Received 26.10.2024 Revised 20.01.2025 Accepted 27.02.2025

cientific

repos. | Scientific Reports of the National University
_‘T" of Life and Environmental Sciences of Ukraine

Vol. 21, No. 1
2025

Journal homepage: https://scireports.com.ua/en

UDC630%111:581.52 DOI:10.31548/dopovidi/1.2025.103

Assessment of frost and drought resistance in species
and cultivars of the genus Ligustrum L. for nursery stock production

Andrii Derii*

Postgraduate Student

Education and Research Institute of Forestry and Landscape-Park Management
of the National University of Life and Environmental Sciences of Ukraine
03041, 19 Horikhuvatskyi Shliakh, Kyiv, Ukraine
https://orcid.org/0000-0001-9339-1183

Andrii Pinchuk

PhD in Agricultural Sciences, Associate Professor

Education and Research Institute of Forestry and Landscape-Park Management
of the National University of Life and Environmental Sciences of Ukraine
03041, 19 Horikhuvatskyi Shliakh, Kyiv, Ukraine
https://orcid.org/0000-0003-1256-9838

Abstract. The relevance of this study is driven by the need to improve the assessment of plants’
adaptive potential for urban landscaping, particularly in Kyiv, where factors such as water deficiency
and temperature fluctuations are critical in selecting species capable of withstanding environmental
stress while maintaining ornamental value. This study aimed to investigate the frost and drought
resistance of species and cultivars of the genus Ligustrum L., enabling an evaluation of their adaptive
capacity for use in urban environments. Physiological methods were employed to assess indicators
such as water retention capacity, water deficit, water content, heat resistance, and frost resistance. The
findings indicated that Ligustrum vulgare L. and its cultivars exhibit high frost resistance, as evidenced
by minimal tissue damage at-25°C, averaging 7.0-13.9 points. Other species demonstrated minor tissue
damage at -20°C (on average, less than 2 points), suggesting that this temperature is not critical for
them. At -25°C, the overall damage score increased significantly. In particular, Ligustrum ovalifolium
Hassk. and its cultivars exhibited scores ranging from 14.2 to 24.8, while Ligustrum japonicum Green
Century and Ligustrum ibota Musli recorded scores of 30.7 and 26.3, respectively. These values approach
critical thresholds; however, during the growing season, cells and tissues demonstrated the ability to
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recover. Ligustrum vulgare L., Ligustrum ovalifolium Hassk., and certain cultivars displayed considerable
drought resistance, as indicated by relatively minor fluctuations in leaf moisture content. The results
also highlight the stable waterregulating function of these species, along with high heat resistance,
particularly at 50°C. Notably, an increase in temperature to 60°C proved critical for all species,
leading to partial browning or complete necrosis of leaf blades. The assessment of these parameters
facilitates the selection of initial material for the production of resilient nursery stock suited to urban

environmental conditions

Keywords: nursery stock; leaf blade; landscaping; water regime; resilience; frost damage

Introduction

One of the key aspects of developing plant com-
positions for urban landscaping is the assess-
ment of their condition and resilience to stress
factors, which enables the selection of an optimal
plant assortment for greening large cities. There-
fore, understanding plant sensitivity to stressors,
considering the impact of both natural and an-
thropogenic factors on growth and development,
is essential. As a highly urbanised environment,
the city of Kyiv is characterised by challenging
ecological conditions. As noted by I.0. Sviatohor-
ov (2024), these include temperature fluctuations,
limited summer precipitation, and a relatively
high level of pollution. Thus, evaluating the adap-
tive potential of species within the genus Ligus-
trum L. under such conditions is a crucial task in
urban landscaping.

S.I.Kuznetsov et al. (2020) described L.vulgare
L. as a hardy plant, capable of withstanding both
drought and frost. It is also adaptable to various
soil types and tolerates urban conditions, includ-
ing dust, smoke, and gas pollution. Additionally,
this species is noted for its ability to be pruned
and shaped, making it versatile for landscaping.
Ligustrum lucidum W.T. Aiton, on the other hand,
is considered moderately frost-resistant, able to
withstand temperatures down to-20°C. It requires
moderate moisture and is tolerant of smoke and
gas pollution. T. Tkaczenko et al. (2023) highlight
the potential of L. vulgare L. to partially purify air
by trapping particulate matter, thus improving air
quality. T. Pashayev (2024) emphasised the ver-
satility of L. vulgare L. in urban landscaping. It is

particularly well-suited for creating hedges and
other structured plantings. This species’ ability to
withstand fluctuating temperatures and moisture
levels makes it a valuable asset in urban green
spaces. Its resilience and aesthetic appeal allow
it to function as both a decorative feature and a
functional barrier. Furthermore, L.vulgare L. exhib-
its strong recovery after winter, making it a reli-
able choice for long-term use in diverse climates.

Evaluating how well plants withstand
drought and heat is crucial for determining their
suitability in urban environments. In cities, high
temperatures and water shortages are signifi-
cant challenges for plant growth. V. Bessonova et
al. (2024) have emphasised the importance of
studying the heat resistance of trees in the north-
ern steppe region of Ukraine. These factors di-
rectly affect the survival and aesthetic appeal of
plants exposed to intense sunlight and high tem-
peratures. Similarly, research is being conducted
to assess drought tolerance. D.S. Gordienko et
al. (2021) examined the impact of climate on the
resilience of English roses in the forest-steppe
zone of Ukraine. L. Leotta et al. (2023) have fo-
cused on developing new strategies to enhance
the resistance of ornamental trees to abiotic
stresses (nonliving stresses such as drought or
high temperatures) in Mediterranean climates.
This research is essential for developing meth-
ods to help plants adapt to climate change in
urban settings. The use of physiological methods
to measure factors like water deficit, water con-
tent, water-holding capacity, and heat resistance

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2025. Vol. 21, No. 1



provides valuable quantitative data. These mea-
surements can reveal how well plants adapt
to harsh temperatures (Demydov et al., 2023;
Yavas et al., 2024).

J. Dong et al. (2022) have highlighted the
critical role of aquaporins, located in cell mem-
branes, in maintaining water balance under vari-
ous stress conditions. Research has demonstrated
that aquaporins directly contribute to a plant’s
cold tolerance. Specifically, the authors studied
the aquaporin gene family in Ligustrum = Vicaryi
Rehd. The use of species and cultivars of the ge-
nus Ligustrum L. in urban landscaping requires
a thorough understanding of their adaptive po-
tential, particularly their frost and drought resis-
tance. This study aimed to evaluate the drought
and frost resistance of Ligustrum L. species and
cultivars within this genus.

Materials and Methods

The study on the potential drought and frost tol-
erance was conducted between 2023 and 2024.
The research took place at the Plant Physiology
and Microbiology Laboratory of the Institute of
Horticulture, National Academy of Agrarian Sci-
ences of Ukraine. The study involved species and
cultivars of the genus Ligustrum L., specifically Li-
gustrum vulgare L., L. vulgare Atrovirens, L. vulgare
Aurea, Ligustrum ovalifolium Hassk., L. ovalifolium
Aureum, L. ovalifolium Green Diamond, L. ovalifo-
lium Vicari, Ligustrum ibota Musli, and Ligustrum
japonicum Green Century. The research adhered to
ethical standards outlined in the Convention on
Biological Diversity (1992) and the Convention on
the Trade in Endangered Species of Wild Fauna
and Flora (1973).

To assess drought and frost tolerance, vege-
tative plant material was collected from mother
plants aged 3-5 years. The selected plants were
free from any visible damage caused by pests or
diseases. These plants were grown in semi-shad-
ed conditions on moderately fertile and moist
soils. The frost tolerance of Ligustrum L. species
and cultivars was evaluated using the method-
ology recommended by M.O. Bublyk et al. (2013).

Derii & Pinchuk

This involved directly freezing plant shoots in a
laboratory setting. During the winter dormancy
period, typically the second ten-day period of
December to the first ten-day period of February,
well-formed, one-year-old shoots (20-25 cm in
length) were collected from the middle section of
the plant crowns.

The process of determining frost tolerance
involved lowering the temperature within a
freezer chamber. A DW-40L92 refrigeration cham-
ber (Qingdao Haier Biomedical Co. Ltd., China)
was used, which allowed for the cooling of the
experimental plant samples down to -40°C. The
freezing was conducted using a gradual tempera-
ture reduction method, decreasing by approxi-
mately 5°C increments until reaching -20°C and
-25°C. These specific temperature levels were
selected to reflect the average winter tempera-
tures observed in Kyiv between 2019 and 2024.
The lowest recorded temperature during this
period was -18°C (Meteoblue, n.d.). After freez-
ing the oneyearold shoots of Ligustrum L. species
and cultivars at -20°C and -25°C, a microscopic
analysis was performed to assess tissue damage
in comparison to the control samples (unfrozen).
Once the desired temperature was reached, the
experimental samples were held in the refrigera-
tion chamber for 4 hours. This duration was nec-
essary to allow for nucleation and ice formation
processes to occur within the plant tissues. The
next step involved determining the extent of frost
damage to the shoot tissues. This evaluation was
based on the intensity of browning observed in
anatomical cross-sections. After freezing, a cer-
tain period of time is required for the signs of
frost damage to become apparent. As noted by
S. Maslovata (2016), it can take up to 7 days at
room temperature for signs of frost damage to
become visible. The next stage involved partially
immersing the shoots in water, followed by the
preparation of anatomical sections. Three primary
zones were selected for analysis: the shoot apex,
the middle section (the centre of the internode,
between the buds), and the node itself, with the
cut made directly through the bud. These sections
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were placed on microscope slides and examined
under an MBS-10 microscope (TM MICROmed,
Ukraine). During the anatomical-microscopic
evaluation of the one-year-old growth, the extent
of damage to individual tissues (bark, cambium,
wood, and pith) was determined based on the vi-
sual browning observed in the cross-section. The
degree of tissue damage was assessed using a
six-point scale (0 to 5 points) for each anatom-
ical section. The maximum total tissue damage
score for the one-year-old growth was 65 points
(Bublyk et al., 2013).

The damage assessment followed this scale:
0 - no damage observed; 1 - slight discoloura-
tion, damage to up to 20% of the tissue; 2 - mod-
erate tissue damage (40%); 3 - moderate damage
with clear browning at the interface with adja-
cent tissues (60%); 4 — severe damage (complete
browning of the affected area, blackened borders
with adjacent tissues, 80%); 5 — complete tissue
necrosis (100%) (Maslovata, 2016).

To determine the potential drought toler-
ance, a series of laboratory experiments were
conducted. These experiments included measur-
ing water deficit, water content, water-holding
capacity, and heat resistance, following the Sci-
entific and Methodological Recommendations for
the Study and Conservation of Genetic Resourc-
es of Fruit, Berry, Nut-Bearing, and Underutilized
Crops (Trokhymchuk & Makarova, 2022). For the
drought tolerance assessments, fully grown leaf
blades were collected, primarily from the central
part of the mother plants’crowns. The leaves were
harvested early in the morning, before 8:00, to mi-
nimise rapid turgor loss. They were then placed in
sealed bags to facilitate long-term transport. The
collection period occurred during the first ten-day
period of August.

The water deficit was determined as follows:
initially, the leaf blades were weighed using pre-
cision scales. They were then immersed in a wa-
ter-filled container, which was covered with glass
to create an air chamber. The leaves remained
submerged for 24 hours. After this period, they
were removed from the water, gently blotted with

paper towels to remove excess moisture, and im-
mediately weighed again. The difference between
the pre-saturation and post-saturation weights
was then calculated.

To assess the water content,a method involv-
ing complete drying of leaf blades was employed.
This allowed for the calculation of the total water
content within the plant material. For this, previ-
ously prepared leaf blades from species and cul-
tivars of Ligustrum L. were placed in metal weigh-
ing bottles, which had been weighed beforehand.
The weighing bottles with the leaf blades were
then weighed again. The weighing bottles with
the leaf blades were then placed in an oven at
40°C for 24 hours or until the leaves were fully
dried. After drying, the weighing bottles with the
plant material were weighed again, and the corre-
sponding calculations for the moisture content in
the leaves were performed. The total water con-
tent (W) as a percentage of the fresh weight was
determined using the following formula (1):

(b-c)
(b—a)

w = *100%, (1)
where a is the mass of the empty weighing bottle,
g; b is the mass of the weighing bottle with the
fresh leaf sample, g; c is the mass of the weigh-
ing bottle with the dry leaf sample, g. The water
retention capacity was determined by measuring
the gradual loss of moisture at room temperature.
The experiment was conducted in a laboratory
setting with a constant temperature of 23.8°C
and a relative humidity of 44.5%. At the start of
the experiment, the leaf blades were weighed,
and subsequent measurements were taken after
2,4, 6,and 24 hours. The water retention capacity
(WRC) is considered higher if the moisture loss
from the leaf blades is lower over a specific time
period, and it is calculated using the formula (2):

WRC =2 5 100%, Q)
where A is the moisture content at the start of

the experiment, g; B is the moisture loss over a
specific time period, g. The determination of heat
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resistance involved subjecting the leaf blades of
the experimental plants to exposure to heat in
an oven for 10 minutes at different temperatures:
40, 50, and 60°C. After roasting, the leaf blades
were immersed in a 0.2% hydrochloric acid (HCL)
solution, which primarily facilitated the faster
manifestation of damaged areas on the leaves.
The immersion times in the acid were 1, 3, and
5 minutes. Afterwards, the damage was assessed
according to the following scale in percentages:
0 - leaves without damage; 0-15 - slight dam-
age; 16-50 - moderate damage; 51-100 - severe
damage or complete leaf blade death. The pro-
cessing and analysis of the results were carried

L. ovalifolium Hassk.
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L. ovalifolium Vicari
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out in Microsoft Excel (Mezhenskyi, 2017). The
measurement results are presented as the mean
* standard error (x = SE).

Results and Discussion

The analysis of damage data on shoots revealed
that the severity of tissue damage caused by low
negative temperatures is influenced by both the
species or cultivar and the degree of tempera-
ture reduction. Specifically, the control samples,
which were not subjected to freezing, showed no
damage in any of the tested plants, as illustrated
in Figure 1 (a, d, g, j), Figure 2 (a, d, g), and Fig-
ure 3 (a, d).

«ﬁfﬁ o'y _&"

L. ovalifolium Green Diamond

L. ovalifolium Aureum

Figure 1. Degree of tissue damage in cultivars of Ligustrum ovalifolium Hassk
Note: g, d, g,j - control; b, e, h, k - freezing temperature -20°C; ¢, f, i, | - freezing temperature -25°C

Source: photos taken by the authors
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L. vulgare Aurea

Figure 2. Degree of tissue damage in cultivars of Ligustrum vulgare L
Note: g, d, g - control; b, e, h - freezing temperature -20°C; ¢, f, i - freezing temperature -25°C
Source: photos taken by the authors

e
c i S —
; e —— - i
Ligustrum japonicum Green Century Ligustrum ibota Musli

Figure 3. Degree of tissue damage in cultivars

of Ligustrum japonicum Green Century, Ligustrum ibota Musli
Note: a,d, g,j - control; b, e, h, k - freezing temperature -20°C; ¢, f i, | - freezing temperature -25°C
Source: photos taken by the authors

Analysis of the data at -20°C revealed that  tolerance to temperatures down to-20°C. The ob-
the majority of the experimental plant samples  served damage primarily consisted of browning in
showed minimal damage, with scores not ex-  certain areas of the shoot’s anatomical sections,
ceeding 20 points. This suggests a relatively high  as shown in Figure 1 (b, e, h, k), Figure 2 (b, e, h),
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and Figure 3 (b, e). Ligustrum japonicum Green
Century showed the highest damage score at 22
points. Browning was observed in various parts of
the shoot (Fig. 3b), with the bud area being par-
ticularly affected. All other species and cultivars
showed only slight browning. The least amount
of damage was observed in L. vulgare Atrovirens,
with a total damage score of 3.7 points.

Further lowering the temperature to -25°C
resulted in more significant damage to almost all
the samples. The total damage scores for most
species and cultivars increased considerably. This
indicates a potential sensitivity of certain plants
to this temperature. The lowest level of damage
was recorded in L. vulgare Atrovirens (7.0 points),
while the highest levels were observed in Ligus-
trum japonicum Green Century (29.9 points) and
Ligustrum ibota Musli (26.3 points).

The freezing process at -25°C revealed that
different parts of the Ligustrum L. shoot experi-
enced varying degrees of damage. This indicates
that the tissues have differing levels of resistance
to low-temperature stress.As shown in Table 1,the
pith was the most vulnerable to low temperatures

Derii & Pinchuk

across almost all the tested plants. Notably, Ligus-
trum japonicum Green Century and Ligustrum ibota
Musli showed maximum pith damage, particularly
at the bud and in the middle section of the shoot.
For example,in Ligustrum japonicum Green Century,
the pith damage score at the bud was 10.8 points,
the highest recorded (Fig. 3c). The wood tissue
also sustained significant damage, especially in
the cultivars L. ovalifolium Vicari (6.5 points in the
middle section of the shoot) and L. ovalifolium Au-
reum (6.5 points in the upper section of the shoot).
L. vulgare Atrovirens exhibited the least amount
of wood damage (1.4 points). The cambium was
less susceptible to low temperatures compared
to the pith and wood. However, some plants,
such as L. ovalifolium Green Diamond (5.2 points
in the middle section), showed significant cam-
bial damage (Fig. 1f). The lowest level of cambi-
um damage was observed in L. vulgare Atrovirens
(0.5 points in the middle section). Similar to the
cambium, the bark showed relatively less dam-
age, as indicated in Table 1. For instance, L. vulgare
L. and L. vulgare Atrovirens had the lowest bark
damage scores, ranging from 0.5 to 0.8 points.

Table 1. Damage to shoots and buds from low temperatures
in Ligustrum L. species and cultivars, 2024

Object of freezing

Apex, points Middle, points Through the bud, points Total Points
£
No. Species, cultivar -g £ € £ ° E
> ¥ 3 8 g ¥ 3 % g ¥ 3 % £ ¥ 3 T 5 E
S £ £ E & E £ &8 8 8 £ E @8 &8 8 % p
@ @ = 5] = c = < = o =
o o o =
[
Ligustrum C 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
1 ovalifolium 20 05 05 12 12 05 04 10 10 08 05 10 10 12 34 29 33 96
Hassk. 25 15 18 18 15 05 05 04 20 12 11 15 22 20 66 34 60 160
L K 00 00 00 02 00 00 00 00 00 00 00 00 00 02 00 00 02
L. ovalifolium
2 _ 20 09 08 18 12 08 08 15 10 08 09 15 09 12 47 41 41 129
GreenDiamond .51 20 15 11 11 18 12 10 10 25 15 40 58 52 60 170
o C 00 05 05 00 00 00 00 00 00 05 05 00 00 10 00 10 20
L. ovalifolium
3 o 20 00 00 10 00 05 05 10 11 05 11 14 20 10 10 31 50 9.1
Vieari 25 35 35 25 30 08 10 20 15 10 1.5 25 20 30 125 53 7.0 248
i K 00 00 05 00 00 00 05 09 00 00 05 05 05 05 14 10 29
L. ovalifolium
4 20 05 15 15 10 05 14 14 12 05 18 22 20 28 45 45 65 155
Aureum 25 15 25 22 20 08 20 25 20 08 15 20 22 35 82 73 65 220
_ C 00 00 00 02 00 00 00 02 00 00 00 02 02 02 02 02 06
Ligustrum
5 20 05 05 05 08 00 00 00 00 00 00 05 00 03 23 00 05 28
vigarel. 555 25 30 10 05 05 08 05 05 05 10 06 10 90 23 26 139
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Table 1. Continued

Object of freezing

Apex, points Middle, points Through the bud, points Total Points
S
No. Species, cultivar '§ £ £ £ °
> ¥ 3 8 g ¥ 3 ¥ g ¥ 3 ¥ g - 3 3 =
8 E 2 &8 8 &8 2 &8 &8 8 2 & a &£ =2 S
S = 5 = c = < = =
o o o

K 00 00 00 02 00 00
L. vulgare

00 02 00 00 00 02 00 02 02

6 20 0.0 00 00 05 00 00

05 00 06 05 08 08 12 05 05

Atrovirens
25 05 05 08 05 05 08

07 05 04 05 07 06 14 23 25

cC 00 00 02 00 00 00

02 00 00 00 00 00 02 02 02

7  L.vulgare Aurea -20 0.5 05 04 00 04 04

05 00 04 04 05 00 05 14 13

o |w|lalo|d|M|o
olwliolw|ol ||| Through bud
w
~

25 06 05 08 05 05 05 06 05 06 06 15 05 1.0 24 21 7.7

Ligustrum c 08 05 05 00 00 00 00 00 00 00 08 05 12 18 0.0 3.1

8 japonicum Green 20 22 20 15 14 18 18 15 18 18 15 25 22 23 71 69 22.0
Century 25 25 27 25 18 22 24 25 25 22 24 32 30 35 95 96 108 299

c 00 00 05 00 00O 00O OO 00 02 02 05 05 09 05 00 14 19

Ligustrum ibota
9 Musli 20 1.3 14 18 08 12 13 18 09 22 22 28 10 24 53 52 82 187
usli
25 25 25 20 15 22 26 20 20 25 25 22 18 33 85 88 90 263

Source: developed by the authors

Thus, analysing all the data, it can be seen
that L. vulgare Atrovirens is the most resistant to
low temperatures. The overall damage level was
minimal, with a total of 7.0 points, and the most
damaged part was the pith in the middle section of
the shoot. In contrast, Ligustrum japonicum Green
Century and Ligustrum ibota Musli showed the
highest levels of damage, with the wood and pith
being the most affected. The results of the study
show that at -25°C, the pith of the shoots sustains
the most damage, particularly in the upper part
and through the bud. Accordingly, the bark and

cambium suffer less damage, although the extent
of the damage also depends on the species and
cultivar. Among the plants studied, L. vulgare Atro-
virens can be considered potentially resistant to
low temperatures, while L. japonicum Green Centu-
ry and L. ibota Musli are less resistant. Water deficit
is a crucial indicator of a plant’s ability to retain
moisture, which helps determine its potential
drought resistance. The analysis of water deficit
data for Ligustrum L. species and cultivars (Table 2)
revealed that the values of this parameter varied
significantly depending on the species and cultivar.

Table 2. Determination of water deficit in Ligustrum L. species and cultivars

Species, cultivar

Before saturation, g  After saturation, g

Water deficit, % Average value, %

0.702 0.813 13.65
Ligustrum vulgare L. 0.307 0.38 19.21 16.25%28
0.545 0.648 15.90
0.538 0.604 10.93
L. vulgare Atrovirens 0.39 0.45 13.33 11.7753%5
0.37 0.416 11.06
0.334 0.396 15.66
L. vulgare Aurea 0.38 0.436 12.84 14.004'4
0.359 0.415 13.49
. 0.927 1.112 16.64
Ligustrum 0.886 1.056 16.10 16.14:04
ovalifolium Hassk.
0.828 0.982 15.68
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Table 2. Continued

Species, cultivar

Before saturation, g  After saturation, g

Water deficit, % Average value, %

o 0.43 0.486 11.52
L. ovalifolium 0.414 0.463 10.58 11.39:074
Aureumn
0.343 0.39 12.05
- 0.343 0.386 11.14
L. ovalifolium Green 0.325 0.368 11.68 11.34%03
Diamond
0.254 0.286 11.19
0.17 0.184 7.61
L. ovalifolium Vicari 0.11 0.117 5.98 6.1636
0.097 0.102 4.90
. ‘ 0.227 0.245 7.35
L’gusm’;"“’b"ta 0.22 0.247 10.93 10,6547
0.202 0.234 13.68
Ligustrum 0.33 0.352 6.25
japonicum Green 0.443 0.484 8.47 6.421%7
Century 0.442 0.463 4.54

Source: developed by the authors

Thus, the highest water deficit values were
observed in L. vulgare L. (16.25%), L. vulgare Aurea
(14.00%), and L. ovalifolium Hassk. (16.14%).Among
the other plants, those with a moderate level of wa-
ter deficit can be highlighted, including L. vulgare

Ligustrum japonicum Green Century
Ligustrum ibota Musli

L. ovalifolium Vicari

L. ovalifolium Green Diamond

L. ovalifolium Aureum

Ligustrum ovalifolium Hassk

L. vulgare Aurea

L. vulgare Atrovirens

Ligustrum vulgare L.
0.00 2.00

400 6.00 8.00

Atrovirens (11.77%), L. ovalifolium Aureum (11.39%),
L. ibota Musli (10.67%), and L. ovalifolium Green Di-
amond (11.34%). L. ovalifolium Vicari (6.16%) and
L. japonicum Green Century (6.42%) showed the
lowest water deficit levels, as shown in Figure 4.

_
'
—_

B
—
=
—_
|
_

10.0012.00 14.00 16.00 18.00 20.00

Figure 4. Water deficit values of leaves in Ligustrum L. species and cultivars

Source: developed by the authors

High saturation levels were observed in
L. vulgare L., L. vulgare Aurea, and L. ovalifoli-
um Hassk. (Fig. 5). This suggests that these plants
may be less adaptable to conditions with limited

moisture. Conversely, L. ovalifolium Vicari and L.
japonicum Green Century exhibited the lowest
saturation levels, indicating a potential ability to
withstand drought.
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pbel

Figure 5. Consequences of moisture over-
saturation in the leaf blades

of L. ovalifolium Hassk
Source: photo taken by the authors

Water content is a key parameter that reflects
the level of moisture retention in plant tissues,
particularly leaf blades. This indicator allows for
the assessment of a plant’s ability to adapt to its
growing conditions, especially drought. In this
study, the water content of Ligustrum L. species
and cultivars was determined. Similar to previ-
ous findings, significant variability in results was
observed depending on the species and cultivar.

90.0

Among the plants with the highest water content,
exceeding 70%, L.vulgare Aurea (71.3%), L. ovalifo-
lium Aureum (77.9%), L. ovalifolium Vicari (74.1%),
and L. ibota Musli (76.3%) stand out. Of these,
L. ovalifolium Aureum and Ligustrum ibota Musli
have the highest values, exceeding 75%, indicat-
ing their high moisture retention capacity even
under potentially unfavourable conditions (Fig. 6).
All other plants exhibited moderate water con-
tent, suggesting their ability to maintain a stable
water balance within their tissues. It is also worth
noting that cultivars such as L. vulgare Atrovirens
and L. japonicum Green Century had relatively
lower water content, suggesting a lesser adaptive
ability to conditions of insufficient moisture.

An interesting observation is that cultivars
with variegated leaves, such as white-green
or yellow-green (L. vulgare Aurea, L. ovalifolium
Aureum, L. ovalifolium Vicari, and Ligustrum ibo-
ta Musli), tend to have comparatively higher
water content than species and cultivars with
typical green leaves.

80.0
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60.0

50.0
40.0
30.0
20.0
10.0

L. vulgare
Atrovirens

L. vulgare
Aurea

Ligustrum
vulgare L. ovalifolium
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Ligustrum L. ovalifolium L. ovalifolium L. ovalifolium  Ligustrum

Aureum

Ligustrum
Jjaponicum
Green Century

Green Vicari ibota Musli

Diamond

Figure 6. Water content of the leaves of Ligustrum L. species and cultivars

Source: developed by the authors

The analysis of water content in the Ligus-
trum L. genus allows for the identification of spe-
cies and cultivars with a greater ability to retain
moisture, such as L. vulgare Aurea, L. ovalifolium
Aureum, L. ovalifolium Vicari, and L. ibota Mus-
li. It also highlights those with a lower capacity,

including L.vulgare L., L.vulgare Atrovirens, L. oval-
ifolium Hassk., L. ovalifolium Green Diamond, and
L. japonicum Green Century. The results suggest
the potential drought resistance of these plants
and their suitability for urban landscaping, par-
ticularly in areas with limited water availability.
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The study of water retention capacity in the
leaf blades of Ligustrum L. species and cultivars
is a crucial aspect for assessing their potential
drought resistance. The experiment was conduct-
ed under stable laboratory conditions (tempera-
ture 23.8°C, relative humidity 44.5%), allowing
for a more accurate evaluation of moisture loss
dynamics over 24 hours. Similar to previous

Derii & Pinchuk

experiments, some variability in results was ob-
served, depending on the species and cultivar
of the tested plants. The highest average rate of
moisture loss was observed in L. ovalifolium Aure-
um (44.66%) and L. ibota Musli (42.71%) (Table 3,
Fig. 7). Notably lower moisture loss was observed
in L. ovalifolium Vicari (37.59%) and L. ovalifolium
Green Diamond (36.12%).

Table 3. Water retention capacity of Ligustrum L. leaves

Sample weight by exposure time, g

Plant name 2 hours 4 hours 6 hours 24 hours A:l:;:g::t\;aot/oer
Laboratory results 24°C-44% 24.2°C-43% 23.7°C-49% 22.8°C-45%

10.13 15.95 20.43 47.67

Ligustrum vulgare L. 11.11 16.78 19.61 42.27 23.26
9.27 15.12 20.49 50.24
12.97 22.87 32.08 57.00

L. vulgare Atrovirens 11.11 20.94 31.20 53.85 31.26
14.07 25.48 35.74 57.79
8.93 13.75 17.87 45.70

L. vulgare Aurea 8.28 16.55 21.38 57.93 24.73
8.97 16.67 21.15 59.62
2.24 417 5.77 19.55

Ligustrum ovalifolium 3.82 7.64 10.62 36.73 1022

Hassk.

1.80 4.09 6.22 19.97
19.46 32.89 44.30 79.19

L. ovalifolium Aureum 2113 38.03 52.82 78.87 44.66
17.44 29.65 43.02 79.07
10.24 27.56 40.16 64.57

L. ovalifolium Green 11.76 27.73 39.50 68.07 36.12

Diamond

12.23 26.62 36.69 68.35
9.09 25.76 33.33 71.21

L. ovalifolium Vicari 12.16 39.19 37.84 70.27 37.59
8.70 27.54 37.68 78.26
15.60 31.21 41.13 79.43

Ligustrum ibota Musli 17.58 36.26 45.05 76.92 42.71
17.74 29.03 43.55 79.03
8.12 16.24 18.78 40.44

Ligustrum japonicum 7.86 17.30 21.38 48.74 22.51

Green Century

9.69 16.25 19.69 45.63

Source: developed by the authors
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z

Figure 7. Dynamics of moisture loss from leaves, illustrated by Ligustrum ibota Musli.

Note: a - before the experiment; b - after 24 hours
Source: photos taken by the authors

Significantly lower rates of moisture loss
were observed in L. japonicum Green Centu-
ry (22.51%), L. vulgare L. (23.26%), and L. vul-
gare Aurea (24.73%). Among these, L. ovalifoli-
um Hassk. exhibited the lowest rate of water
loss (10.22%). The best water retention capacity
was found in L. ovalifolium Hassk. and L. japon-
icum Green Century, while the fastest rate of
moisture loss was observed in L. ovalifolium

Aureum and L. ibota Musli. It is also worth not-
ing that in all tested plants, the most intense
moisture evaporation occurred between 6 and
24 hours into the experiment. At a temperature
of 40°C, all species and cultivars showed no
damage to the leaf blades, even after treatment
with hydrochloric acid for 5 minutes (Table 4,
Fig. 8a). This indicates their high resistance at
this temperature.

\ Table 4. Dynamics of the effect of high temperatures on leaf condition

Time of hydrochloric acid

Temperature of roasting, °C

No. Plant name treatment, min 40 50 60
Percentage of leaf damage, %

1 1 0 4 81
2 Ligustrum vulgare L. 3 0 5 85
3 5 0 7 97
4 1 0 8 68
5 L. vulgare Atrovirens 3 0 14 74
6 5 0 13 89
7 1 0 4 80
8 L. vulgare Aurea 3 0 6 82
9 5 0 6 88
10 1 0 5 90
11 Ligustrum ovalifolium Hassk. 3 0 2 96
12 5 0 3 100
13 1 0 7 72
14 L. ovalifolium Aureum 3 0 8 84
15 5 0 9 92
16 1 0 0 85
17 L. ovalifolium Green Diamond 3 0 0 90
18 5 0 0 92
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Table 4. Continued

Time of hydrochloric acid

Temperature of roasting, °C

No. Plant name treatment, min 40 50 60
Percentage of leaf damage, %

19 1 0 0 73
20 L. ovalifolium Vicari 3 0 1 84
21 5 0 2 95
22 1 0 5 62
23 Ligustrum ibota Musli 3 0 6 77
24 5 0 6 89
25 o oieum 1 0 2 93
26 Ligustrum (]:Zﬁ(t)ﬂ;um reen 3 0 5 95
27 5 0 6 100

Note: 0 — no damage; 0-15 - light damage; 16-50 — moderate damage; 50-100 — severe damage or complete

leaf death
Source: developed by the authors

.‘ b!“ |

g

(o

Figure 8. Leaf blades of Ligustrum vulgare L. after roasting

Note: a - 40°C, b - 50°C, ¢ - 60°C
Source: photos taken by the authors

At elevated temperatures of up to 50°C, L.vul-
gare L.and its cultivars exhibited slight damage to
the leaf blades, which was only 1-5%.When L. vul-
gare Atrovirens (Fig. 8b) was soaked in hydrochlo-
ric acid for 3-5 minutes, the damage increased
to 20%. In contrast, the cultivars of L. ovalifolium
Hassk. remained almost undamaged, with the
damage percentage ranging from 0-1%, as shown
in Figure 9a. Similarly, the leaf blades of L. ibo-
ta Musli and L. japonicum Green Century showed
minimal damage, with browning percentages of
5-6%. Increasing the temperature to 60°C result-
ed in critical leaf damage. High levels of damage
were observed in all L. vulgare L. cultivars (Fig.
8¢), with damage ranging from 80% to 100%. The
cultivars of L. ovalifolium (Fig. 9b) showed similar

results, with leaf damage between 70% and 100%.

The research demonstrated a significant
correlation between temperature and the sus-
ceptibility of Ligustrum L. species and cultivars
to leaf blade damage. While the plants remained
resistant to damage at 40°C, a rise in temperature
to 50°C, and particularly 60°C, led to increased
and critical damage across most cultivars. Similar
studies focused on determining frost resistance,
with the aim of identifying potentially resilient
species and cultivars, provided a foundation-
al basis for this investigation. These studies,
such as those conducted by M.S. Kuznetsova &
O.l. Kitaiev (2018), assessed the frost and winter
hardiness of Calluna vulgaris (L.) Hill. and its cul-
tivars. This involved laboratory freezing methods,
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as well as visual damage assessments under field
conditions. Additionally, O. Babyn et al. (2024)
detailed a research process examining the poten-

tial frost resistance of Cercis L. species and culti-
vars, which also employed laboratory freezing of
experimental plant shoots at-20°C and -25°C.

Figure 9. Leaf blades of Ligustrum ovalifolium Hassk. after roasting

Note: a - 50°C, b - 60°C
Source: photos taken by the authors

When determining drought resistance indi-
cators, including heat resistance and water re-
tention capacity, the data obtained were similar
to those reported by V.M. Novosad (2014). It was
established that L. vulgare L. exhibits higher re-
sistance to high temperatures. However, when
the temperature rises to 60°C, necrosis occurs in
80-90% of the leaf blade. L. ovalifolium Aureum
showed a significantly lower tolerance to high
temperatures, and upon reaching 60°C, the leaf
blades discoloured, indicating complete tissue
death. Furthermore, the water retention capac-
ity study revealed that L. ovalifolium Aureum is
less drought-resistant than L. vulgare L. After just
30 minutes, the maximum moisture content in
the tested leaves was 15%, increasing to 25% af-
ter 90 minutes. In contrast, the maximum mois-
ture content in L.vulgare L. leaves was 13.4%, and
23.4% at the end of the experiment. The findings
of V.M. Novosad (2014) were analysed and ex-
panded to include a wider range of studied plants.
Certain aspects of the research were corroborated.

Researchers, including O.Babyn et al. (2024),
have explored drought resistance indicators
such as water retention capacity, water defi-
cit, and heat resistance. Their study, focusing
on the Cercis L. genus, aimed to determine the
plants’ ability to withstand dry periods in urban

environments. Y. Telepenko (2018) assessed the
drought tolerance of 25 blackberry (Rubus L.)
varieties in the western Forest-Steppe region of
Ukraine.This involved analysing the water-phys-
ical properties of leaves using varietal study
methods and employing analysis of variance.
The study revealed variations in water retention
capacity, water deficit, and tissue water content,
allowing for the classification of varieties based
on their drought tolerance levels. S. Toscano et
al. (2018) investigated the responses of Lantana
camara L. and Ligustrum lucidum L. to four differ-
ent water deficit regimes. The results indicated
that the water deficit significantly reduced the
biomass of both species. However, Ligustrum lu-
cidum L. exhibited superior adaptive capabilities
and more rapid stomatal regulation.

Research by V.Ya. Zayachuk (2014) indicated
that approximately 40 Ligustrum L. species exist
globally, primarily distributed across Asia, Europe,
Australia, and North Africa, with L.vulgare L. being
native to Ukraine. An examination of the orna-
mental plant market, particularly the plants culti-
vated and sold by leading Ukrainian nurseries and
garden centres — such as Natalis nursery, Proxi-
ma garden centre, and Zelena Kraina ornamental
plant nursery - reveals a significant expansion
in plant variety to meet landscaping demands.
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Consequently, over the past 5-10 years, there has
been a notable increase in the range of Ligustrum
L. species and cultivars. This expansion provides
opportunities to utilise not only the indigenous
L. vulgare L. but also around five other species
and numerous cultivars. The Ligustrum L. genus is
gaining popularity due to its adaptability, evident
in both its aesthetic qualities and its tolerance to
diverse growing conditions.

Similar research on drought resistance has
been carried out by Y.M. Kruhlyak (2010), focusing
on various Salix L.species and hybrids.Additional-
ly, T. Kopylova (2016) examined the water balance
in Pyracantha M. Roem. leaf blades and assessed
the plants’ ability to withstand high temperatures,
subsequently evaluating their drought resistance.
These methodological approaches were applied
in this study to analyse the water regime and
drought tolerance of Ligustrum L. species, con-
firming the effectiveness of using physiological
parameters to evaluate plant adaptive potential
in urban environments.

Conclusions
The ability of Ligustrum L. species and cultivars
to withstand low temperatures varies significant-
ly. In particular, the Ligustrum vulgare Atrovirens
cultivar demonstrated the highest resistance to
low temperatures, evidenced by minimal damage
levels (7.0 points at -25°C). Conversely, Ligustrum
japonicum Green Century and Ligustrum ibota
Musli exhibited the lowest resistance, display-
ing the highest damage scores, especially in the
wood and pith regions. The nature of tissue dam-
age indicates that the pith of the shoots is the

Derii & Pinchuk

drought and elevated temperatures, including
water retention capacity, water content, water
deficit, and heat resistance, also showed consid-
erable variability depending on the species and
cultivar. The highest water deficit values were ob-
served in L. vulgare L. (16.25%), L. vulgare Aurea
(14.00%), and L. ovalifolium Hassk. (16.14%). Mod-
erately low water deficit values were recorded for
L.ovalifoliumVicari (6.16%) and L. japonicum Green
Century (6.42%). Among the plants exhibiting the
highest water content, variegated cultivars such
as L. vulgare Aurea, L. ovalifolium Aureum, L. oval-
ifolium Vicari, and L. ibota Musli stood out, with
levels exceeding 75%. The best water retention
capabilities were observed in L. ovalifolium Hassk.
and L. japonicum Green Century, attributed to the
denser structure of their leaf blades compared to
other varieties.

The heat resistance study revealed that at
40°C, none of the experimental plants suffered
leaf blade damage. When the temperature was
raised to 50°C, most plants experienced minor
leaf blade damage, not exceeding 10-15% of the
total leaf area. This suggests that these tempera-
tures do not significantly impact the plants’ leaf
mass. However, an increase to 60°Cresulted in se-
vere damage to the majority of leaf blades across
all cultivars or even complete tissue death. Deter-
mining resistance to adverse factors enables the
selection of resilient Ligustrum L. species and cul-
tivars for nursery stock propagation. This, in turn,
facilitates the scientifically sound application of
these plants for urban landscaping needs in Kyiv.
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a[lanTUBHOIO NOTEHLiany pOC/MH ANS 03e/IeHeHHs MiCbKMX MPOCTOpiB, 30KpeMa B yMoBax Kuesa, ae
(akTopw, K HecTaya BONOrM Ta KONUBAHHS TeMnepaTyp, € KNHYOBUMU NpU BUOOPI POCIMH, 34aTHUX
BUTPUMYBATH €KOMOTiYHI HaBaHTaXEHHS Ta 36epiraTi LekopaTUBHi BNAcTUBOCTI. MeToo poboTu cTanu
LOCNIAKEHHS MOPO30- Ta MOCYXOCTIMKOCTI BMAIB Ta KynbTuBapiB poay Ligustrum L., W0 [O3BOAUNO
OLIHMTM iX afanTMBHI MOXNMBOCTI 4NS BMKOPUCTaHHA B yMmoBax ypbaHizoBaHoro cepeposuwa. Y
paMKax [OCNiLXeHHS 6ynuM BMKOpWUCTaHi Gi3ionoriyHi MeTogu AN OUiIHKM TAaKMX MOKA3HUKIB, SK
BOAOYTPMMYIOUYA 3[aTHiCTb, BOAHMI OediuuT, OBOAHEHICTb, XAPOCTiMKiCTb Ta MOPO3OCTiMKicTb. 3a
pe3ynbTaTaMu AOCNILXKEHHS BCTAHOBNEHO, Wo Ligustrum vulgare L. Ta ii KynbTMBapX MakoTb BUCOKI
MOKa3HWKM MOPO30CTiAKOCTI. Lle nposaBnsnocs y HaiMeHLWii KinbKocTi 6aniB yWKOOXKEHHS TKAaHUH 3a
Temnepatypu -25°C, B cepenHboMy 7,0-13,9 6aniB. IHWIi X pocavHKU 3a pe3ynbTaTaMu JOCHILXKEHHS
npu Temnepatypu -20 °C Manu He3HauHMIM 6an yLWKOAXeHHS (B cepefHbOMY MeHLwe 2 6aniB.), Lie BKa3ye
Ha Te WO AaHa TeMnepaTypa He € KpUTUYHOW. BogHouvac cymapHuin 6an npu NoHWXEHHI TeMnepaTtypu
no -25 °C 3HayHO 3pocTa€, 30kpema B Ligustrum ovalifolium Hassk. Ta ii KynbTMBapwuiB CyMapHMii
6an KonMBaETbCs B Mexax 14,2-24,8, Toai gk Ligustrum japonicum ‘Green century’ Ta Ligustrum Ibota
‘Musli’ Mmanu 30,7 Ta 26,3 6anu BiANOBIAHO, WO € 6AN3bKMM [0 KPUTUYHOTO 3HAYEHHS, ane YyNpOoAOBXK
BereTauii, KNiITUHKU Ta TKAHUHUM 30aTHI BiAHOBUTUCD. Ligustrum vulgare L., Ligustrum ovalifolium Hassk.Ta
[LesKi KynbTMBapyu Manu AOCUTb BUCOKY NOCYXOCTIMKICTb, WO BiA0OPAXKAETLCS Y BIAHOCHO HEBENUKMUX
BiflCOTKAxX 3MiHM KiNbKOCTi BONOMM B NIMCTOBMX NnacTuHKax. OTpMMaHi pe3ynbTaTh TakoX MOKa3ykTb
CTiViKy BoLOperynto4vy GyHKLi0 AaHUX POC/IMH, @ TAKOX BUCOKI MOKA3HUKM XKapOoCTiMKOCTi 30KpeMa 3a
Temnepatypu 50 °C. Cnig 3a3HaunTH, WO NigBuLLeHHS TemnepaTypu o 60 °C 6yno KpUTUYHE A8 BCiX
pocnuH. Le Binobpaxanocs y 4actkoBoMy nobypiHHi abo NOBHOMY BiAMMPAHHI IMCTOBUX MAACTUHOK.
OuiHKa BMLLE3rafaHWX NOKa3HUKIB fa€ 3Mory Ang Biabopy BUXiAHOrO MaTepiany 3 MeTOK OTPUMAHHS
CTiIKOro cafilMBHOro MaTtepiany Lo ¢hakTopiB ypbaHi30BaHOro cepeoBuLLA
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