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Abstract
Air pollution in urban environment is one of the major stressors for vegetation. The aim of the present
study was to investigate the levels of sulfur dioxide (SO,) and nitrogen dioxide (NO>) in the air in
Belgrade and Smederevo and their effects on photosynthetic efficiency and catalase enzyme activity of
Betula pendula Roth. It was found that SO, and NO; concentrations increased from June to October at
both studied sites but did not exceed the limits set by the national regulation. NO, concentrations
above the limits were measured only in October in Belgrade. It was also found that the values of the
parameter of photosynthetic efficiency (Fv/Fm) were within the optimal range determined for
deciduous trees, except in June in Belgrade, indicating that birch has optimal photosynthetic
efficiency. Average catalase activity increased during the course of season at both sites. The lowest
enzyme activity was measured in June in Belgrade and the highest in October in Smederevo. It was be
concluded that under the given environmental conditions, the birch trees show no signs of damage and
that the basic physiological processes are running at an optimal level. The increase in photosynthetic
efficiency and catalase activity in birch leaves in the second part of the season could represent some
kind of adaptation mechanism that allows it to survive under unfavorable environmental conditions.
Keywords: air pollution, photosynthetic efficiency, catalase enzyme activity, Betula pendula
Roth.

INTRODUCTION

Air pollution is one of the most serious environmental problems, especially in the urban
environment where most of the world's population lives. Urban air quality is continuously
affected by emissions from stationary and mobile combustion sources, which generate a large
number of pollutants whose chemical composition is extremely heterogeneous [1]. Sulphur
dioxide (SO.), nitrogen dioxide (NO.), carbon monoxide (CO), and ozone (Os) are the main
hazardous air pollutants responsible for acid rain formation, crop yield decline, and ecological
damage [2-4]. Sulphur dioxide is known as a primary pollutant that is produced in large
quantities from the combustion of coal and other fuels in industry and households [4]. Unlike
SO2, NO2 belongs to both primary and secondary pollutants and is a precursor of harmful
secondary pollutants such as ozone. The major anthropogenic sources of NO> are industrial
fossil fuel combustion, vehicle exhaust, biomass burning, and electricity generation [4]. At
higher concentrations, SO2 and NO- cause oxidative damage to biochemical and physiological
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processes in plants. However, plants have several enzymatic and non-enzymatic antioxidant
defense mechanisms to prevent oxidative damage [5,6]. Non-enzymatic antioxidants include
glutathione, carotenoids, tocopherols, and flavonoids, while catalase (CAT), superoxide
dismutase (SOD), ascorbate peroxidase (APX), glutathione reductase (GR), etc. are
antioxidant enzymes of plants [6,7].

In this research, the concentrations of SO, and NO in the air in Belgrade and Smederevo
in June and October were monitored in order to determine whether they exceed the limits set
by the Regulation on Monitoring Conditions and Requirements for Air Quality [8] and how
these pollutants affect the efficiency of photosynthesis and the activity of catalase enzyme
activity in Betula pendula trees.

MATERIALS AND METHODS
Sampling and field research

Photosynthetic efficiency and collection of leaf samples of Betula pendula Roth for
determination of catalase enzyme activity were carried out in urban parks in Belgrade and
Smederevo, exposed to different sources of pollution, in June and October 2012. In Belgrade,
the samples were taken in the park "Hall Pioneer”, which is located near several main roads,
where traffic exhaust is a main source of pollution, while in Smederevo the samples were
taken in the park "Tri heroja", which is about 7 km away from the main source of pollution
"Zelezara Smederevo".

The data describing SO2 and NO> concentrations in Belgrade and Smederevo during 2012
were obtained from the Serbian Environmental Protection Agency, which summarises data
from the network of local air quality monitoring stations in Belgrade and Smederevo.

Photosynthetic efficiency was measured using the method of induced chlorophyll
fluorescence kinetics of photosystem Il. Measurements were taken with the aid of a portable
Plant Stress Meter (BioMonitor S.C.I. AB, Sweden), as described by Krause and Weis [9].
Chlorophyll was excited for 2 s by actinic light with a photon flux density of 200 and 400
umol m2 s, Prior to measuring, samples were adapted to the dark for approximately 30 min.
[10-12]. Measurements were performed in thirty repetitions (n=30).

Leaf extract preparation and enzyme activity assays

Birch leaves were placed in liquid nitrogen immediately after sampling and stored at a
temperature of -80°C until analysis. For enzyme extraction, the frozen leaf tissue was
homogenized in a mortar with pestle and liquid nitrogen and then extracted in ice-cold 0.1 M
potassium phosphate extraction buffer (pH 6.5) containing 3% polyvinylpyrrolidine (PVP)
and 5% phenylmethanesulfonyl fluoride (PMSF). After homogenization, the crude leaf
extracts were centrifuged at 14,000 x g at 4°C for 20 min, and the supernatants obtained were
aliquoted and used to measure protein content and enzyme activity. Protein content was
determined according to Bradford [13], using bovine serum albumin (BSA) as a standard.
Catalase activities were determined spectrophotometrically in duplicate at 20°C using a
Shimadzu UV-160 spectrophotometer. Catalase activity was measured by adding 10 ul of the
enzyme extract to 1 ml of a reaction mixture containing 50 mM K-phosphate buffer (pH 7)
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and 30% H>0O and measuring the changes in absorbance at 240 nm for 3 min [14]. The results
of catalase activity were expressed in units per mg of protein (U mg™).

Statistical analysis

The data from this research was analyzed using statistical analysis (ANOVA) and means
were separated with a Bonferroni test at a level of significance of p<0.05, using the Statistica
software package [15].

RESULTS AND DISCUSSION

Concentrations of SO2 and NO: in Belgrade and Smederevo in June and October 2012 are
shown in Figure 1.

Concentrations of SO, and NO: increased at both study sites during the season. The
highest SOz concentrations were measured in Belgrade in October (23.69 pug m) and did not
exceed the limits set by the Regulation on Monitoring Conditions and Requirements for Air
Quality (50 pg m™) [8]. NO2 concentrations ranged from 10.60 pg m™ in June in Smederevo
to 42.56 ug m* in October in Belgrade, where the limit values (40 ug m®) [8] were only
exceeded during the course of this research. It is clear that the studied birch individuals were
exposed to lower concentrations of gaseous pollutants (SO2 and NO>) at the beginning of the
growing season in relation to at the end of the season. Throughout the season, individuals
from Belgrade were significantly more affected than those from Smederevo (p<0.001).
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Figure 1 SO, and NO; concentrations in Belgrade and Smederevo in June and October of 2012
(Source: Serbian Environmental Protection Agency)

The variation of photosynthetic efficiency and catalase activity in samples of birch leaves
in Belgrade and Smederevo are shown in Figure 2.

The analysis of the parameter Fv/Fm in birch showed a regularity in the seasonal
dynamics, with the minimum values measured in June and the maximum in October at both
study sites. It was also found that the Fv/Fm values in birch from Belgrade (0.731-0.781) and
from Smederevo (0.773-0.783) were within the optimal range for deciduous trees
(0.750-0.850) [16], except in June in Belgrade. This result indicates that SO, and NO2 may
have negative effects on birch, but not to an extent that would seriously threaten its

224



EcoTER'23, 20-23 June 2023, Serbia

functioning. Nevertheless, the higher SO> and NO> concentrations in Belgrade affected
photosynthetic efficiency, resulting in lower Fv/Fm in Belgrade compared to Smederevo in
both seasonal periods, whereas this difference was significant only in June (p<0.001),
Figure 2. Photosynthesis is one of the first processes affected by high SO2 concentration [17],
but when plants are exposed to low SO, concentrations, the absorbed SO is oxidized and
used to synthesize proteins. NO> is also known as a toxic gaseous pollutant that reduces net
photosynthetic rate and chlorophyll content and inhibits photosynthesis at elevated
concentrations. However, some relevant studies have found that plants exposed to moderate
levels of atmospheric NO. for extended periods of time exhibit increased absorption and
metabolism of nutrients used by plants for growth and development [18-20]. In general,
whether SO2 and NO. have adverse effects on plants under certain conditions is species-
specific and depends on their concentration, the time period the plant is exposed to them, and
the rate at which the plant takes them up [17,20,21].
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Figure 2 The variation of photosinthetic efficiency (Fv/Fm) and catalase enzyme activity (CAT) in
birch leaves in Belgrade and Smederevo in June and October 2012

Average catalase enzyme activity increased over the season at both sites. The lowest
enzyme activity was measured in June in Belgrade (351.71 U mg™) and the highest in October
in Smederevo (763.55 U mg™). The increase in enzyme activity during the season can be
associated with the increase in SO2 and NO concentrations. Similar effects of pollution on
enzymatic activity of catalase were found by Ghorbanli et al. [22] who discovered that the
activity level of catalase enzyme was increased in Nerium oleander and Robinia pseudo
acacia leaves collected from the contaminated sampling site compared to the control site, but
that increase was not statistically significant. However, from the results presented here, it is
also evident that catalase activity is higher in birch trees from Smederevo, although SO> and
NO: levels were lower than in Belgrade. Such result is not unusual, considering that the
mechanisms of plant resistance under stress conditions are very complex and include several
physiological and biochemical strategies aimed at mitigating the negative effects of various
environmental stress factors through their joint action [23]. Prysedskyj [24] studied the
influence of the type of complex compounds nitrogen and sulfur on catalase activity of
selected tree and shrub species and concluded that the influence of pollutants on catalase
activity depends on plant resistance, structure, and duration of pollutant effectiveness. He
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found that in contrast to less resistant plants, species resistant to pollution are characterized by
the absence of changes in catalase activity, i.e. an increase in catalase function due to the
short-term effect of pollutants [24].

CONCLUSION

From the obtained results, it can be concluded that under the given environmental
conditions, the birch trees do not show any signs of morphological damage and the basic
physiological processes are at an optimal level. The increase in the value of the
photosynthetic efficiency parameter and catalase activity in the second part of the vegetation
period could be considered as an adaptation mechanism of the birch that allows it to survive
in unfavourable site conditions.
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