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Purpose. To conduct research bioindication aerotechnogenic distribution of sulfur compounds and there scattering
in urban ecosystem using Acer platanoides L. leaf lesions and fungus species of ascomycete Rhytisma acerinum (Pers.)
Fries. Methodology. Modern methods of phytoindication and biochemical methods for detection of sulfur compounds
have been used. Results. The issues of SO, industrial emissions impact on processes of Acer platanoides L. leaves
lesion by chlorosis and maple Rhytisma have been highlighted. Correlation connection between their accumulation in
the atmospheric environment and plants leaves has been established. The increase of the Acer platanoides leaves lesions
percentage by ascomycete Rhytisma acerinum indicates the relative safety of park areas and recreational areas of the
city. Findings. Scattering of sulfur compounds concentrations is in the north-east of the industrial zone. The lesion of
maple leaves by fungus Rhytisma acerinum can be used as bioindicative sign of low concentration of pollutants in the
air of the area. This is especially important when placing recreational areas and the development of residential districts
of the city. Originality. Scientific novelty of research is in the fact that theoretical and practical foundations of the
concept of bioindicative estimation of aerotechnogenic influence factors have been intensified in the context of
environmental monitoring system in Cherkassy; the availability of bioindication research methods have been proved
concerning determination of optimal conditions and environmental safety in urban areas. Practical value. The study
results can be used for environmental activities planning in a modern metropolis, as well as for more effective
biomonitoring system organization regarding aerotechnogenic distribution of sulfur compounds and creation of safe
living conditions.

Key words: bioindication, aerotechnogenic pollution, industrial SO, emissions, Acer platanoides, Rhytisma
acerinum, urban ecosystem, environmental safety areas.

BIOTHIMKAIIAHI JOCAIIKEHHSA AEPOTEXHOTEHHOT'O TOIMAPEHHA CIPYUCTHUX CITOJYK
Y ATMOC®EPI MICTA YEPKACH 3 BUKOPUCTAHHSAM BUJAY ACER PLATANOIDES L.
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Micro Yepkacu BiIHOCUTHCS 10 HaWOiumbmI 3a0pyaHeHUX MicT Yepkacbkoi obOnacti. KoHIeHTpamis Cip4ucTHx
cnojiyk y atMocdepi micra 3 mepexogom Uepkacbkoi TELL Ha TBep/e maauBo mocTiiiHO 3pocTtae. HasBHICTH cipuacToro
aHTIAPUAY B aTMOC(EPHOMY CEpEIOBHINI MOXE MPU3BECTH A0 CyMallii 3a0py[aHEHb, M0 30UIbIIye ePEeKT BIUIMBY
MOJIFOTAHTIB HA JKWBi opradi3Mu. CTaTTs MpHUCBsideHa Oi0iHIUKAIIIITHAM JOCHTIPKEHHIM aepOTEXHOTCHHOTO TTOIIUPEHHS
CIpYHCTHX CIIONYK 1 1X po3citoBaHHIO B ypOoekocucTeMi 3 BukopuctaHHsIM Acer platanoides L., a Takox ypaXeHHIM
JUCTKIB BUAy cymuacTum rpubom Rhytisma acerinum (Pers.) Fries. Marepianu cTatTi BUCBITIIOIOTh IUTAHHS BILIUBY
TEXHOTCHHHX €MICIll CIpUMCTHX CHOJIYK y armoc(epi Ha MPOLECH YPaKeHHsS JIMCTKIB BHAY KIICHY TOCTPOJHCTOrO
XJIOPO30M 1 KJICHOBOKO PETH3MOK. BCTaHOBIEHO, 10 KOHLEHTpamis CipyacTUx Ccroiyk y atmocdepi micra Uepkacu
KOPEJIOE 3 iX HAKONMWYCHHSM Y JIUCTKaX POCIMHHOTO MaTepiany, a 30UIbIICHHsS BIJICOTKY YPaKeHb JIMCTKIB KIICHY
cymuactum rpubom Rhytisma acerinuma Bkasye Ha BiHOCHY Ge3MeKy TEpHTOPiil MAPKOBHUX i peKpeaIliifHiX 30H MicTa.

Kaiouosi cioBa:6ioinaukaiisi, aepoTexHorense 3a0pyanenns, emicii SO,, Acer platanoides, Rhytisma acerinum,
ypOoekocucTema, exosoriuna Oe3rneka TepuTopiu.

PROBLEM STATEMENT. Intensive development oxides, ozone, benzpyrene, heavy metals and others.
of industry and transport has led to increased pollution The presence of sulfur dioxide in the ambient
of air, water and soil both on the territory of Ukraine, environment can lead to a summation of pollution,
and in the Cherkasy region. In modern cities, on the which increases the effect of pollutants on living
background of air pollution emissions from industrial organisms, including man. [3] The presence of the large
enterprises, the share of emissions from transport number of sulfur compounds and formaldehyde
sources, depending on the category and level of (CH,0), which recently are recorded by monitoring
industrial capacity varies within 20-80% [1]. The city of observations in the atmosphere of the city, may weaken
Cherkasy is among the most polluted cities in the urban floras resistance to pathogenic fungi and insects.
Cherkasy region. Along with the growing emissions of It becomes more vulnerable and falls much easier under
Cherkasy heat electropower station, working mainly on the influence of biotic origin factors - pathogens and
solid fuel, motor vehicle emissions are added, the pests. And sometimes their presence increases plant
number of which is increasing [2]. Air pollution resistance to several fungal diseases [4]. For example, it
compared to the contamination of other objects of the is known that SO, is a fungicide against the fungus
environment plays a key role in the ecological load on Rhytisma acerinum (Pers.) Fries - embossed shiny spots
urban ecosystem. Stationary and mobile sources of on the leaves of Acer maples, resembling tar stains [5].
emissions contain hazardous compounds including Recent publications indicate that preservation of
phenol, formaldehyde, ammonia, nitrogen and sulfur natural vegetation and landscaping of settlements by
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decorative and resistant plant species, nowadays, is one
of the means of optimizing the environment in industrial
regions. Authors of articles point out the issue of
increasing the stability of trees in an industrial city and,
in particular, emphasise that recently plants of the genus
Acer L. Are significantly affected by the defeat fungal
pathogens. This leads to loss of decorative effect,
reducing the period of life, often to the death of plant
organisms. Acer maples at planting settlements deserves
special attention because of valuable tree species, its
rich diversity of species and forms makes it possible to
meet a large number of requests green consruction [6 -
9], so it has been successfully used in Cherkasy. At the
same time the number of publications on the use of
species Acer platanoides L. as bioindicator of sulfur
compounds emissions are not enough. In our opinion
ascomycete Rhytisma acerinum (Pers.) Fr., causing the
appearance on the forofit leaves of unsightly irregular
black spots, also deserves a special attention among
many phytopathogenic flora. The problem of
aerotechnogenic impact of pollution both on the course
of processes in the atmosphere and on the functioning of
urban phytocenosis, the questions of pollutants
depositing in the environment requires a quick solution.
Therefore, establishing relationships between the
presence of sulfur compounds in atmosphere
environment depositing in the leaves of trees and Acer
maples Rhytisma lesions may point to the direction of
propagation of pollutants and in areas of high
concentration of SO, in the air, which is important in
creating conditions for ecological safety areas.

The purpose was to conduct bioindication research
aerotechnogenic distribution of sulfur compounds and

N
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their scattering in urban ecosystem using Acer
platanoides L. leaf lesions and fungus species of
ascomycete Rhytisma acerinum (Pers.) Fries., and the
development of measures to improve the ecological
conditions of urban flora existence.

WORK GOAL. The task of research also included
objectives determining the degree of damage of forofits
trunks and crowns lesions and the percentage of leaves
using phytoindication, content research of sulfur
compounds in plant material by biochemical methods
and establishment of correlation dependence between
the accumulation of sulfur compounds in the leaves of
Acer platanoides L. and in the city atmosphere.

MATERIAL AND RESULTS. For carrying out the
research in the city of Cherkasy 10 model plots have
been allocated located in different areas at different
distances from industrial facilities such as joint venture
"Azot" and SE "Cherkasy heat electropower station."
Particular attention was paid to park areas and
recreation areas. At each of the sites 20 Acer
platanoides L. trees up to 25 years old were chosen and
the degree of tree trunks and plants leaves damage was
visually determined. Great attention was paid to
representatives of the species Acer platanoides the
leaves of which were affected by fungus Rhytisma
acerinum, the settlement percentage of which was
determined by a special template. 100 leaves were
selected from each tree. Mass of sulfur in the leaves of
plants were determined by titration [10,11].

On the photographs of Figure 1 the defeat leaves of
trees in some areas of the city has been shown.

Figure 1 — The photos of Acer platanoides leaves with different degree lesion by chlorosis,
necrosis and Rhytisma acerinum:
a) «Victory 30 anniversary»park; b) «Sosnivka» park; c) «Chemists» park; d) «First city hospital» park

As it can be seen in Figure 1 the greatest lesion of
trees leaves by tar spots is observed in the park of the
First City Hospital and the area «Dakhnivkay» that are
located far from industrial plants (lesions have more
spot disease). Spot necrosis are more visible in areas

close to the industrial area, including the «Chemists»
park. Some authors testify that the maples Acer
platanoides L. have a relatively low capacity to absorb
pollutants and this is due to the specific structure of leaf
plate. But 10kg maple leaves consume about 20 liters of
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SO,. And the appearance of necrotic areas on leaf plate
- is the result of this process [12].

An inventory of the availability of this type and their
general status revealed indicators of tree trunks damage
(tumours, bark detachment) 20% -75% of selected
patterns and minor lesions of the crown from 5% to
10%. Most of the city forofit vegetation and buffer
zones is in unsatisfactory condition. This is due to the
overall effect of atmosphere pollutants, the use of saline
solution in winter and specificity of vehicles emission

accumulated in the surface layer of the atmosphere. The
general condition of the trees used in bioindication
studies can be considered as satisfactory one.

Biochemical studies have found little content of
sulfur compounds in the leaves of plants, but the
pollutant concentration changes dynamics can still be
traced. Indicators of lesions in percentage of research
data and the content of sulfur compounds in leaf plates
of surveyed trees are shown in Table 1.

Table 1 — Results of studies using Acer platanoides

% trees with damaged
leaves
The number S @ The concentration
Ne The name of the model plot of reeswith | = S | »'g g E of sulfur
c€ | @8 =
p/p damaged ES| 28| 25 compounds, %
bark, pieces | £ g | 2 < 28 ’
O o O c X <
E 3+
1 Goint venture «Azot» 16 40 40 - 0,0011
2 SE «Cherkasy heat electropower 18 55 55 - 0,0020
station»
3 The «Chemists» park 16 45 45 - 0,0017
4 «The 30th Anniversary of Victory» 15 55 45 10 0,0014
park
5 The Central District «B. 13 27 20 7 0,0007
Khmelnitsky Square»
6 The «Cathedral» park 12 33 30 3 0,0009
7 The «Sosnivkay park 10 42 5 37 0,0004
8 «The First City Hospital» park 12 97 5 92 0,0002
9 | The «Mytnytsya» district 14 40 30 10 0,0006
10 | The «Dahnivkay district 10 80 10 70 0,0004

Implemented research of the species of the maples
Acer platanoides L. existence in of Cherkasy city
phytocenosis indicates that the vast majority of forofits
are under the dual pressure from both stationary and
mobile sources of the vehicle. This is indicated by the
appearance of trees, fixed rates lesions of the trunk,
branches and leaves. This is especially noticeable in
trees at industrial sites close to industrial and central
areas of the city. Lesion of trunks by ulcers, tumors can
be observed as well as the presence of phyto- and
entomological pests that is informative feature of the
current state of tree plantations, which are exposed to
man-made press. Such signs are also evidence of
possible forofits immunity failure which further reduces
due to various influences of abiotic stress factors (high
temperatures and humidity).

The largest number of chlorosis are recorded in
areas close to Cherkasy heat electropower station —
«Chemists» park. This area is subjected to the pollution
summation of joint venture «Azoty», «Cherkasy heat
electropower station», mobile vehicles sources, which
are focused on the Chemists Avenue bypass highway.

The amount of chlorosis in remote areas is minimal.
The table also shows various contents of sulfur
compounds in the plant material. The highest content of
this index in leaves of selected areas on joint venture
«Azot», «Cherkasy heat electropower station», slightly

ower content is in areas of the «Chemists» park, «The
30th Anniversary of Victory» park and the «Cathedral»
park. The lowest content of sulfur compounds is in areas
of the «Sosnivka» park, the «First City Hospital» park
and «Dakhnivka», indicating the dispersion of
pollutants in the atmosphere. At the same time, the
number of chlorosis and necrosis increases with the
content of sulfur compounds in the leaves of plants, and
the growth of lesions by Maple Rhytisma occurs with a
decrease of their content in plant material. This
confirms the view about fungicidal properties of sulfur
and gives reason to believe that the level of
anthropogenic impact on industrial and recreational
areas varies. Instead, the presence of maple leaves
lesions by fungus Rhytisma acerinum is bioindication
sign of tree species on pollutant concentration ratio SO,
in the atmosphere of explored Cherkasy regions.

Most aerotechnogenic burden by these signs suffer
the plants of the Southern industrial area - joint venture
«Azoty, «Cherkasy heat electropower stationy,
«Chemists» park somewhat less, but high enough
impact on the territory of «The 30th Anniversary of
Victory» park, «Cathedral» park and the Central District
— «B. Khmelnitsky Square» and the «Mytnytsya»
district which is also under the influence of breeze
inversions of the Dnipro River. Foliage of trees in all
these areas suffer mainly from regional and spot
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necrosis. The least impact is in the areas of «The First
City Hospital» park, «Sosnivka» park and «Dahnivka»
district belonging to recreation areas.

Taking into consideration the method of Merkov
A.M. we calculated the correlation figures between the
content of sulfur compounds in plant material and the
city atmosphere, which are presented in Figure 2 clearly
demonstrate the impact of industrial emissions of sulfur
compounds in the atmosphere on the processes of the
maples Acer platanoides L. leaves lesion by chlorosis
and maple Rhytisma.

The«Dahnivkay district

The «Mytnytsya» district
«TheFirst City Hospital» park
The «Sosnivka» park

The «Cathedral» park

The Central District «B. Khmelnitsky
Square»

«The 30th Anniversary of Victory» park

The «Chemists» park

0.8

0,85

09 095 1

Figure 2 — Indicators of correlation

High values of correlation indicators reaffirm once
again that the pollutant concentration in plant material
depends on the placement area the source of emissions
and depositing conditions in the respective areas. At the
same time, increase of the percentage of maple leaves
ascomycete Rhytisma acerinum lesions indicates the
relative safety of park areas and recreational areas of the
city.

We have also proposed measures to reduce the risk
of emissions of pollutants from stationary and mobile
sources of vehicles, including:

- Improving the environmental situation in the city
due to the execution of environmental legislation
requirements and decrease of the harmful effects of
toxic substances on the environment in the process of
equipment operation, due to the introduction of new
systems of harmful emissions neutralization;

- Carrying out of effective land-improvement
measures concerning improvement of operating
conditions forofit vegetation of the city, including:
feeding, watering and mulching of the soil and dead
branches pruning etc.

CONCLUSIONS. Scattering of sulfur compounds
concentrations is in the north-east from the industrial
zone. Technogenesis causes the greatest damage to the
plants, because vegetation in the urban system is a weak
link. The lesion of maple leaves by fungus Rhytisma
acerinum can be used as bioindicative sign of low
concentration or absence of sulfur compounds in the air
of the area. This is especially important when placing
recreational areas and the development of residential
districts of the city.

The study results can be wused for environmental
activities planning in a modern metropolis, as well as
for more effective biomonitoring system in terms of
state of the air, aerotechnogenic distribution of sulfur
compounds and for creation of safe living conditions for
the population.
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BUOMHIUKAIIUOHHBIE UCCJIEAOBAHHUSA AEPOTEXHOI'EHHOTI'O PACITPOCTPAHEHUS
CEPHUCTBIX COEJMHEHUM B ATMOC®EPE I'OPOJIA YUEPKACCHI C HCITOJIb30BAHUEM BHJIA
ACER PLATANOIDES L.

JI. K. Kuukas, T. IL. 'onuapenko

Yepkacckuii rocyAapCTBEHHBIN TEXHOJIOTHIECKUNA YHUBEPCUTET

oy IlleBuenko, 460, r. Yepkaccel, 18000, Ykpauna, E-mail: zludmila2@yandex.ua

T'opon Yepkacchl OTHOCUTCS K HanbOouiee 3arpsa3HeHHbIM ropoaMm Uepkacckoii o6mactu. KOHIIGHTpaIUs CepHUCTBIX
coemuHeHui B atMocdepe roposaa ¢ mepexogom Yepkacckoit TOI] Ha TBepmoe TOIUIMBO MOCTOSHHO pacTeT. Hammuue
CEPHHUCTOTO aHTHIpPHUIA B aTMOC(EPHOI cpelle MOKET MPUBECTH K CyMMAIUH 3arPs3HCHUMA, YTO yBETHMYUBACT dPPEKT
BO3JICHCTBUS MOJUTFOTAHTOB HA JKUBBIC OPTaHU3MBL. B paboTe OCBIIAIOTCS BONPOCH OMOUWHANKAIIMOHHBIX HCCIICIOBAHUI
a4CPOTEXHOTCHHOI'O PACIPOCTPAHCHUE CEPHUCTBIX COCAMHEHHUH M WX pacceMBaHHs B ypOOCKOCHCTEME C
ucnonb3oBanueM Acer platanoides L., a Taxke mopakeHHSM JHCTHCB BHIA cymMuaThiM rpubom Rhytisma acerinum
(Pers.) Fries. MaTepuaibl CTaThH OCBEHIAIOT BOTIPOCH! BIUSHHUS TEXHOTEHHBIX AIMUCCHI COSAMHECHUH Cephl B aTMochepe
Ha MPOIECCH MOPAXKEHUsI JIUCTHEB BHIA KJIEHA OCTPOJIUCTHOIO XJIOPO30M M KICHOBOH PETH3MOW. Y CTaHOBICHO, YTO
KOHIIEHTPAIMSI CEPHUCTBIX COCAMHEHHUH B aTtMocdepe ropoaa Uepkacchl KOPPETUPYET ¢ MX HAKOIUICHHEM B JIUCTHAX
PACTUTENHHOTO MaTepHaa, a YBEIMICHUE MPOICHTa TOPaKEHHUH JINCTHEB KIIeHa cyMYaThIM TprboM Rhytisma acerinum
yKa3bIBaeT Ha OTHOCHUTEIbHYIO 0€30IIaCHOCTh TEPPUTOPHIA ITAPKOBBIX U PEKPEALIMOHHBIX 30H FOPO/Ia.

KnroueBble cjioBa: OMOWHIWKAIWSA, aepOTEXHOTeHHE 3arps3HeHms, smuccuu SO,, Acer platanoides, Rhytisma
acerinum, ypO0O3KOCHCTEMBI, IKOJOTHYECKasi 0€30MaCHOCTh TEPPUTOPHI.

Crarra "Hagivma 27.03.2017.
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