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Abstract. Consideration of the role of green spaces in urban landscaping is extremely important, as
they not only decorate the urban landscape, but also effectively reduce air pollution, regulate the
microclimate and play an important role in improving the ecology and quality of life of residents.
The purpose of the study was to determine the influence of urban environmental factors on the
development and secondary metabolism of plants of the genus Cercis L. Plants growing in Kyiv
(Ukraine) under conditions with different air humidity, anthropogenic load, and excess or lack
of insolation were selected for the study. Plant growth processes were studied by morphometric
parameters of annual shoots of Cercis siliquastrum ‘Alba’ and Cercis canadensis L. growing under
different conditions. Morphometric methods, fluorescence microscopy, high-performance thin-
layer chromatography and regression analysis were used in the study. The research data show that
insufficient sunlight has a negative impact on shoot growth. The specificity of the phenolic profiles
that can be used to distinguish between the species Cercis canadensis L. and Cercis siliquastrum
‘Alba’ was established. The principal component analysis confirmed that phenolic profiles depend
on habitat conditions and affect plant growth and development. The Gaussian model was used
to analyse the growth dynamics of annual shoots during the growing season, which allowed us
to describe the specifics of internode formation during the growing season quite accurately. This
model allowed us to detect the phenomenon of the last internodes falling off at the end of the
growing season, which caused the deviation of the morphometric parameters of metameres from
the normal distribution along the time axis. Anatomical studies confirmed that the separation of
one or more of the last internodes was due to active corking of the internal tissues of the stem,
blocking of the xylem and formation of a separating layer, which led to the fall of the shoot tip. This
phenomenon shows signs of plant adaptation to low temperatures in winter. The tops of the shoots
often do not have time to lignify and accumulate the required amount of cryoprotectants. With the
formation of a separating layer, the available energy resources are redistributed to the lateral buds,
which receive the necessary resources to prepare for the winter period and provide new growth in
the next growing season. The adaptive potential of the two species of the genus Cercis L. confirms
the prospects of their use in urban ecosystems, which can positively affect the conservation of
biodiversity in general

Keywords: Judas-tree; environmental factors; green spaces; flavonoids; adaptation

Introduction

Green spaces in the urban greening system play
a crucial role in the landscape and architectur-

of plants for urban landscaping in accordance
with their environmental characteristics.

al, sanitary and hygienic, utilitarian and deco-
rative, and other aspects of urban autecological
relations. In particular, all green spaces reduce
the level of gas and dust pollution, improve the
microclimate by reducing the ambient temper-
ature and increasing humidity, but different
species cope with these tasks in different ways,
so the question arises of the correct selection

Due to climate change and a significant in-
crease in anthropogenic impact, it is necessary
to expand the range of planting materials when
creating urban plantings. As noted by N. Sey-
idoglu Akdeniz (2020), the use of plants of
the genus Cercis L. for urban landscaping with
white, pink, and purple colours gives a sense
of calm, continuity and vitality, which, in turn,
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Influence of urban environment factors...

plays an important role in the recreation of ur-
ban populations.

Results of the study by N. Nuzhyna et
al. (2022) on determining plant drought resist-
ance, based on the indicators of leaf water con-
tent and moisture loss per unit time, indicate
that Cercis canadensis L. is quite drought-resist-
ant. The paper reveals new aspects of plant ad-
aptation to changing environmental conditions,
and considers strategies for plant survival in a
rapidly changing climate. According to A. Ne-
jad et al. (2018), lead exposure at a dose of 30 mg/1
had a negative effect on the development of C.
siliquastrum L.: the area of the leaf blade, the
length of shoots, and the water content in the
leaves decreased. However, this effect was offset
by the use of nitrates (100 mg/1). These results
indicate the importance of studying plant inter-
actions with toxic metals and possible measures
to reduce their exposure. According to F. Vigno-
li et al. (2021), the use of lawns alone reduces
the temperature of the asphalt surface by 0.5°C,
and in combination with trees and shrubs - by
about 0.9°C, which reduces the negative impact
of “heat islands” in the urban environment. In
addition, such an ecosystem approach to the
arrangement of lawns, trees and shrubs contrib-
utes to improving air quality and the overall ur-
ban climate. Green spaces help absorb water and
reduce the risk of flooding, helping to create a
more sustainable and environmentally balanced
environment. These positive properties of green
spaces confirm the importance of their imple-
mentation for achieving sustainable develop-
ment and improving the quality of life in cities.

Moreover, according to H. Bahri (2021),
concentration of flavonoids in flowers of Cer-
cis siliquastrum L. decreases as they develop,
and the content of terpenes, on the contrary,
increases, which may indicate changes in sec-
ondary metabolism depending on the phase of
plant development. These detected changes in
the chemical composition of flowers of Cercis

siliquastrum L., in particular, reduction in the
concentration of flavonoids and increase in the
content of terpenes may also be of practical im-
portance in the context of using these plants
in landscape design or urban landscaping,
based on their characteristics and adaptive prop-
erties. Given that changes in secondary metabo-
lism may be associated with growth and develop-
ment phases, further study of these mechanisms
may help develop strategies to optimise growing
conditions of Cercis siliquastrum L. to increase
the biological activity and stability of these
plants in various environmental conditions.

The study by A. Delbari et al. (2019) on the
absorption of cadmium and lead by the roots of
two plant species of the genus Cercis L. helped
to identify the difference between them in re-
sistance to soil contamination with toxic met-
als. It is evident that Cercis siliquastrum L. ex-
hibit various reactions to the presence of these
toxic metals, which may be of practical impor-
tance for their use in phytoextraction or phy-
tostabilisation programmes of contaminated
soils. Consideration of these interactions can
be important for sustainable management of
the urban environment and the effective use of
plants in phytoremediation processes.

The purpose of the study is to investigate
the bioecological features of plants of the genus
Cercis L. and the correlation between morpho-
metric and biochemical parameters.

Materials and Methods

The research was conducted between January
2023 and September 2023.

Conditions for the growth of research objects.
The selected research objects were located in
Kyiv, in particular, in the Shevchenkivskyi dis-
trict (Fig. 1). The city’s climate is moderately
continental, with mild winters and rather hot
summers. The average temperature in July and
January was +22°C and -2.8°C, respectively
(Osadchyy et al., 2013).
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Figure 1. Layout of Cercis L. plantations in Kyiv
Source: compiled by the authors

The habitats of all plants can be condi-
tionally divided according to the influence of
external factors, such as air pollution, solar in-
solation, and soil salinity. For example, plants
growing in the O.V. Fomin Botanical Garden
were exposed to an average level of insolation
(the amount of direct sunlight is about 6 hours
per day) and air pollution, and the absence of
soil salinity. Trees growing near the Beresteyska
metro station had a high level of insolation (di-
rect sunlight for about 10 hours a day) and were
exposed to high levels of air pollution because
they were located on the southern border of
the Nyvky park. The plants growing on Tabirna
Street were in shady conditions (the amount of
direct sunlight was about 3 hours per day). The
level of salinity was determined conditionally,
depending on the distance of plants from pe-
destrian paths or highways. In particular, the
plants growing in the park on Kirponos Street
were characterised by a high level of insolation
and soil salinity, as the plants grew in close
proximity to the roadway and pedestrian path.

During the survey of plants of the genus
Cercis L., their condition was evaluated on a
5-point scale for assessing the condition of
woody plants in outdoor plantings according to
the method (Kuznetsov et al., 2000):

% 5 points (trees without suppressed
growth, with a full leaf surface);

% 4 points (trees with growth that gener-
ally correspond to the norm and with approxi-
mately 20-25% of the inactive surface);

% 3 points (trees with weakened growth,
which have about 50% of the inactive leaf sur-
face);

% 2 points (trees with suppressed growth,
the growth rate of current growth is almost
nonexistent, have about 75-80% of the inactive
leaf surface);

% 1 point (dead and drying, without cur-
rent growth of trees with 100% inactive leaf
surface).

Morphometric method. The analysis of
morphometric parameters of shoots was car-
ried out to assess the features of plant growth
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processes depending on the growing condi-
tions. Sampling was carried out in 5 localities.
A total of 15 plants were used in the experi-
ment. The length and diameter of internodes
of annual shoots of 14 C. canadensis L. plants
and shoots of 1 C. siliquastrum ‘Alba’ plant
(n=75) were measured.

Secondary metabolite profiling method. The
separation of substances was performed by
high-performance thin-layer chromatography
(HPTLC) on Silicagel G 60 (Merck) plates in a
solvent system: ethyl acetate-formic acid-ace-
tic acid-water (v/v/v/v — 100:11:11:25). The re-
sulting chromatograms were treated with 0.5%
NP reagent in ethyl acetate, followed by treat-
ment with 1.0% PEG (polyethylene glycol) 400
and heating at 90°C for 1 min. Flavonoids and
other polyphenols on the chromatogram were
detected in ultraviolet light (A max =365 Nm).
The Rf (retention index) values of individual
compounds were determined photodensito-
metrically using the Sorbfil TLC Videodensi-
tometer computer programme.

Autofluorescence of shoot tissues was
studied on an inverted microscope using a mul-
tichannel fluorescent imaging system (EVOS FL
System, ThermoFisher Scientific, USA).

Method of statistical data processing. The
measurement results are presented as the av-
erage value * standard error (x*SE). The signif-
icance of the difference (p<0.05) between the
obtained data was determined by variance anal-
ysis (one-way ANOVA) using Tukey’s post-hoc
test in the XLSTAT software suite (Addinsoft
Inc., USA, 2010). Principal component analysis
(PCA) and cluster analysis were performed in the
XLSTAT software suite. Sigma Plot 12.0 (Systat
Software, Inc.) was used for regression analysis.

Object of study — the object of study is the
external state of plants C. canadensis L. and
C. siliquastrum ‘Alba’ and their sensitivity to ur-
ban environmental factors. The study was con-
ducted in compliance with the Convention on
Biological Diversity (1992) and the Convention

on the Trade in Endangered Species of Wild
Fauna and Flora (1973).

Annual shoots were collected from plants
growing within the city of Kyiv. Sample prepa-
ration included cleaning of dirt and removal of
unnecessary plant residues, followed by deter-
mining metric parameters (internode length
and diameter). The parameters were measured
using a caliper and the results were recorded in
Microsoft Excel, followed by analysis of the data.

Results

Cercis canadensis L.— a tree up to 18 m high, with
a spreading crown and a black and grey crust,
sometimes it is a large shrub, which makes it
attractive and versatile in terms of use in land-
scape compositions (Fedorovskyi et al., 2013).
Young shoots are reddish-brown. The leaves
are cordate and rounded, 6-12 cm wide. Like the
European species, it blooms before the leaves
open in May. Flowers are pink to purple in col-
our, 1.0-1.2 cm long, in bunches on branches or
on trunks (cauliflory — development of flowers
from dormant buds on the trunk), very decora-
tive (Domshyna & Shcherbak, 2015). Its natural
habitat is North America. It most often grows
on rich soils in lowlands and near marshes, and
is moisture-loving. It is found in undergrowth,
in valleys on the edges, in sparse forests. In the
conditions of Kyiv, it regularly flowers and bears
fruit (Kalinichenko, 2003; Zayachuk, 2014)

The general condition of the plantings
varies: the condition of the plantings growing
near the Beresteyska metro station was ap-
proximately 35 years old and rated at 4 points
(dry branches, trunk damage or stunted de-
velopment); trees growing on Tabirna Street
were approximately 15-20 years old and rated
at 3 points; the condition of plantings growing
on Kirponos Street and the territory of the In-
stitute of Horticulture of the NAAS of Ukraine
was approximately 15-25 years old and rated
at 4-5 points. The condition of C. canadensis
L. and C. siliquastrum ‘Alba’ growing on the
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territory of O.V. Fomin Botanical Garden is rat-  old and 20 years old, respectively (Fig. 2). De-
ed as “good” - there is a small number of dry tailed evaluation information for each tree is
branches and the trees are about 40-45 years  provided in Table 1.

Figure 2. General view of plantings of Cercis canadensis L.
Note: a — group of plants near the Beresteyska metro station; b — a plant on Tabirna Street; c — group of plants
on Kirponos Street; d — cauliflory phenomenon
Source: photo by the authors

Table 1. Condition and location coordinates of the plants under study

No.| Coordinates Code Plant condition Location 'I‘ype. of
assessment plantings
50.3831696 . . % . .
1 30.5027045 S1 4 0.V. Fomin Botanical Garden*| Single planting
50.3831696 . .
2 30.5027045 S7 4 O.V. Fomin Botanical Garden Group
50.351953 Institute of Horticulture of . .
3 30.442145 S8 5 NAASU Single planting
4 S9 3
5 S2 4
6 50.459376 S10 4
7 30'. 41985 8, S3 4 Beresteiska metro station Group
8 S4 4
9 S5 4
10 S11 2
11 50.459444 S13 3 Tabirna Street Single planting
12 30.421137 S14 3 Tabirna Street Single planting
15 50.3831696 515 >
14 30.5027045 S12 3 Kirponos Street Group
15 S6 4
Note: *Cercis siliquastrum ‘Alba’; NAASU - National Academy of Agrarian Sciences of Ukraine
Source: compiled by the authors
The dynamics of shoot development and (_O N ((x—x°)>z>
growth during the growing season is quite ac- f=a-exp\ P (1)
curately described by the Gaussian function,
which under ideal conditions is bell-shaped As can be seen from the regression models
with a peak in the centre or close to it: below (Fig. 3), the peaks of the curves are shifted
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to the right, which may indicate that the plants
do not have enough sum of active temperatures
to complete the processes of lignification of
shoots and a full transition to winter. In addition,

during the observation of plants during the grow-
ing season, it was found that Cercis canaden-
sis L. is characterised by the separation and
falling of one or more of the last internodes.
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Figure 3. Dynamics of changes in the length of internodes
of annual shoots during the growing season

Source: developed based on the authors’ research
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A decrease in the approximation coeffi-
cients of the Gaussian model describing the dy-
namics of changes in the length of internodes is
associated with a shift of the maximum growth

Table 2. Morphometric parameters of plants Cercis L. (x+SE, n=5)

peak to the right in the time coordinate. Indi-
cators of the length and diameter of internodes
of annual shoots and their ratio, depending on
the place of plant growth, are shown in Table 2.

5% “ég . Internode length (1), cm Diameter (d), cm I/d _5
5 fi% i
8% B¢ 1 3 5 1 3 5 1 3 s | 2%
won | o | S e e em am en s s wm
v | o | 36 2 am om lam on en e e
oo se | 28 Ln e amen s m wn
oo | s anm omam e e e,
wow| G I s e om en s mews
BSI | 66 | g | 4as | +00 | %0016 | 20018 | 200 | 4008 | +295 | 00 | 2054
BS1) | 68 | 431 | was | =00 | 20031 | 20031 | 00 | %019 | s6 | 00 | 253
CO19| T | oo | sot6 | %00 | 0009 | %0013 | ‘00 | %02 | 14 | 00 | 156
com| o | 2 aeamw onan e me
con | | b 3 3 o lem en T m me
woo | A amom aman am wm o,
o | oa | 58 35 L memem e em g
o | e | b 35 4w len omaw un e,

Note: A — Beresteyska metro station; B — Tabirna Street; C — Kirponos Square, D — Institute of Horticulture of
NAAS of Ukraine; E - O.V. Fomin Botanical Garden (E1 - Cercis siliquastrum ‘Alba’; E2 — Cercis canadensis L.);
where “17,“3”, “5” — first, middle, and last internodes
Source: compiled by the authors

Table 2 shows an inverse relationship be-
tween the length of the internode and its diam-
eter. For plants growing in conditions of shad-
ing or high humidity, this ratio increases, which
is generally typical for plants that usually grow

in lighted areas. It was also found that in Cer-
cis L. plants, probably due to the insufficient
amount of the sum of active temperatures, the
process of development of a separate cell layer
begins, which blocks the transport system and
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the supply of nutrients to the top of the shoot
(Fig. 4). This process was more active in plants

in sunny areas, possibly due to the more inten-
sive growth of annual shoots.

Figure 4. Process of separation of the last internodes on the tops of shoots of Cercis canadensis L.

Note: a — upper internode separation zone
Source: developed by the author

In the places of “scarring”, and living parts
of the internode and those that began to die,
the development of a layer of cells similar to
the periderm was observed. The overgrown
periderm thickens in the area of the conductive
bundles, which leads to a blockage of nutrient

supply to the shoot apex. As a consequence of
this process, the last internodes die off. Hy-
pothetically, this process is genetically deter-
mined and is aimed at protecting the apical
meristem during the dormant period of plants
in winter (Fig. 5).

Figure 5. Autofluorescence of annual shoot node tissues

in the zone of separating layer formation (radial section)
Note: a — cortex; b — phloem; ¢ — xylem; d — core parenchyma; e — separation layer; Ap — apical part; Bs — basal
part; DAPI (Aexc=357/44 nm; Aem=447/60 nm); GFP (Aexc=482/25 nm; Aem=524/24 nm)

Source: developed based on the authors’ research
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Biochemical profiling of secondary me-
tabolites of periderm and bark of annual
plant shoots of Cercis canadensis L. iden-
tified 15 substances that, according to Rf
indicators and the specifics of autofluores-
cence in ultraviolet (UV) (A=365 Nm), belong
to phenol carboxylic acids, their conjugants
and flavonoids. Based on the results of clus-
ter analysis, according to the characteristics
of phytochemical profiles, 3 main groups of
plants were identified. For plants that have
developed the first cluster, it is characteristic
that they grow in sunny areas without signs
of shading, but there are no substances with
Rf~0.69 and Rf~0.77. Plants that are combined
according to the biochemical profile in the

second cluster are characterised by the pres-
ence of flavonoids with Rf~0.69 and Rf~0.77.
Externally, these plants have no signs of
growth suppression, without much damage to
the trunk or tree as a whole. 3 out of 5 plants
grow in a group planting, other plants also
grow in a sunny area, and their age is in the
range of 25-35 years. In addition, the plant
under the code S5 is characterised by a fairly
high concentration of the substance Rf~0.69
and Rf~0.77. This plant developed chloro-
phyll-deficient leaves during the growing
season. There may be a certain relationship
between the increased concentration of sub-
stances and depigmentation of the leaf plate,
which requires additional research (Fig. 6).

|

Figure 6. Chlorophyll-deficient (a) and normal (b) leaf

Source: developed by the authors

The third cluster was divided into 2 sub-
clusters. In one of them, a substance with an
Rf of~ 0.39 was found, which was not present
in any sample of the bark and periderm of

a - Dendrogram
35 -
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annual shoots. A reduced amount of phenolic
compounds on the chromatogram is typical for
plants that are united in the second subclaster
of the third cluster.
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Figure 7. Results of cluster (AHC) (a) and biplot principal component analysis (PCA) (b)

Source: developed by the authors
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These plants grow in shaded conditions
and in drafts. Given a direct relationship be-
tween the lighting mode and the synthesis of
phenols, phenolic compounds play an impor-
tant role in protecting plants from ultraviolet
radiation. And the synthesis centres of some of
these substances are partially connected with
chloroplasts. This explains the reduced concen-
tration of substances in the periderm and bark
of plants of this subclaster.

Based on the results of biplot analysis based
on principal components (PCA), it was found
that the total variance for the main components
F1 and F2 is 44.68% (Fig. 7). According to the
first main component, substances with a signif-
icant contribution to the total dispersion of Rf~
0.97; 0.37 and Rf~ 0.93; 0.27 are distinguished.

Discussion

According to X.-C. Li et al. (2021), the centre
of origin and further distribution of the genus
Cercis L. are sub-tropical climate zones and
southern warm temperate climates in Asia,
southern Europe, and the southwestern United
States. And the Paleogene fossils from Eurasia
and North America indicate a long history of
the genus. Cercis L. in the middle and low lati-
tudes of the Northern Hemisphere. The modern
natural range of the genus is part of the Hol-
arctic realm, some areas of which are separated
by The Atlantic and Pacific oceans, but as noted
by L. Koldar et al. (2001), the similarity of spe-
cies growing in North America and Southern
Europe is explained by the fact that the flora of
these territories has common features, which
are due to the fact of the existence of Laura-
sia — the continent that united North America
and Eurasia. In particular, this is the basis for
the study by C. Davis et al. (2002), arguing that
Cercis canadensis L. from the eastern part of
North America is more closely related to Cercis
siliquastrum L., which grows in the western part
of Europe. The similarity of plants within the

same genus is often confirmed by biochemical
studies. This is due to the fact that the synthe-
sis of secondary metabolites plays an important
role in adaptation processes. The author of this
study found similarities in the phenolic profiles
of plants that grew in different parts of Kyiv. It
is assumed that the similarity of phytochemical
profiles is due not only to growing conditions
and environmental factors, but also to genetic
similarity. In addition to this, it is revealed that
the process of separation of the last internodes
is inherent not only for Cercis canadensis, but
also for Cercis siliquastrum ‘Alba’.

Flavonoids have a direct or indirect effect
on plant nutrition and growth (Likhanov et
al., 2023). According to S. Hassan et al. (2012),
flavonoids, depending on their structure, cause
positive chemotaxis of rhizobia, are able to
suppress root pathogens, chelate soil nutrients,
etc. Under the conditions of pathological pro-
cesses with the development of lifetime wood
defects, the composition of flavonoids chang-
es (Likhanov et al., 2019). In particular, it was
found that plants that grew under stressful
conditions (shading, drafts, soil salinisation,
etc.) had less saturated phytochemical profiles.
During the studies, it was found that plants
that grew in sunny areas have flavonoids with
Rf~0.69 and Rf~0.77. According to A. Saman-
ta et al. (2011), flavonoids protect plants from
various biotic and abiotic stresses and can act
as a unique UV filter, function as signalling
molecules, allelopathic or antimicrobial pro-
tective compounds. In particular, as noted by
A. Rehman et al. (2023), plant heat resistance
depends on a complex interaction of various
factors, including activation of heat stress re-
sponses, signalling pathways, and plant hor-
mone biosynthesis. This intricate network of
mechanisms leads to the production of several
secondary metabolites that play a crucial role
in improving plants’ ability to cope with high
temperature stress. E. Kog et al. (2023) indicate
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that an increase in the content of secondary
metabolites in the plant may indicate a close
relationship between secondary metabolites
and tolerance to biotic and abiotic factors. J.
Al-Khayri et al. (2023) confirm that due to the
action of secondary metabolites, plants can
synthesise natural insecticides-repellents.
Given that secondary metabolites perform a
variety of functions, including mediating in-
teractions between organisms, responding to
environmental factors, and protecting plants
from infections, pests, and herbivores. Simi-
larly, plant microbiomes are directly or indi-
rectly involved in many of the above process-
es, controlling plant metabolism. In particular,
J. Herlina et al. (2022) concluded that plants
can influence their microbiome by releasing
various compounds, and also found that the
microbiome can influence the host plant’s me-
tabolome. In addition to the protective func-
tion, flavonoids can be considered as unique
indicators of plant condition, with the deter-
mination of growing conditions. According to
the study by A. Salatino et al. (2000), the pres-
ence of kaempferol glycosides is characteristic
of taxa Cercis L. from sufficiently moistened
regions, while plants from arid growing con-
ditions do not have them. According to E. Ew-
ais (1997), various plant species are resistant
to excessive heavy metal content in the soil.
The researcher suggests that an integral indi-
cator of the toxic effect of metals on plants is
the inhibition of their growth and a decrease
in vegetative mass. In addition, plants grow-
ing near roadways are exposed to increased
negative effects of urban environmental fac-
tors. In these studies, Cercis canadensis trees
growing directly near the roadway had a more
depressed state than other specimens in group
plantings. In the phytochemical profile of this
plant, a substance (Rf~0.39) was found, the
presence of which can be a marker of plant
stress on the action of negative factors.

At the same time, under the conditions
of optimising the care of plants, carrying out
additional measures, creating lawns, they can
improve the ecological state of the urban en-
vironment, in particular, reduce the tempera-
ture and increase humidity, retain small dust
particles, etc. As noted by V. Shlapak (2006),
plants of the genus Cercis L., although require
optimal humidity, they are better able to toler-
ate a lack of moisture than an overabundance
of it, since, according to the researcher, when
the soil moisture is 80%, plant development is
suppressed, which eventually leads to death.
Plants growing in urban environments suffer
not only from insufficient amounts of micro-
and macronutrients, but also from the negative
effects of heavy metals, which accumulate due
to their absorption through the root system or
leaves. Different plant species are resistant to
excessive heavy metal content in the soil. An
integral indicator of the toxic effect of metals
on plants is the suppression of their growth and
a decrease in vegetative mass.

L. Koldar et al. (2022) give an example that
due to the dense crown and rather large leaf
blade, plants of this genus can retain small par-
ticles of dust and heavy metals. According to
L. Hakimi et al. (2015), Cercis L. can be an indi-
cator of the presence of heavy metals in the soil,
in particular cadmium, due to the plant’s ability
to accumulate it in the leaves. Based on the re-
search data, it can be assumed that due to the
high drought resistance, dense crown, and large
leaves of the plant of the genus Cercis L., they
are able to create large shady spaces, which will
increase the level of comfort for urban residents.

Conclusions

A number of patterns were observed. In particu-
lar, when measuring the length and diameter,
it was found that in plants that grew in shaded
areas, the last internodes had signs of freezing.
As a result of the conducted studies, the inverse
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relationship between the diameter of inter-
nodes and their length was established. Dur-
ing the observation, the effect of total death of
the last internodes at the top of annual shoots
was revealed. Phenolic profiles of experimental
plants showed that the accumulation of second-
ary metabolites depends on environmental con-
ditions, humidity, and the level of solar insola-
tion. It was also experimentally confirmed that
plants within the genus can be distinguished
based on the variability of phenolic profiles.

Plants of the genus Cercis L. have fully
adapted to the climatic and urban conditions of
growth. It is possible that this is facilitated by
the phenomenon of death of one or more upper
internodes, as an adaptation to possible freez-
ing of the ends of shoots. Based on anatomical
and histological studies, it was found that in
the shoots, at the points of separation, the con-
ductive bundles are blocked due to the develop-
ment of the periderm. Because of this, the sup-
ply of nutrients to the last 2-3 internodes stops.
It is established that the profiles of phenolic
compounds that accumulate in the periderm
directly depend on the place of growth and the
general condition of the plant, in particular, the
accumulation of phenolic compounds occurs
more intensively in plants growing in sunny
areas. The relationship between the growth of
shoots and the accumulation of secondary me-
tabolites in them, as a reaction to plant growth
conditions, is also given.

Lower saturation of phytochemical profiles
and concentrations of individual compounds is

characteristic of young plants and those with
signs of suppressed growth in shaded areas.
Plants of the genus Cercis L. require a high lev-
el of insolation. Perhaps this is due to the fact
that the natural range of the genus is formed in
territories with a Mediterranean and mild At-
lantic climate. Thus, when landscaping urban
areas, it is critical for plants of this genus to se-
lect habitat conditions that correspond to the
plants’ needs for high levels of insolation and
sensitivity to drafts. In general, these species
are resistant to air and soil pollution by heavy
metals and can be recommended for urban
landscaping.

Further research could include analysis of
the variability of responses to different types of
pollution in the urban environment and con-
sideration of interactions between different
elements of the urban landscape and plants.
Understanding these aspects can help develop
effective urban green space management strat-
egies aimed at preserving biodiversity and im-
proving the quality of the urban environment.
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Brums ¢akTopiB MicbKOro cepemoBuiia Ha MmopgomeTpuuHi
MOKa3HMKY Ta HAKOIIMYEHHS BTOPMHHMX METa00JIiTiB y maroHax
Cercis canadensis L. Ta Cercis siliquastrum ‘Alba’

Onekcauap Pyctanosuu ba6un
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HaBuambHO-HayKOBMI1 iIHCTUTYT JIiICOBOTO i Ca0BO-TIAPKOBOI'0 TOCIIOAAPCTBA
HailioHaspHOrO yHiBepcuTeTy 6iopecypciB i mpypogoKOpuCTyBaHHS YKpaiHu
03041, Byn. l'opixyBaTchkuii nuisx, 19, m. Kuis, Ykpaina
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Anppiii [TerpoBuu ITiHuyk
KaHgmpat ciibcbKOTOCIOAAPChbKUX HAYK, JOIEHT
HaBuasibHO-HayKOBUI iHCTUTYT JIiCOBOTO i CalOBO-I1apKOBOT0 rOCOAapCTBa
HauioHanpHOTro yHiBepcuTeTy 6iopecypciB i IpupogoKopucTyBaHHS YKpaiHu
03041, Byn. l'opixyBaTcbkuii nuisx, 19, m. Kuis, Ykpaina
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Auppiit AuapiiioBuy lepiit
AcmipaHT
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Onexkciii JleoHimoBuu Boiiko
Kangupar ciibChbKOroCIoapChbKuX HayK, NOLEHT
HaBuasibHO-HayKOBMI iHCTUTYT JIiCOBOTO i CaIOBO-TTapKOBOTO IrOCIOapCTBa
HauioHanpHOTO YHiBepcuTeTY 6iopecypciB i MpupomoKopucTyBaHHS YKpaiHu
03041, Byn. l'opixyBaTchkuii nuisx, 19, m. Kuis, Ykpaina
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Aptyp ®enopoBuu JlixaHoB
IoxTop 6ioNoriuHMX HAyK, CTApIINii HAYKOBMIA CITiBPOOITHUK
[HCTUTYT eBomIoLiFiHOI ekosorii HanlioHanbHOI akageMii Hayk YKpaiHu
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AHoranis. BpaxyBaHHSI poji 3eleHMX HacaakeHb Y MiCbKOMY O3e/leHeHHI HaA3BUYaiiHO
aKkTyaJibHe, OCKiIbKY BOHM He JIMIIIe TPUKPANIa0Th MiCbKUii TaHAIadT, a i eeKTMBHO 3MEHIIYIOTh
3a6pyIHEHHS TOBITPSI, PETy/IIOI0Th MiKPOKJIIMAaT Ta BigirpaloTh BaKIMBY POJb Y IMOKpallleHHi
€KOJIOTii Ta IKOCTi KUTTSI MeIIKaHIIiB. MeTOo10 JOC/iiskeHHsT 6y/10 BCTAHOBJIEHHS BIUIMBY YMHHUKIB
MiChKOTO CEpeIOBUINA Ha PO3BUTOK i BTOPMHHMI MeTabosi3m pociuH poxy Cercis L. [y fOCTi ke Hb
6y710 06paHO POCIMHH, SIKi 3pocTaloTh y MicTi KuiB (YkpaiHa) B yMoBax pi3HOi BOJIOTOCTi MOBITpA,
aHTPOIIOTeHHMM HaBaHTaKeHHSIM, HaJJIMITKOM ab0 HecTauero iHcosslii. ITpoiecu poctTy pocine
BUBYAJIM 38 MOPPOMETPUUHMMM TTOKA3HUKAMM OJHOpiuHMX naroHiB Cercis siliquastrum ‘Alba’ Ta
Cercis canadensis L., 110 3pOCTalOTh 3a Pi3HMX YMOB. Y IOCTiIKEeHHSIX BUKOPUCTOBYBAIY METOIM
mopdomeTpii, duryopeciieHTHOI MiKPOCKOITii, BUCOKOe(eKTUBHOI TOHKOIIApOBOi xpoMaTorpadii
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Ta MeTOAM perpeciiftHoro aHamisy. JlaHi JOCTiIsKeHb CBiIUaTh, 1110 HEIOCTATHS KiTbKICTh COHSUHOTO
CBiT/Ia HEraTMBHO BIUIMBAE Ha picT maroHiB. BcraHoBneHa cnenydivicTs deHonbHMUX MpodiniB
3a SIKUMM MOXKHa po3pisHsaTu Bupu Cercis canadensis L. Ta Cercis siliquastrum ‘Alba’. Anamni3
TOJIOBHMX KOMIIOHEHT MiATBepAuB, 1o (eHoNbHI npodini 3aneskaTh BiJj yMOB MiCIe3pOCTaHHSI
Ta BIUIMBAIOTh Ha PIiCT i pO3BUTOK pOCIMH. [ aHasi3y AMHAMiKM POCTY OJHOPIYHMX IaroHiB
MPOTSATOM BereTallii BMKOPUCTOBYBa/lM Mojenb layca, sKa A03BOMMIA AOBOJII TOYHO OMMCATU
cnerndiky GopmMyBaHHS MiKBY3JiB MPOTSITOM BereTaliifHoro mepioma. L Momenb mo3oimmia
BUSIBUTU (DEHOMEH BifMagy OCTaHHIX MKBY3J/IiB HAITPUKIHIIi BereTarlii, uepes II0 CIIOCTEPiraaoch
BimxumieHHS MOpGOMETPUYHMX ITOKA3HMKIB MeTaMepiB Bii HOpMaJIbHOTO PO3IIOAITY 1O OCi yacy.
AHaTOMIYHI AOCTiIKEHHS MiATBEPAVIIN, IO BiTiIEHHS OGHOTO a60 IeKiTbKOX OCTAHHIX MisKBY3JIiB
BiOyBasoCh uepes akKTMBHE KOPKOBiHHS BHYTPIllIHiX TKAaHWH cTe6s1a, 6lI0KYBaHHS pO6OTU KCUIEMU
i dopmyBaHHS BifAibHOTO APy, 0 MTPU3BOAWIO IO BignamaHHs BepXiBKM raroHa. OmycaHmit
(eHomeH Mae 03HaKM afarnTaiii poCJIMHY IO HU3bKMUX TEMIIEPATYP Y 3MMOBMUII ITepiof. BepxiBku
MaroHiB YacTo He BCTUTAIOTh 3[€PEB’STHITH i HAKOMMMYUTY HEOOXigHY KiJIbKiCTh KPiOIPOTEKTOPIB.
3a yMOB (hOpPMYBaHHS Bif[i/IbHOTO IAPy MOCTYITHI eHepreTU4Hi pecypcy Mepepo3NnoAisTioThCs
B 6iuHi G6PYHBKM, SIKi OTPUMYIOTh HEOOXimHi pecypcy Ijisl MiATOTOBKM IO 3MMOBOTO Iepiomy i
3a6e3MeuyroTh HOBMII TIPUPICT Y HACTYIIHMII BereTaliiHUil mepion. AJANTUBHMII MOTEHLias
IocnimkeHux BUaiB poxy Cercis L. miaTBepsKye MepCreKTUBHICTb iX BUKOPUCTAHHS B 03e/IeHeHHi
MiChKMX €KOCUCTEM, 1110 MOKE MO3UTUBHO BIUIMHYTY Ha 30epeskeHHs 6i0pisHOMAaHITTS B LIIJIOMY
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