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CROWN DEFOLIATION OF TILIA CORDATA MILL. AS AN INDICATOR
OF AIR POLLUTION LEVELS IN LANDSCAPE GARDEN AREAS
WITHIN CITY ENVIRONMENT
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The article highlights aspects of dendroindication for nitrogen dioxide and sulfur
pollution of surface air layers in the gardening landscape layout of the M.M. Gryshko
National Botanic Garden, NAS Ukraine. There is a number of reasons to involve Tilia
cordata Mill. as a dendroindicator of air pollution for the research in such conditions.
Tree crown defoliation of Tilia cordata is an important sign to indicate the presence of
atmospheric pollutants (sulfur dioxide and nitrogen) in concentration above 2.5 MPC.
The results presented in the article explain the dependence of the pollutants gradation
of spreading and the specifics of chosen dendroindicator defoliation within the studied
gardening landscape area during 2007-2010. The study used Tilia cordata species
within Boyarsky forestry as control subjects. The heterogenity of air pollution influence
on the gardening landscape is explained. The data on fluctuating levels of dendroindica-
tor defoliation are presented with reference to the levels of technogenic pollution stated
during the period of research.

Keywords: Tilia cordata, dendroindicator, defoliation, sulfur dioxide, nitrogen di-
oxide.

INTRODUCTION

Contamination of the surface layers of air affects the formation of gardening land-
scape complexes and the stability of phytocenosis cultures in urban systems. Interest
for phyto-ecological research as a part of comprehensive city monitoring is increasing
from year to year. The search for informative dendroindicators of man-made pollution is
one of the key tasks of phyto-monitoring. It provides a detailed preliminary analysis of
the environmental conditions affected by industrial complexes and other sources of pol-
lution in the area of study. The choice of monitoring methods depends on the particular
characteristics of the studied subject.

The choice of methods for assessing the impact of pollutants on vegetation in our
study was motivated by the fact that vegetation in landscapes of the M.M. Gryshko Na-
tional Botanic Garden (NBG) is mainly represented by the species that are virtually ab-
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sent from the natural population; changes in these species, caused by anthropogenic
impacts, can mask themselves for introduction adaptation.

Tilia cordata is evenly spread throughout the territory of the NBG. The species are
typical for these climatic conditions; they have been growing in the area in sufficient
quantities for a long period of time. According to the summary indicator of pollution ac-
cumulational and morphometric settings changed under influence of pollutants, which
caused discoloration, necrosis of leaf plates, crown defoliation, Tilia cordata is very
sensitive to the effects of sulfur dioxide and nitrogen oxides, formaldehyde and exhaust
fumes, and less sensitive to hydrogen sulfide [1, 4, 7, 10].

The purpose of the research was to determine the intensity of the local technology
impact on the vegetation of the gardening landscape area featuring Tilia cordata. The
characteristics of the climat conditions, technological factors affecting the stability of the
phytocenosis cultures, distance from urban points of regular city observation as well as
the NBG status of the national nature reserve are considered in the research process.

MATERIALS AND METHODS OF THE RESEARCH

Tilia cordata species growing in “relatively clean” zone (Boyarka, Kyiv region) were
selected as control testing subjects. The comparison with the control species makes it
possible to eliminate the impact of adverse weather and climatic conditions (drought, un-
even rainfall, high degree temperature etc.), adverse soil factors that may affect indicator
species in a similar way to the effects of pollutants. These dendroindicators show no reac-
tion as well as reaction to the impact of pollutants and other environmental factors, both
of anthropogenic and non-anthropogenic origin, but they indicate a clear distress manifes-
tation to the man-made technological pollution by aforementioned substances. Soil condi-
tions in the urban ecosystem and rainfall volume do not have any significant impact on
growth and vitality of Tilia cordata [1, 10]. Dark gray soils that are the most common on
the NBG territory may have nitrogen, phosphorus and potassium deficiency, therefore the
differentiation of the leaf plate necrosis caused by shortage of soil nutrition elements was
conducted in accordance with the reference book by V. Bergman [2].

The calculation of ground-level concentration of pollutants in the atmosphere
caused by industrial objects and motor vehicle traffic was carried out using an auto-
mated system for calculating atmospheric pollution “OND-86 Calculator” (version 1.0).
Calculation of dispersion of pollutants in the air was conducted considering meteoro-
logical characteristics of the area and various factors that determine the conditions for
dispersion of pollutants in the atmosphere [5, 6, 8]. Air pollution from mobile sources
was determined by counting different types of vehicles. The measurements were taken
over 10 days on a quarterly basis, at 8 a.m., 1 p.m. and 6 p.m. The program automati-
cally builds the mapping of fields of contaminant dispersion using the MPC value con-
tours that trace from the source of contamination to the object of investigation and
throughout its territory.

To determine the level of contamination of surface layers of air, the secondary stan-
dards were used in calculations (for Nature reserve objects the MPC units for vegetation
were used) [12].

The 74-component monitoring network was set up on the grounds of the NBG. The
coordinate steps of the monitoring network were determined by the industrial emissions
danger class: 1%t and 2™ classes — 250 m, 3@ — 100 m, 4" — 50 m, 5" — 25 m [9].
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The research was carried out by visual assessment in early September 2007-2010.
The degree of crown defoliation was evaluated as a percentage of the total volume of
the tree crown. Localization of focus and specifics of spreading of defoliation in crown
as well as quantitative indicators were taken into consideration according to latest Eu-
ropean techniques [3].

Correlation and regression analysis was carried out.

RESULTS AND DISCUSSION

Among local sources of air pollution for the NBG area in 2007-2010 significant was
emission from industrial area “Budindustriya” (including “Teploelektrotcentral-5” (TEC-
5)) and exhaust fumes from the nearby traffic roads. The main industrial enterprises that
affect the territory of the Botanical Garden are: TEC-5, woodwork factory “Avers”, “As-
phalt” factory. They are situated within a distance of 500-1600 meters from the Botani-
cal Garden borders. The territorial proximity to the Dnipro river is of a great importance
among the micro-climatic characteristics of the NBG that add to the level of air pollution.
It conduces to the increase in humidity and fog volume.

The climatic factors affecting the level of air pollution were analyzed (such as re-
peatability of surface and upraised inversions, calm, prevailing winds from the sources
of pollution). Prevalence of southern and southeastern wind was important in shaping
the areas of atmospheric pollution (their frequency ranged from 27-32 % per year).
Repeatability of surface inversions in 2007-2008 was 21-28 %, and in 2009-2010 it
raised to 48 %. The most fog was observed in 2008.

According to the calculations, the concentration of pollutants that affect the process
of defoliation of Tilia cordata were: sulfur dioxide — 0.2—4.6 MPC (MPC — maximum
permissible concentration), nitrogen dioxide — 0.5—4.5 MPC. Distribution of pollutants
over the NBS studied territory depended on the weather conditions of the area, the volu-
me of total emissions of industrial companies, the traffic intensity of surrounding roads.
The southern part of the botanical garden and the slope over Naddnipryansky Highway
were contaminated the most.

Since nitrogen dioxide and sulfur have the effect of summation and operate one-
way, the total performance marks were calculated for them [11].Crown defoliation of the
dendroindicator emerged in conditions of pollution substance concentrations in air sco-
ring higher than 2.5 MPC. The impact of lower concentrations of pollutants could be
recognized through studying other morphobiometric settings of Tilia cordata discolora-
tion, necrosis, fluctuating asymmetry of the leaf plates that changed as a result.

Distance from the source of contamination and relief features determine the loca-
lization of crown defoliation .In 2007—2010 the combination of both apical and peripheral
types of crown defoliation found on a single individual of Tilia cordata prevailed among
the studied species of dendroindicators. Exclusively peripheral type of crown defoliation
was observed in 2007, 2008 and 2010 at monitoring points in Bastionna Str. Exclu-
sively apical type of defoliation was found in such areas of the NBG as “Altai and Wes-
tern Siberia”, “Tatarian Maple Grove”, “Caucasus” (Table 1). This phenomenon is related
to the placement of pollution sources and ways of pollutant spread over areas “Altai and
Western Siberia”, “Tatarian maple grove” and ,Caucasus” (altitude difference of about
100 m). Therefore, in these areas the apical crown defoliation type prevailed. The moni-
toring spot at Bastionna Str. showed the peripheral defoliation prevalence as a result of
the air pollution caused by heavy traffic exhaust fumes.
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Table 1. The degree and type of crown defoliation of Tilia cordata at monitoring obser-
vation points in 2007-2010

Tabnuys 1. CtyniHb i TN gedoniauii kpoHu Tilia cordata y Toukax MOHITOPUHIOBUX CMO-
cTepexeHb y 2007-2010 pp.

2007 | 2008 | 2009 | 2010 2007 2008 2009 2010

1BS-2BS P P AP P 27+1.35 23+1.15 50+2.5 30+1.5
1-3 AWS A A AP A 33£1.65 27+1.35 58+2.9 35£1.75
1-2 SNH AP AP AP AP 61£3.05 58+2.9 65+3.25 65+3.25
1-3 TMG A A AP A 19+0.95 25+1.25 52+2.6 20+£1.0
1 CA-4 CA A A AP A 23+1.15 21+1.05 47+2.35 20+£1.0
1CR6CR AP AP AP AP 34£1.7 44+2.2 556+£2.75  45+2.25

Comments: Types of defoliation: P — peripheral; A — apical;1 CA—4 CA geo-botanical area “Caucasus”;
1 AWS-3 AWS geo-botanical area “Altai and Western Siberia”; 1 TMG-3 TMG geo-botanical
area “Tatarian Maple Grove”’; 1 SNH-4 SNH slope to Naddnipryansky Highway; 1 CR-6 CR
geo-botanical area “Crimea”; 1 BS-2 BS research area on the Bastionna Street, next to the
main entrance to the NBG.

Mpumitkn:  Tun pedoniadii: P — nepudepinHuii; A — Bepxiskosuii; 1 CA—4 CA 6GoTaHiko-reorpadivHa ai-
naHka “Kaeka3s”’; 1 AWS-3 AWS 6otaHiko-reorpadpiyHa finsiHka “Antan ta 3axigHuii Cubip”;
1 TMG-3 TMG 6ortaHiko-reorpadiyHa ginsiHka “lNakneHosa gibposa”; 1 SNH-4 SNH cxun go
HappaHinpsiHcbkoro woce; 1 CR—6 CR 6oTtaHiko-reorpacivHa ginsHka “Kpum”; 1 BS-2 BS go-
cnigHa ginsiHka Ha Byn. bacTioHHa, 6ins LueHTpanbHoro Bxoay B 60TaHiuHMI caj,.

According to the assessment scale of the International Union of Forest Research
Organizations when defoliation in a population reaches above 60 %, the type is conside-
red severely damaged. Nearly 60 % of defoliation in Tilia cordata at the NBG is caused
by the total pollution of the surface layers of air with the nitrogen dioxide and sulfur
scores of 5 MPC and above.

A wide range of pollution levels at the Botanical Garden is present due to the fact
that formation of the dispersion fields was happening over an uneven terrain and under
different weather conditions.

The Botanical Garden is located over the low-rise Pechersk slopes of the Kiev pla-
teau in the Zvirynets tract. The NBG territory is cut up by steep banks, gorges and val-
leys, giving the area a significant branching. Highest altitude points within the NBG are
at 190-198 m above sea level, the lowest ones are at 89-92 m. The relative excess in
altitude is 101-106 m above sea level. The process of linear erosion development is
contributed by a significant surface dissection and an almost 100-meter layer of rock
formation that is easily eroded. The calculations use daily average MPC for nitrogen
dioxide and sulfur which are 0.02 mg/m?. During the period of study pollution levels in
the research areas varied within the following limits: BS - from 1.4 to 4.1 MPC; AWS
1.3-5;SNH5-8.3; TMG 1.3 -5; CA1.4-5; CR 1.6 — 5,3 (Table 2).

In 2009, the level of defoliation of the dendroindicator was caused by increased
levels of aero-technogenic air pollution by sulfur dioxide and nitrogen (because of repla-
cement of natural gas using fuel oil as an alternative fuel), which covered larger areas
of the NBG. This condition affected the level and type of defoliation of Tilia cordata in
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other sections of the NBG, such as Beech and Linden Alleys, Forest plains of Ukraine,
Ukrainian Carpathians, Caucasus.

Table 2. Levels of atmospheric pollution at monitoring observation points in 2007-2010

Tabrnuys 2. PiBHi aTMocdepHOro 3abpyaHeHHs1 y TOYKaX MOHITOPUHIOBUX CMOCTepeXeHb
y 2007-2010 pp.

2007 2008 2009 2010

1BS-2BS 1.4 1.6 3.7-4.1 1.6
1-3 AWS 1.3 1.6 5.0 1.6
1-2 SNH 5.0 6.0 8.3 6.0
1-3 TMG 1.3 1.6 4.2-5.0 1.6

1 CA-4 CA 1.4 1.6 4.2-5.0 1.6

1CR-6 CR 1.6-1.7 1.8-2.1 4.4-5.3 2.1-29

In 2007-2010, the average percentage of defoliation of Tilia cordata depended on
the level of contamination of surface layers of air by sulfur dioxide and nitrogen. Calcu-
lated pollution scores were: 1.3—1.7 MPC, causing 26 % defoliation crowns respectively
1.8-2.1 MPC - 37 %; 2.2-3.2 MPC - 43 %; 3.3-4.2 MPC — 47 %; 4.3-5.0 MPC — 52 %;
5.1-6.0 MPC - 59 %; 8.3 MPC — 65 % (see Figure).

Y | MPC
9 4

81T y =-1.5332 + 0.1183x
72T
63T
54T
45T
Dependence of crown defoliation of Tilia cordata on total 367

content of nitrogen and sulfur dioxide in the surface lay- 2.7 +
ers of air at the NBG

BanexHictb aedoniauii kponwn Tilia cordata Big cymap- 1 D<A M %
HOTO BMICTY [iOKCWAIB @30Ty i CipKM y NPU3EMHUX Wapax (g - ' ' ; X ; ; ' '
aTmocdepHoro noeiTps HBC 18 24 30 36 42 48 54 60 66 X

We set the correlation coefficient between these factors (r = 0.9121) which confirms
the close relationship between these parameters. This dependence is linear and is ap-
proximated by the equation y = -1.5332 + 0.1183x (Fig.), where “X” is the degree of
defoliation (as a percentage) and “y” is the total concentration of pollutants (in the MPC).
During the period of observation defoliation most clearly manifested itself in places of
monitoring observations in such areas of the NBG as “Crimea”, “Caucasus”, “Tatarian
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Maple Grove”, “Altai and Western Siberia”, the slopes to Naddnipryansky Highway and
Bastionna Street. This indicative feature was not fixed in individual plants — this fact can
be explained by diminished levels of pollution in some points of observation and certain
individual resistance to these pollutants.

CONCLUSIONS

Among the studied gardening landscape areas of the NBG the southern part and
the slopes to Naddnipryansky Highway appeared to be the most polluted.

The level of crown defoliation of Tilia cordata is a highly informative symptom for
detecting high levels of air pollution by nitrogen dioxide and sulfur.

The levels of crown defoliation in dendroindicators within gardening landscape areas
of the NBG ranged from 25 to 65 % depending on the pollution of surface layers of air by
sulfur dioxide and nitrogen at 1-8 MPC. The linear relationship between the percentage
of crown defoliation of Tilia cordata and the level of air pollution by sulfur dioxide and nitro-
gen was established.

During the research period, apical and peripheral types of crown defoliation of Tilia
cordata on a single individual prevailed. Localization of crown defoliation on a dendro-
indicator is related to the allocation of pollution sources and transport pathways of pol-
lutants. Combined types of crown defoliation of both apical and peripheral localization
on one individual observed with the raise of the air pollution level.
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AOE®ONIALIA KPOHU TILIA CORDATA MILL. AK MOKA3HUK PIBHA
ATMOC®EPHUX 3ABPYAHEHb CAOBO-NMAPKOBUX NAHALLA®TIB
B YMOBAX MErAnornicy

H. B. Pydb
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Y cTaTTi BUCBITNEHO acnekTn AeHAPOoiHAMKALiT 3abpyaHEHHS NPU3EMHMX LLapiB aT-
MocCdepHOro NoBiTPsS cagoBO-NapkoBMX NaHawadTie HauioHansHoro 6oTaHivHoro cagy
iMm. M.M. Mpnwka HAH Ykpainu giokcugamm asoty i cipku. O6rpyHTOBaHO MOTMBALLiO
Bubopy Tilia cordata Mill. gnsa iHaukauii aTmocdepHoro 3abpyaHeHHs 3a Takux yMOB
pocrnigpkeHHs. [edoniauia kpoHu Tilia cordata € Baromol 03HAKOW ANs iHAMKauii aT-
MocdepHux 3abpyaHeHb Aiokcuaamu Cipku M a3oTy B KOHUeHTpauisx suwe 2,5 MOK.
3’sicoBaHO 3anexHiCTb rpagaLiii NOWNPEHHS MOMOTAHTIB i ocobnueocTeln aedoniadii
06paHoro geHApoiHAuKaTopa B MexXax AOoCnigKyBaHWX CaaoBO-NapkoBMX naHgwadgTis
ynpogoex 2007-2010 pp. Ak KOHTpoOnb Yy AOCNimXKEHHI BUKopucTaHi ocobunn Tilia
cordata Bosipcbkoro nicHMUTBa. OnucaHa HeOAHOPILHICTbL BNANBY aTMOCKepHOro 3a-
OpyOHEHHS! Ha cagoBO-NapKoBi NaHawadTM. HaBegeHo AaHi Woao konuBaHb PiBHIB Ae-
doniauii geHapoiHAMKaTopa 3anexHo Bif PiBHS TEXHOTEHHOIo 3abpyaHEHHsST MPOTAroOM
nepiogy OOCNIAKEHb.

Knro4doei cnoea: Tilia cordata, peHgpoiHgukauia, gedoniauis, giokeng cipku, ai-
oKcug asory.

OEPOITUALINA KPOHbI TILIA CORDATA MILL. KAK NMOKA3ATEIb YPOBHA
ATMOC®EPHbIX 3ArPA3HEHUA CAQOBO-NAPKOBbIX JIAHALWA®TOB
B YCITOBUAX METAMOJTUCA

H. B. Pyodb

HayuoHanbHbili 6omaHudeckuli cad um. H.H. Npuwko HAH YkpauHsbi
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B cTtatbe ocBelyeHbl 0COBEHHOCTY OEHAPONHANKALMKN 3arpsi3HEHNS HUXKHMX CIOEB
aTMocdepHOro Bo3ayxa cagoBO-NapkoBbiX NaHawadToB HaumoHansHoro 6otaHnyec-
koro caga um. H.H. Mpuwko HAH YkpauHbl aByokncammn asorta u cepbl. O60CcHOBaHa
MoTmBaLms Bbibopa Tilia cordata Mill. ana nHonkauumn aTMocqepHOro 3arpsa3HeHnst 4ns
OaHHbIX ycrnoBui uccrnegoBaHus. dedonnaumns kpoHbl Tilia cordata 9BNsSeTCa BaXKHbIM
NpU3HaKoM Ana MHOMKauMm atMmocdepHbIX 3arpsi3HEHU OBYOKUCEW cepbl U asoTa
B KOHLeHTpauusx Bbiwe 2,5 MNAOK. NokaszaHa 3aBUCMMOCTb rpagaLmi pacnpocTpaHeHns
3arpssHuTenen n ocobeHHocTen gedonuaunmn n3bpaHHoOro AeHApoMHAMKaTopa B npe-
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aenax uccrnegyembix CagoBO-napKoBbIX NaHawadgToB Ha npotskeHun 2007-2010 rr.
B kayecTBe KOHTpONSA B MCCnegoBaHUKM UCMNonb3oBaHbl ocobu Tilia cordata Bosipckoro
necHuyectBa. OnncaHa HEOOHOPOAHOCTb BMAWSIHUS aTMOCHEPHOrO 3arpsA3HeHust Ha
cagoBo-napkoBble naHawadgThl. MNpruBeaeHbl AaHHbIe NO KonebaHusm ypoBHen aedo-
nuauun OeHOpOVHAMKaTopa B 3aBMCMMOCTU OT YPOBHSI TEXHOMEHHOMO 3arps3HeHus
B TEYEHVe nepuoga UccneaoBaHun.

Knrodeenie cnoea: Tilia cordata, pgeHapouHgukauma, gedonuaumsi, ABYOKUCH
cepbl, ABYOKMCb a3oTa.
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