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Abstract: In urban area have many pollutants that lead to dirtiness urban roads
because of vehicles, car wheels, and exhaust gases. These pollution resources effect
to the improvement of living things in the urban environmental area they are in, the
gathering of pollution reasons in the living people bodies, and some living things
cause important deformations. These conglomerations and deformations that consist
in the plants are used for the aim of determining the pollution deriving from the
traffic density. The usage of plants as biomonitor is through designation of the
amount of pollutants in the plant. Yet, pollutants lead to give some problems of
plants, organs, tissues and cells. When these damages can sometimes see, and most
of the damage is not visible to the bared eye. In this research, it purposed of to be
detection for the variation of leaf micromorphological properties of Pyracantha
coccinea, which used widely in landscape researches in many regions of Turkey
depending on the traffic density. For this aim, stoma images of leaf samples took
from the areas where the traffic density is at different levels were gotten data by
electron microscopy. The measurements made on these images were measured
Stoma Length (SL), Stoma Width (SW), Stomatal Density (SD), Pore Aperture (PA)
and Pore Length (PL). The obtained data measured as statistics and it attempted to
detect how these characters changed according to traffic density.
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Introduction
One of the most important agenda topics of the present time is air pollution. It is predicted that in
2000, 47% of the world's population will be living in urban areas, and this rate will increase to 60% by
2030. Increasing population and industrialization, especially in city centers, has brought along air
pollution, which has reached levels to threaten human health in some cities (Cetin et al., 2016a,b;
Sevik et al., 2017a,b). It is reported that about 6.5 million people die in the world due to reasons
associated with air pollution every year (URL1). Although air pollution is not considered as a serious
problem in Turkey, it is reported that 29 thousand people died due to air pollution in 2016 (URL2).
One of the primary sources of air pollution in cities is vehicles. Many pollutants emerge due to
vehicles (e.g. exhaust gas, car wheels, wear of vehicle parts) (Ugolini et al., 2013; Turkyilmaz et al.,
2018a). These sources of pollution affect the growth of living beings in the environments they are in,
accumulate pollutants in their bodies, and lead to significant levels of deformation in some living
beings. Such accumulations and deformations are used for determining the pollution resulting from
traffic (Ozturk & Bozdogan, 2015). Plants are used as a biomonitor mostly through determination of
the amount of pollutants occurring in the plant body. However, pollutants harm the organs, tissues,
and cells of plants. Such damage is sometimes visible, but it cannot be seen by naked eyes most of the
time. Identification of such deformations and changes may be very useful for monitoring the level of
air pollution effectively. In this regard, this study aims to identify the change in the leaf
micromorphological characters of Pyracantha coccinea, which is intensely used especially in
landscape works in many regions of Turkey, depending on traffic density.
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Material and Method
The study was conducted on Pyracantha coccinea leaves. Within the scope of the study, leaf
samples were taken from the Pyracantha coccinea individuals cultivated in the city centre where
traffic is dense, from the Kuzeykent area, where traffic is less dense, and from the areas where no
vehicle entry is allowed (i.e. the closest vehicle is at a 50-meter distance at minimum, that is, there is
no traffic density). The collected leaf samples were pressed and dried. The stoma images were
obtained via an electron microscope. The following characters were measured over such images:
stoma length (SL), stoma width (SW), stomatal density (SD), pore aperture (PA), and pore length
(PL). The obtained data were statistically evaluated, and an attempt was made to determine how such
characters change depending on traffic density.
Findings
The data were subjected to analysis of variance and Duncan’s test to determine how the
micromorphological characters examined change depending on traffic density. Table 1 below presents
the results of analysis of variance and Duncan’s test.
Table 1. The change of micromorphological characters depending on traffic density
Traffic Density
Without Traffic
Low
Heavy
F Value

SL
28,16 b
24,63 a
48,11 c
166,816***

SW
27,12 b
9,93 a
30,12 c
533,163***

PA
4,99 b
2,81 a
5,44 c
9,098**

PL
9,89 a
12,59 a
19,78 b
23,211***

SD
70 b
85 c
56 a
338,036***

According to Table 1, the lowest values for all the characters except for SD were found in the
areas with low traffic density, while the highest values were found in the areas with high traffic
density. It is noteworthy that there is a difference of about 2 times between the values for SL and a
difference of more than 3 times for SW. A difference of about 2 times is seen between the lowest and
the highest values for PA and PL.
The highest value for SD, to the contrary of other characters, was detected in the areas with low
traffic density, while the lowest value was in the areas with high traffic density. The number of stomas
per unit area in the area with high traffic density is as approximately 1.5 times big as the number of
stomas per unit area in the area with low traffic density. An overall examination of the values indicates
that the number of stomas is fewer, but stoma size is higher in the areas with high traffic density.
Figure 1 below presents a general view of the stomas measured.

Figure 1. A general view of the stomas

Conclusion and Discussion
As the effects of air quality on human health have been revealed, an obvious increase has
occurred in the research aimed at determining air quality (Cetin et al., 2017a,b). Heavy metals have a
distinctive place among the components of air pollution. This is because they are not spoilt or
destroyed in nature. Also, they are prone to bioaccumulation. Thus, determination of heavy metal
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concentration is very important to find out risky areas and risk levels. Previous research reports that
traffic density is one of the important factors influential on heavy metal pollution (Ozel et al., 2015;
Turkyilmaz et al., 2018b).
A lot of methods are used for determining the level of air pollution. The primary one is direct
measure of air pollution (Sevik et al., 2015). However, direct measure of air pollution both requires
expensive measuring devices and has more risk of contamination when compared to bioindicators.
Another method for detecting air pollution is the use of bioindicators. It is cheap and convenient for
sampling. In addition, heavy metal concentration is more than in the case of air and rain water. Hence,
there are a lot of studies focusing on the use of plants as biomonitors (El-Hasan et al., 2002; Ozturk &
Bozdogan, 2015; Ozel et al., 2015).
The present study aims to determine how stomatal characters change in the Pyracantha coccinea
leaves collected from the areas with different levels of traffic density. Based on the findings of the
study, it can generally be said that the number of stomas is fewer, but stoma size is larger in the areas
with a high traffic density.
Stomas control CO2 and water vapor entry into leaves and are considerably affected by
environmental conditions (Xu and Zhou, 2008). Therefore, many studies have been conducted on
environmental factors affecting stomatal density so far. It is reported that stomatal density or
dimensions change depending on many factors such as water stress (Yang & Wang, 2001; Zhang et
al., 2006; Liu et al., 2006), light (Sevik et al., 2016), plant density (Yang et al., 2007; Gazanchian et
al., 2007), and salt stress (Zhao et al., 2001).
In the present study, the lowest values for all the characters except for SD were found in the areas
with low traffic density, whereas the highest values were detected in the areas with high traffic
density. The fact that the values obtained in the areas with no traffic density were neither the highest
nor the lowest, but just in the middle implies that stomatal characters are affected by other
environmental factors more. As a matter of fact, the samples examined in the study were not cultivated
in a controlled environment, but were chosen considering traffic density. It is likely that other
environmental factors in the areas where the samples were collected affected stomatal characters more
than traffic density. There are many studies reporting that plants’ morphological characters are shaped
by many environmental factors (Guney et al., 2016; Ozel & Ertekin, 2011; Sevik & Cetin, 2015; Sevik
& Cetin, 2016; Birişci et al., 2017a,b; Gülgün et al., 2014).
The results of the study show that stomatal characters have quite a high potential to be used for
determining traffic density. However, research on this subject is not sufficient. It is known and
reported that plants fulfill many economic, ecological, and aesthetical functions in nature (Kucuk et
al., 2007; Saglam et al., 2006; Gulgun et al., 2016a,b; Kalaycı et al., 2017; Mansuroglu et al., 2016)
and are effectively used for monitoring and reducing air pollution (Isinkaralar et al., 2017; Yigit et al.,
2016a,b). Yet, there are few studies aimed at determining air pollution by using plant stomatal
characters (Menghiu, et al., 2012; Ianovici et al., 2009). The present study indicates that plants have a
high potential in this matter. However, detailed research is needed for an efficient use of plants for this
purpose.
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