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Abstract
Effects of auto-exhaust pollution on the leaf structure of Olea europea L. (Olive) were determined.
Olive leaves were collected from three areas, such as, no low and heavy traffic areas with different traffic
intensity. Anatomical layer thickness of leaves was studied in cross sections. Results showed that, the least
values of layer thickness of leaves and total leaf thickness were obtained from high traffic area. Auto-exhaust
pollution caused chlorosis and necrosis in morphological structure of olive leaves as well. The plant tolerated
traffic-based pollution stress by decreasing anatomical layer thickness, however chlorosis occurred.
Therefore, olive leaves can be used as a bio-indicator for traffic-based pollution because of their higher
sensitivity to exhausts gases.

Introduction
In recent years, air pollution is an important problem all over the world particularly in many
thickly populated and industrialized areas (Kambezidis et al. 1996). According to WHO (2006), in
many urban areas of the world, traffic-based pollution is a major source of air pollution
contributing 57 -75% of total emissions. The increasing number of motor vehicles is continuously
adding toxic gases and other substances to the environment. Metals are one of the most harmful
materials that are caused by from auto-exhaust pollution. Metals from exhausts gases and
mechanical parts of motor vehicles tend to accumulate in plant tissues and have detrimental effects
on the metabolism of roadside plants even before visible symptoms appear (Viskari et al. 2000,
Karavin and Ural 2016). Many researchers stated that road traffic emissions caused some changes
on the morphology and foliar anatomy of roadside plants (Ghouse et al. 1980, Jahan and
Iqbal 1992, Pandey and Agrawal 1994, Verma et al. 2006, Joshi and Abhishek 2007). Some parts
of substances deposit on plant surface and the other parts of them penetrate into plant tissues.
Roadside plant leaves can be generally covered with motor exhaust particulates which cause
decrease in the capacity for photosynthesis (Woolhouse 1986).
Olive tree (Olea europaea L.) is the most important fruit trees in Mediterranean countries,
because of its economical value. The fruits and the oil of olive tree are used in the daily
nourishment of a large part of the world’s population. The leaves of olive have the secoiridoid
compounds, oleacein and oleuropein named secondary metabolites. These leaves were used for
medicinal purpose; therefore, olive leaves have important role (Hansen et al. 1996). Many
researchers reported that olive leaf extract has the capacity to lower blood pressure in animals
(Samuelsson 1951) and increase blood flow in the coronary arteries (Zarzuelo et al. 1991), relieve
arrhythmia and prevent intestinal muscle spasms (Garcia et al. 2000). Unfortunately, auto-exhaust
pollution can damage leaves, fruits of olive trees and this kind of pollution limits the factors for
olive productivity. For this reason, olive tree leaves are used as a bio-indicator for environmental
pollution in Aydin, a city in western Turkey (Turan et al. 2011).
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The aim of the study was to study effects of auto-exhaust pollution on the leaf structure of
Olea europaea L. It was hypothesized that auto-exhaust pollution may cause damages in
morphological and anatomical features in Olea europaea L. leaves because traffic-based
substances may deposit on leaf surface and metals may accumulate in leaves.
Materials and Methods
The experiment was carried out in Botanical Laboratory of Biology Department, Faculty of
Art and Science, Amasya University. The study was carried out by using leaf samples of Olea
europaea L. (Olive) collected from olive trees in three different areas where there is no traffic
(rural area- Buca Kaynaklar village), less-traffic (inside of Evka 3) and heavy-traffic (Evka 3
roadside) in İzmir which is a megacity in western Turkey.
The leaf samples were collected from 10 olive trees in each area. In order to reflect all the
canopy leaf samples were collected from bottom, middle and top. Leaf samples were fixed in 70%
ethyl alcohol for anatomical investigation. In order to investigate morphological effects of trafficbased pollution on olive leaves, morphological observation on leaves belonging to each groups
was used and necessary parts were photographed. Hand-made cross sections in leaves were
obtained to determine the anatomical layer thickness of leaves. Transverse sections for anatomical
observation of leaves were made by hand using commercial razor blades. Sartur reagent was
applied to the sections for investigation of some anatomical tissues easily (Çelebioğlu and Baytop
1949). A Leica ICC50 HD binocular light microscope, a Leica Digital Camera and X10 - X40
objectives were used for the measurements of the width-length measurements in various tissues.
Preparations were photographed with a Leica ICC50 HD binocular light microscope and a Leica
Digital Camera.
SPSS 20.0 for Windows was used as statistical analysis. The variance analyses were made by
using the Tukey test.
Results and Discussions
Metal pollution-based traffic not only leads to physiological damages in plants, but it also
affects morphological and anatomical structures of plants. The values of width-length
measurements of leaf anatomical layers in transverse sections belonging to each group are
presented in Table 1. All results in width-length measurements of leaf anatomical layers were
lower in less and heavy traffic areas than in rural area. Such a decrease in width-length
measurements of leaf anatomical layers seen in less and heavy traffic areas was statistically
significant as compared to the rural area. Specially, the decrease in values of width-length
measurements of palisade and spongy parenchyma is very important, because photosynthetic
reaction occurs in the mesophyll layer of leaves. Therefore, photosynthesis, which is the most
important physiological process in leaves, can be affected negatively. It was also found that the
values of total palisade and spongy area were lower in less and heavy traffic areas than rural area.
The least total area of palisade parenchyma was seen in heavy traffic area clearly (Fig. 1e).
Regional deformations and breakdown in palisade cells belonging to heavy traffic area were
observed as well (Fig.1e). Besides, the values of width-length measurements of midrib trachea
were lower in less and heavy traffic areas than rural area and the least thickness of midrib trachea
was determined in areas with heavy traffic. Decrease was seen in total leaf thickness according to
increase in traffic density. To sum up, accumulation of Cd, Cr and Co metals in high
concentrations caused by vehicle exhausts can give rise to a decrease in all anatomical layer
thicknesses of olive leaves.
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There are many reports on morphological, physiological and anatomical changes in plants due
to polluted conditions (Inamdar and Chaudhari 1984, Iqbal 1985, Gupta and Ghouse 1988,
Gravano et al. 2003, Novak et al. 2003 and Dineva 2004). Vehicles in the traffic are the main
sources of pollution in urban atmosphere of İzmir. The lead pollution caused by vehicles on the
leaf anatomy of pine leads decreasing the leaf diameter, tracheid diameter, epidermis cell number
and size, stomata number, width and index (Çavuşoğlu et al. 2009). There was a reduction in
width-length and total area of leaves in various plant species exposed to exhaust gases (Jahan and
Iqbal 1992). Besides, these researchers also mentioned that a reduction occurred in cuticle, the cells

Fig. 1. Transverse sections of leaves in rural area (a, b), in less traffic area (c, d) and in heavy traffic area (e,
f). c: cuticle, ue: upper epidermis, pp: palisade parenchyma, sp: spongy parenchyma, le: lower
epidermis, pt: peltate trichome and mt: midrib trachea.

of epiderma, palisade and parenchyma. Similarly, the heavy metal applications to plants caused
significant reduction of lamina and mesophll thickness (Kovacevic et al. 1999). The results in the
present study are in agreement with those of Jahan and Iqbal (1992) and Kovacevic et al. (1999).
In the present study, the observation of reduced anatomical layer thickness may be a plant
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adaptation to changing environmental factors to reduce accumulated metals caused by trafficbased pollutants. This adaptation can help plants minimize stress and maximize use of internal and
external resources (Dineva 2004).
When it comes to the effects of traffic-based pollution on morphological features of olive
leaves, it was found that chlorosis and necrosis were on leaves in both traffic areas (Fig. 2). No
leaves were observed in the rural area whereas the highest chlorosis and necrosis levels were
observed on the leaves in heavy traffic area. In this study, chlorosis and necrosis situations
increased in parallel with traffic intensity. Several pollutants can cause some changes such as
necrosis in leaf and chlorosis morphology when compared to unpolluted condition (Heath 1980).
Particularly, the leaves applied heavy metal of plants are smaller and chlorotic (Khan and Khan
1983). In addition to this, chlorotic leaves show reduction in photosynthesis (Yun 2007). In the
present study, the highest chlorosis and necrosis levels were observed in heavy traffic area,
therefore it may be said that photosynthesis level could be reduced in heavy traffic area due to
chlorosis. Besides, it was reported that Cd toxicity-based traffic pollution caused negative effects
in leaf structure, particularly this kind of toxicity resulted in scorching of leaf tip (Shanker et al.
2005). Therefore, observation of necrosis in this study can result from Cd accumulation-based
traffic pollution.

Fig. 2. The effect of traffic-based pollution on morphological features of olive leaves. Chlorosis
and necrosis are seen on leaves in both traffic areas.

It may be concluded that auto-exhaust pollution caused negative effects on the anatomy and
morphology structures on olive leaves. Reduced anatomical layer thickness, chlorosis and necrosis
in morphological structure in heavy traffic area were determined. Regional deformations and
breakdown in palisade cells belonging to heavy traffic area have been observed.
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