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INTRODUCTION 

According to NASA, the average temperature 
of the Earth’s surface has risen by approx. 1.18 
°C since the end of the 19th century and the last 
7 years were the warmest in human history. Be-
sides, the IPCC predicted an increase of tempera-
ture in the range of 2−3°C over the next 30−50 
years (IPCC 2007). It is widely recognized in lit-
erature that the “urban heat island” (UHI) forms in 
the cities where the surface and air temperatures 
are higher than the temperature outside. The UHI 
can vary in density, size and location depending 
on many factors that can cause temperatures to 

rise from 1 to 6°C (US EPA 2008). Researchers 
noted that the UHI causes water loss in plants and 
primarily affects the leaf blades (Trownbridge & 
Bassuk 2004). It should be noted that high tem-
peratures have a negative impact not only on ur-
ban plants but also on human well-being (Kleer-
ekoper et al. 2012, Matzarakis & Amelung 2008). 
The high-temperature stress has an indirect effect 
on plant ontogenesis and is characterized by mor-
phological, physiological, biochemical and mo-
lecular changes in the plant organism. 

The modern city is a complex of dynamic sys-
tem that develops under the conditions of abiotic 
stress and anthropogenic load. At the beginning 
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of the 21st century, Ukrainian scientists noted that 
the annual air temperature has risen by 0.8°C on 
the territory of Ukraine over the past 20 years 
and continues to rise (Barabash 2004, Adamenko 
2007). Moreover, over the past 10 years in the 
southern part of Ukraine, the annual rainfall has 
decreased and the temperature has risen by 2.0°C 
which may contribute to the desertification of the 
territory (Vozhegova et al. 2021). Plant growth 
and development is accompanied by fluctuations 
in temperature naturally but extreme tempera-
tures in the hot season can damage intermolecu-
lar bonds and change their course (Christensen 
& Christensen 2007). Indicators of temperature 
and vegetation period of plants are closely cor-
related with each other. The ability to maintain 
gas exchange of leaves during heat stress is di-
rectly correlated with heat resistance in all plant 
species (Salvucci & Crafts-Brandner 2004). One 
of the typical symptoms of heat stress is tissue 
aging which is characterized by membrane dam-
age associated with increased membrane lipid flu-
idity, lipid peroxidation and protein degradation 
in various metabolic processes (Savchenko et al. 

2002). Researchers noted that the average length 
of the growing season in the cities is ∼5 days lon-
ger than in the surrounding rural areas due to the 
urban thermal island (Zipper et al. 2016). On the 
one hand, urban plants represent the adaptation 
option to the impacts of climate change and on 
the other hand, healthy vegetation has the highest 
economic, social and microclimatic benefit (Gill-
ner et al. 2014). Summing up all the above, it is 
necessary to create green spaces from the species 
with high adaptive potential to climate changes 
for forming a comfortable microclimate in cities 
for residents’ well-being.

MATHERIALS AND METHODS 

The aim of the research work was selection 
and classification ornamental urban plant species 
by indicators of heat resistance for green spaces 
in Kyiv. The samples for the experiment were tak-
en from the plants which grow on the territory of 
the National University of Life and Environmen-
tal Sciences of Ukraine in 2019. All experimental 

Figure 1. Map of Normalized Difference Moisture Index in Kyiv (Sentinel-2; 2019-08-24)
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plants were healthy and undamaged. In the year 
of sampling, the Normalized Diff erence Moisture 
Index also indicates a suffi  cient amount of mois-
ture for the plants at the research site (Fig. 1). The 
map shows the location of experimental plants in 
Kyiv and indicators Normalized Diff erence Mois-
ture Index in August 2019.

The offi  cial data of Central Geophysical Ob-
servatory named after Boris Sreznevsky were used 
to analyze the temperature in Kyiv. Indicators of 

average monthly temperatures for the last 3 years 
in Kyiv indicate an increase in air temperature in 
winter. In addition, in 2019 when samples were 
collected, the temperature in June was the highest 
compared to previous years, while in July-August 
it was the lowest (Fig. 2).

The plants grow in diff erent types of ornamental 
plantings (solitaire, line or group planting) (Fig. 3a-
d). Plants grow 1-10 m directly from the highway. 

Figure 2. Average monthly temperatures in Kyiv in the period from 2017 to 2019 
(Central Geophysical Observatory named after Boris Sreznevsky)

Figure 3. Experimental plants: a – Ribes aureum Pursh (line planting); b – Spiraea × vanhouttei (Briot) 
Zabel. (group); c – Tilia cordata Mill. (line planting, avenue); d – Syringa vulgaris L. (solitaire)

a) b)

c) d)
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The systematic position of plants and the no-
menclature of taxa were determined by the Plant 
List. The offi  cial data of the Register of urban beau-
tifi cation of Kyiv (2019) were used to estimate the 
frequency of occurrence of the species and assess 
the following indicators: SNG – the species occurs 
singly (1–3 places of growth); OCNL (occasion-
ally) – noted sometimes (4–10 places of growth); 
OFT (often) – noted frequently (11–25 places of 
growth); M (mass) – the species occurs masse (> 
25 places of growth) (Potapenko, 2010).

Heat resistance was evaluated using the meth-
od of Matskov (1976) in June, July, August 2019. 
Leaves were immersed for 30 minutes in a wa-
ter bath with the initial temperature +40°C and 
transferred to the crystallizer with water at room 
temperature. Subsequently, the temperature of the 
water bath was raised gradually by 10° C and af-
ter each 10 minutes. The water in the crystallizer 
was replaced with 0.2 N HCl and after 20 min 
results were obtained. The membranes destroyed 
by the high temperature passed the acid and lost 
their selective properties which due to the chlo-
rophyll pheophytinization caused browning of 
the plates. The experiment was stopped at 90°C 
(lethal level). The degree of heat resistance was 
determined by the proportion of brownish tissues 
of the leaf blade on a three-point scale. The plants 
with minimal damage to the leaf surface were 
rated 1 point (+), 2 points (++) - 50% and 3 points 
(+++) - 100% damage.

Three categories of landscape openness 
were distinguished according to the classifi ca-
tion of Rodichkin (1972): A – the landscape of 
closed spaces (closed); B – landscape of semi-
open spaces (semi-open); C – landscape of 
open spaces (open).

RESULTS AND DISCUSSION 

The results of the analysis of average an-
nual temperatures for the last 10 years in Kyiv 
show an increase on 1.7°C that indicates climate 
change and variability of the thermal sum for 
plants (Fig. 4). It should be noted that in 2019 
the winter was the warmest of all years in Kyiv. 
According to Central Geophysical Observatory 
named after Boris Sreznevsky in 2019 were 
more than 30 temperature records. Research-
ers Jerry L. Hatfi eld & John H. Prueger (2015) 
noted that there is a greater chance of air temper-
atures exceeding the optimum range for many 
plant species due climate changes. Therefore, 
the study of potential changes in the growth and 
development of urban plants will help to form 
stable long-term plantings in urban spaces. 

The fi rst stage of the conducted research was 
analysis of plant ranges of green spaces of diff er-
ent types of use in Kyiv by frequency of occur-
rence. The experimental plants are characterized 
by diff erent indicators of occurrence in the land-
scaping system in Kyiv (Table 1). Thus, among 
the plants selected for research, the most repre-
sented in green spaces are Tilia cordata Mill., 
Aesculus hippocastanum L., Spiraea × vanhout-
tei (Briot) Zabel. and Carpinus betulus L. De-
spite the fact that the Catalpa bignonioides Walt. 
plants also evaluated in terms of the frequency of 
occurrence “mass”, it should be noted that they 
are about in 10 times less numerous than T. cor-
data presented in diff erent types of plantations. It 
was determined that the species Syringa vulgaris
L. and Forsythia europaea Degen & Bald. are 
“often” found in the landscaping system of Kyiv 
and the Berberis thunbergii DC. and Ligustrum 
vulgare L. plants are mainly found in newly cre-
ated landscaping objects and rated “sometimes”.

Figure 4. Average annual temperatures in Kyiv in the period from 2017 to 2019 
(Central Geophysical Observatory named after Boris Sreznevsky)
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The experimental study was aimed to ana-
lyze and select the heat resistance of ornamental 
plant species for predicting their future adapta-
tion to the conditions of global climate change. 
Using the method of Matskov (1976) plants were 
divided by the degree of necrotization of the leaf 
blade to high temperature stress. Thus, only one 
species among the experimental plants T. cordata
was characterized by the highest indicators of tol-
erance to thermal stress (Fig. 2).

However, in authors’ opinion, other species of 
ornamental plants with the leaf blades where the 
process of necrotization took place completely at 
lower temperatures are also quite promising for 
green spaces of the modern city for arid climate. 
It should be remembered that under natural condi-
tions, the heating of the plant does not reach the 
same temperature as in the laboratory conditions in 
this research (Table 2). The reaction of rate of color 
change in diff erent species at various temperatures 

Table 1. Frequency of species occurrence in plantations of diff erent functional purpose on the territory of Kyiv
No. Botanical name Family Type of planting Frequency of species occurrence

1 Aesculus hippocastanum L. Fagaceae Solitaire, lines, avenue M

2 Carpinus betulus L. Betulaceae Hedge, solitaire M

3 Catalpa bignonioides Walt. Bignoniaceae Solitaire, group, avenue M

4 Platanus occidentalis L. Platanaceae Solitaire SNG

5 Quercus robur L. Fagaceae Line, avenue,  solitaire SNG

6 Quercus rubra L. Fagaceae Solitaire, line group SNG

7 Tilia cordata Mill. Tilliacea Line, avenue, group, 
solitaire M

8 Berberis thunbergii DC. Berberidaceae Group, hedge OCNL

9 Ligustrum vulgare L. Oleaceae Hedge, group OCNL

10 Syringa vulgaris L. Oleaceae Solitaire, group OFT

11 Ribes aureum Pursh. Grossulariaceae Hedge, group SNG

12 Spiraea × vanhouttei (Briot) Zabel. Rosaceae Group, line,  hedge M

13 Forsythia europaea Degen & Bald. Oleaceae Solitaire, group, line OFT

Figure 5. Discoloration and necrotization of the leaf blade of Tilia cordata Mill. under high temperatures
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is explained by the influence of high temperatures 
on the conformation of membrane proteins which 
creates the preconditions for their anomalous ag-
gregation. Thus, maintaining the selectivity of the 
membranes provides effective protection of the la-
mellae from the destructive action of hydrochloric 
acid, which converts chlorophyll molecules into 
pheophytin, which causes browning of the leaf 
blade (Leshchenko 2014, Popovych et al. 2021).

Thus, the results of the conducted research are 
partially consistent with the data of other scientists 

where A. hippocastanum is rated as ‘moderately 
tolerant’. The trees were divided by heat tolerance 
in the following sequence: ‘very tolerant’ (Betula 
pendula Roth., Fraxinus excelsior L.), ‘moderately 
tolerant’ (A. hippocastanum, Acer platanoides L., 
Q. robur), and ‘moderately sensitive’ (Acer pseu-
doplatanus L., Fagus sylvatica L.) (Brune 2016). 

The results show that the leaf blades of the 
C. bignonioides plants are characterized by high 
indicators of resistance to high temperature 
stress. The full-fledged necrotization occurred at 

Table 2. Heat resistance of ornamental urban plants

Botanical name
Degree of damage at temperature, С°

40 50 60 70 80 90

Low damage - + ++ +++ 0 high 
damage

Aesculus hippocastanum L. - + ++ ++ +++ 0

Carpinus betulus L. - + +++ 0 0 0

Catalpa bignonioides Walt. - + ++ ++ +++ 0

Platanus occidentalis L. - + ++ +++ 0 0

Tilia cordata Mill. - - + + ++ +++

Quercus robur L. - - ++ +++ 0 0

Quercus rubra L. - - ++ +++ 0 0

Syringa vulgaris L. - - ++ +++ 0 0

Berberis thunbergii DC. - - ++ +++ 0 0

Spiraea×vanhouttei (Briot) Zabel. - - + ++ +++ 0

Ligustrum vulgare L. - - ++ +++ 0 0

Ribes aureum Pursh - - +++ 0 0 0

Forsythia europaea Degen & Bald. - - + ++ +++ 0

Figure 6. Discoloration and necrotization of the leaf blade of Catalpa 
bignonioides Walt. under high temperatures
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a temperature of 80°C which indicates the pros-
pects for expanding the use of the species in the 
landscaping system of the city.

In addition, the results of research allow clas-
sifying ornamental plant species according to the 
degree of resistance to high temperature stress and 
distinguishing them into tolerance classes: ‘sensi-
tive’ – necrotization of the leaf blade occurs at a 
temperature 60°C; ‘moderately sensitive’– necro-
tization of the leaf blade occurs at a temperature 
70°C; ‘moderately tolerant’ – necrotization of the 
leaf blade occurs at a temperature 80°C; ‘very tol-
erant’ – necrotization of the leaf blade occurs at a 
temperature 90°C (Table 3). 

It is well known that in the crown of trees the 
temperature regime within the crown differs from 
the environment and is characterized by a spe-
cific microclimate. Moreover, forming a range of 
plants to create different types of landscapes on 
the basis of indicators of tolerance to high-temper-
ature stress was proposed; this will allow creating 
highly decorative long-term decorative plantings 

(see Table 3). Researchers Jing Wang & Wei Guo 
(2021) found that increasing the ratio of the radius 
of the crown to the height of the trunk by 1 can 
reduce the physiologically equivalent temperature 
by about 2.5°C and 2.65° C in the morning and 
afternoon, respectively. Thus, due to the layering 
of leaf blades, reducing the fluxes of photons of 
light and heat, transpiration and gas exchange pro-
cesses, the temperature in the crown decreases to 
the lower tiers and forms different microclimate 
from the external environment (Gonzalez-Dugoa 
et al. 2011; Camino et al. 2018, Pui Kwan Cheung 
& Jim 2018) (Fig.7). Therefore, it can be assumed 
that the species less tolerant to high temperature 
stress should be planted in closed types of land-
scapes and tolerant in open, respectively.

Thus, the T. cordata species have the high-
est indices of tolerances to high temperature 
stress and are rated as ‘very tolerant’; they can 
be recommended for the formation of open land-
scape types where the closure of the crowns is not 
more than 0.1. The species A. hippocastanum, C. 

Table 3. Tolerance of ornamental species to high temperature stress and recommended landscape types
Botanical name Heat stress tolerance Landscape openness

Aesculus hippocastanum L. moderately tolerant semi-open/open

Carpinus betulus L. sensitive closed

Catalpa bignonioides Walt. moderately tolerant semi-open/open

Platanus occidentalis L. moderately sensitive semi-open

Tilia cordata Mill. very tolerant open

Quercus robur L. moderately sensitive semi-open

Quercus rubra L. moderately sensitive semi-open

Syringa vulgaris L. moderately sensitive semi-open

Berberis thunbergii DC. moderately sensitive semi-open

Spiraea×vanhouttei (Briot) Zabel. moderately tolerant semi-open/open

Ligustrum vulgare L. moderately sensitive semi-open

Ribes aureum Pursh sensitive closed

Forsythia europaea Degen & Bald. moderately tolerant semi-open/open

Figure 7. Illustration of forming tree canopy temperature in close type of landscape
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bignonioides, S. vanhouttei and F. europaea were 
rated as ‘moderately tolerant’ and these plants 
can be recommend for creation semi-open/open 
landscape types. Accordingly, the use of Platanus 
occidentalis L., Q. robur, Q. rubra, S. vulgaris, 
B. thunbergii and L. vulgare can be recommended 
for the formation of semi-open landscapes which 
were assessed as ‘moderately sensitive’. 

Semi-open spaces are usually characterized by 
group and single plantings which will reduce the 
impact of high-temperature stress on plants due to 
higher crown closure compared to open. Since, the 
leaf blades of C. betulus and R. aureum were most 
vulnerable to high temperature stress, plant species 
are recommended for the formation of closed types 
of landscapes with a crown closure of 0.6-1.0.

CONCLUSIONS 

The high-temperature stress has an indirect 
effect on plant ontogenesis. The results of experi-
mental studies allow identifying heat resistant 
plant species for the formation of urban green 
spaces under conditions of arid climate. The T. 
cordata plants are characterized by the highest in-
dicators of heat tolerance and probably have the 
highest adaptive potential for heat stress, but the is-
sue needs further study. Species A. hippocastanum, 
C. bignonioides, S. vanhouttei and F. europaea are 
recommended for landscaping of Kyiv for semi-
open/open landscape types and were rated by indi-
cator ‘moderately tolerant’, the species P. occiden-
talis, Q. robur, Q. rubra, S. vulgaris, B. thunbergii 
and L. vulgare which were assessed as ‘moderately 
sensitive’ to heat stress can be recommended for 
the formation of semi-open landscapes. The leaf 
blades of C. betulus and R. aureum were most vul-
nerable to high temperature stress; therefore, the 
species are recommended for use in the formation 
of closed landscape types. In authors’ opinion, the 
distribution of the range of plants according to 
indicators of tolerance to high temperature stress 
will be useful for the landscape architects creating 
green spaces from heat-resistant plants. However, 
the adaptation mechanisms of urban plants to heat 
stress remains unexplored and need clarification.
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