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An influence of anthropogenic load on the morphological and physiological parameters of indicator
plants (Tilia cordata, Acer platanoides, Carpinus betulus) in Drohobych was studied. Plants were selected
according to their sensitivity to changes in the environment and its degree of pollution. The choice was also
due to the fact that these trees are often used for landscaping, and they are found on all the streets chosen
for the study. According to the results of the study, the growth of the assimilation organ can be reproduced
in the next consecutive series: Park Novonarodzhenykh — Center — Sambirska Street — Stryjska Street.

Analysis of the degree of asymmetry of leaves of indicator plants showed that the largest values of the
degree of difference in the characteristics of leaves of woody plants are characteristic of individuals that
grew within the zones with the highest level of anthropogenic pressure — Sambirska Street and Center.

Necrotic changes of leaf blades in different regiond of Drohobych were estimated, the maximum value of
necrotic lesions of the leaf blade is typical for woody plants in the zones: Center (0.51-16.88%) and Stryiska
street (1.63— 10.04%). The most characteristic types of necrotic lesions for Carpinus betulus are interveinal,
Tilia cordata — spotted, Acer platanoides — spotted. The increase in the necrotic surface is a consequence of
the total load on the city s ecosystem. The highest level of necrotization was established on Sambirska Street
for all species of indicator plants. The results show that the most resistant to anthropopression is Carpinus
betulus, and the most vulnerable species — Tilia cordata. This makes linden a valuable bioindicator of condi-
tion of the atmospheric air.

Assessment of the environment of Drohobych by morpho-physiological indicators of indicator plants
indicates its significant pollution, revealed changes in morphometric parameters, increasing the degree of
asymmetry, increasing the level of necrotization and photosynthetic function due to reduced chlorophyll a
and b. This trend is most clearly traced on Stryjska Street and in the Center.

Key words: bioindication, anthropogenic pressure, indicator plants, asymmetry, necrotization, photo-
synthesis.

Toiieanoeuu H. K. Monimopunz cmany 0o¢xinnsa m. /[pozoouu memooom 0ioinouxauii

Peanizoeano xomniekcHuti MOHIMOPUHe BNIUY AHMPONOSEHHO2O HABAHMANCEHHS HA MOPhOpi3ionociuni
nokasnuku pocaun-inouxamopie (Tilia cordata, Acer platanoides, Carpinus betulus) y /[pocobuui. Pociunu
giddupany 3a yymaugicmio 00 3MiH HABKOIUUHLO20 Cepedosuuia ma cmynenem 1ozo 3a0pyonenns. Bubip
MaKoc 0y6 3yMOGIeHUIL MUM, WO Yi 0epesa Hacmo UKOPUCMOEYIONb Os O3eNeHeH s MICma; [ 60HU mpa-
NISIOMbCAL HA 6CIX OOCTIONCYBANHUX gynuysx. 3a pesynomamamu docnidoicents 30iNbUeHHs NI0Wi TUCTHKOBUX
NIACMUHOK MOJICHA 8I0MEopumu 8 maxiu nocaioognocmi: Ilapk Hosonapooscenux — Llenmp — eynuys Cam-
Oipcoka — eynuys CmputicvbKa.

Ananiz cmynens acumempii 1ucms pociuH-iHOUKAmMopie nokasas, Wo HaubIbi 3HAUEHHs XapaKmepHi OJis
0epesHUX POCIUH, AKI 3DOCMANU 8 MEXCAX 30H 3 HAUBUWUM DIBHEM AHMPONOSEHHO20 HABAHMANCEHHS — ).
Cambipcora ma Llenmp.

Oyineno HeKpomuuHi 3MIHU TUCKOBUX NIACMUHOK Y DIZHUX patloHax M. /[po2obuua, makcumanvbhe 3Ha-
YeHHsI HEKPOMUUHO20 YPAICEHHS TUCMKOBOT NAACIUNKU XApaKmepHe 05l 0epeeruUx pociun y 30nax: L{enmp
(0,51-16, 88%) ma eéyn. Cmpuiicvxa (1,63—10,04%). Haubinow xapaxmepnumu munamu HeKpOMuUHUX ypa-
aicenv o Carpinus betulus € miscocunxosi, Tilia cordata — nusimucmi, Acer platanoides — nasmucmi. 30ino-
WleHHs HeKPOMUYHOI NOBEPXHI € HACIIOKOM 3A2abHO20 HABAHMANCEHHA HA eKocucmemy micma. Havisuuuii
pigensb Hexpomusayii ecmarnosieno no 8ya. Camobipcokill 015 6cix 6udié pocaun-inoukamopis. Pezynemamu
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NnoKazyomv, Wo Hatlbiibut cmiukum 0o anmponononpecii € Carpinus betulus, a HaubiIbW 6PA3IUBUM BUOOM —
Tilia cordata. Lle pobumo auny yiHHUM OIOIHOUKAMOPOM CMAHY AMMOCEHEPHO20 NOGIMPSL.

Oyinka 0osxinna m. [Jpocobuya 3a mopdo-ghizionociynumu noKazHUKAMU POCIUH-IHOUKAMOPIE CEIOUUmMb
npo 1020 3HauHe 3a0pyOHeHHs, BUABNEHO 3MIHU MOPHOMEMPUUHUX NOKASHUKIB, NiOBUUEHHS CIYNeHs acuMe-
mpii, niosuwenHs pieHs Hekpomuzayii ma gomocunmemuyHol QYHKYIL 3a paxyHOK 3HUNCEHHS BMICIY X10PO-
@iny a ma b. Hatibinow uimxo ys menoenyis npocmedicyemucst Ha 8yi. Cmpuiicokiti ma y L{enmpi.

Knrouosi cnosa: 6ioinouxayis, anmpono2enHuil muck, pocauHu-iHOUKAmopu, acumempis, HeKpomu3ayis,

gomocurmes.

Introduction.  Anthropogenic  pressure in
ecosystems is one of the most important problems
of today’s ecology, because it is one of the causes
of environmental pollution, and this effect is further
reflected in plants, their morphological parameters
and ability to photosynthesis [1; 10]. A significant
share of the negative impact on the state of modern
ecology is the impact of the motor complex, which
pollutes the air with emissions of more than half.
Assessing the quality of the urban environment,
saturated with a variety of sources of air pollution is
of great practical importance. The use of physical,
physico-chemical, chemical methods with their high
accuracy can not create a complete picture of the
environmental situation because it is toxic at the same
time. Instrumental control provides information on
the concentrations of pollutants in the air at present.

According to international environmental
regulations, environmental monitoring in all
countries should be carried out taking into account
national characteristics on the basis of general UN
recommendations. The documents stipulate that the
basis of the level of national monitoring of the CIS
countries is a geophysical approach — monitoring
the state of certain environments (atmosphere,
hydrosphere, soils) of the biosphere. According to the
Law of Ukraine “On Environmental Protection” and
“Regulations on State Environmental Monitoring”
in Ukraine is developed and implemented a system
of environmental monitoring. This involves
environmental monitoring, collection, processing,
evaluation of results and forecasting its status, the
formation of appropriate databases, development
on their basis of scientifically substantiated nature
protection measures, anticipation of emergencies
of technogenic, natural character, creation of safe
conditions [5; 9].

Bioindication is a method of identifying and
determining ecologically significant natural and
anthropogenic loads based on the reactions of
living organisms to them directly at the place of
their existence. Biological indicators have features
inherent in the system or process, on the basis of
which a qualitative or quantitative assessment of
trends, determination or evaluation of the state of
ecological systems, processes and phenomena [7].
At present, it can be generally accepted that the main
indicator of sustainable development is ultimately the
quality of the habitat.

Atmospheric air of urban environments is
characterized by a significant level of pollution caused
by industrial waste (smoke, dust, small particles of
coal, vapors of strong acids, carbon oxides, etc.),
which are deposited on growing plants and cause
inhibition of growth, etc. [4; 7].

Vegetation changes under the influence of
various environmental factors affect the state of the
biogeocenosis as a whole and, consequently, can be
used as diagnostic features. Information on structural
and functional disorders, the nature of the receipt,
transformation and accumulation of toxicants in plant
organs in a man-made environment can be obtained
using various methods (anatomical, physiological,
biochemical, etc.) [8].

The most sensitive indicator of the condition of
plants is the photosynthetic apparatus [1]. In some
species of plants, the peculiarities of growth and
developmentchange (growth slowsdownoraccelerates,
the process of flowering, fruit formation changes, the
intensity of color changes, etc.) in response to various
environmental factors. Mankind has long noticed these
properties and used them for practical purposes. Due
to the general greening of various scientific fields,
human thinking in general, bioindication methods are
increasingly used by modern scientists, including in
environmental monitoring.

Therefore, due to the need for global monitoring,
the use of indicative capabilities of biological objects
is becoming increasingly important. Plant indicators
are used both to detect individual contaminants and
to monitor the general state of the environment. The
use of woody plants as accumulators of urban man-
made pollutants and bioindicators of the ecological
state of the environment serves as a theoretical basis
for the creation of ecologically efficient crops of
phytocenoses in urban ecosystems [4; 8].

During 2018-2022 environmental monitoring of
the Lviv Region is being carried out. The analysis of
the results of environmental monitoring in the cities
of Stryi, Stebnyk, and Stariy Sambir by the method
of bioindications indicates a significant level of
anthropopression [2; 3; 12]. The aim of the work is to
assess the state of the environment of Drohobych by
morpho-physiological indicators of indicator plants:
linden (7ilia cordata), maple (Acer platanoides) and
hornbeam (Carpinus betulus).

Materials and methods. Laboratory tests were
performed inthe laboratory “Microbiology and Genetics”
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Fig. 1. Map of Drohobych

Drohobych Ivan Franko State Pedagogical University at
the end of the growing season (2020-2021). To solve
the tasks was used weighing method with modification
L. Dorogan with the establishment of the conversion
factor. Detection of necrotic and depigmentation damage
to the leaves of woody indicator plants was carried
out visually. Classification of the detected lesions of
the leaf was performed using the scheme proposed by
R. Schubert [4; 7].

The research was conducted in the following
areas of Drohobych: Stryjska street, Park
Novonarodzhenykh, city center, Sambir street. The
background area is the Park Novonarodzhenykh. The
experimental plots on the map are marked with a red
line (Figure 1). Three species of trees were selected
for the experiment: linden (7ilia cordata), maple
(Acer platanoides) and hornbeam (Carpinus betulus).
Because these trees are in all four study areas.

Disscusion. The city of Drohobych has a well-
developed infrastructure, industrial areas, about
80 thousand population, significant traffic. Therefore,
it is advisable to study the effect of anthropogenic
pressure on the morphological changes of indicator
plants: Tilia cordata, Carpinus betulus and Acer
platanoides. Fixation and evaluation of morphometric
parameters give a reliable picture of the conditions
of plant growth and reflect the state of the urban
environment [1; 8]. Data on changes in the area of
leaf blades of plants-bioindicators were entered in
table 1.

Table 1
The area of leaf blades of indicator plants
in different areas Drogobych

Ne Research area Indicator Leaf area, cm?
Carpinus betulus 39.444.32

1 Center Tilia cordata 48.9+£3.29
Acer platanoides | 113.1£10.7
Carpinus betulus 47.943.6

2 | Sambirska Street Tilia cordata 55.2£7.83
Acer platanoides | 159.6+12.42
Carpinus betulus 34.2+4.5

3 Park Tilia cordata | 42.55£6.78

Novonarodzhenykh -

Acer platanoides 96+4.99
Carpinus betulus 48.246.53

4 Stryjska Street Tilia cordata 54.26+6.68
Acer platanoides | 166.1+17.81

Due to the influence of the polluted environment
of Drohobych, significant changes in the area of leaf
blades were revealed. Studies have shown an increase
in the leaf blade of woody plants in Drohobych. The
maximum deviations of this indicator were observed
for Stryjska and Sambirska streets for all three
studied trees. Significant deviations of this parameter
in the specified areas of the city of Drohobych can be
caused by influence of the technogenic factor which
is especially expressed on these streets owing to
transport pollution of environment. [2].

The most sensitive to environmental pollution was
the maple (Acer platanoides). After all, the increase
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in leaf blade compared to the background area, the
Park Novonarodzhenykh, is much greater in the other
three study areas.

The increase in the area of leaf blades may be due
to the need to increase photosynthesis in conditions of
anthropogenic pollution. Probably, this is an adaptive
property to increase the intensity of gas exchange [8].

Since the leaves of plants are symmetrical structures,
the deviation of this indicator is also an indicator of
contamination in plants of bioindicators. All selected
material was analyzed in the laboratory for 1-3 days.
The results obtained are presented in table 2.

Table 2
Difference of features of leaves of indicator plants
in Drohobych
The relative average difference
Research area between the features
Tilia Acer Carpinus
cordata | platanoides betulus
Center 0.055|2p | 0058 | 2p | 0.060 | 3p
Sambirska Street | 0.060 | 3p | 0.061 | 3p | 0.069 | 4p
Park
Novonarodzhenykh 0043 | 1p|0.042| Ip | 0.048 | 1p
Stryjska Street 0.059 [ 2p 0,057 | 2p | 0.064 | 3p

The results showed that the smallest asymmetry of
the leaf blade has a heart-shaped linden, in all areas of
this study, from 0.042 to 0.060, which is considered
a clean and relatively clean area. According to the
study, the greatest asymmetry of the leaf blade was
found in hornbeam, from 0.060 to 0.064, and this
symbolizes the level of “alarm”.

It should be noted that the longer the period
of anthropogenic pressure on the plant during the
growing season, the more pronounced the level of
asymmetry.

According to this study, the level of anthropogenic
load on the territory of Drohobych on the streets
of Stryjska and Sambirska is above average.
There is an increase in the degree of divergence
of leaf characteristics, proportional to the level of
anthropogenic load on ecotopes. The analysis of
the obtained data revealed the signs most prone to
asymmetry — the width of half of the leaf and the
angle between the main vein and the second from the
base of the vein of the second order.

Various industrial and transport pollutants can
cause necrosis and various damage to the leaves of
plants that grow under conditions of industrial and
transport pollution. The effects of pollutants are
manifested on plants not only near the sources of
pollution, but also within a radius of tens and hundreds
of kilometers outside the industrial facilities [10; 11].

External signs of tree damage are of different
nature from discoloration, necrosis of assimilation
organs, to earlier leaf fall, underdevelopment of
shoots, complete death of plants.

From the results of the study revealed pathological
changes (necrotic and dechromatic lesions of the leaf
blades) have a pronounced species-specific nature.
The most characteristic types of necrosis for Carpinus
betulus are spotted, heart-shaped Tilia cordata —
interstitial, Acer platanoides — spotted.

The maximum value of necrotic lesions of the leaf
blade was observed in Acer platanoides (16.88%),
which was collected on Stryjska Street, the minimum —
in Carpinus betulus (0.51%) — in the center.

It is established that in all zones of the city the
damages are formed by spotty, point and interveinal
necrosis and dechromation. Such damage occurs due
to deep irreversible changes in the leaf blade due to
the penetration of a significant mass of pollutants into
the environment [13].

Unambiguously visible necrosis in the spring was
not found, probably due to the relatively short duration
of contaminants of plant leaves of trees (because
the leaves of trees are formed new in each growing
season), better metabolism in young leaves and the
concentration of harmful substances in the leaf.

In recent years, the notion of the dependence of
the direction and productivity of photosynthesis on
the action of factors that can significantly affect the
content of chlorophyll and their functional activity.
Therefore, the study of the dynamics of chlorophyll
accumulation in plant leaves under the influence
of chemical and biological factors is of great
importance because its content affects the intensity of
photosynthesis and a number of other physiological
processes [1].

Determination of pigments of chlorophylls and
carotenoids (the main photoreceptors of plant cells)
was carried out in the autumn, namely in September.
This made it possible to see the main dynamics of
changes in the concentration of chlorophyll a and
b, and carotenoids in the leaves of indicator plants
in Drohobych at the end of the growing season
depending on the area of growth of the indicator
plant.

Paying attention to the previous results, we can
conclude that the plants have started degradation
processes (intensification of asymmetry, increasing
the level of necrotization), the study of the pigment
composition of linden, maple and hornbeam in terms
of pollution of the city ecosystem will analyze in
detail the physiological processes in plants under the
action of harmful substances [4; 8].

The concentration of chlorophyll a in the leaves of
linden varies between 20.52-35.44 mg/l, but the rate
of chlorophyll on the street. Stryiska is no different
from the background area. In the leaves of maple
sharp-leaved chlorophyll a varies in the range of
29.69-34.48 mg/l, and hornbeam — 25.08-36.93 mg/I.
In general, the indicators occupy an average position,
the worst indicators are recorded on Stryjska Street and
in the Center.
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Table 3
The content of pigments in the raw mass of leaves
of indicator plants in Drohobych

Species

Ne Research area .
of indicator

Achl/a Achl/b Acar

4.30
3.99
4.61
4.43
3.68
3.13
3.61
431
Carpinus betulus | 4.36

Tilia cordata 2.5
3.99
Carpinus betulus | 4.4

0.94
2.74
0.49
1.32
0.30
0.40
1.12
1.59
1.61
0.59
2.29
1.16

1.74
1.63
1.64
1.52
1.23
0.99
1.27
1.68
1.44
1.12
1.57
1.69

Tilia cordata

Park -
1 Novonarodzhenykh Acer platanoides

Carpinus betulus

Tilia cordata

Stryjska Street | Acer platanoides

Carpinus betulus

Tilia cordata

3 | Sambirska Street | Acer platanoides

4 Center Acer platanoides

Evaluation of the effect of anthropogenic pollution
on the concentration of chlorophyll b in the leaves
of indicator plants showed that the amount of this
pigment varies slightly, this is best seen in the example
of h Carpinus betulus.

The concentration of carotenoids in the leaves
of indicator plants is almost unchanged depending
on the habitat. This may indicate the stability of this
pigment against the action of anthropogenic load.

Paying attention to the concentration of
photosynthetic pigments in woody plants, we can
conclude that it varies depending on the place of
growth of the plant. The highest concentration of
pigments is recorded in the Park Novonarodzhenykh,
which may indicate less anthropogenic impact
on the environment. The lowest is in the Center
and on Stryjska Street, which indicates greater
anthropopressing for the environment.

Thus, the assessment of the state of the environment
of'the city of Drohobych on the morpho-physiological

parameters of indicator plants (7ilia cordata, Acer
platanoides, Carpinus betulus) indicates its pollution.
According to the results of research, changes in
morphometric parameters, increase in the degree of
asymmetry, increase in the level of necrotization and
violation of photosynthetic function due to a decrease
in the concentration of chlorophyll a and b were found
in plants. This trend is most clearly seen on Stryjska
Street and in the Center.

Results. Environmental monitoring of Drohobych
by the method of bioindication, morpho-physiological
parameters of trees of indicator plants (7ilia cordata,
Acer platanoides, Carpinus betulus) was carried out. It
was found that in Drohobych there is an increase in the
area of leaf blades in the studied tree species, probably
due to the increase in the intensity of photosynthesis
and gas exchange in plants. These changes were most
pronounced for Acer platanoides at the end of the
growing season. Analysis of the level of asymmetry of
the leaves of indicator plants showed that these changes
are most pronounced in Carpinus betulus at the end of
the growing season. In general, the level of asymmetry
decreased in this direction Sambirska Street — Stryjska
Street — Center — Park Novonarodzhenykh.

Necrotic changes of leaf plates in different districts
of Drohobych were evaluated. For Tilia cordata and
Acer platanoides, the highest level of necrotic damage
was found Sambirska Street, respectively, 9.9% and
16.9%. Carpinus betulus is a resistant species to
necrosis, its damage is minimal 2.29%. An assessment
of the state of the photosynthetic apparatus is given.
It was found that the concentration of photosynthetic
pigments in the leaves is reduced in the Center and on
Stryjska Street, which indicates some contamination
of these areas. Thus, the established changes give
grounds to assert that in the conditions of Drohobych
there is not a significant anthropogenic pressure on
woody indicator plants.
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