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Assessment of frost resistance
in species of the genus Hydrangea L. according
to the degree of damage to shoot parts

Abstract. Temperature fluctuations during the winter period, characterised by alternating thaws
and short-term frosts, necessitate the assessment of plant resistance to low temperatures. In this
regard, the study of frost resistance in different species of the genus Hydrangea L. is of particular
relevance. The aim of the study was to assess the frost resistance of various hydrangea species
and to determine the degree of damage to individual parts of plant shoots. It was established
that the upper part of the shoot is the most sensitive to the effects of low temperatures, with a
frost damage index ranging from 10.4 to 65.5 points. The lowest degree of freezing was observed
in Hydrangea arborescens, while the highest was recorded in Hydrangea macrophylla, with frost
damage indices at -25°C of 104 and 35.8 points, respectively. Similar results were obtained at a
freezing temperature of -30°C, where the corresponding damage indices amounted to 22.3 and 65.5
points. In most species, the middle section of the shoot in a cross-section through the bud showed
relatively high resistance to freezing. Under these experimental conditions, the frost damage
index at -25°C and -30°C was 3.3 and 9.8 points for Hydrangea arborescens, 6.7 and 13.8 points
for Hydrangea paniculata, and 71 and 14.1 points for Hydrangea quercifolia. The highest values
were recorded in Hydrangea macrophylla, with indices of 33.7 and 51.2 points, respectively, which
exceeded those obtained for the freezing treatment of the middle part of the shoot of this species
by 8.8 and 6.7 points. Freezing of the buds caused only minor damage in all hydrangea species, with
the exception of Hydrangea macrophylla, in which the frost damage index under this treatment
reached 26.6 points at -25°C and 53.4 points at -30°C. The results of the multifactor analysis of
variance confirmed the significance of the contribution of the factor “hydrangea species”, the effect
of which accounted for 57.2-751% of the variation in frost resistance of different plant parts. The
findings have practical significance and may be used in the establishment of resilient ornamental
plantings under unstable climatic conditions, as well as in the selection of hydrangea species for
breeding genotypes resistant to low-temperature stress
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INTRODUCTION

In the current context of ongoing climate
change, characterised by sharp temperature
fluctuations and frequent winter thaws followed
by cold snaps, the risk of low-temperature dam-
age to plants is increasing significantly. This is
particularly true of introduced ornamental plant
species, which are widely used in landscaping
but are not always adapted to local growing con-
ditions. In this regard, studying plant resistance
to low temperatures is both relevant and es-
sential for the scientifically informed selection
of genotypes when establishing ornamental
plantings in the unstable climate of the Right-
Bank Forest-Steppe of Ukraine. M. Babarabie et
al. (2024) highlight in their work the key role of
ornamental plantings in fostering the sustain-
able development of the urban environment
and ensuring the psychological and emotional
well-being of its residents. They note that the
cultivation of ornamental plants is of signifi-
cant ecological, economic, social and aesthetic
importance, as it helps to regulate the climate,
enhance the comfort and safety of the urban en-
vironment, and improve its visual appeal. In ad-
dition to their ornamental function, plants help
to strengthen the connection between people
and the natural environment within the city and
support biodiversity.

As noted by K. Lotterhos (2023), persistent
global and regional climate change necessitates
the selection of plant species that are tolerant
of and adapted to the relevant environmental
conditions. Understanding the mechanisms
by which organisms respond to abiotic stress
factors makes it possible to predict and regu-
late their impact on ecosystems, which is a key
prerequisite for the conservation of biodiversi-
ty. This is precisely why, as noted by D.-M. Mir-
cea et al. (2025), the scientifically informed se-
lection of ornamental plants resilient to growing
conditions is vital for modern environmental
management strategies. A. Brovdi & V. Polish-
chuk (2023) note that the introduction of plants
is an important tool for improving the plant
communities of urbanised areas and enhancing
their ornamental value. Introduction broadens
the species composition of plantings and creates
conditions for the use of valuable ornamental
forms, which, in turn, allows for greater diversity
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in landscape compositions. However, the effec-
tiveness of introduction depends to a large ex-
tent on the plants’ ability to adapt to new soil and
climatic growing conditions. According to S. Kis-
varga et al. (2023) and A. Brovdi et al. (2025), it is
precisely the plants’ adaptive capabilities that
enable them to adjust to cultivation conditions,
increase the organism’s resistance and promote
its optimal development.

S. Pangtu et al. (2025) emphasise the need
to study plants’ ability to withstand the ef-
fects of adverse environmental factors whilst
retaining their ornamental qualities. This is
particularly important in urban environments,
where plants are subjected to a combination of
abiotic and biotic stresses. According to A. Bu-
lat (2025), the successful growth and ontogen-
esis of introduced species depend to a large ex-
tent on their ability to withstand abiotic stress
factors, in particular prolonged periods of low
temperature. Tissue freezing is accompanied
by the formation of ice crystals, which dam-
age the structural integrity of plant cells and
adversely affect subsequent plant growth and
development processes. O. Snarovkina (2023)
emphasises that low temperatures are one of
the main factors significantly affecting plant
growth and development, as freezing stress
threatens the integrity of the plant. Plants are
most sensitive to low temperatures during bud
break, when they actively utilise reserve sub-
stances accumulated during cold acclimatisa-
tion to resume vegetative growth. As noted by
M. Aslam et al. (2022), low-temperature stress
affects various aspects of plant development,
including germination, growth and reproduc-
tion. Under low-temperature stress, plants
exhibit disruptions to key physiological and bi-
ochemical processes, in particular the synthe-
sis of proteins and nucleic acids, respiration,
defence responses and secondary metabolism,
which subsequently has a negative impact on
their growth, development and ornamental
qualities. For this reason, research into plant
resistance to low air temperatures is relevant
and of practical importance for the informed
selection of plant varieties and the enhance-
ment of the resilience of biocenoses under
modern conditions.
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The aim of the study was to determine the
level of frost resistance of species of the genus
Hydrangea L. during the period of forced dor-
mancy, as well as to assess the extent of damage
to various parts of the shoots under the influ-
ence of low temperatures. During the research,
particular attention was paid to identifying the
parts of the plants’ vegetative organs that are
most resistant to frost damage, thereby ena-
bling an objective assessment of their adaptive
potential. The results obtained are intended to
support the selection of promising species and
varieties for use in unstable climatic conditions
and in landscaping practice.

LITERATURE REVIEW

In the establishment of cultivated phytocoe-
noses and park plantings in urban environ-
ments, the use of introduced plant species is of
considerable importance, and species of the ge-
nus Hydrangea L. belong to this group; as noted
by M. Matusuak & O. Vargatiuk (2019). The use of
introduced species makes it possible to signif-
icantly expand the range of ornamental plants,
enhance the aesthetic appeal of plantings and
ensure their functional diversity. According
to Y. Sun et al. (2022) and E Murzabulatova et
al. (2023), hydrangeas are slow-growing shrubs
that typically reach a height of 2-5 m. A distinc-
tive feature of hydrangeas is their large, strik-
ing inflorescences, formed by numerous star-
shaped flowers with four to five sepals, which are
characterised by a wide range of colours; in par-
ticular, there are plants with blue, purple, pink,
white and red flowers. K. Yoshida et al. (2021)
highlight the unique ability of hydrangeas to
change the colour of their sepals throughout the
growing season. In particular, the colour of the
‘Homigo' chameleon variety changes from white
toblue, then to green and, finally, to red as it ma-
tures and ages.

Owing to their high ornamental value, hy-
drangeas are used both as specimen plants and
for the creation of hedges. For optimal growth
and development, they require fertile, suffi-
ciently moist but well-drained soils. As noted by
M. Markovic et al. (2025), hydrangeas are sensi-
tive to soil acidity and electrical conductivity. In
particular, ithas been established thatin H. mac-
rophylla, pH directly influences the colour of the

flower’s sepals by altering the availability of al-
uminium in the soil. Furthermore, according to
Q. Wang et al. (2022), hydrangeas adapt well to
semi-shaded environments, making them valu-
able for use in the landscaping of urbanised are-
as, where light levels are often limited. The pros-
pects for introducing most ornamental species,
including hydrangeas, depend to a large extent
on their resistance to low temperatures. As not-
ed by T. Yurchenko et al. (2024), frost resistance is
one of the key factors closely linked to the winter
hardiness of plants. According to V. Kyrylenko et
al. (2015), frost hardiness determines a plant’s
ability to withstand low temperatures without
irreversible damage and may vary under the
combined influence of other factors, including
climatic conditions, cultivation practices and
the physiological state of the plants. This char-
acteristic is dynamic in nature and requires de-
tailed study under specific growing conditions.

Research by I. Gravite (2022) on the impact
of low temperatures on the distribution and vi-
ability of crops has shown that factors such as
plant age, soil structure, cultivation methods,
fertilisation and pruning are of significant im-
portance for enhancing plant hardiness. Op-
timal agronomic practices contribute to the
formation of more resilient plant communities
capable of better withstanding the adverse con-
ditions of the winter period. At the same time, M.
Dubchak (2015) notes that the winter hardiness
of plants depends, in particular, on the timely
cessation of shoot growth and their maturation,
the accumulation of sugars in cells, a reduction
in physiological activity, and the crop’s transi-
tion to a dormant stage. Research by V. Kuchma
§ N. Pavlyukova (2006) revealed that during the
overwintering of hydrangeas, storage substanc-
es may, depending on ambient temperature
conditions, be broken down to form new ones
(starch - sugars and fats), which ensure the cells’
resistance to adverse factors. The nature of the
interconversion of reserve substances is of great
importance for diagnosing frost resistance.

One of the biological characteristics of hy-
drangeas is their winter hardiness, which man-
ifests itself in their resilience to a range of ad-
verse factors during the autumn-winter period,
including sharp temperature fluctuations and
extreme frosts. This is highlighted in the works
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of V. Kuchma § N. Pavlyukova (2006) and J. Wal-
liser (2019), who emphasise the importance of a
comprehensive assessment of plant hardiness.
Different species of the genus Hydrangea differ
significantly in their level of frost resistance. It
has been established that the most frost-hardy
are the tree hydrangea (Hydrangea arborescens),
which withstands temperatures of -35...-40°C;
the panicle hydrangea (Hydrangea paniculata),
which overwinters well at -35°C; the oak-leaved
hydrangea (Hydrangea quercifolia), which usu-
ally survives winters with frosts down to -32°C;
and the large-leaved hydrangea (Hydrangea
macrophylla), which is less hardy and can with-
stand temperatures down to -24°C. These spe-
cies are considered frost-hardy, but the extent of
damage caused by low temperatures varies. This
is precisely why it is important to study in detail
the nature of the damage to various organs and
tissues; this will not only enable an assessment
of the species’ level of adaptation to specific con-
ditions, but also justify the appropriateness of
their use in landscaping, which is what prompt-
ed the need for this research.

MATERIALS AND METHODS
Research into the frost resistance of species of
the genus Hydrangea L. was carried out between
2020 and 2024 at Uman National University of
the Ministry of Education and Science and the
National Dendrological Park “Sofiyivka” of the
National Academy of Sciences of Ukraine. The
method for determining frost resistance was
based on anatomical and microscopic examina-
tions following the freezing of shoots in a cold
chamber. The experimental protocol involved
freezing the one-year-old shoots of three hy-
drangea species: the large-leaved hydrangea
(Hydrangea macrophylla), tree hydrangea (Hy-
drangea arborescens), panicle hydrangea (Hy-
drangea paniculata) and oak-leaved hydran-
gea (Hydrangea quercifolia) at temperatures
of -25°C and -30°C during the plants’ period of
forced dormancy.

Freezing was carried out in accordance
with the methodological recommendations of
M. Dubchak (2015), proceeding slowly by lower-
ing the temperature by 5°C every hour until the
targettemperature wasreached as perthe proto-
col. Temperature changes were monitored using
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special thermometers fitted into a freezing ther-
mostat. After freezing, the samples were slowly
thawed, with the temperature increased by 5°C
every hour. Examination of the cross-sections
of the shoots was carried out using an MBS-10
microscope. From each sample, three cross-sec-
tions were taken in the upper and middle parts of
the shoot through the internode, as well as in the
middle part through the bud, and the bud was
examined separately. The sections were placed
on a microscope slide in a drop of glycerine.

Frost resistance was assessed on a point
scale, taking into account the average val-
ue from three replicates, separately for each
part of the shoot, namely: the shoot apex, the
middle of the shoot, the middle of the shoot
(section through the bud) and the bud. The de-
gree of damage to individual shoot parts was
assessed using a six-point scale published by
M. Dubchak (2015), where 0 points indicates no
damage (0%); 1 point indicates a slight change
in colour, with up to 20% of the tissue dam-
aged; 2 points - moderate tissue damage (40%);
3 points - moderate damage, with clearly vis-
ible browning of the tissue boundary with ad-
jacent tissues (60%); 4 points — severe damage:
the tissue has completely turned brown, and its
boundaries with other tissues have turned black
(80%); 5 points — complete tissue death, which in
some cases cannot be distinguished from other
tissues (100%). To determine overall frost resist-
ance, conversion factors for individual tissues
were applied in accordance with the recommen-
dations of D. Potanin et al. (2005), as published
by M. Dubchak (2015): bark - 6, cambium - 8,
sapwood - 4, heartwood - 2, bud - 20. The frost
damage index was calculated by multiplying the
average damage score for each tissue by the cor-
responding coefficient. The sum of the coeffi-
cients is 20, which corresponds to 100 points at
the maximum damage score (5.0).

Statistical analysis of the data was carried
out using methods of analysis of variance (ANO-
VA), correlation and regression analysis, fol-
lowing the method proposed by R. Fisher (1934)
and in accordance with the generally accepted
methodological recommendations of E. Erman-
traut et al. (2007), using the Statistica 6.0 soft-
ware package from StatSoft. The reliability of the
experimental data was assessed using analysis
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of variance (ANOVA), followed by the determi-
nation of the least significant difference (LSD,,.)
atasignificance level of p<0.05. An analysis was
carried out of the frost damage index (FDI) val-
ues for the shoot apex, the middle of the shoot,
the middle of the shoot (cross-section through a
bud) and the bud, taking into account the factors
of hydrangea species and freezing temperature.
The study was conducted in accordance with
the ethical standards of the Convention on Bi-
ological Diversity (1992) and the Convention on
the Trade in Endangered Species of Wild Fauna
and Flora (1973).

RESULTS AND DISCUSSION
According to O. Havryliuk et al. (2022), tissue
freezing stress in plants is one of the most im-
portant limiting factors determining their eco-
logical distribution and cultivation. The risk of
frost damage is significant when exposure to ex-
tremely low air temperatures is combined with
the plants’ vulnerability or sensitivity to such
conditions. A. Sardoei § B. Fazeli-Nasab (2025)
note that low-temperature stress triggers a
complex series of biochemical reactions aimed
at protecting cells. This response is regulated by
hormones, photoperiod, genetic characteristics,
and so on. They note that although the acclimati-
sation process is similar across many plant spe-
cies, it may exhibit certain differences depend-
ing on the genotype. They also point out that
different plant organs suffer varying degrees of
damage as a result of exposure to low temper-
atures. As noted by T. Kopilova (2015), the frost
resistance of individual organs and tissues of
woody plants is not uniform; flower buds and the
adjacent parenchymatoustissues containing the
conducting system are particularly sensitive to
low temperatures. Studies by I. Mykolaiko (2014)
on the winter hardiness and frost resistance of
Hippophae rhamnoides demonstrated that shoot
tissues are generally more severely damaged in
the apical region, whereas their resistance in-
creases towards the base. An opposite trend was
observed in buds, which was attributed to the
lower degree of differentiation of apical buds,
affecting their tolerance to low temperatures.

According to S. Soualiou et al. (2022), the
development of effective strategies for enhanc-
ing plant frost resistance should be based on an

understanding of plant responses to low-tem-
perature stress and the mechanisms underlying
adaptation. Analysis of these processes would
facilitate the improvement of existing species
diversity and the development of plants resist-
ant to this stress factor through breeding and
related approaches. In this context, experimen-
tal investigations of frost resistance are of par-
ticular importance, as they enable quantitative
assessment of the degree of injury to different
organs and tissues and allow identification
of the most vulnerable elements of the shoot.
Based on the calculated frost resistance values,
the following Frost Damage Index (FDI) ranges
were established: 0-20 points - slight damage;
21-40 points — moderate damage; 41-60 points —
intermediate damage; 61-80 points - severe
damage; and 81-100 points - critical injury or
complete tissue death.

It was established that different parts of the
same shoot are affected unequally. The upper
part of the shoot proved to be the most sensitive
to low-temperature stress in all hydrangea spe-
cies studied. At -25°C, the least freezing damage
to shoot tips was observed in H. arborescens,
H. paniculata, and H. quercifolia, with frost dam-
age index values of 104, 11.8, and 11.9 points, re-
spectively, whereas H. macrophylla exhibited the
greatest degree of freezing, with an FDI value of
35.8 points (Table 1). A similar pattern of injury to
theupperpartofthe shootwasobservedat-30°C.
The FDI values for H. arborescens, H. paniculata,
and H. quercifolia amounted to 22.3, 231, and
23.1 points, respectively, while in H. macrophyl-
la this value increased to 65.5 points, almost 2.8
times higher than in the other species. Consid-
erably less tissue damage was observed in the
middle sections of the shoots at both freezing
temperatures, -25°C and -30°C. The lowest frost
damage index values were recorded for H. ar-
borescens, amounting to 7.8 and 12.2 points,
respectively. For H. paniculata and H. querci-
folia, the FDI values were slightly higher and
reached 5.5 and 6.2 points at -25°C, and 15.8 and
16.2 points at -30°C, indicating sufficient tissue
resistance to low-temperature stress in these
species. In contrast, the middle section of the
shoot in H. macrophylla sustained substantially
greater injury, with FDI values of 24.9 points at
-25°C and 44.5 points at -30°C. Only slight injury
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caused by low temperatures was recorded in the
buds of all hydrangea species except H. macro-
phylla, in which the frost damage index reached
26.6 points at -25°C and increased to 53.4 points
at -30°C. In H. arborescens, H. paniculata, and

H. quercifolia, bud FDI values were considerably
lower, ranging from 4.5 to 8.7 points at -25°C and
from 77 to 97 points at -30°C, indicating rela-
tively high preservation of bud tissues under
freezing conditions.

Table 1. Frost resistance of species and cultivars of the genus Hydrangea L.
during the period of forced dormancy (mean values for 2021-2024)

X Frost Damage Index (FDI) of different shoot parts, points
. . Freezing - " . .

Species/cultivar temperature,”C | Shoottip Middle section Middle section of the shoot Bud

! of the shoot (cross-section through the bud)
Control 1.5 0.2 0.0 0.4
Hydrangea arborescens -25 10.4 7.8 3.3 4.5
-30 22.3 12.2 9.8 7.7
Control 0.0 0.0 0.0 0.0
Hydrangea paniculata -25 11.8 5.5 6.7 8.6
-30 231 15.8 13.8 9.5
Control 0.2 0.3 0.1 0.1
Hydrangea quercifolia -25 11.9 6.2 7.1 8.7
-30 231 16.2 14.1 9.7
Control 24.2 19.9 21.5 12.8
Hydrangea macrophylla -25 35.8 249 33.7 26.6
-30 65.5 44.5 51.2 53.4
LSD, o (overall) 2.7 1.8 1.8 2.5
LSD, s (species) 1.5 1.0 1.0 1.4
LSD, s (temperature) 1.3 0.9 0.9 1.3

Source: compiled by the author

In most of the hydrangea species studied,
the middle section of the shoot in a cross-sec-
tion through the bud proved to be the most re-
sistant to freezing. At temperatures of -25°C and
-30°C, the lowest FDI values were recorded for
H. arborescens (3.3 and 9.8 points, respective-
ly). For H. paniculata and H. quercifolia, FDI val-
ues were similar and did not exceed 71 points
at -25°C and 14.1 points at -30°C. The greatest
damage was observed in all parts of the shoots
of H. macrophylla, indicating its comparatively
low resistance to low temperatures and corrob-
orating the findings of R. Palagecha et al. (2007),
who reported more severe shoot damage in this
species compared with other hydrangea species.
The results obtained indicate that the shoots of
H. arborescens exhibited the highest frost resist-
ance, as reflected by the lowest FDI values, sug-
gesting that this species is particularly suitable
for use in hybridisation programmes aimed at
developing frost-resistant cultivars. At the same
time, considering the results of the assessment
of low-temperature resistance in the shoots of
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all hydrangea species investigated, as well as the
current trend of global warming, under which
winters are characterised by a reduced frequen-
cy of temperatures that pose a serious threat to
plants, it appears appropriate to include not only
H. arborescens but also the other studied species
in breeding programmes. These species possess
valuable ornamental characteristics and demon-
strate relatively high resistance to low-tempera-
ture stress. Studies by M. Pagter (2008) on plant
frost resistance demonstrated that the species
factor has a significant effect on frost hardiness.
Species differing in winter hardiness also differ
in the development of shoot protective tissues,
which collectively regulate water exchange and,
consequently, determine plant frost resistance.
Evaluation of the factors affecting the frost re-
sistance of different shoot parts, averaged across
hydrangea species, showed that the factor “hy-
drangea species” exerted the greatest influence,
accounting for 57.2% of the variation in the shoot
tip and up to 751% in the middle section of the
shoot (cross-section through the bud) (Fig. 1).



Assessment of frost resistance...

Species* temperature; 3'6‘y}0ther factors: 2.5%
Temperature; 36.6%

Species; 57.2%

Shoot tips

Species* temperature; 3.7%  Qther factors; 1.6%

Temperature; 13.6%
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Middle sections of the shoots through the buds

Species* temperature; 14.2%

Temperature; 2\0.3

H * . 0,
Species™ temperature; 3'0/"/Other factors; 2.2%

Tempera'iure; 30.5%

Species; 64.3%
Middle sections of the shoots

(Other factors; 3.3%

Species; 62.2%

Buds

Figure 1. The effect of factors on the frost damage index

Source: compiled by the author

The results obtained indicate that the lev-
el of frost resistance in the plants studied is
largely determined by genetically controlled
species-specific characteristics that influence
the degree of tissue maturation and the ca-
pacity for adaptation under low-temperature
stress. The contribution of the factor “species”
to the FDI of the shoot tip, which proved to be
the most sensitive to freezing, amounted to
57.2%, representing the lowest value recorded
among the shoot parts examined, whereas the
effect of the factor “temperature” was relative-
ly high, accounting for 36.6%. This indicates
that apical tissues are particularly susceptible
to low-temperature stress. The contribution of
the interaction between the factors “species x
temperature” for this part of the shoot was rel-
atively small, amounting to only 3.6%. For the
middle section of the shoot, the significance of
the factor “species” increased to 64.3%, where-
as the contribution of “temperature” was some-
what lower and accounted for 30.5%. A similar
pattern was observed for the middle section of
the shoot in a cross-section through the bud,
where the contribution of the factor “species”
reached its maximum value of 751%, while
that of temperature was only 19.6%. In the case
of buds, the factor “species” also exerted the

2)

greater influence, accounting for 62.2% of the
variation; however, this shoot part exhibited the
highest contribution of the interaction “species
x temperature”, amounting to 14.2%. This find-
ing indicates that buds of different hydrangea
species respond differently to decreasing tem-
peratures, which may be related to differences
in bud structure and the degree of their protec-
tion. The influence of the factor “temperature”
was also substantial but remained lower than
that of the factor “hydrangea species”, which
is likely attributable to the use of frost-resist-
ant species in the experiment. In particular,
H. arborescens proved to be the most resistant
species, followed by H. paniculata and H. quer-
cifolia, whereas H. macrophylla exhibited the
lowest frost resistance. The results of the anal-
ysis of variance confirm the determining role of
genetically controlled species-specific charac-
teristics in shaping the degree of frost resist-
ance in hydrangea shoots, whereas tempera-
ture acts as a secondary factor. These findings
are fully consistent with the results reported by
M. Pagter (2008), who also established the de-
cisive role of the species factor in determining
plant frost resistance.

M. Pagter et al. (2008) reported that H. panic-
ulata possesses significantly higher frost resist-
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ance than H. macrophylla, which is associated
with differences in physiological and biochem-
ical mechanisms of cold adaptation, particular-
ly the accumulation of carbohydrates, abscisic
acid, and protective proteins in the bark. The re-
sults of the present study indicate that the buds
of H. macrophylla are more susceptible to frost
injury than stems and that the vulnerability of
stems to frost damage caused by unstable tem-
perature regimes changes throughout the win-
ter period. However, the present investigation
revealed a greater degree of low-temperature
injury in the shoot tip (FDI=65.5) than in the bud,
the frost damage index of which amounted to
534 points at -30°C. In studies on the effects of
low temperatures on the susceptibility of flower
buds and annual shoot tissues to frost damage,
M. Pagter (2008) demonstrated that different
types of injury have different consequences for
subsequent plant development. Thus, the loss of
flower buds primarily affected crop productivi-
ty while exerting only a minor influence on the
overall condition of the plant, whereas damage
to the cambium resulted in rapid dieback of the
shoot or even the entire plant, and xylem injury
caused long-term decline and increased sus-
ceptibility to fungal infections.

CONCLUSIONS
It was established that different parts of hy-
drangea shoots exhibit unequal sensitivity to
the effects of low temperatures. The shoot tip
proved to be the most vulnerable, with a frost
damage index (FDI) ranging from 104 to 65.5
when subjected to freezing, whilst the middle
section of the shoot, when cut through a bud,
is relatively resistant to low temperatures, with
corresponding FDI values of 3.3-51.2. At a tem-
perature of -25°C, the least damage to shoot tips
was recorded in Hydrangea arborescens, with
a frost damage index of 10.4 points, whilst the
greatest damage was observed in Hydrangea
macrophylla (35.8 points). A similar pattern was

observed at a temperature of -30°C. In this ex-
perimental variant, the frost damage index for
H. arborescens was 22.3, for H. paniculata and
H. quercifolia it was 23.1, whilst for H. macro-
phylla it stood at 65.5. The buds of most of the
hydrangea species studied were only slightly
affected by low temperatures. The exception
was H. macrophylla, for which the frost damage
index at a temperature of -25°C was 26.6 points,
rising to 53.4 points at -30°C. The highest re-
sistance to frost damage in most hydrangea
species was observed in the middle section of
the shoot in a cross-section through a bud. At
temperatures of -25°C and -30°C, the lowest
frost damage index values were also charac-
teristic of H. arborescens, amounting to 3.3 and
9.8 points, respectively. All parts of the H. mac-
rophylla shoot sustained the most damage,
indicating this species’ lowest resistance to
low temperatures. It was established that spe-
cies-specific characteristics constitute the de-
termining factor of frost resistance, accounting
for 57.2-75.1% of the variation depending on the
shoot part examined. The results obtained indi-
cate the advisability of using Hydrangea arbo-
rescens and other resistant species in breeding
programmes aimed at developing frost-resist-
ant and ornamental varieties. A promising area
for further research is to investigate the impact
of the extent and nature of plant damage on
their growth and development, as well as to de-
velop effective methods for enhancing the frost
resistance of Hydrangea cultivars under vari-
ous growing conditions.
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Muxaitno Ocinos

KaHamaaT ciflbCbKOrocnoAapCbKkMx HayK, 4OLEHT
YMaHCbKWNI HaLiOHaNbHUI YHIBEPCUTET

20300, ByAa. IHCTMTYTCbKa, 1, M. YMaHb, YKpaiHa
https://orcid.org/0000-0001-7004-1164

OuiHIOBaHHA MOpoO3ocCTiMKocCTi BuaiB poay Hydrangea L.
3a CTyneHeM NOLWKOMKEHHS YaCcTUH NaroHa

AHoTauig. TemnepaTypHi KOJIVMBaHHA y 3MMOBUU I1E€Piof, SIKi XapaKTePU3YIOThCSI YepryBaHHAM
BiZIIUT Ta KOPOTKOYACHUX MOPO3iB, 3yMOBJIIOIOTh HEO6XIIHICT OLiHIOBAaHHSA CTIMKOCTi POCIIUH
IIo Ail HU3bKUX TeMIlepaTyp. V 3B'I3Ky 3 LIUM aKTyaJIbHUM € BUBYEHHS MOPO30CTIMKOCTI pi3HUX
BUZIB pony Hydrangea L. MeTot0 JOCTiIKeHHS 6yJI0 OL[iHIOBAHHSI MOPO30CTIMKOCTI pi3HUX BUIIB
TOpTeH3il Ta BU3HAUEeHHS CTyIeHs VIIKOJKeHH OKpeMUX YaCTHH I1aroHiB poCiIvH. Bu3HavyeHo,
IO BEpxHS YaCTWMHA IIarOHa POCJIMH TOpTeH3ii € HaWbilbll YyTIMBOIO A0 BIUIMBY HU3BKUX
TeMIIepaTyp 3 iHZeKCOM MOpPO3HOTO IMOUIKOIKEHHS Ha piBHi 10,4-65,5 6asis. HatiMeHIIUM 6B
CTYIIiHb TIPOMeP3aHHA ¥ pociuH Hydrangea arborescens, HanbinsiiuM - y Hydrangea macrophylla
3 iHIeKCOM MOPO3HOTO IOUIKOIKEHHS 3a TeMIiepaTypu -25 °C - 10,4 Ta 35,8 6aJia BigmoBigHo.
AnasnoriuHi pesynsTaTy OTPMMAaHO i 3a TeMIlepaTypu IIpOMOpOXKyBaHHA -30 °C, e BiAMoBiAHI
3HaUeHHsA CTyIeHd TOUIKOIKEHHS CTaHOBWIM 22,3 Ta 65,5 6aysa. BimHOCHO CTiliKol0 0
[IPOMOPOKYBaHHSA y 6iybuIocTi BUAIB 6ya cepefHs YacTUHA IIAaroHa y po3pisi uepes 6PYHBKY.
IHIeKC MOpPO3HOTO MOLIKOIKEHHS Yy JaHOMY BapiaHTi focifny 3a TeMmieparypu -25 °C ta -30 °C
CTaHOBUB g pocinH Hydrangea arborescens 3,3 Ta 9,8 6ana, Hydrangea paniculata - 6,7 Ta 13,8
6asa, Hydrangea quercifolia — 71 ta 14,1 6ana, a HalBUIIUM BiH 6yB y Hydrangea macrophylla
3 MOKasHWKaMu Ha piBHi 33,7 Ta 51,2 6ana, mo Ha 8,8 Ta 6,7 H6aja BuUIle, HiXX y BapiauTi 3
IIPOMOPOJKYBaHHSAM CEpPEIHBOI YACTUHU I1aroHa JaHOro BUZY. 3a IIPOMOPOXKYBAaHHS OpPYHBKU
CIIOCTepirasy He3Ha4Hi YITKOAKeHH yCiX BUZIB ropTeH3il, 3a BUHATKOM Hydrangea macrophylla,
y AKOI iHIleKC MOpO3HOIO IOIIKOAXKEHHA y JAaHOMY BapiaHTi mociimy cTaHoBuB 26,6 6ana 3a
TeMreparypu -25 °C Ta 53,4 6ama 3a Temmeparypu -30 °C. PesyneraTu 6araTodpakKTOPHOTO
JUCIepCiMHOTO aHalisy MiATBepAWIN 3HAaueHHS YacTKU BIUIMBY GaKTOpPy «BHJ, TOPTEeH3il»,
SIKa KoJIMBasacs y Meskax 57,2-75,1 % Ha MOPO30CTIMKICTh PiSHUX YaCTHUH POCJIMHU. Pe3ynbraTu
IOCITiIKeHb MaloTh PaKTUYHE 3HaYEeHHS Ta MOXXYTh 6T BUKOPUCTaHi 32 GOpMyBaHHS CTIMKUX
IeKOpaTUBHMX Haca XKeHb B yMOBaxX HeCTabiIbHOTO KJIiMarTy, a TAKOK ITpU Ao60pi BUAIB ropTeH3iM
ILJIS CeJIeKIIil CTIMKUX 10 BIUIUBY HU3bKUX TeMIIepaTyp reHOTUIIiB

KniouyoBi cnoBa: IpOMOPOXKYBaHHS; IMiAMep3aHHA TKAHUH; CTIMKICTh POCJINH; TOPTeH3ii;
azarTaliga
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