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Abstract - In this work, we investigated the suitability of the threatened species, Iris pumila L., as a possible bioindicator of
traffic pollution in its natural habitats (mostly protected areas and natural reserves). We examined its potential to accumu-
late lead (Pb) and nickel (Ni) in polluted habitats, and the genetic variability for this capability, since it is an important facet
of bioindicator suitability. We estimated the concentrations of Pb and Ni in the leaves of 17 I. pumila clones (genotypes)
grown in one of their natural habitats, the unpolluted semi-arid habitat of the protected Deliblato Sands Special Natural
Reserve, and in the leaves of 18 Iris pumila full-sib families grown in an experimental plot in a heavily polluted urban loca-
tion in Belgrade, Serbia. Comparison of the contrasting habitats by one-way ANOVA analysis showed that both Pb and Ni
concentrations were significantly higher (six-fold) in the I. pumila leaves collected from plants grown in the polluted urban
habitat. Two-way ANOVA (randomized block design) analysis performed on the full-sib families grown in the urban loca-
tion failed to detect significant genetic variation for metal accumulation in I. pumila leaves. A significant block effect on the
concentration of Ni in leaves was detected, indicating responsiveness to microenvironmental variability. These results sug-
gest that I. pumila can serve as a good indicator of traffic pollution in protected areas. The response is stable since genetic
variability of I. pumila populations does not appear to influence its role as an indicator greatly.

Keywords: Traftic atmospheric pollution, bioindicators, trace elements accumulation, Iris pumila, genetic variability, Delib-
lato sands.

INTRODUCTION (Akguz, 2011), and the utilization of species that al-

ready inhabit these habitats can significantly contrib-

The anthropogenicinfluence on ecological conditions ute to monitoring of pollution levels (Khaniki and
in natural habitats can have various forms and can Zazoli, 2005). The concentrations of heavy metals
affect various ecological attributes (Angermeier and in plants near roads are expected to be higher than
Karr, 1994; Dale et al., 2002). In natural areas that are in plants from unpolluted locations with no traffic,
or should be protected, these influences can include since the emissions of heavy metals highly correlate
road construction, tourism and agriculture. One of with traffic intensity (Yunis and Igbal, 1996; Gaji¢ et
the consequences of these activities is pollution due al., 2009). In particular, higher concentrations of Pb
to increased traffic. Higher plant leaves are increas- in the air are closely related to the density of traffic
ingly used as biomonitors for atmospheric pollution (Yunus and Igbal, 1996; Van der Gon and Appelman,
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2009; Abdollahi et al., 2011), as are Ni concentra-
tions, however, the latter is not only present in au-
tomobile exhaust but also in other fossil fuels or the
metallurgical industry (Carreras and Pignata, 2002;
Akguc et al., 2010). Accumulation of heavy metals in
plant tissues can depend on variations in pollution
levels and numerous abiotic factors, on the species
of plant and organ (Saygideger et al., 2004), as well
as on the plant genotype (Wang et al., 2006; Zeng et
al., 2008 and references therein). Therefore, studies
of indicator suitability should include genotypic and
environmental variation in the intake rates of toxic
heavy metals, including Pb and Ni.

In this work we used naturally growing clones
of the threatened species, Iris pumila L., in the pro-
tected Deliblato Sands Natural Reserve, as well as
plants belonging to different full-sib families that
were planted and grown for a couple of years in a
heavily polluted habitat in Belgrade, Serbia (Fig. 1).
One aim of this study was to test the extent to which
the concentrations of Pb and Ni in I. pumila leaves
change as a result of environmental pollution. The
extent of change can suggest whether I. pumila can
serve as a bioindicator of traffic pollution in previ-
ously uncontaminated habitats. Another aim of this
study was to determine whether there is genetic and
microenvironmental variability for the accumula-
tion of heavy metals in I. pumila leaves in polluted
locations.

MATERIALS AND METHODS
Study species

A perennial clonal plant, I. pumila (Iridaceae) has
large hermaphroditic flowers and exhibits great flow-
er-color polymorphism that enables the detection of
different genotypes (Tuci¢ et al., 1988). I. pumila is
an allotetraploid with a chromosome number of 2n
= 36 (Fehmiye, 2003). It inhabits steppe-type habi-
tats (Stjepanovi¢-Veselici¢, 1953) and is classified as
a threatened species in Serbia. It has been previously
demonstrated that I. pumila shows significant re-
sponses to environmental variation in various traits
(Tarasjev et al., 2012), including phenology (Taras-

jev, 1997), morphology (Tarasjev et al., 2009) and
developmental stability (Miljkovi¢, 2012).

Locations

The natural populations of I. pumila used in this
study are located in the semi arid area of the Deliblato
Sands Natural Reserve (44°57°42” N, 21°01’46” E), an
unpolluted sandy location situated 50 km northeast
of Belgrade (Gaji¢, 1983) and one of the most im-
portant centers of biodiversity in Serbia and Europe.
The populations are 7.5 km removed from the near-
est settlement, and 15 km from the regional road and
railway line. Parts of the Deliblato Sands are used for
tourism and agriculture and there are a several local
roads running through the whole complex.

The selected polluted site was located in an ur-
ban area of Belgrade (44°99°03” N, 20°29’14” E),
capital of Serbia and largest city in the Western
Balkans, with a population of over 1.6 million in-
habitants (Census data, 2011). Experimental plots
were located approximately 25 m from the main
road leading to the Belgrade-Pancevo Bridge, with
over 60 000 vehicle crossings per day (Transport
Master Plan of Belgrade, 2012). This urban area is
considered one of the most heavily polluted areas
in Belgrade (Grubacevic¢ et al., 2009; Sawidis et al.,
2011). There are many old vehicles on the streets,
and leaded gasoline (0.4 g Pb 1) was widely used
until 2011 (Anici¢ et al., 2011). Leaded gasoline was
put out of use after the experiment ended. Belgrade
has much higher annual bulk deposition fluxes of
heavy metals compared to many other urban areas
in the world (Miji¢ et al., 2010; Sawidis et al., 2011)
and much higher deposition fluxes of Pb and Ni in
particular (21.7 and 11.3 mg m™ yr! respectively -
Miji¢ et al., 2010).

Experimental procedures

During the blooming phase of Iris pumila, 17 clones
were chosen for analysis from the natural unpolluted
habitat. Thirty-six simultaneously flowering clones
were chosen for hand-pollinations and 18 full-sib
families were produced. Seedlings were grown un-
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Table 1. The results of analyses of variance (ANOVA) for lead and nickel concentrations in leaves of Iris pumila plants: (A) one-way
ANOVA on plants from two locations (unpolluted natural and polluted urban); (B) two-way ANOVA (randomized block design with-
out replications) on families grown in two blocks in urban polluted environment.

A Lead Nickel
Source of variation df MS F value MS F value
Locality 1 3.81 114.21"" 6.32 309.57""
Error 33 0.03 0.02
B Lead Nickel
Source of variation df MS F value MS F value
Family 17 0.52 1.22m 0.32 0.55™
Block 1 0.99 2.54m™ 8.42 14.60"
Remainder 17 0.39 0.58

ns - non significant, P<0.05,"P<0.01,"'P<0.001,”"P<0.0001.

der controlled conditions in a growth chamber and
after one year, the plants were transferred to pots and
moved to the experimental plot. Pots were arranged
in two blocks with 6 plants (genotypes) from each
family randomly positioned within each block. The
pots were placed on black plastic sheets that prevent-
ed the assimilation of heavy metals from the soil.

After a couple of years of acclimation, fully-
grown leaves from full-sib plants grown in the urban
polluted environment were collected, as well as fully
grown leaves from 17 clones grown in the unpolluted
natural habitat (two samples per clone).

The plant material was dried at 60°C for 48 h and
then pulverized. Microwave Digestion - EPA Meth-
od 3052 on the Multiwave 3000, was used to digest
plant samples. The samples were analyzed by EPA
6010c (inductively coupled plasma-atomic emission
spectrometry). According to the calibration curve,
the reporting limit (RL) for Pb was 0.03 mg/kg, and
0.15 mg/kg for Ni.

Statistical analyses

Untransformed data were used for the analyses as
normality was confirmed by Shapiro-Wilk test (Sha-
piro and Wilk, 1965). One-way ANOVA was used to
test the differences between concentrations of Pb and

Ni in the leaves of the I. pumila plants. Comparison
within the polluted environment was performed by
two-way ANOVA (randomized block design with-
out replication) (Zar, 1999) with full-sib family and
block as main factors. All statistical analyses were
performed using SAS version 9.1.3 (SAS Institute,
2003) with PROC UNIVARIATE and PROC GLM
procedures.

RESULTS AND DISCUSSION

In this pilot study of heavy metal accumulation in Iris
pumila, the estimated value of Pb concentration in
Iris pumila leaves (1.24 + 0.11 pg/g) in the urban area
was lower than in most samples of Aesculus hippocas-
taneum leaves in Belgrade urban areas (Anicic et al.,
2011) or samples from Platanus orientalis and Pinus
nigra collected at a nearby site (Sawidis, 2011), and to
a lesser degree lower then the values measured in the
leaves of Tilia sp. (Anici¢ et al., 2011). However, these
concentrations were more than six times higher than
those detected in I. pumila leaves from the unpol-
luted habitat (0.17+ 0.11 ug/g); this difference was
highly statistically significant (Table 1A).

This is consistent with findings indicating that the
accumulation of Pb in plants in urban areas is higher
in tree species then in herbaceous ones, and fits well
in the range of reported herbaceous species (Lyco-
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- Deliblato Sand ,

Serbia

Fig. 1. The unpolluted (The Deliblato Sands Natural Reserve — white circle and picture A) and polluted (Belgrade, urban area — black

circle and picture B) localities in Serbia utilized in this study.

persicum esculentum, Capsicum annuum, Solanum
melan, Phaseolum vulgaris, Solanum tuberosum and
Petroselinum crispum) in Yerevan, Armenia (Hov-
hannisyan and Nersisyan, 2009). On the other hand,
the detected levels of Ni concentration in I. pumila
leaves in the polluted urban location in Belgrade
(1.85+0.14 pg/g) were higher than the concentra-
tions reported for both A. hippocastaneum and Tilia
sp. in the Belgrade urban area (Anici¢ et al., 2011).
The concentration of Ni was also more than six-fold
higher in the polluted than in the unpolluted natu-
ral habitat in the Deliblato Sands (the value for the
unpolluted habitat was 0.27+0.12 pg/g). In addition,
the concentration of Niin I. pumila leaves responded
to microenvironmental variability (significant Block
effect in Table 1B). The histogram (Fig 2) shows the
values of Pb and Ni concentrations in the leaves of I.
pumila grown in polluted and unpolluted habitats.

In order to serve as a good indicator, the uti-
lized species should show low variability in their
responses to changes in environmental factors
(Dale and Beyeler, 2001; Kurtz et al., 2001). Genetic
variability for heavy metal accumulation has previ-
ously been shown, with the variability for Pb and
Ni accumulation being greater than for other met-
als (Wang et al., 2006; Zeng et al., 2008 on rice).
This variability can have a significant impact on the
species’ suitability to serve as a bioindicator. How-
ever, in this study we failed to detect significant
between-family variations in the accumulation of
Pb and Ni (p= 0.2862 and p= 0.8827 for Pb and Ni,
respectively) (Table 1B), indicating stability of the
plant’s response. Therefore, the genetic variability of
I. pumila populations should not greatly influence
its usefulness as an indicator. These results demon-
strate that I. pumila can serve as a reliable indicator
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Fig. 2. The lead and nickel concentration (mg/kg) in leaves of Iris pumila genotypes grown at unpolluted natural (white bars) and geno-

types grown in polluted urban (black bars) habitats.

of possible traffic pollution in protected areas, as in
the Deliblato Sands Natural Reserve. Further stud-
ies should be conducted.
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