa NoBiTPA Ta KinbKicTb onagis 3a micayamu
B nepiop npoBefAeHHA fOCNiAXKEHD

BereTauiitHuit Micaub 3a BereTauinHuii

pik VIII \ IX \ \ XI \ XII \ I \ II \ III \ v \ \ VI \ VII piK
CepeaHbopoboBa Temnepartypa nositps, °C
2021/22p. [2051132] 7,6 | 48 [-1,1[-1,2] 1,7 | 23 | 84 [14,6]20,7[204 9,3
2022/23p. |21,6/129| 82 | 38 | 0,2 |-0,1|-05| 5,2 | 9,3 |155|19,7 20,9 9,7
2023/24p. 22,8184 | 12 | 45 109 |-19]| 33 | 44 [13115,9 21,4245 11,6
R 235544102018 38|29 |47 13|17 |41 2,3
Cb3 196 | 145|183 | 23 |-22|-44|-34| 15191 |15318,7 20,2 83
KinbkicTb onaais, MM

2021/22p. | 88 | 19 | 18 | 26 | 63 | 23 9 11 | 86 | 29 | 42 | 55 469
2022/23p. | 88 | 118 | 30 | 81 | 43 | 11 | 28 | 45 | 85 | 21 | 39 | 184 773
2023/24p. | 5 8 51 | 79 | 60 | 23 | 44 | 86 | 72 6 103 7 544
R 83 |110| 33 | 55 | 20 | 12 | 35 | 75 | 14 | 23 | 64 | 177 304
CB3 59 | 51 | 34 | 40 | 43 | 36 | 31 | 34 | 44 | 52 | 79 | 81 583

Mpumitka. R — po3max BapitoBaHHs, Cb3 — cepeaHe 6araTopiyHe 3HayYeHHS.
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3 I Ta III, a maimenmny — 1-6% — 3 VI (tabu. 2).
3-moMiK IBOX ITOIEPETHUKIB, SIK Y CepPeIHbOMY
3a CTPOKaMU CiBOM i pi3sHMMH HOpMaMu JOOPUB,
TakK 1 B PO3pi3i JOCTIIIKYBAHUX YNHHUKIB, 3a3-
HAYeHUH KyJbTUBAP YTBOPIOBAB OLIBINUHN BijI-
corok Hacimuag 3 II Tmmom 3apomka miciis coi.
Bomgsouac micsist COHAITHUKY 3pocTajia 4acTKa
3aponakis I Ta Il Tumis — y cepenuapomy Ha 3,2 1
2,9% Bi,HHOBi,E[HO IIOPIBHIOIOYH 3 COEIO.

Bumy oninky BposKaiHUX BIACTHBOCTEH, BIA-
IIOBIHO JT0 METOIUKHU, MAIOTh IMapTii HACIHHS 3

II tumom sapoxka. OTike, MAKCHUMAJILHMUNA 0aJI
mirst copty ‘MIIT Accoss’ y 1iboMy TOCTIIFKEHH]
OTPHUMAHO ITicJIsA ¢ol — 80,6 mmpoTtu 77,3, KOJIH I10-
IIepeTHUKOM OYB COHSIIITHUK.

Ilomo cTpokiB ciBOM, TO il IPOBEAEHHS B IIEp-
LI gexasl "KoBTHs (IU'SITOr0 4mcja), SK IIOP1B-
HATH 3 IPYroio, 3yMOBJIIOBAJIO B CEPEIHBOMY Ha
5% OLIBILY KlIbKICTE HaciHHAg 3 I Trmom sapo-
Ka Imciisg 000X IIOHepemHHKIB, a BIAIIOBILIHO H
BHIILY OIIIHKY BPOKAMHUX BJIACTHBOCTEM BKA3a-
HOT'O COPTY.

Tabauus 2

YporkaiHi BnacTMBOCTI HaciHHA NweHuui M'AKoT 03umoi copTy ‘MIN Acconb’ 3a MopcoTMnamu 3apoakiB
3anexHo Bipj nonepepHUKiB, CTPOKiB ciBGYM Ta HOpm f06puB (cepeaHe 3a 2021/22-2023/24 pp.)

Monenemnk CTpok | BapiaHT BHeCEHHs pi3HMX MopdoTtunu 3apogkis HaciHHA, % OuiHKa BpoXanHMX BNacTUBOCTE

pea cis6u HopM pobpuBa I Ir | IIr | 1v Vv VI | cymabanie | Ao KoHTponio, %
KoHTponb (6e3 BHeceHHs) | 21 | 50 | 13 | 8 3 5 72,1 100
KAC-32, 25 kr/ra g. p. 13 | 60 | 18 | 4 4 1 80,2 111
I |KAC-32,50«r/rag. p. 8 69 | 14 4 3 2 85,4 118
KAC-32, 75 kr/ra g. p. 6 76 9 5 3 1 88,7 123
3 CepepHe 12,0638 135] 52 | 33| 22 81,6 117
O KoHTponb (6e3 BHeceHHs) | 20 | 46 | 15 | 9 4 6 70,7 100
KAC-32, 25 kr/ra g. p. 14 | 56 | 17 4 7 2 78,1 110
II |KAC-32, 50 kr/ra f. p. 9 | 63|17 | 7 | 3 | 1 83,3 118
KAC-32, 75 kr/ra a. p. 8 71 | 14 3 2 2 86,2 122
CepepHe 12,8159,0|15,7| 58 | 40 | 2,7 79,6 116
KoHTponb (6e3 BHeceHHA) | 16 | 45 | 20 | 11 | 4 4 72,8 100
KAC-32, 25 kr/ra o. p. 16 | 55 | 15 7 3 4 76,1 105
. I |KAC-32,50«r/rag. p. 14 | 62 | 17 | 4 2 1 80,5 111
= KAC-32, 75 kr/ra g. p. 10 | 68 | 15 4 2 1 84,5 116
3 CepepiHe 14 [575]16,8] 65 | 2,7 | 2,5 78,5 110
= KoHTponb (6e3 BHeceHHs) | 26 | 42 | 23 | 2 4 3 68,1 100
S KAC-32, 25 kr/ra g. p. 17 | 53 16 8 4 2 75,6 111
II |KAC-32,50«kr/ra g. p. 15 | 57 | 17 | 6 3 2 78,3 115
KAC-32, 75 kr/ra a. p. 11 | 63 17 6 2 1 82,5 121
CepepHe 17,3[53,8]182]| 55 | 3,2 | 2,0 76,1 115

HIP, ,, 2,5 4

Bceranoriiero, 1m0 BHKOpHCTAHHSA J00OPUBA
KAC-32 Ha mociBax IIIeHHUIl M SKOI 03MMOIL
‘MIII Accosp’ Takosxk cIpusiiio popMyBaHHIO HA-
ciaus 3 II Tumom 3aposka, a mpomopiriite 3poc-
TaHHS HOr0 YaCTKHU IPOTH KOHTPOJIIO T/ 000X
MOIEPEeJHUKIB 1 32 IBOX CTPOKIB CiBOM BimOyBa-
JIoCSI 3aBIASIKU 301JIBIITEHHIO HOPMU BHECEHHS
Bixg 25 mo 75 kr/ra m. p.

OTtsxe, MakcUMAaIbHY YacTKy Haciuaa 3 11 tu-
oM 3apojika (86%) ¥ BHUIILY OITIHKY BPOKANHUX
BiactuBocTeit (88,7 6asa) misa copry ‘MIIT Ac-
COJIB’ OIEPIKAHO ITICJIS TAKOr'O IIOIIEPeIHNKA, SK
COs1, 3@ TIEePIIIOT0 CTPOKY CIBOM 11 HOPMU BHECEHHST
moopusa KAC-32, mio cramosuia 75 kr/ra 1. p.

VY copry mmmenurti m’sikoi o3umoi ‘Ecradera
MHUPOHIBCbKA TAaKOK BIJ3HAYEHO HANOLIBIITY
KiIbKicTh HaciHESA (43—73%) 3 II Tumom 3apon-
ka, 3uauHy (mo 28%) — 3 I ta IIl, a matimentry
(1-7%) — 3 VI (Tabu. 3).

3 oryaay Ha BCl JOCTIKYBaHI haKkTOpH, MaK-
cuMaJIbHy YacTry Haciaug 3 11 tummom 3apoaka, a
tomy i Ha 0,5-3,6 Oasia BUIILY OITIHKY BPOIKAMi-
HUX BJIACTUBOCTEN Y BKA3AHOTO COPTY OJEPIKAHO

50

IICJISI TAKOIO IOIEPEIHIKA, SAK COsI, IOPIBHIOIUN
3 COHSIIHIKOM. 3a IIEPIIIOTO CTPOKY C1BOH, K II0-
PIBHATH 3 IPYTUM, MICJI COl BmMmeHo B cepef-
HbOMY Ha 5% O11bIITy KUIbKICTD HaciuHsA 3 11 Tu-
oM 3apoaka Ta Ha 71,4—87,5 6ajia BUIILY OIIHKY
BPOKANHNX BJIACTHBOCTE; IICJISI COHSIIHUKY —
Ha 3% Ta 67,8-85,3 0asia BIAIOBIIHO.

Pizmi mopmu Brecenms mobpusa KAC-32 Ha mo-
clBax ImeHuIrl M’ axoi osumol ‘Ecradgera MupoHis-
CbKa’ 3YMOBJIIOBAJIN CYTTE€Be 301IbIIEHHS YaCTOK
Hacigusa 3 111 ITI tumamu sapoakis (v cepeaHboMy
Ha 12%) Ta 3HauHe 3MeHIneHHsa (Ha 4—21%) — 3
I tTumom. OToxe, BEasaHwmii cOpT pOPMyBaB MAKCH-
MAaJIbHY KUIbKICTh HaciHusa 3 I Tumom sapomka
(73%) Ta BHUIILY OIIHKY BPOMKAMHIX BJIACTHBOCTEM
(87,5 6a1a) mic/Ia TAKOrO IIOIIEPEIHIKA, K COSI, 3a
IEPIIIOro CTPOKY CIBOM TA HOPMIU BHECEHHS JOOPH-
Ba KAC-32, o cranosmia 75 Kr/ra 1. p.

Axr 1 B mommepenuix Bapiaurax, y copry ‘MIII
Juimpaara’ (tadi. 4) 3adikcoBaHo HANOLIBIILY
vacTry HaciHua 3 II tumom sapomra — 44-72%,
a HaWMeHIITy — B cepeqHboMy 2,6% — 3 VI Tumom.
¥V po3pisi cTPOKIB ciBOM Ta PISHUX HOPM HOOPHB
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Tabauys 3

VYpoiKaitHi BNacTUBOCTI HacCiHHA NweHuLi M'AKoi 03umoi copty ‘Ectacheta MupoHiBcbKka' 3a MopdoTunamu
3apopKiB 3aneXHOo Bif nonepefHuKiB, cTpokiB ciB6u Ta HopM A06puUB (cepepHe 3a 2021/22-2023/24 pp.)

MonepeaHnk CTpok | BapiaHTu BHeCeHHs pi3HMX MopdoTtunu 3apogkis HaciHHs, % OuiHKa BpoXaiHMxX BNacTMBOCTEN

pea ciBou HopM LobpuBa I I Imr | 1v v VI | cyma 6aniB | Ao KoHTponio, %
KoHTponb (6e3 BHeceHHs) | 22 | 50 | 12 | 6 5 5 71,4 100
KAC-32, 25 kr/ra g. p. 18 | 57 | 17 | 4 2 2 76,9 108
I |KAC-32,50kr/ra a. p. 11 | 64 | 17 | 4 2 2 82,3 115
KAC-32, 75 kr/ra A. p. 7 |73 113 | 5 1 1 87,5 123
S CepepHe 1451610 | 147 | 47 | 25 | 26 79,5 115
o KoHTponb (6e3 BHeceHHs) | 25 | 47 | 6 | 11 | 16 | 5 74,4 100
KAC-32, 25 kr/ra . p. 17 | 53 | 17 5 6 2 75,7 102
II |KAC-32,50 kr/ra g. p. 13 | 58 | 23 | 3 2 1 80,1 108
KAC-32, 75 kr/ra p. p. 9 67 | 20 2 1 1 85,0 114
CepepHe 14,0]56,2 | 16,4 | 52 | 60 | 2,2 78,8 108
KoHTponb (6e3 BHeceHHA) | 28 | 48 | 10 | 4 5 5 67,8 100
KAC-32, 25 kr/ra . p. 16 | 51 |19 | 9 | 3 | 2 76,1 112
o I |KAC-32,50«kr/ra . p. 12 | 56 | 24 5 2 1 79,6 117
= KAC-32, 75 kr/ra A. p. 7 | 65|21 | 4 2 1 85,3 125
3 CepepHe 15,7550 ]185] 55 | 30 | 23 77,2 118
= KoHTponb (be3 BHeceHHs) | 24 | 43 | 6 | 12 | 8 7 67,0 100
S KAC-32, 25 kr/ra . p. 15 | 49 | 20 | 10 | 4 2 75,2 112
II |KAC-32,50 kr/ra g. p. 12 | 56 | 16 | 11 | 3 2 78,8 118
KAC-32, 75 kr/ra 4. p. 7 15925 7 |11 83,1 124
CepepHe 14,7 1 51,6 | 16,7 10,0 | 40 | 3,0 76,0 118

HIP, . 2,5 4

MaKCHUMaJIbHY K1JTbKICTh HaciuHsA 3 11 Tumom 3a-
POJIKa BKA3aHUM KyJIBTHUBAP 13-TIOMIK IBOX IIO-
mepeqHUKIB popmyBas micia coi. HaromicTs
IMICJIST COHAIITHUKY 3pOCTajia 4yacTKa 3apoakis I
THUIIy — B cepeaHboMy Ha 3,7%, K HOPIBHATH 3
coero. OTske, BUIIY OIIHKY BPOKAUHUX BJIACTH-
BOCTEM TAKOMK OIEePIKAaHOo IIicjs col — 79,2 mpoTu
75,7 6aJia, KOJIU TIOIIePEIHUKOM OYB COHAIITHUK.

IMomo cTpoxis ciBOHM, TO il HPOBESEHHSI 5 KOB-
THS, K ITOPIBHATH 3 10-M YHCIJIIOM TOTO CAMOT'O
MICSIIIS, ITICJIA 000X MOIEePEeIHNKIB 3yMOBJIIOBA-
JIO B cepeJHbOMY Ha 5% O1JIbIIy YaCTKY HACIHHS

3 II Tummom 3apomka, a BIAIOBIIHO, ¥ BHIILY OI[IH-
Ky BPO'KaWHUX BJIACTUBOCTEMN.

Buropucraunsa noopusa KAC-32 Ha mociBax
copry ‘MIII Jlainpsiaka’ Takosk crpusiiao gop-
MyBaHHIO OLTBINTOI YacTku HaciHHA 3 [I Trmom
3apodKa, a IABUINEHHS HOPMU BHECEHHS BiI
25 no 75 kr/ra . p. — IIPOIoPIiiHOMY 11 3pOoCcTaH-
HIO IIPOTH KOHTPOJIIO (ITicsIst 000X ITOTIepeTHUKIB
1 3a OBOX CTPOKIB CiBOM).

OTtsxe, MakcuMasIbHy YacTKy Haciuus 3 11 Tu-
oM 3apoaka (72%) ¥ HafBUIILY OIIHKY BPOKAT-
HUX BJIactuBocteit (88,5 6asa) ms copry ‘MIIL

Tabnuys 4

YpoikaitHi BaCTMBOCTI HaciHHA nweHULi M'AKoi 03umoi copty ‘MIN AHinpaHka’ 3a MopdoTMnamm 3apopkKis
3aeXHo Bif, nonepeAHUKiB, CTPOKiB ciB6M Ta HOpM Ao6puB (cepepHe 3a 2021/22-2023/24 pp.)

MoneneaHk Ctpok | BapiaHTu BHeceHHs pi3HUX MopdoTtunu 3apogkis HaciHHs, % OuiHKa BpoXaiHMX BNacTMBOCTEN

Pea cisbu HOpM JobpuBa I I 1 | 1v v VI | cyma6anie | po KoHTponto, %
KoHTponb (6e3 BHeceHHa) | 22 | 50 | 16 | 4 4 4 72,0 100
KAC-32, 25 kr/ra g. p. 12 | 60 | 20 5 2 1 81,0 112
I |KAC-32,50«kr/rag. p. 10 | 65 | 18 | 4 2 1 83,6 116
KAC-32, 75 kr/ra f. p. 7 72 | 15 3 2 1 88,5 123
3 CepegHe 12816181173 40 | 25 | 16 81,3 117
o KoHTponb (6e3 BHeceHHs) | 22 | 45 | 15 | 5 5 8 69,3 100
KAC-32, 25 kr/ra g. p. 17 | 54 | 16 | 5 6 2 76,5 110
IT |KAC-32,50«r/ra g. p. 11 60 21 4 3 1 815 117
KAC-32, 75 kr/ra g. p. 11 | 64 | 19 3 2 1 82,9 120
CepenHe 153|557 117,7] 43 | 40 | 3,0 77,6 116
KoHTponb (6e3 BHeceHHs) | 21 | 47 | 156 | 7 5 5 70,9 100
KAC-32, 25 kr/ra f. p. 15 | 55 | 15 7 5 3 76,9 108
o I |KAC-32,50«r/rag. p. 14 | 59 20 3 2 2 79,6 112
= KAC-32, 75 kr/ra a. p. 10 | 64 | 19 3 2 2 83,1 117
5 CepenHe 150/56,3|17,2| 50 | 35 | 30 77,6 112
= KoHTponb (0e3 BHeceHHs) | 26 | 44 | 15 | 5 5 5 67,7 100
S KAC-32, 25 kr/ra g. p. 21 | 50 | 16 6 5 2 72,7 107
II |KAC-32,50 kr/ra . p. 18 |55 | 15 | 5 | 4 | 3 75,7 112
KAC-32, 75 kr/ra a. p. 17 | 60 | 16 3 3 1 78,6 116
CepepHe 2051523155 47 | 43 | 2]7 73,7 112

HIP, ., 2,5 3
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Jluinpsaka’ ogepsKaHo ITCJIsi TAKOTO IToImepes-
HUKAa, IK COs, 3a IePIIoro CTPOKY ciBOM ¥ HOp-
vu BHecenHs moopua KAC-32, mo cranoBmia
75 kr/ra O. p.

VY cepenabomy 3a IorepeTHUKAMUT, CTPOKAME
ciBOM Ta PI3HUMHU HOPMAaMU JT0OPUB He BUIBJIE-
HO CYTT€BUX BIIMIHHOCTEHM MIXK YPOMKAMHNMU
BJIACTHBOCTSMH COPTIB IIIIEHUIIl M AKOI 03MMOI.
Ixaio Ha#iBuILy OIHKY IIPOIEMOHCTPYBaB
‘MIII Accosnp’ — 78,9 6asa, Boguouac B ‘Ecrade-
i mupoHiBebrol Ta ‘MIII Juinpsaka’ 1151 03HA-
Ka Oysa Ha piBHI 77,9 Ta 77,5 6ajia BiOIIOBIIHO.

3a pesysapraTaMu JIUCHEPCIAHOTO aHaII3y
eKCIIePpUMEeHTATbHUX JaHUX BCTAHOBJIEHO TaKl

YaCTKU BIUIMBY PI3HUX YMHHHUKIB HA BPOKAHI
BJIACTHUBOCTI IIIIIEHUIT] M KOl 03MMOI: "KUBJICH-
Hs (HOpM BHeCeHHs mo0puB) — 79,96% (BuaHAa-
YaJIbHUH BILIUB), Tonepenuuka — 8,02%, CTpoKy
ciBOu — 3,85% (rabi1. 5). Hesmaummm, ase cra-
tuctTudHO goctoBipauM (p < 0,05) OyB edext
pory — 0,82%, a Taxosx copty — 0,88%. Binmiue-
HO HAMBMUII YACTKM B3a€MOI1l YMHHUKIB COPT X
cTpok ciBom (1,23%) Ta copT X momepemHuK X
semuBieHHA (2,03%). Huspkmii, ane 70CTOBIpHUM
BILIMB POKY Ta COPTY BKa3ye Ha CTAOLIbHICTH
O3HAKHU ¥ IlepeBaskaHHs il 1HITUX (PaKTOPIiB ¥
dopMyBaHHI BpOKAWHNX BJIACTHBOCTEM HACIH-
HA IIIeHUII] 031UMOI.

Tabauysa 5

Pe3ynbratu gucnepciiHoOro aHanisy oLiHKU BPOXKaHMX BJIaCTUBOCTEM
HaCiHHA nweHULi M'aKoiT 03umoi

Ixepeno Bapiauii SS df MS Foe p YacTka Bnausy, %
Pik (A) 123,63 2 61,8 891,6 |0,000000 0,82
Copr (B) 131,48 2 65,7 948,33 |0,000000 0,88
NonepepaHruk (C) 1202,67 | 1 1202,7 | 17347,3 | 0,000000 8,02
Crpok ciBbu (D) 576,85 1 576,9 8320,6 |0,000000 3,85
XusnenHs (E) 11983,18| 3 3994,4 | 57615,3 | 0,000000 79,96
AxB 4,17 4 1,0 15,0 | 0,000000 0,03
AxC 1,80 2 0,9 13,0 |0,000004 0,01
BxC 21,50 2 10,8 155,1 | 0,000000 0,14
AxD 1,00 2 0,5 2,3 0,100121 0,01
BxD 184,67 2 923 1331,8 | 0,000000 1,23
CxD 12,07 1 12,1 174,1 |0,000000 0,08
AxE 1,10 6 0,2 2,6 0,016752 0,01
BxE 87,52 6 14,6 210,4 | 0,000000 0,58
CxE 40,27 3 13,4 193,6 |0,000000 0,27
DxE 39,36 3 13,1 189,3 |0,000000 0,26
AxBxC 1,77 4 0,4 6,4 0,000063 0,01
AxBxD 1,63 4 04 59 0,000150 0,01
AxCxD 1,86 2 09 13,4 |0,000003 0,01
BxCxD 1,22 2 0,6 838 0,000199 0,01
AxBxE 15,37 12 13 18,5 |0,000000 0,10
AxCxE 7,26 6 1,2 17,4 10,000000 0,05
BxCxE 304,57 6 50,8 732,2 |0,000000 2,03
AxDxE 4,69 6 08 11,3 0,000000 0,03
BxDxE 67,76 6 11,3 162,9 | 0,000000 0,46
CxDxE 51,86 3 17,3 249,3 |0,000000 0,35
AxBxCxD 8,54 4 2,1 30,8 | 0,000000 0,06
AxBxCxE 14,80 12 1,2 17,8 | 0,000000 0,10
AxBxDxE 15,46 12 13 18,6 | 0,000000 0,10
AxCxDxE 19,45 6 3,2 46,7 0,000000 0,13
BxCxDxE 31,23 6 52 75,1 0,000000 0,21
AxBxCxDxE 8,26 12 0,7 9,9 0,000000 0,06
HeBpaxoBaHi YnHHuMKKM | 19,97 | 288 0,1 - - 0,13

Mpumitka. SS — cyma kBagpartis, df — kinbkicTb cTyneHis cBo6oau, MS — cepepHiit kBagpar,
F - kpuTepiit ®iwepa, GakTU4He 3HAYEHHSA, p — piBEHb CTAaTUCTUYHOT 3HAYYLLOCTI.

akr.

Ot:xe, oTpuMaHl pe3yJIbTATH IMOSICHIOITHCS
THM, III0 a30THE *KUBJIEHHS B1OIrpae IPOBiIHY
poJib y (pOpMyBaHHI HMOBHOIIIHHOI'O 3apOIKa,
IIOIePEeSHUK COS IOJIIIIYe SKMBJIEHHS POC-
JIMH, a ciBba B IIepINy OeKany SKOBTHS CTBO-
PpI0€ COPUATIUBIIIL YMOBH OJISI POCTY.

Vce e pasoM 3yMOBJIIOE OlIbIle HAKOIIH-
YeHHS [OKHBHHX PEYOBHH 1 (POPMYyBAHHI
HACIHHSA 3 BUIINMU BPOKANHNUMU BJIAaCTHBOC-
TAMH.

52

BucHoBKuU

Busasmneno, 1o B gocimiaskyBaHMX COPTIB IIIIIe-
HUIIl M SIKOI 03MMO] IepeBaskae Haciuus 3 11 tu-
oM 3apoara — 42—76% 3araJbHOI MacH 3aJIeK-
HO BIJI COpTy, IOMEpeIHUKa, CTPOKY CIBOM Ta
HOPM a30THOTO KMBJICHHS. TaKoX SHAUYHNMHU €
yacrru I ta I1I Tumis. BeraroBiiero BusHavaiin-
HUM BILUIUB HOPM BHeceHHs H00puB (79,96%) 1
moMipHMH — momepemuuka (8,02%) Ta CTpoKy
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ciBom (3,85%) Ha hopMyBaHHS BpOKANHUX BJIac-
THUBOCTEI HACIHHI.

Binbury vactry maciuss 3 11 tumom 3apoaka (B
cepeqHbpOMy Ha 5%), a OTiKe, I BHUIILY OITIHKY BPO-
SKAMHUX BaacTuBocTel (Ha 3,2%) IJ1d BCIX JOCIII-
JUKYBAHUX COPTIB OJIEPIKAHO ITICJIST TAKOTO II0TIe-
PEIHMKA, SIK COSI, IOPIBHIOIOYN 3 COHSIIHIKOM.

3a ciBOu B IIePIILY JeKa/Ly KOBTHS, K HOplBHH-
TH 3 JPYTOIO, Big3HauyeHo Ha 3—5% 61)11>my KLJTb-
kictb Haciaus 3 II Tumom 3aponka. Ile crpusie
MIIBUINEHHIO OIIIHKN BPOMKANHNX BJIACTHBOCTEHM.,

3’sicoBaHO, 0 BUKOPHCTAHHSA A30THOIO JI00-
puBa KAC-32 mosutuBHO BILTMBae Ha cbopMy-
BAHHSA MOPQOJIOTIIHO HOBHOHIHHOI‘O HACIHHSA.
301IbIIIeHH HOPMY BHEeCeHH Bixg 25 mo 75 kr/ra
I. P. 3yMOBJIIOE 3POCTAHHS YACTKH HACIHHS 3
II Tummom 3aponka micsas 000X IIOIEePeSHuKIB Ta
3a PI3HUX CTPOKIB CIBOM, a4 BIAIOBIIHO, I IIOJILII-
IIIEeHHS BPOKAaMHUX BJIACTUBOCTEH.

Orxe, 171 pOpMyBaHHS BUCOKOSIKICHOIO Ha-
CIHHA 3 Hi,Z[BI/IH_IeHI/IMI/I BPOKAHUMU BJIACTH-
BOCTSIMH ,z:ocmmicyBaHl COPTH IIIIEHUII M SIKOI
03UMOi BAPTO BHCIBATH y IIEPIILY JEKAIY sKOBTHS
micJjs col 31 BHeceHHaM azorHoro goopusa KAC-
32 y mopmi 75 kr/ra m. p.
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Purpose. To evaluate the yield potential of seeds
from new varieties of soft winter wheat developed by the
Myronivka breeding program under conditions in the central
part of the Forest-Steppe zone of Ukraine, based on embryo
morphotypes and taking into account preceding crops,
sowing dates, and fertilizer rates. Methods. The study was
conducted from 2021/22 to 2023/24 in the experimental
fields of the V. M. Remeslo Myronivka Institute of Wheat of
the NAAS. It examined how different application rates of
nitrogen fertiliser (UAN-32) — 25, 50 and 75 kg/ha of active
ingredient (AI) - as well as sowing dates (the first and
second decades of October) and preceding crops (sunflower
and soybean), affected the formation of embryo types and
the yield characteristics of soft winter wheat varieties (‘MIW
Assol’, ‘Estafeta Myronivska’ and ‘MIW Dniprianka’). Results.
The seeds of the winter soft wheat varieties under study
produced six types of embryo. TypesIand III were significant
in proportion, but type II predominated, accounting for
42-76% depending on variety, preceding crop, sowing date,
and nitrogen application rates. These factors significantly

impacted yield characteristics. Yields were 3.2% higher
when a soybean preceding crop was used, compared to a
sunflower one, due to an average 5% higher proportion of
seeds with embryo type II. Regarding sowing dates, sowing
within the first ten days of October compared to the second
ten days resulted in a 3-5% higher proportion of seeds with
type II embryos. This contributed to an improvement in
yield characteristics. Using the nitrogen fertiliser UAN-32
positively affected the formation of morphologically sound
seeds. Increasing the application rate from 25 to 75 kg/ha
of active ingredient also increased the proportion of seeds
with embryo type II and consequently improved yield
characteristics. Conclusions. To produce high-quality
seeds with improved yield characteristics, the winter soft
wheat varieties under study should be sown within the first
ten days of October, after a soybean crop. UAN-32 nitrogen
fertiliser should be applied at a rate of 75 kg/ha of active
ingredient.

Keywords: Triticum aestivum L.; varieties; yield properties;
precrop; sowing date; nitrogen fertilizer UAN-32.
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TpuBanicTb nepioay nicnasémpanbHoro fo3piBaHHA
HaCiHHA NwWeHuLi 03umMoi

A. A. CipowrTan?, 0. A. 3aima'’, B. M. KaByHeupb!, 0. JI. leprauos?, C. C. KonageHko?
!MupoHiscbkuli iHcmumym nweruyi imeHi B. M. Pemecna HAAH Ykpainu, c. UenmpansHe, 06yxiscokuli p-H, Kuiscbka 0671.,
08853, Ykpaina, *e-mail: oleksii.zaima@ukr.net

2YkpaiHcbKull THCmumym ekcnepmusu copmis pociuH, sya. fopixysamcekull winsx, 15, m. Kuis, 03041, Ykpaina

MeTa. BctaHoBuTM TpuBanicTb nepiosy nicns36upanbHoro [O3piBaHHA HACiHHA 3aneXHO Bif 0CO6GAMBOCTEN HOBUX
COPTiB nuweHuui m'akoi Ta TBepAoi o3umoi. Metoamu. [ocnimkeHHs NpoBoAMAN BnpofoBx 2024-2025 pp. Busyanu pBa
COpTW MWWeEHWLi TBEpAOi 03MMoi Ta CiM M'AKOT 03MMOT, BUPOLEHT NiCNsA TaKoro nonepefHuKa, sk cos. Pesynbratu. 3a pe-
3yNbTaTaMmM aHanisy eKcnepuMeHTaNnbHUX JAHUX BCTAHOBIEHO, WO MWEHULA MK 03UMa, IK NOPIBHATU 3 TBEPAOI0 03UMOIO,
XapaKTepu3yeTbCA 3HAYHO TPMBANILWMM NepiofAoM Nicna36MpanbHOro 4o3piBaHHA. [lMHaMiKa NpOpOCTaHHs HACiHHA NPOTATOM
neplmx Tpbox Ai6 Gyna pyxe HU3bKOW (0-4%). Lle cBiguuTL Npo dizionoriyHuit cTaH cnokoto 3epHa 0Apasy nicns 36upaH-
HA. YTiM AKWWO B NweHULi M'AKoT 03MMOT NPOpPOCAUX HACIHMH He CnoCTepirany i Ha N'ATy-cboMy foby, To y TBepAoi 03uMoi
BXKe Ha N'ATy iXHA 4yacTKa cTaHoBuNa 56-58%. CTaH cnokoto GinbwocTi copTiB nweHuui M'akoi 03umoi Tpusae 40-50 gib.
KopoTkum BiH 6yB y ‘MIMN ®eepii’ Ta ‘bypwTtuHy’ — Ha 30-Ty fobY B HUX NpopocTano noHan 50% Bif ycboro HaciHHs. CopTamu
3 [0BroYacHUM nepiofoMm nicnasdupanbHoro [03piBaHHA MoxHa BBaxatu ‘MIMN Aypiky’, ‘MIN Aenity’, ‘MIN fosipy’, ‘MIN
NansHuuo mupoHiecbky' Ta ‘MIN CredaHito’. HailkopoTwum nepiofom cnokoto — npubnusHo 40 gi6 — Big3Hauuscs ‘bypuwtur’,
a Hantpueaniwmm — noHap 60 ai6 — ‘MIN Aypika’ Ta ‘MIN Aenita’. ¥ pocnigkysaHux copTie nueHuli TBepaoi o3umoi ‘MIN
Jlakomka’ Ta ‘fQyHswa’ Ha TpeTio f06Y 3athikcoBaHo 2 Ta 4% NPOPOCANUX HACiHUMH, a BXe Ha N'aTy — 79 Ta 74% BignosigHo. Lie
CBIAYMTb NPO MEHLW TPUBANUM, HIX Yy NWeHULi M'AKOT 03uMoT, npouec nicnasbupanbHoro fo3pisaHHsA. BucHoBku. Mpouecu
L03piBaHHA HACiHHA XapaKTepuM3yloTbCA BUAOBOIO Ta COPTOBOIO cneuudiyHicTio. 3o0kpeMma, y 6inblocTi copTie nweHuwi m'sakoi
03MMoi nepio nicna3bupanbHOro fo3piBaHHaA ctaHoBuB 40-50 Ai6, a y TBepaoi 03umoi — npubansHo 15 ai6. HaiikopoTiwmm
nepiofoM CMOKOK Bif3HAYMAMCA COPTM MuweHuMUi TBepaoi o3umoi ‘MIN Jlakomka’ Ta ‘AyHAwa’, a 3-MOMiX COPTiB NweHUUi
M'siKoi 03uMoi — ‘ByplwITUH'; HaWgoBlWMM — noHad 60 fi6 — ‘MIN Aypika’ Ta ‘MIN Aenita’. Heo6xiaHO 3Ba¥aTtu Ha TpUBaNicTb
nicna36upanbHOro 403piBaHHA KOXHOMO COpTY, W06 BCTaHOBUTMU BioN0riuHO 06FpYHTOBAHI CTPOKM 36MpaHHs. Le cnpustume
MiHiMi3auii BTpaT ypoxalo Ta nifBuULLEHHI0 eDeKTUBHOCTI BUPOLLYBAHHA HACIHHSA.

Knwovyosi cnosa: nabopamopHa cxoxicms; nepiod CnoKot HACIHHA; NPOPOCMAHHA HACIHHA; cCOpmuU nuweHuyi m’skoi ma
msepdoi 03umoi.

TeHEeTUYHNX (baRToplB y cbopMyBaHHl BKA3AHUX

Bctyn

Ha BposkaiimicTs Ta SKICTH IIIIEHHUIN O3MMOI
BILUIMBAIOTh TeHETUYH1 ocobsmBocti [1], ymoBHM
KyJBTUBYBAHHSA [2, 3] Ta MeToIu BeIEeHHS ClJIb-
chKOro rocmogapcersa [4]. 3a BupolyBaHHS Cy-
YaCHUX AQIaITOBAHUX COPTIB B ONTUMAJHHOMY
CEePEeIOBUINI MOKHA OTPHMATH MAKCHMAJIBHI
Bpozkai [5]. OcranHi B OKpemi poKHU OijbIlle 3a-
JIeHKATh Bl YMHHWKIB NOBKLLIA, HIK Bl reHe-
TUIHUX 0cobsmBocTe [6]. OKpiM eKoJIOTIIHUX 1
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OKA3HHUKIB ,z:e,z:am BaachmBlmy POJIb BIOITPAOTh
METOIH YIIPABJIHHSA IIOCIBAMHU — Yac CIBOM, BHe-
CeHHs JT00pUB 1 3aCTOCYBAHHS TECTUITUIIB [7-9)].

CopToBi pecypcu, BasKIUBICTh IKUX BCTAHOB-
JICHO YKMCJICHHNMY HAYKOBUMI JOCJI1 e HHAMI
[10-12], 3Ha4HOI0 Mipo 3yMOBJIOITH IIiBU-
IIEeHHS IIOTEeHIlaJIy BpOosKaiHoCTI mieHnIri. Pa-
30M 13 BIIPOBAKEHHSM HOBHX I1HTEHCHBHUX
COPTIB Ta BIOCKOHAJIEHHSM TEXHOJIOTII IX BHPO-
IIyBAaHHS, 3POCTAHHS BPOMKANHOCTI 3€pPHOBUX
KyJIbTYp Ha 20—25% 3aJ1€/KUTD BiT BUKOPHUCTAH-
HS BUCOKOSIKICHOI'0 HACIHHA Il yac cisou [13].

TpuBaJicTs Iepiony ICAA30MPATIBLHOTO I0-
3piBaHHS HACIHHS YAaCTKOBO BILIMBAE Ha (op-
MyYBaHHs MOr0 IMOCIBHMX SIKOCTEH 1 BpOXKaWHMX
Biacrusocrei [14]. Bogrouac ogHieo 3 Ipuyume
BTPATHU BPOKAIO TA 3HIKEHHS SKOCTI 36pPHOBUX
KYJIBTYD € Irepea3dupasibHe IIpOpoCTaHHs [15—
17]. Xoua BOHO I'€HETHYHO JeTepMIHOBaHe, ajie
IJIsT I0r0 BHMHHUKHEHHS HeoOX1mHI crermdivHi
darTOpH HABKOJIUIIIHLOTO cepenoBuina [18-20].

© The Author(s) 2026. Published by Ukrainian Institute for Plant Variety Examination.
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CrifikicTh IIPOTH IILOI'O SBHINA CHJIBHO 3aJie-
SKUTH B1J B3aeMOIll FeHeTUYHUX, O10XIMIUYHUX 1
MOJIEKYJIIPHUX YUHHUKIB, TICHO IIOB’SI3aHUX 3
YMOBAMM BHUPOIILYBAHHS.

Ilepiox crIoKxo010 3epHA € OCHOBHNM '€ HETHYHO
KOHTPOJIBOBAHUM (PAKTOpPOM, IO Oe3mocepe/i-
HBO BILIMBaE Ha IIepeadacHe IrpopocTauusa [21].
[leBHM# piBeHL IEPBUHHOIO CIIOKOI0 BBAMKAETD-
Cs IIO3UTHBHOKI O3HAKOI0, OCKUILKH 3aXHIIAE
HACIHHS B/ IIPOPOCTAHHS I1Te 0 30MpaHHs BPO-
skaro. TpuBaIIicTh BKA3aHOTO IIePIioJTy 3aJIeKUTh
BIJl HU3KU YMHHUKIB — TEMIIEPATYPHU i BOJIOTOC-
Tl, KIJIBKOCTI Ta TPHBAJIOCT1 onaaiB (0cODIMBO Ha
erairl Bl BOCKOBOI CTHUIJIOCT1 3€pHA 10 00MOJIO-
Ty), MOP(OJIOTIYHUX 0COOJIUBOCTEl 3epeH [22—
24]. 3aBasKY TPOXOJIOIHUM TeMIlepaTypam IIi
Jac I03plBaHHA 3epHA, HACIHHSA JOBIIE I1epedy-
BA€ B CTAHI CIIOKOIO, IO 3a0e3I1euye CUJIbHIIIMH
3aXMCT BiJ IIePeIIACHOr0 IIPOPOoCTAHH [25].

CeJIeKIIio Ha TPUBAJIICTD IIEPBUHHOTO (IIiCJIs-
30MpaJIbHOr0) CIOKOK HACIHHA [26] BBAKAMOTH
OCHOBHMM 3aXO0[I0M [JIsI 3MEHIIEHHS PU3UKY
oro HebakaHOrO IIPOPOCTAHHS y Kojtocl. Jlocoti-
IYKeHHS HOBUX COPTIB IIIIICHUIN M KOl Ta TBep-
101 03MMOI y PO3Pi3l I[HOT0 IINTAHHS € aKTyaJIb-
HUM 1 Ma€ BeJINKe IPAKTUYHE 3HAYCHHS.

Mema docniidvwcerb — yCTAHOBUTU TPUBAJIICTD
MePioay IicasI30MPAaIBLHOr0 CIIOKOI0 HACIHHS 3a-
JIGYKHO B1JT 0COOJIMBOCTEM HOBUX COPTIB IIIIEHMIT]
M’SIKOI Ta TBEpIol 03UMOI.

Marepianu Ta meToaMKa AOCNiAKEHD

Jocmimxenns mpoBomuiau mporarom 2024—
2025 pp. arigao 3 MeToauKoI0 1ep:KaBHOTO COP-
toBuItpoOyBauHsa [27]. BuBuanu 1Ba coptu
mresnirl Teepmoi osumoi (Uymsmra’, ‘MIII Jla-
KoMEKa') Ta ciM — M’ sakol oaumol (‘MIIT Aemira’,
‘MIII Aypira’, ‘MIII Hosipa’, ‘Bypurrue’, ‘MIIT
[Tansaunga wmwuponiesra’, ‘MIII Credanis’,
‘MIII ®eepis’), BUPOIIEH] MICIIST TAKOTO IOIIepe-
mHuKA, Sk cosd. CiBOy 3OliCHIOBAJIM HA TOCJI-
HUX MUISHKAX Y YOTHPUPA30Bifl ITOBTOPHOCTI,
puropucroByiouu ciBaiaky CH-1011. Hopma Bu-
CIBY CTAHOBIJIA D MJIH CXOKMX HACIHMH Ha 1 ra.
ArporexHika B mociial Oysa 3araJbHOIPUANHS-
toio ayist Jlicocrermy Yipaiuu.

Ha mouatky dasu tBepmoi cTursiocTi 3epHa 3
mociBiB Bigoupasm mo 50 K0oJIOCIB KOKHOIO COp-
1y. Ilicsss oOMosI0TY 3epHO IIpocitoBai Ha pe-
mreti (1,7 X 20 mm) Ta poskaagasu mo 100 Ty
Ollep:KAHNX HACIHHH Ha IIIIaHe JIOKe BOJIOTIC-
TI0 10 60% BIJI IIOBHOI BOJIOTOMICTKOCTI, CTE€PILIII-
3oBane 3a Temmeparypu 130 °C mporsrom romu-
mu. IloBTrOopHICTE — 4YoTHpmpasoBa. PocrminHi
IIOMIIIIAJIM B TEPMOCTAT 13 IOCTIAHOI0 TeMIIepa-
Typoro +20 °C, a moTim (3 IeBHHUM 1HTEPBAJIOM
I0) migpaxoByBaIKd KIJIBKICTH IIPOPOCJIOTO HAa-
cigga. Jlaml BM3HAYAIM HMOro IOCIBHI SIKOCTIL:

AKTUBHICTL KIJIbYEeHHSA — 34 METOIUKOIO
M. M. Maxkpymmuna [28]; eHepriio IIpopoCTaHHsI,
nadopaTopHy cxosxicth Tompo — 3a JJCTY 4138-
2002 [29].

Jly1sa aHasisy rigpoTepMIYHOIO PEKUMY POKIB
IPOBENEHHS JTOCIIIKEHb BHKOPHCTOBYBAJIN
maui MuponiBebkoi arpomereocranii. Orpuma-
TH 00 €KTHBHI Pe3yJIbTAaTH BIAJIOCSH, OCKLIBKHU
BereTallMHUI Ieplon mimeHunIrl o3umol (2024
2025 pp.) 6yB MIHJIMBHAM 32 IIOKA3HUKAMU K1JIb-
KOCTI OIAJIB 1 TeMIepaTypu moBiTps. Ii cepemue
3HaveHHs y cepuHl 2023-ro — ymumH1 2024 p. Ha
2,6 °C mepeBwullyBasio ycepegHeHe baraTopiuHe
1 cramoBmiio 11,6 °C (Tabu. 1).

Tabauys 1
TemnepatypHi yMOBU BNPOAOBIK BereTalyinHux nepiogis
nweHuui o3umoi (°C), 2023/24 1a 2024/25 pp.

Micaus | Gararopiusa 2023/2024 p. 2024/2025 p.
dakTnyHa | +* | dakTuyHa | +*

CepneHb 20,7 22,8 2,1 22,5 1,8
BepeceHb 14,8 18,4 3,6 19,8 5,0
YoBTeHb 8,9 12,0 3,1 11,2 2,3
JNluctonap 2,7 4,5 1,8 2,7 0,0
lpyneHb -15 0,9 2,4 0,2 1,7
CiveHb -3,5 -1,9 1,6 23 58
Jlrotunin -1,9 3,3 5,2 -3,6 -1,7
bepeseHb 2,5 4,4 1,9 71 4,6
KBiTeHb 10,0 131 31 10,9 0,9
TpaBeHb 15,8 15,9 0,1 13,8 -2,0
YepseHb 19,6 214 1,8 19,3 -0,3
JiuneHs 21,4 24,5 3,1 22,9 1,5
3a pik 91 11,6 2,5 10,8 1,6

* pi3HuuUA go G6aratopiyHoi.

I3 cepraa 2023-ro o aumas 2024 p. cymapHO
3adixcoBano 543 mm onamis (92% Big cepeIHbOI
fparaTopiuHol KIJILKOCTI) (TAabi1. 2).

Tabauys 2
KinbKicTb onagie ynpofoBxk BeretayinHux nepiogie
nweHuui o3umoi (Mm), 2023/2024 Ta 2024/25 pp.

Micaub | 6araTopiuna 2023/2024 p. 2024/2025 p.

daKktyHa | +* | akTuyHa | +*

CepneHb 51 5 76 45 5
BepeceHb 55 8 —47 5 50
HosTeHb 40 51 10 90 49

Jluctonap 43 79 36 52 9
CiveHb 36 23 13 18 18
Jlotnii 33 44 11 8 Y
bepeseHb 37 86 50 12 5
KeiteHb 45 72 27 57 13

TpaBeHb 49 6 —43 60 12
YepseHb 84 103 18 19 65
Jlunexb 75 7 _68 61 14
3a pik 590 543 | —47 | 455 |-135

* pi3HuuA o G6aratopiyHoi.

CepenubomicsayHa TeMmIepaTypa BereTalliii-
HOT0 POKY OyJ1a OLJIBIITOI0 3a ycepeaHeHy OaraTo-
piuay Ha 0,2-5,5 °C. Ilporsirom BecHSHO-JIIT-
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HBOT'0 IEPIOAY I IePEBUIeHH cTaHoBIIO0 0,2—
3,3 °C, mocaramouym MaKCUMAJILHUX 3HAYCHDb —
3,2 Ta 3,3 °C BIOIOBIIHO — y KBITHI Ta JIKMIIHIL.
Yac BIIHOBIEHHS BereTallil MIIIeHUI[l 03UMO1L
B Oepe3Hi Ta KBITHI XapaKTepu3yBaBCs JI0CTAT-
HBOIO, BiamoBinHO Ha 50 Ta 27 MM OLIBIION 3a
6araTop1qHy HOpMY KijgbKicTio omamiB. Haro-
MicTh ixHa Hecrava (12 1 10% Bixm ycepegHEHOro
OaraTopiyHOTO 3HAYEHHs) OyJia BJacTHUBA TPaB-
HI0O Ta JWIHD. UepBeHb BIAPISHABCS BHIINM
piBHeM 3BoJIOMeHHS — 103 MM, mo Ha 18 MM
mepeBaskaso Hopmy. KUIBKICTE omamiB B JedKl
mepiogy Bererarril 34eO0lJIBIIOr0 IOCTYIIAJIACS
cepenHIM O0araTopivHii 1 JIKIlle Ha eTamax CXo-
B — IIPUIIMHEHHS BereTallli, BIJHOBJICHHS Be-
reTaui'l' — BHUXOIy B TPYOKY, MOJIOUHOI CTHUTJIOC-
Tl — 00MOJIOTY IIepeBHUIIyBaIa 1i. Onagu manu
3JIMBOBHH XapaKTep, 1 Ie IOTIPIINIO0 IX aKyMy-
JIAIII0 IPYHTOM. 3a IIOKA3HHKOM BOJIOT03a0es3-
neuernHg 2023/24-11 Hale:xaB I0 BereTanliHUX
pokiB 13 cubHO0I0 mmocyxoio (I'TK = 0,48). V sec-
mago-mitaiil nepiom I'TK cramosms 0,1-0,37.
JImire B uepBHI H0Oro sHAYEHHA JOCATHYJIO 1,59,
1[0 03HAYAJIO OITHMAJIEHI YMOBH 3BOJIOMKEHEHS.
VcepeaHeHa TeMmepaTypa IOBITPA IIPOTATOM
cepuua 2024-ro — nunaa 2025 p. cTaHOBHIIA

10,8 °C, mo Ha 1,6 °C Oliabine 3a 6araTopiuHy
mopmy. Illomo cepeaHBOMICAYHMX ITOKASHHUKIB
BECHSIHO-JIITHBOI0 IIEPIOY Bererairii, To B TpaB-
HI Ta YepBHI BOHH IIOCTYIIAJIKCSA 0AraTOPIYHIM
Ha 2,01 0,3 °C BiOIoBigHO, a B 1HIIKHI Yac mepe-
Basxasn ix Ha 0,9—4,6 °C.

I3 cepmma 2024-ro mo aunusa 2025 p. cymapHO
sacdircoBano 455 MM omasis (Ha 135 MM MeHIIe
BIJ HOpPMH). IXHIO HecTauy crocrepiraian y Bec-
HAHO-JIITHIHA IIepiof] BereTalril, KOJIH II0KA3HUKHN
OyJsim HMWKYMMHU 3a Oaratopiuni Ha 14-25 mwM.
JIure y TpasHi Bumrasao 60 MM atMocepHOI Bo-
JIOTH, III0 IIEPEeBUIIYBAJIO HOpMY Ha 12 mm. 3a
OKAa3HUKOM BOJIOTo3abeamneuenns 2024/2025-i1
HaJIeKaB O BereTallliHNX POKIB 13 cepeIHbo-
nocymutusumu ymosamu (I'TK = 0,74), a Becus-
HO-JIITHIHN IIeplof XapaKTepu3yBaBCs HeI0CTAT-
Him 3posoxenHaM (I'TK = 0,8).

Pe3ynbTatu gocnigxeHpb

3a pesyiapraTaMu aHAJTI3y eKCIIepUMeH-
TaJdpbHUX AaHuxX (Tabs. 3) BCTAHOBJICHO, IO
COPTHU IIIIEHUI[l M SIKOI 03UMOI, SIK ITOPIBHATHA
3 TBEPI0I 03WMOI0, MAIOTh 3HAYHO TPHUBAJII-
MIUA T1epioj micass30MpaIbHOTO T03pIBaHHS
HAaCIHHI.

Tabnuys 3
Tpusanicte nepiopy nicnaséupanbHoro Ao3piBaHHA HaCiHHA NweHULi 03umoi (cepepHe 3a 2024-2025 pp.)
ConTu Kinbkictb npopocnoro HaciHHsA (%) 3a Temnepatypu 20 °C Ha ... foby
P 3 5 7 10 15 20 30 40 50 60
‘MIN AeniTa’ 0 0 0 12 34 45 49 55 60 71
‘MIN Aypika’ 0 0 0 4 5 12 22 27 35 60
‘bypwTtuH’ 0 0 0 7 26 54 72 81 93 98
‘MIN Hosipa’ 0 0 0 1 2 25 37 50 58 88
‘MIN MansaHuus MUPOHiBCbKA' 0 0 0 1 2 5 34 59 65 86
‘MIN CredaHis’ 0 0 0 1 10 19 42 58 64 90
‘MIN deepis’ 0 0 0 10 24 34 56 67 73 82
CepenHe 0 0 0 51 14,7 27,7 44,6 56,7 64,0 82,1
‘NyHAwa™ 2 56 76 83 88 - - - - -
‘MIN Nakomka™ 4 58 77 85 86 - - - - -
CepepHe 3 57 77 84 87 - - - - -
x 0,7 12,7 17,0 22,7 30,8 27,7 44,6 56,7 64,0 82,1
S 1,41 | 25,14 | 33,73 | 35,00 | 33,83 | 17,68 | 16,27 | 16,50 | 17,40 | 12,76
V, % 212,1 | 1985 | 198,4 | 154,4 | 1099 | 63,8 36,5 29,1 27,2 15,5
HIP,, - 08 | 11 | 17 | 18 | 22 | 20 | 22 | 14 | 12
MpumitKa. * — copT¥t NWeHULi TBEPAOT, X — CEPeHE 3HaUYeHHs, S — cTaHaapTHe BiaxuneHHs, V — koediuieHT Bapiauii, %.

¥ copriB mrenwutii m'sikoi o3umoi ‘MIIT @eepist’
1 ‘BypiiTuH’ cTaH CIIOKOI TPUBAB HEIOBIO —
ke Ha 30 100y B HUX mpopocTaso moHam 50%
Big ychoro HacimHs. Bogmouac ‘MIII Aypiky’,
‘MIIT Aemry’, ‘MIII Hosipy’, ‘MIII Ilanaumn-
mio mupoHiBcbKy Ta ‘MIII Credanio’ moxHA
BBQJKATU COPTAMH 13 3ATSKHUM IIE€PIOIOM ITiC-
JISI30UPAJTBHOTO J03PIBAHHS.

V copriB mmenwniri TBepmoi ozumoi ‘MIII Jla-
romia’ Ta ‘Jlymsma’ Ha TpeTio 100y 3adikcoBaHO
2 ra 4% mpopocyux HACIHUH, a BiKe HA II'SATy —
79 Ta 74% Bl,I[HOBl,I[HO Ile cBimunTh IIPO MEHIILY,
HI3K y OITeHUI M AK0I 03MMO1, TPUBAJIICTD ITiC-
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ns3oupaspHoro godpiBanus. I[llopory (2022—
2024) y Bka3aHHUX COPTIB CIIOCTEPIrajau KOPOT-
KHH IIeplof CIIOKOI0 Ta CXOKICTh HACIHHS, IO
BiKe Ha ITATY 100y cTanoBuiIa mpudausuo 70%.

JluHaMIKa IIpOPOCTAHHSA HACIHHS IIPOTSAIOM
MepIuX TPHOoX [0 Oysa myske Hu3bkoio (0—4%).
[e cBimuuTH 11PO Pi310IOTTUHUI CTAH CITOKOI0 3€P-
HA 0[Ipaay ITCJIA 30MPAHHA. Y TIM SKIIIO B IIIIEHH-
1l M'SIKOL 03MMOI IIPOPOCIIMX HACIHHH He CIIOCTePi-
raju ¥ Ha I ATy-ChoMY 100y, TO Y TBEPI0I 03UMOI
BiKe HA ITSITY IXHS YacTKAa cTaHoBmIIa 56—58%.

VY OiybIIOCT1 COPTIB IIIIEHMUIN M SIKOI 03MMOIL
(ikcyBaii aKTHBHE IIPOPOCTAHHS HACIHHS HA
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15-20-ty mo0y. Maxkcumasibae 301/IbIIEHHS
KIJTBKOCT1 IIPOPOCJIMX HACIHUH BLIOyBaJIOCS
Mix 15-10 Ta 30-10 gobammu, a go 60-1 Bci copTiB
dopmyBasnu mokasuuku Ha pieal 60-90%. 3a-
BEpIIeHHSI IICasI30MpaIbHOT0  JT03PIBaAHHS
(86-98% mpopocaux HaciHuH) HA 60-Ty 100y
Bimvivanu B ‘Bypmrruny’, ‘MIII Hosipw’, ‘MIII
[Mamsaum mupouiBebkoi’ Ta ‘MIII Credamii’.
[Momo coprie mmimenul TBepaol o3umoi ‘Jlyms-
ma’ ta ‘MIII Jlakomka’, To BeJIHMKY KiJIbKICTH
mmpopocyoro Haciuusa (86—88%) B HUX crmocTepi-
raJiz B:ke Ha 15-Ty m00y.

[lepion micass30upaIbHOTO JTO3pIBAHHS O171b-
IIIOCT1 COPTIB IIIIEHHUIl M SIKOI 03MMOI CTAHOBHB
40-50 mi6. Hasiroporimim — npubimmanao 40 mo —
BiH OyB y ‘Bypurruny’, a Harigosmmm — moHag 60
mo6 —y ‘MIIT Aypikw’ ta ‘MIII Aemitir’. B ocran-
HBOT'O IIIOPOKY CIIOCTEPIraJIid TPUBAJIMMA Iepiof
CITOKOIO, 110 Y3TOIPKYEThCA 3 pe3yJibTaTaMu J0-
caimxens 2022-2024 pp. [26].

YV 2024 p., nopiBuiooun 3 2025-M, BIIMIYEHO
MEHIITYy KLIBKICTE IIPOPOCJIOr0 HACIHHS IIIITeHMITL
M'STKOI 03UMOI Ha IIeBHY 00y CIIOCTEpPEesKEeHb.
Buina cTiikicTh IPOTH IIPOPOCTAHHA Ha POCIIH-
Hax O0yJia 3yMOBJI€HA TPUBAJIIIIIAM I1€Pi00M CITO-
rom. Tak, 2024 poky Ha 10-Ty 100y 4acTka Impo-
pocux HAcCIHMH craHoBmiaa 1-7%, ma 20-Ty —
5-45%, ra 30-ty noby — 18-66%, a 2025-ro 111
IMOKA3HUKU mepeOyBasim B mexkax 1-18; 5-63
Ta 26—78%.

V mmenunini Teepaol 03uMol 3a IIOTOOHUX YMOB
2024 poxry opMyBaJIOCT HACIHHSA 3 IO KOPOT-
muM mepiogom crorowo. [lokasHuky mpopocTaH-
HsA Ha 5-Ty 100y cranoBuian 64—-69%, ma 10-Ty —
92-94%, Ha 15-Ty 100y — 94-96%. ¥ 2025 p. 111
3HaveHHs Oysju Ha piBHI 47—48; 75-76 Ta 80—
82% BIOIIOBLIHO.

BucHoBku

[Iporiecu mo3piBaHHSA HACIHHS XapaKTepU3y-
I0TBCSI BUJIOBOIO TA COPTOBOIO CIIEIIH(PIUHICTIO.
3okpema, y OLIBIITOCTI COPTIB MIMTEHUIN M SIKOI
03UMOI TIepiof Mic/II30MPaIbHOTO JTO3PIBAHHS
cranoBuB 40-50 116, a y TBepa0i 03UMOI — IIPHU-
0smano 15 mi6. HafikopoTimm mmepiogoM CIIOKO0
BIJI3HAYMJINCS COPTH IIIIEHHMI[l TBEPIOl 03MMOI
‘MIII JTakomra’ Ta ‘/lyHamma’, a 3-moMIK COPTIB
MITeHUIl M IKol o3umMol — ‘Bypiurus’; HafimoB-
mrmM — mouan 60 mi6 — ‘MIIT Aypika’ Ta ‘MIIIT
AemiTa’.

Heo0ximH0 3BaskaT Ha TPUBAJIICTD IICJIA30M-
PaJIbHOTO JO3pIBAHHS KOYKHOTO COPTY, II00
BCTAHOBUTHU O10JIOTIYHO OOIPYHTOBAHI CTPOKH
30upanus. lle cupuatume mimimisarii BTpaT
Bposkawo. PesysbraTté mocTiIiKeHb OyOyTH KO-
PHUCHUMH [JIsI BIOCKOHAJIEHHS aArpOTeXHIYHUX
3axo/iB 1 3abe3mevarsd IIABUINEHHS e(EeKTHB-
HOCT1 BHPOIIYBAHHS HACIHHS ITIIIEHMII O3MMO].
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Purpose. To determine the duration of the post-harvest
ripening period for seeds depending on the characteristics
of new varieties of durum and bread winter wheat varieties.
Methods. The study was conducted during 2024-2025 on
two varieties of durum winter wheat and seven varieties of
bread winter wheat grown after soybeans. Results. After
analyzing experimental data on the post-harvest ripening
period of seeds, it was established that it is significantly
longer for bread winter wheat than for durum winter wheat.
During the first three days, the germination rate of winter
wheat seeds was very low (0-4%), indicating the grain’s
physiological state of dormancy immediately after harves-
ting. This was also observed in bread winter wheat on the
fifth and seventh days, with no seeds having germinated by
the latter date, whereas in the studied durum winter wheat
varieties, this indicator had already reached 56-58% by the
fifth day. The dormancy period for most bread winter wheat
varieties lasted 40-50 days. The bread winter wheat varie-
ties ‘MIP Feieriia’and ‘Burshtyn” had a short dormancy period
(by the 30th day, more than 50% of the total seeds had ger-
minated). Varieties of bread wheat can be classified as hav-
ing a long post-harvest seed maturation period ‘MIP Aurika’,
‘MIP Aelita’, ‘MIP Dovira’, ‘MIP Palianytsia myronivska’, and

‘MIP Stefaniia’. The shortest dormant period, approximately
40 days, was observed in ‘Burshtyn’, while in ‘MIP Aurika" and
‘MIP Aelita’ it lasted more than 60 days. It was also found
that the post-harvest ripening period of seeds in the stud-
ied durum winter wheat varieties was significantly shorter
than in bread wheat varieties. Thus, by the third day, 2%
of the ‘MIP Lakomka” seeds had germinated, rising to 79% by
the fifth day. In the ‘Duniasha’ variety, these figures were 4%
and 74%, respectively. Conclusions. The ripening processes
of bread wheat and durum wheat seeds exhibit species- and
variety-specific characteristics. For most bread winter wheat
varieties, the post-harvest ripening period lasted 40-50 days,
whereas for durum winter wheat varieties it was approximate-
ly 15 days. The shortest dormancy period was observed in the
seeds of the durum winter wheat varieties ‘MIP Lakomka” and
‘Duniasha’, and among bread wheat varieties, in the variety
‘Burshtyn’. For the varieties ‘MIP Aurika” and ‘MIP Aelita’, it
lasted over 60 days. To establish biologically sound harvest
dates that will help minimize yield losses and increase the
efficiency of seed production, the duration of post-harvest
ripening for each variety must be taken into account.
Keywords: laboratory germination; duration of seed dorman-
cy; seed germination; winter bread and durum wheat varieties.
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Effects of different herbicide treatments
on Solidago canadensis L.
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Purpose. The study aimed to evaluate the impact of various herbicide treatments on Solidago canadensis L. and develop
recommendations for its long-term management. Methods. Three chemical control schemes were assessed in 2021-2025:
Lintur 70 WG (triasulfuron + dicamba), Roundup Max (glyphosate), and Dianate BASF (dicamba). Treatments were applied
using a handheld sprayer during the active vegetative growth phase at a temperature of +20-23 °C and relative humidity
of 65-70%. The herbicides’ effectiveness was evaluated comprehensively by determining the suppression of the above-
ground part, the number of viable shoots, and the ability to regenerate. Statistical analysis was performed using ANOVA with
the LSD, 4 criterion in Statistica 13.0 and Microsoft Excel 2019. Results. The results show that all the herbicides tested
have a clear suppressive effect on Solidago canadensis L., although their effectiveness varies considerably depending on
the active ingredients and how long they remain effective for. Overall, Lintur 70 WG exhibited the greatest effectiveness,
providing rapid and progressive suppression of plant growth, reaching 91.8 + 3.5% by 42 days after treatment, along with
the greatest biomass suppression (86.8 + 2.7%) and the strongest decrease in shoot density (~90% to 3 shoots/m?),
indicates the minimal regeneration ability of the plant. Dianate BASF exhibited moderate but less stable control, with final
suppression of 79.3 + 3.5% and biomass suppression of 69.3 + 2.6%. The reduction in shoot density (~71% to 6 shoots/m?)
suggests partial recovery potential of the species after treatment. Roundup Max demonstrated moderately high yet less
sustainable performance, reaching 84.7 + 3.5% suppression and 57.2 + 2.4% biomass suppression, with the weakest
reduction in shoot density (~63% to 9 shoots/m?), indicating the highest regeneration potential among the tested variants.
Conclusions. These findings confirm that multicomponent herbicides with different modes of action are the most effective
way to sustainably control S. canadensis, as they ensure rapid biomass suppression and minimal regeneration. The study
highlights the importance of considering the physiological responses of plants when predicting the duration of herbicide
effectiveness against invasive species. These results could inform the development of chemical management strategies for
invasive weeds in Ukrainian agroecosystems and natural habitats.

Keywords: weed suppression; biomass; shoot density; plant regeneration; invasive species control; chemical plant protection.

nomic consequences, including decreased crop

Introduction yields, competition for water and nutrients, and

In a global context, invasive plant species are
recognized as one of the main causes of ecosystem
degradation. This leads to reduced biodiversity,
an imbalance in the ecosystem and a decline in
land productivity. Among them, Solidago cana-
densis L. is considered one of the most aggressive
and widespread invasive species in Europe, par-
ticularly in the forest-steppe zone of Ukraine [1,
2]. This species is characterized by high ecological
plasticity, rapid vegetative propagation, and the
ability to form dense monodominant stands, which
suppress native vegetation, alter the structure of
plant communities, and significantly reduce fora-
ge productivity of pastures [3, 4].

The spread of S. canadensis in agricultural
landscapes is also associated with negative eco-
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deterioration of soil conditions [5]. Despite nu-
merous studies addressing the biology and dis-
tribution of this species, effective methods for
its long-term control remain insufficiently de-
veloped, especially under specific agroecologi-
cal conditions of Ukraine.

Chemical control using herbicides is current-
ly one of the most widely applied methods for
managing invasive weeds. However, the effec-
tiveness of herbicide treatments depends not
only on the choice of active substances but also
on the biological characteristics of the target
species, its growth stage, and its physiological
response to stress factors [4]. In particular, in-
vasive species such as S. canadensis often de-
monstrate high regenerative capacity, which
reduces the long-term efficiency of control
measures [6].

Current research largely focuses on visual
assessments of weed suppression, while the
physiological responses of plants to herbicide

® @ © The Author(s) 2026. Published by Ukrainian Institute for Plant Variety Examination.
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application — including changes in photosyn-
thetic activity, stress resistance and recovery
potential — receive insufficient attention [7].
This creates a knowledge gap regarding the
mechanisms underlying the effectiveness of
herbicide action, therebylimiting the develop-
ment of scientifically grounded control stra-
tegies.

Recent studies have shown that different
herbicides exert significantly varying effects on
the physiological processes of weeds. For in-
stance, acetolactate synthase (ALS) inhibitors,
such as triasulfuron, disrupt amino acid and
protein synthesis, thereby reducing shoot
growth and photosynthetic activity [8]. Herbi-
cides based on synthetic auxins, such as dicam-
ba, cause hormonal imbalance, tissue necrosis,
and deformation of growth points [9, 10]. Mean-
while, glyphosate-based products affect meta-
bolic pathways and inhibit the EPSP synthase
enzyme, but their ability to fully control peren-
nial weeds with well-developed root systems is
generally limited [11].

Many studies emphasize that the initial
suppression of above-ground plant parts by
herbicides does not guarantee long-term con-
trol, given the substantial potential for rege-
neration from roots and rhizomes [12]. Deep
root tissues often serve as the main source of
recovery, necessitating consideration of sys-
temic herbicide action when predicting effec-
tiveness [13]. In addition to chemical control,
modern approaches investigate the use of bio-
herbicides capable of inducing oxidative stress
in weeds, which further suppresses both root
and shoot tissues without leaving high chemi-
cal residues in the soil [14].

Physiological studies also indicate that inva-
sive species such as S. canadensis can exhibit
specific adaptive responses, allowing partial
restoration of key physiological parameters, in-
cluding photosynthetic efficiency, antioxidant
enzyme activity, and hormonal balance, follo-
wing herbicide exposure. These responses can
depend on the plant’s ontogenetic stage, envi-
ronmental conditions, and the type of herbici-
dal stress [15].

Other authors have highlighted changes in
root system structure and respiration under the
influence of herbicides with different modes of
action. These changes may serve as indicators
of long-term plant tolerance or sensitivity [16].
Furthermore, research shows that invasive
plants may respond differently to herbicides de-
pending on the state of their physiological pro-
cesses prior to exposure, such as flavonoid me-
tabolism, which plays an important role in
stress adaptation [17].

It is noteworthy that most contemporary
studies focus on describing the general effects of
herbicides on weed growth and biomass, while
the physiological mechanisms underlying these
changes are only partially addressed. Neverthe-
less, there is a growing understanding of the
need to integrate physiological parameters —
such as photosynthetic activity, gas exchange
rates, antioxidant system activity, and meta-
bolic activity —into a comprehensive assessment
of herbicide treatment effectiveness [18].

Thus, a review of the current literature indi-
cates that, although recent research has increas-
ingly focused on weed responses to chemical con-
trol, there is still insufficient data on the physio-
logical mechanisms of S. canadensis response to
different herbicides, particularly regarding pho-
tosynthesis disruption, hormonal regulation, an-
tioxidant activity, and the link between these
processes and regeneration capacity.

The aim of this study was to evaluate the ef-
fects of different herbicide treatments on Soli-
dago canadensis L., focusing on their impact on
plant growth, shoot density, biomass suppres-
sion, and regeneration dynamics, in order to
develop scientifically grounded recommenda-
tions for effective and long-term control of this
invasive species.

Materials and methods

Studies assessing the effectiveness of the
chemical control of Solidago canadensis L. were
conducted from 2021 to 2025 in the Forest-
Steppe zone of Ukraine, at a stationary experi-
mental field in Dubliany in the Lviv district
(formerly the Zhovkva district) of the Lviv re-
gion, Ukraine (49.8962° N, 24.0849° E). The
studies were carried out on the same plot
throughout the entire period, which ensured
the comparability of the results obtained. The
soils of the experimental plot were gray forest
medium loam, with a humus content of 2.6%,
pH of the salt extract — 6.1. The area of the ac-
counting plot was 125 m?. The experiment was
set up in three replications, the placement of
variants was by the method of complete ran-
domization. Each treatment option was repre-
sented by three separate plots (replications). A
control treatment (untreated plots without her-
bicide application) was also included in the ex-
perimental design. Preliminary surveys of shoot
density, plant growth, and phenological deve-
lopment were conducted on the control plots as
well, providing a baseline for comparison with
treated variants (Fig.1).

A preliminary survey of plants was conduc-
ted on each plot, recording the number of indi-
viduals per 1 m? and determining their pheno-
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Fig. 1. General view of the experimental design and herbicide effects on Solidago canadensis L.:
(a) control plot without treatment, characterized by dense and vigorous plant growth; (b) experimental field with
randomized plot arrangement and marked replications; (c) severe phytotoxic effect resulting in complete
desiccation of shoots; (d) moderate phytotoxic response with partial damage to plant tissues

logical stages prior to herbicide application.
The plants were in the active vegetative growth
phase during the treatments, with heights
ranging from 30 to 50 cm, which ensured maxi-
mum efficacy of systemic herbicides. The study
compared three herbicide treatment schemes
(Table 1).

The choice of herbicides for the study is due
to their widespread use in the practice of con-
trolling dicotyledonous weeds, in particular in-
vasive species, as well as different mechanisms
of action, which allows for a comprehensive as-
sessment of the effectiveness of chemical con-
trol of S. canadensis. The experiment used pre-

parations based on active ingredients with sys-
temic action.

The research was conducted on the same sta-
tionary site throughout the entire period (2021
2025); no transition to new, previously untre-
ated sites was carried out.

The plants were treated using a backpack
sprayer under air temperatures of +20...23 °C,
relative humidity of 65—70%, and wind speeds
up to 2 m/s. The working solution was pre-
pared and applied at a rate of 300 L/ha. Visual
assessment of plant suppression was conduc-
ted on days 7, 14, 28, and 42 after treatment
using the EWRC scale, while shoot density
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Table 1

Herbicide protection schemes for the control of Solidago canadensis L.

Vari . Consumption Lo . Active ingredient .
ariant Herbicide rate, Active ingredient(s) content Mode of action
kg/ha or l/ha
I [Control (without herbicide application)
I Lintur 70 WG, 0.3 kg/ha Triasulfuron 41g/kg ALS inhibitor (triasulfuron) +
Syngenta > X Dicamba (sodium salt) 659 g/kg synthetic auxin (dicamba)
III |Dianate, BASF 1.51/ha  |Dicamba 480 g/ ?%EET:E‘CC:‘“X‘" causing hormonal
v Roundup Max, 4.0 |/ha Glyphosate 551 g/l EPSPS inhibitor blocking aromatic
Monsanto/Bayer ) (potassium salt) (equiv. 450 g/l) |amino acid synthesis

Source: compiled by the authors.

was determined through direct counting on
1 X 1 m quadrats.

Shoot density reduction (%) was calculated as
the ratio of the number of newly emerged viable
shoots at 60 days after treatment to the initial
number of shoots before treatment, expressed
as a percentage:

Shoot density reduction (%) = N.=N: x 100

c

where: N, — number of shoots in the control
(untreated), shoots/m?; N, — number of shoots
after treatment, shoots/m?2.

Aboveground biomass of Solidago canadensis
L. was assessed by harvesting all shoots within
1 X 1 m quadrats. Plant material was collected
at 7, 14, 28, and 42 days after herbicide applica-
tion. Fresh biomass was weighed immediately
after harvesting using a laboratory balance
with an accuracy of + 0.1 g. Biomass suppres-
sion (%) was calculated in relation to the un-
treated control using the formula:

Biomass - -
suppression (%) [(By = By / By] x 100

where: B)— mean biomass in control plots; B, —
biomass in treated plots at each observation
date.

Statistical analysis of the results was per-
formed using analysis of variance (ANOVA)
with the LSD, ,; criterion to identify significant
differences among treatments. Data collection
and analysis were carried out using Statistica
13.0 and Microsoft Excel 2019, enabling com-
parative analysis of means, standard deviations,
and the construction of graphical dependencies
with error bars for visual representation. This
comprehensive approach allowed assessment
not only of suppression of above- and below-
ground biomass but also of regeneration poten-
tial, which are key indicators of the effectiveness
of chemical control of the invasive species.

Research results

As a result of the studies, it was found that
all three options for herbicide protection de-
monstrated a suppressive effect on Solidago
canadensis L., however, the degree of effective-
ness of the herbicides differed significantly both
in terms of the speed of action and the duration
of the phytotoxic effect.

The analysis indicates that all three herbi-
cides exerted a suppressive effect on S. canaden-
sis, but their intensity and dynamics differed
significantly. In particular, on average for
2021-2025 the highest efficacy was observed in
treatment II — Lintur 70 WG, which combines
triasulfuron and dicamba. By day 7 after ap-
plication, plant suppression reached 63.5%, in-
creasing to 78.7% by day 14, indicating a rapid
accumulation of phytotoxic effects. By day 28,
efficiency reached 84.3%, and by day 42 it re-
mained high at 91.8%, confirming the stable
and long-lasting action of the herbicide with
minimal potential for plant regeneration.

Treatment III — Dianate BASF, containing
only dicamba, showed a moderate level of ef-
fectiveness. Suppression was 47.8% on day 7,
rising to 69.6% by day 14, and 74.1% by day 28.
By day 42, efficacy increased to 79.3%, indica-
ting a gradual, less radical control of the weed.
Partial plant regeneration was possible, as the
herbicide’s effect was not sufficiently deep at
the root system level.

Treatment IV — Roundup Max, containing
glyphosate, exhibited moderately high efficacy.
Initial suppression on day 7 was 52.1%, increa-
sing to 73.4% by day 14, 82.6% by day 28, and
84.7% by day 42. The dynamics show a more
gradual increase in phytotoxic effect compared
to Lintur 70 WG; however, the herbicide only
provides partial stabilization of suppression
and does not fully prevent long-term plant re-
generation (Table 2).

During the conducted observations, a cumu-
lative effect of herbicide application was recor-
ded. In particular, the most pronounced long-
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Table 2

Dynamics of herbicides effectiveness against Solidago canadensis L.,
% of suppressed plants (average for 2021-2025)

Variant Herbicide Herbicides effectiveness, %
7 days 14 days 28 days 42 days
II |Lintur 70 WG 635+23 | 787+31 | 8,3+28 | 91,8+35
IIT |Dianate BASF 478+23 |696+3,1|741+£28 | 793+35
IV |Roundup Max 521+23 | 73,4+3,1 | 826+28 | 84,7 +35

Source: compiled by the authors.

term effect was observed in the Lintur 70 WG
treatment, which was manifested in a reduc-
tion of shoot density and inhibition of popula-
tion recovery in subsequent years.

The study demonstrated that Lintur 70 WG
exhibited the highest effectiveness in control-
ling growth. Following its application, shoot
density decreased by nearly 90%, and only 3
shoots/m? were recorded at the final assessment,
indicating very low regeneration potential.

Dianate (BASF) showed moderate efficacy,
reducing shoot density by 71%, with approxi-
mately 6 shoots/m? remaining, indicating par-
tial population recovery.

The lowest effectiveness was observed with
Roundup Max, which reduced shoot density by
63%, with approximately 9 shoots/m? remai-
ning. This indicates the highest regeneration
potential among the tested treatments (Fig. 2).

100+
90
80
70+
60
50
407
301
20
10+

—

Shoot density Regeneration
reduction (%) (shoots m? at 60 DAT)
O Lintur 70 WG @ Dianate BASF @ Roundup Max

Source: compiled by the authors.
Fig. 2. Dynamics of shoot density reduction
and regeneration of Solidago canadensis L.
under herbicide treatments

Analysis of biomass suppression dynamics of
S. canadensis reveals clear differences in the
effectiveness of the three applied herbicides
over 42 days following treatment. Lintur 70 WG
proved to be the most effective: within one week
of application, plant biomass was suppres-

sioned by 43.5% relative to the control, and by
day 42 suppression reached 86.8%. This trend
indicates a rapid and sustained phytotoxic ef-
fect that increased over time, resulting in strong
population control and minimal regeneration
potential.

In the case of Roundup Max, biomass sup-
pression progressed more gradually: by day 7
biomass decreased by 32.1%, reaching 57.2% by
day 42. This pattern suggests a relatively slow
mode of action, indicating a higher potential for
population recovery over time.

Dianate (BASF) showed an intermediate out-
come, with biomass suppression of 37.8% on
day 7 and 69.3% on day 42. Although this effect
was stronger than that of Roundup Max, it re-
mained less effective compared to Lintur 70
WG. Gradual suppression was observed, indi-
cating moderate regeneration potential in the
presence of dense perennial root systems of
S. canadensis (Table 3).

The obtained results confirm that the effec-
tiveness of herbicide control of Solidago
canadensis L. strongly depends on the active
ingredients, their combinations, and the mecha-
nism of action, which is consistent with previ-
ous studies on invasive plant management. In
particular, the highest efficacy of Lintur 70 WG
observed in this study can be explained by the
synergistic interaction of triasulfuron (ALS in-
hibitor) and dicamba (synthetic auxin), which
ensures both rapid growth disruption and long-
term suppression of regenerative capacity. Si-
milar conclusions were reported by D. Poljuha
et al. [20], who emphasized that the control of
S. canadensis requires multi-target approaches
due to its high ecological plasticity and adaptive
potential.

The moderate but less stable performance of
glyphosate (Roundup Max) aligns with the fin-
dings of X. Ye et al. [23], who demonstrated that
S. canadensis may exhibit variable sensitivity
to glyphosate compared to native species, with
a tendency toward partial recovery under cer-
tain environmental conditions. In the present
study, the observed regrowth after initial sup-
pression further supports the idea that glypho-
sate alone may not provide sufficient long-term
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Table 3

Dynamics of Solidago canadensis L. biomass suppression
after the herbicides treatment

. - The percent of biomass suppression
Variant Herbicide 7 days 14 days 28 days 42 days
IT |Lintur 70 WG 43.5+2.1 | 65.7+2.5 | 79.3+2.3 | 86.8 2.7
IIT |Roundup Max | 32.1+1.8 | 49.6 +2.2 | 54.1+2.1 | 57.2 +2.4
IV |Dianate BASF | 37.8+2.0 | 53.4+2.3 | 62.6 +2.4 | 69.3 +2.6

Source: compiled by the authors.

control of perennial invasive populations, par-
ticularly due to limited impact on underground
regenerative structures.

The comparatively lower effectiveness of
dicamba-only treatment (Dianat BASF) cor-
responds with the broader understanding
that single-mechanism herbicides often fail to
ensure sustainable suppression of invasive
clonal species. This is also supported by
Baranets et al. [19], who highlight that effec-
tive mitigation of S. canadensis invasion is
significantly improved when chemical treat-
ments are combined with biological or ecolo-
gical agents, such as endophytes or natural
substances, enhancing overall stress pressure
on the plant system.

Additionally, Shuvar et al. [12] emphasize
that the spread of invasive plant species results
in long-term biodiversity loss. This underlines
the importance of achieving stable population
control, as well as short-term suppression. In
this context, the present results clearly demon-
strate that Lintur 70 WG provides the most re-
liable strategy for reducing both biomass and
shoot density, thereby limiting the regenera-
tive potential of the species more effectively
than single-component formulations.

Overall, the comparison with previous stu-
dies confirms that integrated and multi-me-
chanism approaches are essential for effective
management of S. canadensis. While chemical
control remains a key tool, its efficiency in-
creases significantly when herbicides with dif-
ferent modes of action are combined or supple-
mented with additional control strategies, as
highlighted in recent literature.

Conclusion

These results confirm that Lintur 70 WG
provides the most stable and radical control of
S. canadensis, whereas Roundup Max and
Dianate BASF leave a considerable potential
for population recovery, particularly over an
extended period after treatment. The superio-
rity of Lintur 70 WG can be attributed to the
synergistic action of its active ingredients,
which combine different mechanisms of phyto-
toxicity and ensure both rapid initial suppres-

sion and prolonged inhibition of regenerative
processes. In contrast, the single-mechanism
formulations demonstrate weaker persistence
of effect, allowing partial regrowth of the spe-
cies due to its high regenerative capacity and
perennial root system.

The findings also emphasise that above-
ground suppression alone is insufficient for the
long-term management of S. canadensis. Suc-
cessful control depends on limiting under-
ground regenerative structures and preventing
the re-establishment of shoot density during
subsequent growth periods. This is particularly
important in the context of invasive species
that exhibit strong clonal propagation and high
ecological plasticity.

Future research should therefore focus on op-
timizing the combination of active ingredients
and application rates, as well as the timing of
herbicide application, to enhance overall effi-
cacy while minimising environmental risks.
Additionally, investigating integrated manage-
ment approaches, such as repeated treatments
over multi-year cycles and integrating chemical
control with mechanical or ecological methods,
is advisable to achieve more sustainable sup-
pression of invasive populations and reduce the
long-term soil seed bank and vegetative rege-
neration potential.

References

1. Havryliuk, 0., Hovorukha, V., Bida, I., Gladka, G., Tymoshenko, A.,
Kyrylov, S., Mariychuk, R., & Tashyrev, 0. (2023). Anaerobic
degradation of the invasive weed Solidago canadensis L.
(goldenrod) and copper immobilization by a community of
sulfate-reducing and methane-producing bacteria. Plants, 12,
Article 198. https://doi.org/10.3390/plants12010198

2. Yavorska, H., & Vorobets, N. (2025). Evaluation of antifungal
activity of “green” Solidago canadensis extracts. The Journal of
V. N. Karazin Kharkiv National University. Series Biology, 45,
115-123. https://doi.org/10.26565/2075-5457-2025-45-8

3. Bakacsy, L., Kardos, L. V., Szepesi, A., Nagy, K. N., Vasas, A., &
Feigl, G. (2024). Investigation of the allelopathic effect of two
invasive plant species in rhizotron system. Life, 14(4), Article
475. https://doi.org/10.3390/life14040475

4, Bang, A., Cuthbert, R. N., Haubrock, P. J., Fernandez, R. D.,
Moodley, D., Diagne, C., Turbelin, A. J., Renault, D., Dalu, T., &
Courchamp, F. (2022). Massive economic costs of biological
invasions despite widespread knowledge gaps: A dual sethack
for India. Biological Invasions, 24(7), 2017-2039. https://doi.
0rg/10.1007/510530-022-02780-z

ISSN 2513-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2026, VoL. 22, No 1 65



PocnuHHuymso

[Sa)

. Dakhil, M. A., El-Keblawy, A., El-Sheikh, M. A., Halmy, M. W. A.,
Ksiksi, T.,& Hassan,W. A. (2021). Globalinvasionriskassessment
of Prosopis juliflora at biome level: Does soil matter? Biology,
10(3), Article 203. https://doi.org/10.3390/biology10030203

6. Garcia-Mozo, H. (2024). Assessment of the diversity, abundance

and range of invasive alien plant species in Cérdoba, a
Mediterranean urban area. Diversity, 16(12), Article 777.
https://doi.org/10.3390/d16120777

7.Khan,A. M., Li,Q., Saqib, Z.,Khan, N., Habib, T., Khalid, N., Majeed,

M., & Tarig, A. (2022). MaxEnt modelling and impact of climate
change on habitat suitability variations of economically
important chilgoza pine (Pinus gerardiana Wall.) in South Asia.
Forests, 13(5), Article 715. https://doi.org/10.3390/f13050715

8. Lipinska, H., Lipinski, W., Shuvar, 1., Korpita, H., & Shuvar, A.

(2023). Invasive species of plants and their threat to
biodiversity. Plant and Soil Science, 14(1), 51-66. https://doi.
org/10.31548/plant1.2023.51

9. Nagabhushan Arun, M., Mahender Kumar, R., Sreedevi, B.,

Padmavathi, G., Revathi, P., Pathak, N., Srinivas, D., & Venkatan-
na, B. (2023). The rising threat of invasive alien plant species
in  agriculture.  IntechOpen.  https://doi.org/10.5772/
intechopen.106742

10. Rai, P. K., & Singh, J. S. (2020). Invasive alien plant species:

Their impact on environment, ecosystem services and human
health. Ecological Indicators, 111, Article 106020. https://doi.
org/10.1016/j.ecolind.2019.106020
11. Rashid, I., Hag, S. M., Lembrechts, J. J., Khuroo, A. A., Pauchard,
A., & Dukes, J. S. (2021). Railways redistribute plant species in
mountain landscapes. Journal of Applied Ecology, 58(9), 1967-
1980. https://doi.org/10.1111/1365-2664.13961
12. Shuvar, L., Korpita, H., Balkovskyi, V., Shuvar, A., & Kropyvnytskyi,
R. (2021). Asclepias syriaca L. is a threat to biodiversity and
agriculture of Ukraine. BIO Web of Conferences, 36, Article
07010. https://doi.org/10.1051/bioconf/20213607010

13. Stowinski, K., Grygierzec, B., Synowiec, A., Tabor, S., & Araniti,
F. (2022). Preliminary study of control and biochemical
characteristics of giant hogweed (Heracleum sosnowskyi
Manden.) treated with microwaves. Agronomy, 12(6), Article
1335. https://doi.org/10.3390/agronomy12061335

14. Suziedelyté Visockieng, J., Tumelieng, E., & Maliene, V. (2020).

Identification of Heracleum sosnowskyi-invaded land using

earth remote sensing data. Sustainability, 12(3), Article 759.

https://doi.org/10.3390/su12030759

YOK 632.51:632.954

15. Tiwari, S., Mishra, S. N., Kumar, D., Kumar, B., Vaidya, S. N., Ghosh,
B. G., Rahaman, S. M., Khatun, M., Garai, S., & Kumar, A. (2022).
Modelling the potential risk zone of Lantana camara invasion
and response to climate change in eastern India. Ecological
Processes, 11(1), Article 1-13. https://doi.org/10.1186/
$13717-021-00354-w

16. Zhy, X., Li, W., Shao, H., & Tang, S. (2022). Effects of extracts
from various parts of invasive Solidago species on the
germination and growth of native grassland plant species.
Chemical Biodiversity, 19(10), Article e202200728. https://doi.
0rg/10.1002/cbdv.202200728

17. Anas, M., Huang, Z. Y., Xiong, H., Imran, M., Yan, M. T., Javed, Q., Ren,
G.Q.,0QiS.S., i, J.,Dai,Z.C.,&Du, D. L. (2025). Response of invasive
Solidago canadensis to foliar application of natural herbicide and
glyphosate. Journal of Environmental Management, 394, Article
127522. https://doi.org/10.1016/j.jenvman.2025.127522

18. Szaho, A.-K., Balint, J., Molnér, A., Aszalos, S. E., Fora, C. G.,
Loxdale, H. D., & Balog, A. (2022). Associational susceptibility
of crop plants caused by the invasive weed Canadian goldenrod,
Solidago canadensis, via local aphid species. Frontiers in Ecology
and Evolution, 10, Article 1080599. https://doi.org/10.3389/
fevo.2022.1080599

19. Baranets, M., Bien-Kostycz, P., Turnau, K., Kalaji, H., & White, J.
(2025). Mitigation of Solidago canadensis invasion using
natural substances and selected endophytes. Research Square.
https://doi.org/10.21203/rs.3.rs-7665103/v1

20. Poljuha, D., Sladonja, B., Bozac, M., Sola, I., Damijani¢, D., &
Weber, T. (2024). The invasive alien plant Solidago canadensis:
Phytochemical composition, ecosystem service potential,
and application in bioeconomy. Plants, 13(13), Article 1745.
https://doi.org/10.3390/plants13131745

21. Shuvar, 1., Korpita, H., Shuvar, A., Shuvar, B., & Kropyvnytskyi,
R. (2021). Invasive plant species and the consequences of its
prevalence in biodiversity. BIO Web of Conferences, 31, Article
00024. https://doi.org/10.1051/bioconf/20213100024

22. Visockieng, J. S., Tumelieng, E., & Maliene, V. (2020). Identification
of Heracleum sosnowskyi-invaded land using earth remote sensing
data. Sustainability, 12, Article 759. https://doi.org/10.3390/
su12030759

23. Ye, X., Gu, C., Meng, J., & Wu, M. (2025). Differences in the
response of invasive Solidago canadensis and native Imperata
cylindrica to glyphosate. Plants, 14(17), Article 2640. https://
doi.org/10.3390/plants14172640

Kopnita . M., lWysap L. A. Bnaus pisHux rep6iunaxux 06po6ok Ha Solidago canadensis L. Plant Varieties Studying
and Protection. 2026. T. 22, Ne 1, C. 60-67. https://doi.org/10.21498/2518-1017.22.1.2026.357585

JlbBigCbKUG HayioHanbHUl yHiBepcumem semepuHapHoi meduyuHu ma GiomexHonoeili imeni C. 3. Dxuybkoeo, syn. B. Benukoeo, 1,
Ay6nsnu, Jlesiscskuli pation, Jlbsisceka obnacme, Yepaina, 80381, “e-mail: korpita@ukr.net

Meta. OuiHuTn BRAMB pi3HUX rep6iumpHux o6po6oK Ha
Solidago canadensis L. Ta po3pobutn pekomeHpauii ans
iioro etheKTMBHOrO [JOBroCTPOKOBOrO KOHTponio. Metopm.
Y npoueci gocnifXeHb 3aCTOCOBYBANIM TPU CXEMU XiMi4YHO-
ro KOHTposio: repbiunam JlinTyp (TpuacynbhypoH + aukam-
6a), Paynpan Makc (micdocar) i fianat (gukam6a). Ecek-
TUBHiCTb repbiunaiB OUiHIOBANM KOMMAEKCHO: BM3HAYanu
MPUrHIYEHHS Haf3eMHOT YaCTUHU, KiNbKICTb XKUTTE3AATHUX
naroHiB i MOXNUBicTb pereHepauii. CTaTucTMyHy 06po6-
Ky NMpoBOAMIM METOAOM AucrepciiiHoro aHanizy (ANOVA) 3
kputepiem HIP, ,, 3a gonomoroto nporpam Statistica 13.0 Ta
Microsoft Excel 2019. Pe3ynbratu. Bci npoTtectoBaHi rep-
OiuMan mManu YiTKMit cynpecuBHUI BNANB Ha S. canadensis.
YTim, 3aN1eXHO Bif aKTUBHUX iHTPeAieHTIB Ta TPUBANOCTI Aii,
ixHs edeKTUBHICTb 3HaYHO BapitoBana. 3arasom, HaWBMULLO0O
Ta HaicTabinbHiwow BoHa 6yna B Lintur 70 WG, sikuii 3a6e3-

neyyBaB WBMAKE Ta NPOrpecuBHO NOCUIOBAHE NPUrHIYEHHS
pocTy pocauH, wo pocsarano 91,8 + 3,5% uyepes 42 pHi nic-
s 06po6KM, pa3oM i3 MaKCMManbHUM 3HUKEHHAM Giomacw
(86,8 + 2,7%) Ta winbHocTi naroHie (~90% po 3 naroHis/m?).
LUe cBigunTb npo MiHiManbHy pereHepaTUBHY 3[aTHiCTb.
Dianate BASF npogemoHcTpyBaB noMipHWiA, ane MeHw cTa-
GiNbHWI1 KOHTPONb 13 KIHLEBUM NPUTHIYEHHSAM, O CTAaHOBU-
10 79,3 + 3,5%, Ta 3HMKEHHAM Giomacu Ha piBHi 69,3 + 2,6%.
3MeHWeHHA WinbHOCTi naroHiB (~71% p[o 6 naroHis/m?)
BKa3y€ Ha YaCTKOBMW NoTeHuian BiAHOBNEHHS BUAy nicns
06po6ku. Roundup Max xapakTepu3yBaBcs NOMipHO BUCO-
KOI0, afe MeHL CTiliKOK NpOAYKTUBHICTIO, [OCArAYM Npu-
rHiYeHHs Ha 84,7 + 3,5% Ta CKOpouyeHHs Giomacu Ha 57,2 +
2,4%, 3 HalcNabWKUM 3HUKEHHAM WiNbHOCTI NaroHiB (~63%
£0 9 naroHie/m?). Lle cBigUYMTbL NPO MaKCUManbHMIA NOTeHLi-
an pereHepauii cepef NpoTeCcTOBaHMX BapiaHTiB. BUCHOBKM.
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OTpvMmaHi gaHi nigTBEPAKYIOTh, WO ANA CTIAKOro KOHTPOO
S. canadensis HaeeKTUBHIWMMU € MYNLTUKOMMOHEHTHI
repbiunan 3 pisHMMM MexaHizmamu Aii, ki 3abe3nevyioTb
WBMAKE NPUrHiYeHHs Giomacu Ta MiHiMaNbHY pereHepauito.
Pe3ynbtatu MOXyTb OyTM BUKOPUCTAHiI ANA PO3POGNSHHA

cTpateriii XiMiyHOro ynpaeniHHA iHBa3iliHUMKU Gyp'sHamMu B
arpoekocuUcTemMax Ta NpUpoORHUX yrifasx Ykpainu.

Knwvyosi cnosa: npuzHiveHHs 6yp’aHis; 6iomaca; wine-
HICMb NA20HIB; pezeHepauyis pOCIUH; KOHMPOb THBA3TLHUX
BUOIB; XIMIYHUL 3GXUCM POCIUH.
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