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Abstract

Urban environments are often polluted with numerous contaminants originating from extensive
traffic, industry and heating systems. London planetree (Platanus x acerifolia (Aiton) Willd.) is con-
sidered as a tree species resistant to air pollutants and climate changes in urban environments.
Its resistance is based on the traits of adaptation to dry and warm conditions, bioindication of the
degree of urban pollution and plant species with an important role in the nature-inspired solutions
for urban areas sustainability. Therefore, this study aims to determine the differences in the mor-
phometric traits of the leaf blade of London planetree, regarding the urban conditions of several
cities in the Republic of Srpska. The study was carried out during May-June 2019. Trees for leaf
sampling were selected in urban parks and alleys surrounded by high-traffic density streets. At the
morphological level, the following leaf blade traits were analyzed: leaf blade length (L), maximum
width of the axis of the midrib (W), distance from the midrib to the right margin (X), distance from
the midrib to the left margin (Y), distance from the right lateral vein to the main vein (WR), distance
from the left lateral vein to the main vein (WL), length of the right lateral vein (RL) and length of the
left lateral vein (LL). The results showed that foliar comparisons have been useful in the determina-
tion of morphological differences of urban trees influenced by contrasting urban environments. Our
results indicate that, based on leaf blade morphometric characters, Bijeljina was distinguished as a
separate urban area, Doboj and Prijedor were grouped, while Banja Luka and Trebinje formed the
second group. The results indicate the importance of applied analysis in the biological monitoring
of the pollution level of urban environments.

Key words: air pollution, leaf morphology, plane tree, urban areas

1. INTRODUCTION / UVOD

Contamination of soil, water and air in ur- of cities worldwide (Shi et al., 2008; Téth et
ban areas is a problem of the greatest con- al.,, 2016; Yang et al., 2022). Metropolitan
cern, endangering the global sustainability areas have higher concentrations of contam-
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inants than rural zones (Cichowicz & Stele-
gowski, 2019; Sawidis et al., 2011). Oxides of
carbon (C), sulfur (S), nitrogen (N), particu-
late matter (MP_), lead (Pb), cadmium (Cd),
and nickel (Ni), released from motor vehicle
exhausts, industry and heating systems, rep-
resent a major source of pollution in urban
environments (US EPA, 2015). In addition,
they are identified as the pollutants of ma-
jor concern that negatively affect the health
of humans, plants and animals (Pathak &
Mandalia, 2011; Sawidis et al., 2011; US EPA,
2015; WHO, 2006).

In recent years, a new concept known as na-
ture-based solutions (NBS) has drawn much
attention for the mitigation of air pollution
in cities worldwide (Mata et al.,, 2021; Me-
non & Sharma, 2021). It refers to the actions
that are “inspired by, supported by, or copied
from nature” (Bourguignon, 2017; Castellari
et al.,, 2021). The application of NBS for air
pollution mitigation in urban areas is based
on the plant’s ability to absorb and catabolize
airborne pollutants (Joshi et al., 2020; Prigion-
iero et al., 2021). Vegetation that covers the
large sections of cities (urban forests, parks,
resting and recreational zones, avenues, green
corridors, etc.) plays an important role in the
sustainable development and improvement
of air quality in urban environments (Bar-
wise & Kumar, 2020; Santiago, & Rivas, 2021).
Green infrastructure is increasingly used to
reduce air pollution (Greater London Author-
ity, 2019; Hewitt et al., 2020; Jayasooriya et
al., 2017). Dendroremediation, the use of the
trees to clean up polluted air, soil and water,
represents a phytotechnology with great po-
tential for the restoration of contaminated
environments (Gonzalez-Oreja et al., 2008;
K&mives & Gullner, 2006). Trees have the high-
est percentage sink of air pollutants in urban
areas (Jayasooriya et al., 2017), related to the
traits considered as the most relevant for pol-
lution mitigation and remediation: long lifes-
pan, large aboveground biomass, stable root
system (K6mives & Gullner, 2006), high canopy
density, foliage morphology and anatomy, high
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effective water-use strategy, and significant ab-
sorption of air pollutants (Grote et al., 2016;
Lu et al., 2018; Pourkhabbaz et al., 2010). The
morphological characteristics of leaves are the
factors that influence the ability of different
urban tree species to capture heavy metals
and other atmospheric pollutants (Beckett et
al. 2000; Vordoglou et al., 2019). Numerous
studies have also observed that tree species
growing in polluted urban areas develop differ-
ent morphological modifications of leaves, as
a response to damaging environmental factors
(Dineva, 2004; Gratani et al., 2020; Kurteva &
Dimitrova 2014; Lu et al., 2018; Pourkhabbaz
et al.,, 2010). These changes depend on the
plant’s morphological, biochemical and phys-
iological parameters, sensitivity and ability to
minimize stress caused by the increased con-
centrations of pollutants (Dineva, 2004; Rai,
2016).

Earlier studies of the influence of aero pollut-
ants on woody plants in the cities in the Re-
public of Srpska were mainly focused on the
urban area of Banja Luka, and showed that the
increased presence of nitrogen oxides, ozone,
soot and particulate matter significantly dis-
rupts the process of photosynthesis and the
functioning of the stomata (Janji¢ et al., 2016,
2017; Janji¢ & Maksimovi¢, 2018; Oljaca et al.,
2008, 2009). However, data on other urban ar-
eas and woody plants on the territory of Re-
public of Srpska are scarce.

Among tree species that build green infra-
structure, London planetree (Platanus x acer-
ifolia (Aiton) Willd) is strongly recommended
as the tree species suitable for urban areas
(Dineva, 2004; Gratani et al., 2020), due to its
traits of fast growth, good tolerance to urban
microclimate conditions, resistance to frost,
drought, soil compaction and air pollution (Di-
neva, 2004; Pourkhabbaz et al., 2010; Sanusi
& Livesley, 2020). As a result, it is a very pop-
ular tree grown in urban greenery worldwide
(Carifianos et al., 2020). The high capacity of
leaves of London planetree to capture par-
ticulate matter in polluted air is linked to the
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morphological traits of leaf blades (Li et al., cal characters of the leaf blade of London plan-
2019; Popek et al., 2013). Therefore, this paper etree growing in different urban environments
aimed to determine differences in morphologi- in the Republic of Srpska.

2. MATERIAL AND METHODS / MATERIJAL | METOD RADA

2.1 Characteristics of study area / Karakteristike ~ N; 17°20" E), Bijeljina (44°75" N; 19°21" E),

istraZzivanog podrucja Doboj (44°73’ N; 18°08’ E), Prijedor (44°98’
The plant material was collected from urban :l’j:r? 7l\(3IaE)a?1r::IdJJr:ZbI2n(J)i9(L:'f'aZ>I1e :‘_;F?Sufgll)i)
parks in the following cities: Banja Luka (44°78’ g Vay i T8 ’

Table 1. Characteristics of the study sites / Tabela 1. Karakteristike istrazivanih lokaliteta

City Size of green area (ha) City population % of total population
Banja Luka 13.6 180 053 15.4
Bijeljina 114 103 874 8.9

Doboj 9.5 68 516 5.9
Prijedor 8.5 80916 6.9
Trebinje 2.8 28 239 4.7
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Figure 1. Map of the studied sites. Source: Google My Maps / Slika 1. Karta
istrazivanih lokaliteta. Izvor: Google My Maps
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Banja Luka and Bijeljina are the most populat-
ed cities in the Republic of Srpska (The Biggest
Cities In Bosnia And Herzegovina, n.d.). Con-
centrations of the most common air pollutants
in the investigated urban sites are reviewed in
Table 2. Considering pollution sources across
the country, traffic and heating systems can
be identified as the most important. Other po-
tential sources, such as industry, do not exist
due to the 1992-1995 war when almost all in-
dustries ceased. The average age of cars in the
Republic of Srpska is 16 years, and over 60%
of the cars are older than 18 years (Bihamk,
2019), due to the weak economic situation.
This represents a significant source of pollu-
tion, particularly in urban areas. Heating sys-

tems (public and individual) mostly contribute
to air and soil contamination in winter. Soils in
the studied parks belong to the type of urbic
technosols or urbosoils, that are characterized
by heterogeneous structure (a combination
of natural and anthropogenic components)
and disturbed soil profiles (Bakhmatova et al.,
2022). The depth range is 45-80 cm, the tex-
ture is loamy, and the soil reaction is mostly
neutral to slightly alkaline. The studied green
areas differ in size (Table 1), but other charac-
teristics are similar. One of the most important
functions of the urban green infrastructure is
recreation for local people. Each green area is
surrounded by three or four streets with differ-
ent traffic loads.

Table 2. Concentration of air pollutants in the investigated sites during the period 1.1.2019 — 31.12.2019.
(Data taken from the Republic Hydrometeorological Institute of the Republic of Srpska) / Tabela 2.
Koncentracija aerozagadivaca na istrazenim lokalitetima za period 1.1.2019. — 31.12.2019. (podaci su
preuzeti od Republickog hidrometeoroloskog zavoda Republike Srpske (2019))

Average annual concentration

Limit concentration for

Aero pollutants

Banja Luka* Trebinje  Prijedor  Bijeljina  Doboj calendar year **
CO (mg/m?3) 0.7 - 0.8 0.7 0.5 5
S0, (ng/m?) 9 15 8 18 19 50
NO, (ng/m?3) 28 13 15 28 13 46
PM,, (ng/m?) 31 21 39 13 45 40
Heavy metals Average annual concentration Max;r;r::::;;iig:nirlnual
Pb (ng/m’) 0.0208 - - 0.0006 - 0.0291
cd (ng/m?) 0.42 - - <0.05 - 0.67
Ni (ng/m3) 13.89 - - 16.95 - 18.29

Note. *Data are given for agglomerations (regions), according to Hydrometeorological Institute of the Re-
public of Srpska & Decree on Zone Separation and Agglomerations (,,Official Gazette of the Republika Srps-
ka“, No. 100/12); **Hydrometeorological Institute of the Republic of Srpska & Decree on Air Quality Values
(,,Official Gazette of the Republic of Srpska“ No. 124/12). PM — particulate matter.

2.2 Plant material / Biljni materijal

At each studied site (Table 1), fresh leaves
of London planetree were sampled from
trees dispersed in the urban parks and along
high-traffic streets surrounding these parks.
Samples of the leaves were collected random-
ly (Hao & Xiangrong, 2006) from the exterior,
south part of the crown oriented towards the
street, at 2 m above the ground. The trees se-
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lected for leaf sampling were of different ages.
Leaf samples (10 young leaves per tree and 3
trees from each site) were taken using ceram-
ic scissors and polyethylene gloves, without
touching by hands. The leaves collected in a
particular site were pooled into a single sam-
ple. Leaves were pressed, dried and scanned at
300 dpi, before the measurement of morpho-
metric traits. Measurements were performed
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on the scanned leaves by Imagel Software
Version 1.54 (http://rsbweb.nih.gov/ij/). To un-
derstand the impact of heterogeneous urban
environments, with different climatic charac-
teristics as one of their important parameters
on the morphology of leaf, the following mor-
phometric characters of the leaf blades (cm)
were measured: leaf blade length (L), the max-
imum width of the axis of the midrib (W), dis-
tance from the midrib to the right margin (X),
distance from the midrib to the left margin (Y),
distance from the right lateral vein to the main
vein (WR), distance from the left lateral vein to
the main vein (WL), length of the right lateral
vein (RL) and length of the left lateral vein (LL)
(Figure 1). Data were statistically processed in
software Past Version 4.03. (@yvind Hammer,
2017) and presented as descriptive statistics.
The significance of differences in measured pa-
rameters among different sampling sites was
determined by the analysis of variance (one-
way ANOVA) followed by Duncan’s post-hoc
test (p < 0.05). Site grouping was tested using
Discriminant analysis.

3. RESULTS / REZULTATI

Results of the analysis of leaf blade morpho-
metric characteristics of London plane, sam-
pled at five different urban sites, are presented
in Table 3. As it can be seen, the mean values
of leaf blade length (L) ranged from a sample
collected in Bijeljina with a minimal mean val-
ue (11.80 cm) to a sample from Prijedor, with
a maximal mean value (15.34 cm). Banja Luka,
Trebinje and Doboj had similar values of charac-
ter L. The mean values of the maximum width
of the axis of the midrib (W) ranged from 10.70
cm in a sample collected in Dobojto 18.57 cm in
a sample from Banja Luka. The measured values
of distance from the midrib to the right margin
(X) were minimal in the Doboj sample (6.55 cm)
and maximal in the Bijeljina sample (11.53 cm).
Distance from the midrib to the left margin (Y)
ranged from 6.29 cm (Doboj) to 8.24 cm (Ban-
ja Luka). For distance from the right lateral vein
to the main vein (WR), measured values were

o
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Figure 2. Measured morphometric characters of

London plane (Platanus x acerifolia) leaf blade /

Slika 2. Izmjereni morfometrijski karakteri liske
javorolisnog platana (Platanus x acerifolia)

in the interval from 5.73 cm (Doboj) to 8.74 cm
(Banja Luka). The minimal mean value of the
distance from the left lateral vein to the main
vein (WL) is measured in Doboj (5.83 cm), while
the maximal mean value characterized the leaf
blade sample from Banja Luka (8.58 cm). The
mean value of the length of the right lateral
vein (RL) ranged from 6.93 (Bijeljina) to 12.68
cm (Prijedor). The minimal mean value of the
length of the left lateral vein (LL) was measured
in a sample collected in Trebinje (10.60 cm),
while a sample of leaf blade from Prijedor had
a maximal mean value (12.67 cm).

Duncan’s multiple-range test indicated statis-
tically significant differences in the leaf blade
samples collected at different urban sites. Banja
Luka and Prijedor showed significant and max-
imal mean values for most of the measured
parameters. According to the trait leaf blade
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Table 3. Morphometric traits of the leaf blade of London planetree at five different sampling sites. Data

displayed as descriptive statistics

Sites N Mean Minimum Maximum SIERCEE Coe.efﬁc.:l.ent o
error variability (%)
leaf blade length (L)
Banja Luka 30 14.12 9.71 18.24 0.43 16.95
Bijeljina 30 11.80 8.19 15.27 0.32 15.15
Doboj 30 13.41 10.3 18.85 0.39 16.15
Prijedor 30 15.34 12.77 18.24 0.30 10.89
Trebinje 30 13.57 8.19 19.78 0.46 18.79
maximum width of the axis of the midrib (W)
Banja Luka 30 18.57 11.07 25.06 0.65 19.23
Bijeljina 30 15.41 11.9 19.63 0.33 12.06
Doboj 30 10.70 8.22 17.25 0.44 22.70
Prijedor 30 13.11 9.87 17.25 0.38 16.09
Trebinje 30 15.55 8.18 23.04 0.62 21.93
distance from the midrib to the right margin (X)
Banja Luka 30 8.59 5.92 13.15 0.34 21.88
Bijeljina 30 11.53 5.18 16.93 0.64 30.59
Doboj 30 6.55 4.82 9.99 0.26 22.31
Prijedor 30 7.85 5.82 10.02 0.23 16.16
Trebinje 30 7.87 4.82 14.60 0.41 29.00
distance from the midrib to the left margin (Y)
Banja Luka 30 8.24 5.87 12.54 0.31 21.00
Bijeljina 30 6.31 3.39 8.68 0.25 22.49
Doboj 30 6.29 4.61 11.08 0.30 26.52
Prijedor 30 6.32 9.23 7.88 0.17 11.91
Trebinje 30 7.92 5.53 13.96 0.34 23.54
distance from the right lateral vein to the main vein (WR)
Banja Luka 30 8.74 4.43 11.56 0.31 19.78
Bijeljina 30 6.24 4.09 8.66 0.20 17.68
Doboj 30 5.73 3.27 9.14 0.27 26.20
Prijedor 30 8.08 6.08 10.10 0.23 16.02
Trebinje 30 6.18 3.50 13.68 0.40 35.71
distance from the left lateral vein to the main vein (WL)
Banja Luka 30 8.58 5.68 12.19 0.32 20.62
Bijeljina 30 6.96 2.79 10.53 0.29 23.58
Doboj 30 5.38 2.84 8.79 0.27 28.01
Prijedor 30 8.12 6.67 10.00 0.19 13.38
Trebinje 30 6.47 3.60 12.87 0.40 34.13
length of the right lateral vein (RL)
Banja Luka 30 12.05 9.00 15.44 0.33 15.32
Bijeljina 30 6.93 4.89 11.98 0.32 25.58
Doboj 30 11.29 8.94 16.43 0.35 17.30
Prijedor 30 12.68 8.91 15.14 0.28 12.30
Trebinje 30 10.37 5.55 14.19 0.40 21.55
length of the left lateral vein (LL)
Banja Luka 30 11.72 8.69 15.19 0.34 15.98
Bijeljina 30 12.03 8.46 16.67 0.36 16.61
Doboj 30 11.01 7.56 15.06 0.37 18.79
Prijedor 30 12.67 10.41 14.76 0.24 10.54
Trebinje 30 10.60 4.69 14.56 0.44 22.88
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Table 4. Grouping five different urban sites according to the statistical significance of the mean values of
morphometric leaf blade traits of London planetree / Tabela 4. Grupisanje pet razlicitih urbanih lokaliteta
prema statistickoj znacajnosti srednjih vrijednosti morfometrijskih karaktera liske javorolisnog platana

Statistically significant differences in measured morphometric traits of the leaf blade of
London planetree, sampled from five urban sites

leaf maximum distance  distance distance from  distance lenath of length
samolin blade width of fromthe from the the right from the left thegri ht of the
sitesp J length the axis of midribto midrib to lateral vein to lateral vein to Iatergal left

(Lg) the midrib  theright  theleft the main vein the main vein vein (RL) lateral

(W) margin (X) margin (Y) (WR) (WL) vein (LL)

Banja Luka  b* a b a a a ab ab
Bijeljina c b a b b b d ab
Doboj b d c b b c bc bc
Prijedor a C b a a a a a
Trebinje b b b a b b c c

Note. * Different small letters indicate statistically significant differences between analyzed sites
according to Duncan’s multiple-range test (p<0.05).

length (L), Bijeljina and Prijedor form individ-
ual separate groups, while Banja Luka, Doboj
and Trebinje form one group. Based on the
mean values of the maximum width of the axis
of the midrib (W), Bijeljina and Trebinje form
one group, while other sampling sites form in-
dividual separate groups. The mean values of
distance from the midrib to the right margin
(X) separate Bijeljina and Doboj as individual
groups, and other sites as one common group.
The sites Banja Luka, Prijedor and Trebinje form
one group according to the statistical signifi-
cance of the distance from the midrib to the left
margin (Y), while Bijeljina and Doboj form other
group. Banja Luka and Prijedor have the same
level of statistical significance of mean value for
the distance from the right lateral vein to the
main vein (WR) and thus form one group. The
sites Bijeljina, Doboj and Trebinje form the sec-
ond common group according to morphometric
traits (WR). Banja Luka and Prijedor also form a
common group according to the statistical sig-
nificance of mean value for the distance from
the left lateral vein to the main vein (WL). Bijel-
jina and Trebinje form a second common group,
while Doboj forms a separate group. Statistical
significance of mean values of the length of the
right lateral vein (RL) provides a separate group
only for the Bijeljina site. The mean value of the

length of the left lateral vein (LL) did not provide
a form of statistically significant different and
separate groups.

Discriminant analysis showed which morpho-
metric traits, related to the leaf blade, con-
tributed the most to the discrimination of the
studied sites. The maximum width of the axis of
the midrib (W), distance from the midrib to the
right margin (X), distance from the midrib to the
left margin (Y) and length of the right lateral vein
(RL) loaded on the first axis. Maximum width of
the axis of the midrib (W) together with the
length of the left lateral vein (LL) loaded on the
secondary axis. Parameters that loaded on the
third axis were distance from the midrib to the
left margin (Y), distance from the right lateral
vein to the main vein (WR) and distance from
the left lateral vein to the main vein (WL). Dis-
tance from the midrib to the left margin (Y) and
length of the right lateral vein (RL) loaded on the
fourth axis (Table 5). As shown in Figure 2, the
Bijeljina site was separated based on leaf blade
morphometric characters, primarily distance
from the midrib to the right margin (X). Doboj
and Prijedor were grouped along the positive
part of the first discriminant axis, while Banja
Luka and Trebinje were grouped along the nega-
tive part of the second discriminant axis.
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Table 5. Morphometric traits of the leaf blade and the loads of the first four discriminant axes. Bold val-

ues represent standardized correlation coefficients between variables and canonical (discriminant) func-

tions from the correlation matrix that are highlighted according to the values > 0.7000 / Tabela 5. Morfo-

metrijski karakteri liske i opterecenje prve Cetiri diskriminacijske ose. Podebljane vrijednosti predstavljaju

standardizovane koeficijente korelacije izmedu varijabli i kanonickih (diskriminantnih) funkcija iz matrice
korelacije koji su istaknuti prema vrijednostima > 0.7000

Morphometric traits Axis 1 Axis 2 Axis 3 Axis 4

L -0.2176 -0.1642 -0.2293 0.3450
W -0.8418 1.5050 -0.1027 -0.3315
X -1.1215 -0.5564 -0.0903 -0.5089
Y 1.4384 0.1517 -1.3545 1.1452
WR 0.3323 0.3045 0.9153 -0.4152
WL -0.4806 -0.0404 0.7951 0.5425
RL 1.2085 0.0597 0.2096 -0.7992
LL -0.3721 -1.0366 0.5051 0.5191
Eigenvalue 7.2428 2.3800 0.9259 0.1442
Cumulative percentages of the vectors 0.6773 0.2226 0.0866 0.0135

3

3.0 4.5
RL

Da 2 (22,26 %)

DA 1 (67,73 %)

Figure 3. The results of a discriminant analysis showing the separation of five urban sites in the space
of the first two discriminant axes, based on the morphometric traits of the leaf blade of London plane /
Slika 3. Rezultati diskriminantne analize pokazuju razdvajanje pet urbanih lokaliteta u prostoru prve dvije
diskriminantne ose, prema morfoloskim osobinama liske javorolisnog platana
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4. DISCUSSION / DISKUSIJA

Resistance of plants to environmental pollu-
tion is determined by biological characteristics
of the species and ecological conditions. Atmo-
spheric pollution is one of crucially significant
factors that negatively affect the resistance of
tree species and parameters of leaves (Kurteva
& Dimitrova, 2014). London planetree, Plata-
nus x acerifolia, is a particularly resistant tree
species to stress factors, including pollution in
various urban areas (Dineva, 2004; Gratani et
al., 2020, 2021; Pourkhabbaz et al., 2010). The
results of the present study showed statistical-
ly significant differences in analyzed morpho-
metric traits of the leaf blade of London plan-
etree in response to different environmental
conditions (differences in population density,
concentrations of air pollutants, traffic loads)
of five distinct urban locations. The most prom-
inent statistically significant differences among
investigated sites were obtained for the mea-
sured values of the maximum width of the axis
of the midrib (W), followed by values of leaf
blade length (L), distance from the left lateral
vein to the main vein (WL) and distance from
the midrib to the right margin (X). Banja Luka
and Prijedor were characterized by the max-
imal average values of most traits of the leaf
blade samples. Such data can be explained by
the effects of most common aero pollutants,
including CO, SO,, NO,, PM, on the morpho-
logical traits of the leaves of urban trees (Cora-
da et al.,, 2021; Rodriguez-Santamaria et al.,
2022). Data taken from the Hydrometeorolog-
ical Institute of the Republic of Srpska showed
that average annual concentration of main
air pollutants did not exceed maximal annual
values, except Doboj, where concentration of
particulate matter was above the limit level in
2019 when the samples were collected. How-
ever, the daily limit and tolerant concentration
values of pollutants listed in Table 2, were ex-
ceeded multiple times during the year of sam-
pling in all of the observed sites (data shown in
Appendix (Table Al), especially in agglomera-
tions Bijeljina and Trebinje. It can be assumed
that the air pollutants were filtered by London

planetree from urban sites, resulting in differ-
ences in the measured morphometric traits.
Similar results were obtained for morphologi-
cal traits of Platanus x acerifolia leaves in re-
sponse to different pollution levels in Rome:
the values of leaf area were significantly high-
er in historical parks and high-traffic density
streets with larger water availability (Gratani
et al., 2021). Differences in leaf traits sampled
in different urban conditions can be linked to
the phenotypic plasticity of plants in response
to environmental conditions (Gratani, 2014; Li
et al., 2021). Many researchers provided data
that indicate the negative impact of increased
concentration of toxic pollutants in urban air
on morphological and anatomical characteris-
tics of leaf blades of different trees in industrial
and urban conditions: Salix alba (Wuytack et
al., 2010); Aesculus hippocastanum, Castanea
sativa and Cydonia oblonga (Kurteva & Dimi-
trova, 2014); Azadirachta indica, Cassia fistula,
Ficus religiosa and Ficus virens (Chaudhary &
Rathore, 2016); Tilia cordata and Tilia platy-
phyllos (Janji¢ & Maksimovi¢, 2018); Platanus
x acerifolia, Celtis occidentalis, Tilia argentea.
and Quercus robur (Greksa et al., 2019); Gink-
go biloba and Platanus occidentalis (You et al.,
2021); Ligustrum lucidum (Zhao et al., 2021).

The decrease of leaf area, excluding the pet-
iole, in Platanus x acerifolia in urban sites
with high-traffic density may be explained by
the fact that the leaf expansion represents
a reaction to factors of urban environments
(Gratani et al., 2021), particularly traffic emis-
sions (Pourkhabbaz et al., 2010). For example,
variations in leaf morphology are observed in
Platanus orientalis leaves sampled in heavily
polluted city areas of Istanbul (Baycu et al.,
2006).

Our study was unable to assess the data of leaf
morphology of London planetree in rural and
unpolluted areas, due to the specific require-
ments of sampling, methodology of research
that focused primarily on city areas and dis-
tribution of studied species. London planetree
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is a species exclusively distributed as an orna-
mental tree in urban areas in the Republic of
Srpska and, so far, there are no known data on
whether the species is spread in unpolluted or
rural areas. However, to compare, the leaves
of Platanus x acerifolia show larger morpho-
logical and anatomical parameters, notably
leaf area, total leaf thickness, and thickness of
palisade and spongy layers, in unpolluted sites
opposite to the sites with high air pollution
levels caused by high-traffic density (Gratani
et al., 2020). Wang et al. (2022) have indicated
Platanus x acerifolia is tolerant of air pollution
and suggested that it should be used more
in urban areas exposed to particulate matter
pollution, especially in the middle of the cities
and on edges of streets/roads with heavy traf-
fic loads. In addition, mature leaves of related
species Platanus orientalis from the urban area
were smaller than those from the rural sites in-
dicating the influence of air pollution on the
development of leaves (Pourkhabbaz et al.,
2010). However, leaf morphological traits, in-
cluding leaf length and width, indicated Plata-
nus x acerifolia as the most efficient species in
capturing particulate matter in sites with high
pollution levels (Wang et al., 2022).

Measurements of morphometric traits of the
leaf allow the separation of populations, spe-
cies and even localities into different groups
in the same region, as previously identified by

5. CONCLUSION / ZAKLIUCAK

The results obtained in this paper showed that
the investigated species Platanus x acerifolia
reacted differently to the toxic aero pollutants
in different urban conditions. The morphologi-
cal characteristics of the London planetree leaf
blade varied between the samples collected
from urban green spaces originating from five
different cities. Statistically significant differ-
ences among investigated samples were ob-
tained for the maximum width of the axis of
the midrib (W), leaf blade length (L), distance
from the left lateral vein to the main vein (WL)
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Pourkhabbaz et al. (2010) and Galvan-Hernan-
dez et al. (2015). Our data of discriminant anal-
ysis distinguished Bijeljina as a distinct group,
based on measured leaf traits of London plane-
tree: maximum width of the axis of the midrib,
distance from the midrib to the right margin
and length of the left lateral vein.

The obtained data showed that foliar compari-
sons have been a useful tool in the assessment
of the influence of contrasting urban environ-
ments on green infrastructure, particularly tree
species. Hence, it may be concluded that Lon-
don planetree is impacted by urban pollution
but can play a significant role in the biological
monitoring of the extent of pollution in urban
environments. To determine the tolerance of
Platanus x acerifolia to air pollutants from traf-
fic exhaust in studied sites, and its significance
in improving air quality, further researches
have to be performed in the future, which
should include chemical, physiological and an-
atomical analyses of leaves and chemical anal-
ysis of urban air and soil. Thus, to complete the
results of the work, it is important to establish
the permanent monitoring on a significantly
larger number of samples. It is also necessary
to do analyses in unpolluted zones, i.e. rural
environment, considering the age of trees and
the phase of leaf growth. In this way, the im-
age of the role of London planetree as a part of
NBS in urban areas would be completed.

and distance from the midrib to the right mar-
gin (X). Banja Luka and Prijedor were charac-
terized by maximal average values of most leaf
traits. Such data can be explained by the ex-
ceeded average concentrations of particulate
matter as the most common aero pollutants. In
all the observed sites, the daily limit of tolerant
concentration of PM_  was exceeded multiple
times during the year of sampling. Hourly toler-
ant values of SO, and NO, concentration in the
air of agglomeration Bijeljina were exceeded
multiple times. In such urban conditions, the
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impact of the air pollutants on the leaf blade of
London planetree resulted in differences in the
measured morphometric traits.

The obtained results indicate that it is neces-
sary to establish the permanent biomonitoring
of air quality, including a greater number of ur-

Acknowledgement / Zahvala

This research was supported by the Ministry of
Science -Technological Development, Higher Ed-

References / Literatura

Bakhmatova, K.A., Matynyan, N.N. & Sheshu-
kova, A.A. (2022). Anthropogenic Soils of
Urban Parks: A Review. Eurasian Soil Sci-
ence, 55, 64-80. https://doi.org/10.1134/
$1064229322010021

Barwise, Y., & Kumar, P (2020). Designing vegeta-
tion barriers for urban air pollution abatement:
a practical review for appropriate plant species
selection. npj Climate and Atmospheric Science
3, 12. https://doi.org/10.1038/s41612-020-
0115-3

Baycu, G., Tolunay, D., Ozden, H., & Giinebakan, S.
(2006). Ecophysiological and seasonal varia-
tions in Cd, Pb, Zn, and Ni concentrations in the
leaves of urban deciduous trees in Istanbul. En-
vironmental Pollution, 143, 545-554. https://
doi.org/10.1016/j.envpol.2005.10.050

Beckett, K. P., Freer-Smith, P. H., & Taylor, G.
(2000). Effective tree species for local air qual-
ity management. Journal of Arboriculture,
26, 12-19. https://doi.org/10.1016/50269-
7491(98)00016-25

Bihamk (2019). Informacija o ukupnom broju reg-
istrovanih i prodatih motornik vozila u BiH,
Sarajevo. (Information on total number of
registered and sold vehicles in BiH). Retrieved
January 12, 2023, from: https://bihamk.ba/as-
sets/files/byYQAk9Oyg-broj-registrovanih-vo-
zila-u-bih-2019gpdf.pdf

Bourguignon, D. (2017). Nature-based solutions:
Concept, opportunities and challenges. Euro-
pean Parliamentary Research Service, EPRS.

Carifianos, P., Ruiz-Pefiuela, S., Valle, A. M., & de
la Guardia, C. D. (2020). Assessing pollination

ban sites and detailed morpho-anatomical and
physiological analyses of London planetree. In
this way, a database of plant traits that are the
most relevant for the assessment of air pollu-
tion and potential use in NBS for sustainable
cities, can be established.

ucation and Information Society of the Republic
of Srpska, Grant No. 19/6-020/961-43/18.

disservices of urban street-trees: The case of
London-plane tree (Platanus x hispanica Mill.
ex Miinchh). Science of The Total Environment,
737, 139722. http://doi.org/10.1016/j.scito-
tenv.2020.139

Chaudhary, I. J., & Rathore, D. (2019). Dust pollu-
tion: Its removal and effect on foliage phys-
iology of urban trees. Sustainable Cities and
Society, 51, 101696. https://doi.org/10.1016/].
scs.2019.101696

Cichowicz, R., & Stelegowski, A. (2019). Hourly Pro-
files of Air Pollution Variation in Selected Cities,
Towns and Villages in Poland. E3S Web of Con-
ferences, 101, 03003. https://doi.org/10.1051/
e3sconf/2019

Corada, K., Woodward, H., Alaraj, H., Collins, C.M.,
de Nazelle, A. A. (2021). A systematic review of
the leaf traits considered to contribute to re-
moval of airborne particulate matter pollution
in urban areas. Environmental Pollution, 269,
116104. doi: 10.1016/j.envpol.2020.116104

Dineva, S.B. (2004). Comparative studies of the leaf
morphology and structure of white ash Frax-
inus americana L. and London plane tree Pla-
tanus acerifolia Willd growing in polluted area.
Dendrobiology, 52, 3-8.

Castellari, S., Zandersen, M., Davis, M., Veerkamp,
C., Forster, J., Marttunen, M., Mysiak, J., Van-
dewalle, M., Medri, S., & Picatoste, J. R. (2021).
Nature-based solutions in Europe policy,
knowledge and practice for climate change ad-
aptation and disaster risk reduction. European
Environment Agency. https://data.europa.eu/
doi/10.2800/919315

43



AAC
HWK

Galvan-Hernandez, D. M., Lozada-Garcia, J. A,
Flores-Estévez, N., Galindo-Gonzdlez, J., &
Vazquez-Torres, S. M. (2015). Altitudinal gra-
dient effect on morphometric variation and
leaf symmetry of Platanus mexicana Moric.
Revista Chapingo Serie Ciencias Forestales
y del Ambiente, 21(2), 171-183. https://doi.
org/10.5154/r.rchscfa.2014.08.034

Gonzélez-Oreja, J., Rozas, M., Alkorta, I., & Garbisu,
C. (2008). Dendroremediation of heavy met-
al polluted soils. Reviews on Environmental
Health, 23, 223-234. https://doi.org/10.1515/
REVEH.2008.23.3.223.

Gratani, L. (2014). Plant phenotypic plasticity
in response to environmental factors. Ad-
vances in Botany, 2014, 208747. http://doi.
org/10.1155/2014/208747

Gratani, L., Vasheka, O., & Bigaran, F. (2020). Pheno-
typic plasticity of Platanus acerifolia (Platana-
ceae): morphological and anatomical trait vari-
ations in response to different pollution levels
in Rome. Modern Phytomorphology, 14, 55-63.

Gratani, L., Vasheka, 0., & Bigaran, F. (2021).
Metal Accumulation Capability by Platanus
acerifolia (Aiton) Willd., Ailantus altissima
(Mill.) Swingle, Robinia pseudoacacia L. and
Quercus ilex L., Largely Distributed in the
City of Rome. American Journal of Plant Sci-
ences, 12, 163-185. https://doi.org/10.4236/
ajps.2021.121010

Greater London Authority (2019). Using green in-
frastructure to protect people from air pollu-
tion. Greater London Authority.

Greksa, A., Ljevnai¢-Masi¢, B., Grabic, J., Benka, P,
Radoni¢, J., & Sekuli¢, M. (2019). Potential of
urban trees for mitigating heavy metal pollu-
tion in the city of Novi Sad, Serbia. Environ-
mental Monitoring and Assessment, 191, 636.
https://doi.org/10.1007/s10661-019-7791-7

Grote, R., Samson, R., Alonso, R., Amorim, J. H.,
Carifianos, P., Churkina, G., Fares, S., Le Thi-
ec, D., Niinemets, U., Norgaard Mikkelsen, T.,
Paoletti, E., Tiwary, A., & Calfapietra, C. (2016).
Functional traits of urban trees: air pollution
mitigation potential. Frontiers in Ecology and
the Environment, 14(10), 543-550. https://doi.
org/10.1002/fee.1426

Hewitt, C.N., Ashworth, K., & MacKenzie, A.R.
(2020). Using green infrastructure to improve
urban air quality (GI4AQ). Ambio, 49(1), 62-73.
https://doi.org/10.1007/s13280-019-01164-3

44

Image) Software Version 1.54. (2023). Retrieved Jan-
uary, 2, 2023, from http://rsbweb.nih.gov/ij/

Janji¢, N., & Maksimovi¢, T. (2018). Uticaj aeroza-
gadenja na karakteristike stominog i foto-
sintetickog aparata vrsta Tilia cordata Mill.
i Tilia platyphyllos Scop. na podrucju grada
Banje Luke. Glasnik Sumarskog fakulteta Uni-
verziteta u Banjoj Luci, 28, 59-70. http://doi.
org/10.7251/GSF1828

Janji¢, N., Hasanagi¢, D., & Maksimovi¢, T. (2017).
Stomatal apparatus response of Tilia cordata
(Mill.) and Betula pendula (Roth.) to air quality
conditions in Banjaluka (Bosnia and Herzegovi-
na). Biologia Serbica, 39(2), 9-16.

Janji¢, N., Maksimovi¢, T., & Bolti¢, D. (2016). Uticaj
nekih aeropolutanata na stomin aparat divljeg
kestena (Aesculus hippocastanum L.) na pod-
rucju Banja Luke. SKUP 7(1), 219-225.

Jayasooriya, V.M., Ng, AW.M., Muthukumaran, S.,
& Perera, B.J.C. (2017). Green infrastructure
practices for improvement of urban air quality.
Urban Forestry & Urban Greening, 21, 34-47.
https://doi.org/10.1016/j.ufug.2016.11.007.

Joshi, N., Joshi, A., & Bist, B. (2020). Phytomonitor-
ing and Mitigation of Air Pollution by Plants. In
R. Roychowdhury, S. Choudhury, M. Hasanuz-
zaman, & S. Srivastava (Eds.), Sustainable Agri-
culture in the Era of Climate Change. Springer,
Cham. https://doi.org/10.1007/978-3-030-
45669-6_5

Kémives, T., & Gullner, G. (2006). Dendroremedia-
tion: The use of trees in cleaning up polluted
soils. In M. Mackova, D. Dowling, & T. Macek
(Eds.), Phytoremediation Rhizoremediation,
vol 9A. Springer, Dordrecht. https://doi.
org/10.1007/978-1-4020-4999-4_3

Kurteva, M.K, & Dimitrova, D.Z. (2014). Aesculus
hippocastanum, Castanea sativa and Cydonia
oblonga as bioindicators of industrial and road
traffic pollution: Morphological study. Phytolo-
gia Balcanica: International Journal of Balkan
Flora and Vegetation, 20(2-3), 203-214.

Li, Y., Ling, L., Xia, D., Ji, Y., Wang, J., Li, C., Meng,
Y., Fang, X., & Chen, Y. (2021). A comparative
study on phenotypic plasticity of seven urban
street tree species in two contrasting environ-
ments. Polish Journal of Environmental Stud-
ies, 30(1), 739-750. http://doi.org/10.15244/
pjoes/122613

Li, Y., Wang, S., & Chen, Q. (2019). Potential of thir-
teen urban greening plants to capture particu-



m

late matter on leaf surfaces across three levels
of ambient atmospheric pollution. Internation-
al Journal of Environmental Research and Pub-
lic Health, 16(3), 402. http://doi.org/10.3390/
ijerph16030402.

Lu, S., Yang, X,, Li, S., Chen, B., Jiang, Y., Wang, D., &
Xu, L. (2018). Effects of plant leaf surface and
different pollution levels on PM2.5 adsorp-
tion capacity. Urban Forestry & Urban Green-
ing, 34, 64-70. https://doi.org/10.1016/].
ufug.2018.05.006

Mata, T.M., Oliveira, G.M., Monteiro, H., Silva, G.V.,
Caetano, N.S., & Martins, A.A. (2021). Indoor
air quality improvement using nature-based
solutions: Design proposals to greener cities.
International journal of environmental re-
search and public health, 18(16), 8472. https://
doi.org/10.3390/ijerph18168472

Menon, J.S., & Sharma, R. (2021). Nature-Based
Solutions for co-mitigation of air pollution
and urban heat in Indian cities. Frontiers in
Sustainable Cities, 3, 705185. https://doi.
org/10.3389/frsc.2021.705185

Oljaca, R., Govedar, Z., & Hrki¢, Z. (2008). Efekti
aerozagadenja na uce$c¢e stoma na listovima
ispitivanih vrsta divljeg kestena i breze u uslovi-
ma Banja Luke. Glasnik Sumarskog fakulteta,
Beograd, 98, 155-166.

Oljaca, R., Hrki¢, Z., Luki¢, D. (2009). Uticaj aeroza-
gadenja na gustinu stoma ispitivanih vrsta
divljeg kestena (Aesculus hippocastanum L.)
i pajasena (Ailanthus altissima (Mill.) Swing-
le) u uslovima Banja Luke. Glasnik Sumarskog
fakulteta Univerziteta u Banjoj Luci, 10, 15-24.

Hammer, @. (2001). PAST for Windows (Version
4.03) [Computer software].

Pathak, C., & Mandalia, H.C. (2011). Impact of en-
vironmental pollution on human future. World
Journal of Environmental Pollution, 1(2), 08-10.

Popek, R., Gawronska, H., Wrochna, M., Gawrons-
ki, SW., & Saebg, A. (2013). Particulate Matter
on Foliage of 13 Woody Species: Deposition on
Surfaces and Phytostabilisation in Waxes — a
3-Year Study, International Journal of Phytore-
mediation, 15(3), 245-256. http://doi.org/10.1
080/15226514.2012.694498

Pourkhabbaz, A., Rastin, N., Olbrich, A., Langen-
feld-Heyser, R., Polle, A. (2010). Influence
of environmental pollution on leaf proper-
ties of urban plane trees, Platanus orientalis
L. Bulletin of Environmental Contamination

and Toxicology, 85(3), 251-255. https://doi.
org/10.1007/s00128-010-0047-4

Prigioniero, A., Zuzolo, D., Niinemets, U., & Guarino,
C. (2021). Nature-based solutions as tools for
air phytoremediation: A review of the current
knowledge and gaps. Environmental Pollution,
277, 116817. https://doi.org/10.1016/j.en-
vpol.2021.116817

Rai, P.K. (2016). Impacts of particulate matter pol-
lution on plants: Implications for environ-
mental biomonitoring. Ecotoxicology and En-
vironmental Safety, 129, 120-136. http://doi.
org/10.1016/j.ecoenv.2016.03.012

Republi¢ki hidrometeoroloski zavod Republike
Srpske (2019). Godisnji izvjestaj o kvalitetu
vazduha u Republici Srpskoj za 2019. godi-
nu. Retrieved January 15, 2023, from https://
rhmzrs.com/report/godisnji-izvjestaj-o-
kvalitetu-vazduha-u-republici-srpskoj-za-2019-
godinu/

Rodriguez-Santamaria, K., Zafra-Mejia, CA., &
Rondoén-Quintana, H.A. (2022). Macro-morpho-
logical traits of leaves for urban tree selection for
air pollution biomonitoring: A review. Biosensors,
12, 812. https://doi.org/10.3390/bios1210081

Santiago, J.-L. & Rivas, E (2021). Advances on the
influence of vegetation and forest on urban
air quality and thermal comfort. Forests, 12(8),
1133. https://doi.org/10.3390/f12081133

Sanusi, R., & Livesley, S. J. (2020). London Plane
trees (Platanus x acerifolia) before, during and
after a heatwave: Losing leaves means less
cooling benefit. Urban Forestry & Urban Green-
ing, 54, 126746. http://doi.org/10.1016/].
ufug.2020.126746

Sawidis, T., Breuste, J., Mitrovic, M., Pavlovic, P., &
Tsigaridas, K. (2011). Trees as bioindicator of
heavy metal pollution in three European cities.
Environmental Pollution, 159(12), 3560-3570.
https://doi.org/10.1016/j.envpol.2011.08.008

Shi, G., Chen, Z., Xu, S., Zhang, J., Wang, L., Bi, C,,
& Teng, J. (2008). Potentially toxic metal con-
tamination of urban soils and roadside dust
in Shanghai, China. Environmental Pollution,
156, 251-260. https://doi.org/10.1016/j.en-
vpol.2008.02.027

The biggest cities in Bosnia and Herzegovina (n.d.).
World Atlas. Retrieved December 21, 2022,
from https://www.worldatlas.com/articles/
which-are-the-biggest-cities-in-bosnia-and-
herzegovina.html

45



AAC
HWK

Téth, G., Hermann, T., Szatmari, G., & Pasztor, P.
(2016). Maps of heavy metals in the soils of
the European Union and proposed priority
areas for detailed assessment. Science of the
Total Environment, 565, 1054-1062. http://doi.
org/10.1016/j.scitotenv.2016.05.115

U.S. Environmental Protection Agency (2015). Environ-
ments and contaminants - Criteria air pollutants.
U.S. EPA. Retrieved January 15, 2023 from https://
www.epa.gov/sites/default/files/201510/docu-
ments/ace3_criteria_air_pollutants.pdf

Vordoglou, M., Samara, T., & Tsitsoni, T. (2019). Re-
search on the ability of urban trees to retain
heavy metals. A silvicultural approach. 16th
International Conference on Environmental
Science and Technology. Rhodes, Greece, 4 to
7 September 2019.

Wang, H., Xing, Y., Yang, J., Xie, B., Shi, H., & Wang,
Y. (2022). The nature and size fractions of par-
ticulate matter deposited on leaves of four
tree species in Beijing, China. Forests, 13, 316.
https://doi.org/10.3390/f13020316

WHO (2006). Air quality guidelines global update
2005: particulate matter, ozone, nitrogen di-
oxide and sulfur dioxide. Copenhagen, WHO
Regional Office for Europe.

Sazetak

Wuytack, T., Verheyen, K., Wuyts, K., Kardel, F., Adri-
aenssens, S., & Samson, R. (2010). The poten-
tial of biomonitoring of air quality using leaf
characteristics of white willow (Salix alba L.).
Environmental Monitoring and Assessment,
171(1-4), 197-204.

Yang, D., Meng, F,, Liu, Y., Dong, G., & Lu, D. (2022).
Scale effects and regional disparities of land
use in influencing PM2.5 concentrations:
A case study in the Zhengzhou metropoli-
tan area, China. Land, 11, 1538. https://doi.
org/10.3390/ land11091538

You, H.N., Kwak, M.J., Je, S.M., Lee, J.K., Lim, Y.J.,
Kim, H., Park, S., Jeong, S.G., Choi, Y.S., & Woo,
SY. (2021). Morpho-physio-biochemical attri-
butes of roadside trees as potential tools for
biomonitoring of air quality and environmental
health in urban areas. Land, 10, 236. https://
doi.org/10.3390/1and10030236

Zhao, X., Guo, P, Yang, Y., & Peng, H. (2021). Effects
of air pollution on physiological traits of Ligu-
strum lucidum Ait. leaves in Luoyang, China.
Environmental Monitoring and Assessment,
193(8), 530. https://doi.org/10.1007/s10661-
021-09338-x

U ovom radu smo istrazili razlike u morfometrijskim karakterima liski javorolisnog platana, Pla-
tanus x acerifolia (Aiton) Willd., uzorkovanih u razli¢itim uslovima urbanih sredina Banja Luke,
Bijeljine, Prijedora, Doboja i Trebinja. Analiza izmjerenih parametara je pokazala da postoje statis-
ticki znacajne razlike izmedu uzoraka sakupljenih na razli¢itim lokacijama, koje su najizrazenije u
uslovima Banja Luke i Prijedora. Najvece statisticki znacajne razlike izmedu uzoraka su dobijene
za sljedeé¢e morfometrijske karaktere liske: maksimalna Sirina liske izmjerena pod pravim uglom
u odnosu na centralni nerv (W), duZina liske (L), rastojanje lijevog bo¢nog nerva od centralnog
nerva (WL) i rastojanje centralnog nerva od desnog ruba liske (X). Diskriminantna analiza je po-
kazala da se na osnovu morfometrijskih karaktera liske posebno izdvaja lokalitet Bijeljina, Sto je u
skladu sa uticajem zagadenja vazuha u ovoj aglomeraciji na razvoj liske platana. Glavni cilj nasih
analiza bio je da ukazemo na znacaj analize morfometrijskih karaktera liske drvenastih vrsta u
razli¢itim urbanim uslovima, Sto moZe biti koristan alat u pracenju stepena aerozagadenja. Dalja
detaljna istrazivanja koja bi obuhvatila detaljniju analizu anatomskih i morfofizioloskih karaktera,
ne samo platana, vec¢ i drugih drvenastih vrsta, posluZila bi u procjeni osjetljivih i otpornih vrsta
na zagadenje gradskog vazduha. Podaci bi takode posluzili za uspostavljanje baze podataka za raz-
voj rjeSenja na bazi prirode koja imaju ulogu u biomonitoringu zagadenja i odrzivom upravljanju
urbanim sredinama.

Kljucne rijeci: morfologija lista, platan, urbana podrucja, zagadenje vazduha
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