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Aims This study was carried out to determine the effects of urban gaseous pollutants (sulfur 
dioxide [SO2], nitrogen dioxide [NO2], and ozone [O3]) and climatic factors (temperature and 
precipitation) on the morphological and anatomical reaction of Platanus orientalis L. in Tehran.
Materials & Methods Seven districts of this city with a wide spectrum of climatic conditions and 
diversity of elevation were selected, and gas concentration of SO2, NO2, and O3 was determined. 
Then, morphological and anatomical parameters of this plant including leaf area, specific leaf 
area (SLA), wet and dry weight, leaf toughness and thickness, water content, lamina, and main 
vein were measured and the analysis of their correlations with environmental (climatic and 
pollutant) factors along with their t-tests were evaluated.
Findings The results showed that the climatic factors made significant (P < 0.05) changes on 
SLA, water content, wet and dry weight of green leaves of this plant. In addition, different levels 
of pollutant gases had significant (P < 0.05) effects on natural toughness, thickness, wet weight, 
number of spongy parenchyma layers, and the ratio of lamina mesophyll to subvein of leaves.
Conclusion The results explain that anatomical and morphological characteristics of P. orientalis 
leaves have been influenced by environmental stresses and changes in these factors show the 
resistance of the plant to the environmental conditions.
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Introduction
Air pollution is a modern phenomenon that 
threatens not only the human health but also 
the health of other live organisms including 
plants.[1] Although plants play an effective role 
in reducing air pollution, they themselves are 
vulnerable to a wide range of pollutants. It is 
essential to investigate the negative effects 
of air pollution on stability and livability 
of plants and its close association with 
human health quality, whereas leaves are 
the primary photosynthetic organs of trees[2] 
and are exposed to gases and airborne 
pollutants more than any organs, they are 
the best subject for such investigation.[1] 
Reduced length, width, and area of the leaf 
of roadside plants can signify the adverse 
effects of environmental parameters on 
this organ.[3] The high temperature and low 
relative humidity of environment both have 
direct impacts on plants life and disrupt their 
physiological activities.[4] The relationship 
of pollution and quantitative changes of 
climate parameters with the plant leaves has 
been investigated in many studies. Jahan and 
Iqbal[5] conducted a number of anatomical 
and morphological studies on leaves of 
Ficus, Guaiacum officinale L., Benghalensis L., 
and Eucalyptus sp. to find such relationship 
between the exhaust gasses of vehicle 
engines and health of roadside trees in the 
city of Karachi. Royampaeng and Puangchit[6] 
studied the effects of air pollution on leaf 
characteristic and growth parameters 
(growth height, dry biomass, and leaf area) of 
Pterocarpus indicus buds. A study conducted 
by Viskari et al.,[7] in Finland reported a 
positive correlation between traffic density 
and changes in epistomatal wax structure. 
Ferdinand et al.[8] studied the relationship 
between leaf characteristic (morphology and 
anatomy) and their sensitivities to ozone gas 
of environment in two genotypes of Prunus 
serotina seedlings. Gratani[9] examined the 
anatomy (thickness of palisade and spongy 
parenchyma, thickness of upper and lower 
epidermis, and cuticle), and morphology 
(leaf thickness, leaf area, and specific leaf 
area [SLA]) of Quercus ilex in polluted areas 
of Rome. Pourkhabbaz et al.[10] investigated 

the effects of air pollution on anatomical 
characteristics (stomatal density, epidermal 
cell density, area of stomatal pores, and leaf 
parenchyma) and morphology (length, width, 
surface, and color) of the leaves of Platanus 
orientalis in Mashhad. Seyyedinejad and 
Koochak[11] studied the leaf area and petiole 
length in Eucalyptus species subjected to air 
pollution stress conditions. Ekpemerechi 
et al.[12] examined the leaf area and petiole 
length of 10 species of Euphorbiaceae family 
in southwestern Nigeria in regions ranging 
from less polluted (rural) to highly polluted 
(urban) environments.
The relationships between the climate and 
anatomical and morphological parameters 
have also been investigated in several 
studies.[13,14]

The polluted air of Tehran is one of the 
major difficulties of this city due to its 
high population and industrial activities. 
Destructive effects of air pollution and other 
climatic factors on the health of human and 
other live organisms make these studies 
inevitable. Since plane species of P. orientalis 
has an extensive distribution in Tehran’s 
green environment, it was our objective 
to consider the destructive effects of air 
pollution and climate on anatomical and 
morphological characteristics of their leaves 
as an inevitable study.

Materials & Methods
Study area
Study area was the city of Tehran located 
between 51° 17 min and 51° 33 min east 
longitude, and between 35° 36 min and 
35° 42 min north latitude. Authors selected 
seven study zones based on elevation 
[Table 1], and distribution of weather and 
air pollution monitoring stations. The site 
selection process was carried out such a way 
that greatest portion of the city would be 
covered in this study [Figure 1].
Data collection
Meteorological data was collected from 
the 5 nearest weather stations of Tehran, 
including Mehr-Abad, Dushan-Tappe, 
Geophysic Park, and Aminabad. The 
meteorological parameters including mean 
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value of minimum temperature, mean value 
of maximum temperature, mean value of 
average temperature, average count of frost 
days, mean value of absolute minimum 
temperature, mean value of absolute 
maximum temperature, and mean annual 
precipitation were collected. Air pollution 
data were collected from air pollution 
monitoring stations of Iran’s Environmental 
Protection Organization, and included hourly 
measurements pertaining to pollutants 
nitrogen dioxide (NO2), sulfur dioxide (SO2), 
and ozone (O3) [Table 2].
In each study zone, 5 randomly-selected, 
healthy, pest-free trees with symmetrical 
crown and equal diameter were sampled in 
mid-August. In each instance of sampling, 
six leaves were collected from the south-side 
middle-section of the crown. Morphological 
parameters such as leaf area, wet and dry 
weight, leaf toughness, and leaf thickness 
were measured. Wet weight was measured 

with a digital scale with 1 mg precision. 
Leaf area (cm2) was then obtained using 
the area meter LI-COR and L1-3100. Leaf 
toughness (N/m) and leaf thickness (mm) 
were measured with a toughness meter 
and a leaf thickness tester, respectively. 
In the end, leaves were dried for 48 hours 
at temperature of 70°C and were then 
immediately weighted.[15] Next, wet and dry 
weights were substituted in equation (1)[16] 
to obtain the sample’s water content.
Water content = �{(wet weight−dry weight)/

wet weight}×100� (1)
It should be mentioned that SLA was 
obtained in cm2 dried−1 weight (g).[17]

The examined anatomical characteristics 
included lamina thickness and 
mesophyll, lamina veins, thickness and 
number of palisade and spongy layers, 
ratio thickness of the palisade layers 
to the thickness of the spongy layers 
(Rp/Rs), thickness of epidermis and cuticle, 

Table 1: Elevation and geographical coordinates of the study zones in Tehran city
Site Name Tajrish Shahrzad Azadi Bahman Pardisan Karim khan Sorkhe 

hesar
Elevation (m) 1615 1408 1180 1103 1382 1238 1444
Latitude 35° 48ʹ 18ʺ 35° 48ʹ 18ʺ 35° 48ʹ 18ʺ 35° 48ʹ 18ʺ 35° 48ʹ 18ʺ 35° 48ʹ 18ʺ 35° 48ʹ 18ʺ
Longitude 51° 25ʹ 25ʺ 51° 25ʹ 25ʺ 51° 25ʹ 25ʺ 51° 25ʹ 25ʺ 51° 25ʹ 25ʺ 51° 25ʹ 25ʺ 51° 25ʹ 25ʺ

Figure 1: Map of the study zones in Tehran city
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thickness and number of collenchyma and 
parenchyma of midrib, thickness of midrib, 
midrib vein and mesophyll, and number, 
and length of stomata on upper and lower 
surface. All anatomical studies were carried 
out using a light fluorescence microscope 
(Olympus BH2-RFCA).
Data analysis
Collected data were entered into the EXCEL 
software and were analyzed with the Minitab 
14 Software to find statistically significant 
correlations between the morphological 
and anatomical characteristics of leaves and 
environmental factors (pollution and climate). 
An independent t-test also conducted 
to investigate the differences in leaves’ 
morphological and anatomical characteristics 
for the study zones in which differences were 
significant in terms of only one environmental 
factor (either pollution or climate).

Findings
Table 3 shows the correlation between 
morphological characteristics of P. orientalis 
leaf and environmental (pollution and 
climate) parameters and indicates that only 

leaf toughness and leaf specific area were 
associated with ozone content (a pollution 
factor), and mean value of absolute minimum 
temperature (a climate factor), respectively.
This relationship indicates that in higher 
ozone levels, leaf toughness decreases, 
and leaves become more fragile (r = −0.98, 
P < 0.05); on the other hand, the SLA 
decreases with reduction of temperature 
(r = −0.81, P < 0.05).
Similarly, Table 4 shows the correlation 
between anatomical leaf characteristics of 
P. orientalis and environmental (pollution 
and climate) parameters. It indicates also 
that only the distribution of stomata on 
lower surface correlated with both climate 
and pollution factors. This parameter 
had positive correlation with increase in 
temperature and decrease in precipitation 
and had inversely correlation with increasing 
of pollution factors.
This means that as temperature increases 
or precipitation decreases, the number of 
stomata per unit area increases, and when 
pollution increase, the number of stomata 
decreases. Apart from the distribution of 

Table 2: Air pollution data of study zones in Tehran
Study zone Mean NO2 (ppm) Mean SO2 (ppm) Mean O3 (ppm) Max O3 (ppm)
Tajrish 0.05 0.04 ‑ ‑
Shahrzad 0.04 0.04 0.02 0.10
Azadi 0.06 0.06 0.01 0.09
Bahman 0.08 0.02 ‑ ‑
Pardisan 0.05 0.02 0.01 0.32
Karim‑khan 0.02 0.04 0.01 0.07
Sorkhe‑hesar 0.02 0.01 0.02 0.12
NO2: Nitrogen dioxide, SO2: Sulfur dioxide, O3: Ozone

Table 3: Correlation coefficients between morphological leaf characteristics of Platanus orientalis 
and environmental (pollution and climate) parameters

Parameters Specific leaf 
Area (cm2/g)

Wet 
weight (g)

Dry 
weight (g)

Moisture 
content

Leaf 
thickness 

(mm)

Leaf 
toughness (N/m)

Mean value 
of absolute 
minimum 
temperature 
(C°)

0.65 0.70 −0.71 0.88 0.84 −0.88*

Mean 
ozone (ppm)

−0.98* −0.63 0.49 −0.88 −0.88 0.62

*P < 0.05; **P < 0.01
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stomata, leaf midrib showed correlation 
with climate and six parameters related 
to leaf lamina and four parameters related 
to leaf midrib exhibited association with 
pollution.
Examinations of differences between study 
zones showed that there is no significant 
difference in climatic parameters of zones 
Azadi and Sorkhe-hesar, and the only 
significant environmental parameter 
affecting plant characteristics is air pollution 
(SO2 and NO2). Table 5 shows that Azadi 
zone had more polluted gases (NO2 = 0.058; 
SO2 = 0.057) than Sorkhe-hesar (NO2 = 0.02; 
SO2 = 0.009). However, there was no 
significant difference in gases pollution of 
Tajrish and Pardiasan zones, and they had 
only differences in their climatic conditions. 
In light of these results, the independent 
t-test was done to see the effects pollution 
and climatic factors on the anatomical and 
morphological characteristics of P. orientalis 
in Azadi, Sorkhe-hesar, Tajrish, and Pardiasan 
zones. The test results [Table 6] showed 
that samples taken from less polluted zone 
(Sorkhe-hesar) had higher moisture content, 
thickness, toughness, and more layers of 
spongy parenchyma than samples of more 
polluted zone. Furthermore, the samples 
taken from the zone with lower temperature 
and higher participation had higher leaf 
area indexes, moisture contents, and lower 
stomata distributions.

Discussion
Correlation between air pollution 
and anatomical and morphological 
characteristics of leaf
The results obtained between air pollution 
and anatomical and morphological 
characteristics of plant leaves indicates that 
increasing of air pollution reduced the leaf 
toughness and leaf became more fragile. 
Leaf toughness is a factor of cell walls’ 
strength. Important factors determining leaf 
toughness include lignin[18] and sclerophylly 
index (protein/fiber).[19] When the contents 
of these compounds increase in the leaf, its 
toughness improve significantly. Since air 
pollution decreases the lignin content and 

protein/fiber ratio, consequently strength 
of cell walls is lowered, and leaves become 
more fragile.[20] In this study, one of the 
important factor which grows as pollution 
increased is ratio of Rp/Rs (Azadi area 
had more ratio thickness of the palisade 
layers to the thickness of the spongy 
layers (Rp/Rs = 1.77) than Sorkhe-hesar 
(Rp/Rs = 1.45), this association is reflected 
significantly by decreasing number of 
spongy parenchyma layers in samples of 
polluted areas. Reig-Arminana et al.[21] have 
also reported that in polluted areas there 
is a considerable change in transformation 
of spongy and palisade parenchyma in 
cells of tree leaves. Dineva[22] has reported 
that in polluted areas, thickness of spongy 
parenchyma of Platanus acerifolia Willd 
is significantly lower while thickness of 
its palisade parenchyma is higher. This 
decrease has been attributed to lamina 
structure, as it is the most important 
response factor of tree to air pollution. The 
spongy mesophyll of leaves is exposed to 
pollution, when polluted gases are entered 
into the plant through the natural openings 
(normally stomata), and passed through 
the stomata of lower epidermis.[23] Evans 
and Ting[24] believed that spongy mesophyll 
is less resistant to toxic gases than palisade 
mesophyll and this is because of larger size 
of spongy cells in comparison to palisade 
tissue. Considering the significant difference 
in the number of spongy parenchyma layers 
in the two study zones and higher RP/RS 
ratio and thickness of palisade parenchyma 
and lower thickness of spongy parenchyma 
in more polluted zone, the response of 
P. orientalis to pollution can be considered 
similar to findings of other studies. One of 
the observations that authors of this paper 
would like to highlight is the reduction 
of dry weight of leaf due to increasing of 
polluted gases in different zones. Asadi[25] 
studied the effect of gaseous pollutants on 
biochemical and physiological parameters 
of the two species of Lotus and Eucalyptus 
and showed a significant reduction in wet 
and dry weight of their leaves as a result 
of pollution. Ashenden and Williams[26] 
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have also pointed out the reduced dry 
weight of leaves of Phleum pratense and 
Lolium multiflorum in contact with NO2 
and SO2 pollution. A study by Askari and 
Hosseinkhani[27] on the impact of SO2 
pollution on Medicago sativa has reported 
the significantly reduced leaf area, 
wet weight, and dry weight under that 
condition. The study of Bhardwaj et al.[28] 
has shown that when subjected to different 
SO2 concentrations, Capsicum annuum 
exhibits a significant decrease in growth 
indices. Study of Salama et al.[29] on the 
effects of air pollution on morphological 
and physiological characteristics of Datura 
innoxia Mill. showed reduced leaf area, dry 
weight, and chlorophyll concentration as 
the result of pollution. Dry weight is often 
closely associated with growth analysis 
and has a positive relationship with growth 
parameters,[30] so reduced growth in the 
polluted area leads to reduced dry weight. In 
fact, air pollution and deposition of engine 
exhaust particles on the leaves reduce 
the rate of gas exchange through the leaf 
surface and decelerate the photosynthesis 

process by blocking stomata; this blockage 
reduces the plant growth[31] and leads to 
reduced leaf dry weight.
Correlation between climate and 
anatomical and morphological 
characteristics of leaf
SLA is a factor of leaf thickness and often is 
decreased in drought conditions.[32] Drought 
stress decelerates the plant’s photosynthesis 
process, and since thicker leaves have a 
higher chlorophyll-protein density per unit 
area and higher photosynthesis capacity 
than thinner leaves, deceased SLA under 
drought stress can be attributed to plants 
adaption and resistance in response to this 
situation.[13] Hence, in this situation, plant 
develops thicker leaves with lower SLA. 
Thus, reduced SLA of xerophyte plants can be 
considered as a mechanism to compensate 
for reduced amount of photosynthesis.[33] 
Observations of this study in regard with 
reduction of SLA are consistent with the 
findings of previous studies. In this study, 
leaf thickness was found to be the only 
morphological characteristic associated 
with climatic factors, and it increased with 

Table 5: Results of independent t‑test conducted for study zones Sorkhe‑hesar and Azadi, based 
on relationship morphological and anatomical leaf characteristics of Platanus orientalis and 
environmental (pollution and climate) parameters

Air pollution Mean value for 
Sorkhe‑hesar

Mean value for Azadi P

Mean value of nitrogen dioxide (ppm) 0.021 ± 0.003 0.058 ± 0.016 0.005**
Mean value of sulfur dioxide (ppm) 0.009 ± 0.003 0.057 ± 0.039 0.023*
Mean value of ozone (ppm) 0.024 ± 0.012 0.013 ± 0.002 0.113ns

Maximum value of ozone (ppm) 0.121 ± 0.037 0.094 ± 0.003 0.24ns

Climate
Mean value of minimum temperature (C°) 13.342 ± 0.788 13.272 ± 0.699 0.726ns

Mean value of maximum temperature (C°) 23.189 ± 0.768 23.126 ± 0.762 0.793ns

Mean value of average temperature (C°) 18.269 ± 0.73 18.196 ± 0.713 0.745ns

Average count of frost days 29.67 ± 14.94 30.62 ± 12.98 0.827ns

Absolute minimum temperature (C°) −5.338 ± 1.893 −6.152 ± 2.363 0.225ns

Annual precipitation (mm) 252.85 ± 72.54 240.8 ± 66.98 0.579ns

Absolute maximum temperature (C°) 40.986 ± 1.264 41.048 ± 1.1 0.866ns

Leaf characteristics
Wet weight (g) 6.58 ± 0.98 5.83 ± 1.38 0.025***
Thickness (mm) 16.3 ± 2.86 13.74 ± 1.87 0.000***
Toughness (N/m) 2.21 ± 0.3 1.6 ± 0.31 0.000***
Lamina mesophyll/vein ratio 4.69 ± 0.99 3.14 ± 0.77 0.028***
Number of spongy parenchyma layers 2.4 ± 0.55 1.4 ± 0.55 0.02***

*P < 0.05; **P < 0.01; ***P < 0.001. ns: Not significant
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the increase in temperature and decrease 
in precipitation. This result is consistent 
with the findings of Songsri et al.[13] and 
Rabie et al.[34] reported the development of 
thicker leaves in drought conditions. The 
increased leaf thickness in dry condition 
may be due to a survival mechanism 
protecting internal veins against water loss 
and dehydration.[35] Increased leaf thickness 
in different conditions such as drought 
stress[13] signifies the plant’s response 
to environmental stress in the form of 
adaptation to adverse conditions. The study 
of Rabie[35] on Artemisia sieberi in its natural 

habitat and farm environment reported that 
leaf water content in farm environment is 
higher than that in natural habitat. This 
observation was attributed to easier growth 
conditions, better access to water and 
lower temperature in farm environment in 
comparison to natural habitat. Furthermore, 
Akhzari and Ghasemi Aghbash[36] declared 
that aridity stress significantly decreased 
water content of leaves from 7% in control 
treatment to 5% and 4% at -6 to -10 aridity 
level. Decrease in water content of the leaf 
under drought stress may depend on plant 
vigor reduction. Under the condition of 

Table 6: Results of independent t‑test conducted for study zones Tajrish and Pardisan, based 
on relationship morphological and anatomical leaf characteristics of Platanus orientalis and 
environmental (pollution and climate) parameters

Air pollution Mean value for Tajrish Mean value for Pardisan P value
Mean value of nitrogen 
dioxide (ppm)

0.053 ± 0.001 0.021 ± 0.051 0.887ns

Mean value of sulfur 
dioxide (ppm)

0.041 ± 0.004 0.017 ± 0.011 0.135ns

Mean value of 
ozone (ppm)

‑ ‑ ‑

Maximum value of 
ozone (ppm)

‑ ‑ ‑

Climate
Mean value 
of minimum 
temperature (C°)

10.493 ± 0.538 13.504 ± 2.228 0.000***

Mean value 
of maximum 
temperature (C°)

20.6 ± 0.924 21.289 ± 0.496 0.011**

Mean value of average 
temperature (C°)

15.548 ± 0.699 17.039 ± 0.556 0.000***

Average count of frost 
days

55.548 ± 0.699 31.94 ± 11.36 0.000***

Absolute minimum 
temperature (C°)

−8.595 ± 2.368 −5.675 ± 2.038 0.000***

Annual 
precipitation (mm)

427.1 ± 111.9 316.1 ± 99.1 0.003**

Absolute maximum 
temperature (C°)

38.196 ± 1.126 36.281 ± 9.751 0.378ns

Leaf characteristics
Specific leaf 
area (cm2/g)

158.99 ± 30.5 121.7 ± 18.8 0.000***

Wet weight (g) 4.056 ± 0.92 5.038 ± 0.95 0.000***
Dry weight (g) 1.526 ± 0.40 2.019 ± 0.424 0.000***
Water content (%) 62.66 ± 2.29 59.89 ± 3.55 0.002**
Stomata distribution 145.5 ± 38.7 159.7 ± 33.4 0.05*

*P < 0.05; **P < 0.01; ***P < 0.001. ns: Not significant
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water deficit, cell membrane subjects to 
changes such as penetrability and decrease 
in sustainability. Microscopic investigations 
of dehydrated cells revealed damages 
including cleavage in the membrane and 
sedimentation of cytoplasm content. 
Probably, in these conditions, ability to 
osmotic adjustment is reduced. Hence, lower 
water content of leaves in the zones with 
higher temperature and lower precipitation 
can be explained.
Bagheri et al.[37] found drought as the 
limiting and unfavorable factor on growth 
and production of plants, it was concluded 
that as drought stress intensity increases the 
water content percentage decreases. This 
reduction leads to adjustment of osmosis 
pressure of the leaf cell. These changes 
are the short-term reaction of the plant to 
drought stress and are criteria to explain the 
ability of plant to survive in the condition of 
drought stress.[38]

Fahn[39] has stated that one characteristic of 
leaf of xerophyte species is the lower ratio 
of outer surface area to total volume and has 
explained that the plant can reduce this ratio 
by making changes such as increasing stomatal 
density or developing palisade mesophyll. On 
this basis, increased stomatal density and 
development of palisade parenchyma is a 
characteristic of arid plants, and this confirms 
and explains the findings of this study.

Conclusion
The results explain that anatomical and 
morphological characteristics of P. orientalis 
leaves have been influenced by biological 
stress and number of the reactions such as 
leaf toughness reduction, which is criteria 
of lowered strength wall cells and fragile 
leaves, leaf water content reduction, which 
shows the deficiency in plant ability, are 
the short-term reactions to environmental 
stresses. On the other hand, some other 
characteristics such as Rp/Rs increase 
in reaction to pollution, reduction in leaf 
specific area, increase in stomatal density 
in response to drought condition, show the 
resistance of the plant to the environmental 
conditions. Plants react to polluted gases 

by increasing the thickness of palisade 
parenchyma and decreasing the number 
of spongy parenchyma layers to stabilize 
inner space. Furthermore, increase the 
leaf thickness and stomatal density cause 
sustainability in drought condition to 
contribute to survival of the species under 
stress conditions.

Acknowledgments
We would like to acknowledge Ali Dargahi, 
who helped during the collection and 
analysis of samples, and to R. Azimi and F. 
Ghasemi for assistance in laboratory tests.
Ethical Permissions: None declared by 
authors.
Conflicting of Interests: The authors state 
that there is no conflict of interest.
Authors’ Contributions: Each of the 
authors contributed to the development of 
the paper.
Funding/Support: This paper did not have 
funding for performance.

References
1.	 Ghyasedin M. Air pollution-sources, effects and 

controls. Tehran: Tehran University Press; 2007. 
p. 920. [Persian]

2.	 Gostin IN, Ivanescu L. Structural and micro 
morphological changes in leaves of Salix alba 
under air pollution effect. Int J Energ Environ. 
2007;1:219-26.

3.	 Stevovic S, Surcinski Mikovilovic VS, Calic-
Dragosavac D. Environmental study of heavy 
metals influence on soil and Tansy (Tanacetum 
vulgare L.). Afr J  Biotechnol. 2010;9(16):2392-
400. 

4.	 Bahram-Soltani K. Basic facts of urban green area 
architecture. Tehran: Did; 2005. p. 218. [Persian]

5.	 Jahan S, Iqbal MZ. Morphological and anatomical 
studies of leaves of different plants affected by 
motor vehicles exhaust. Med J Islamic World Acad 
Sci. 1992;5(1):21-3.

6.	 Royampaeng S, Puangchit L. Effects of air pollution 
on leaf structure and growth performances of 
Pterocarpus indicus Willd, Seedlings. Thai J For. 
1995;14:151-60. [Thai]

7.	 Viskari EL, Kossi S, Holopainen JK. Norway spruce 
and spruce shoot aphid as indicators of traffic 
pollution. Environ Pollut. 2000;107(3):305-14.

8.	 Ferdinand JA, Fredericksen TS, Kouterick KB, 
Skelly JM. Leaf morphology and ozone sensitivity 
of two open pollinated genotypes of black cherry 
(Prunus serotina) seedlings. Environ Pollut. 
2000;108(2):297-302.



ECOPERSIA� Winter 2018, Volume 6, Issue 1

77� Farahnaz Rashidi and Adel Jalili

9. Gratani L, Crescente MF, Petruzzi M. Relationship
between leaf life-span and photosynthetic activity 
of Quercus ilex in polluted urban areas (Rome).
Environ Pollut. 2000;110(1):19-28.

10.	 Pourkhabbaz AR, Rastin N, Olbrich A, Langenfeld 
Heiser R, Polle A. Influence of environmental 
pollution on leaf properties of urban plane
trees, Platanus orientalis L. Bull Environ Contam
Toxicol. 2010;85(3):251-5.

11.	 Seyyedinejad SM, Koochak H. A study on air 
pollution Induced biochemical alterations in
Eucalyptus camaldulensis. Aust J Basic Appl Sci.
2011;5(3):601-6.

12.	 Ekpemerechi SE, Lala MA, Jimoda LA, Odiwe 
AI, Saheed SA. Effect of air pollution on the
foliar morphology of some species in the family
Euphorbiaceae in southwestern Nigeria. J Sci
Technol. 2014;34(1):21-9.

13.	 Songsri P, Jogloy S, Holbrook CC, Kesmala T, 
Vorasoot N, Akkasaeng C, et al. Association of root, 
specific leaf area and SPAD chlorophyll meter 
reading to water use efficiency of peanut under 
different available soil water. Agric Water Manag.
2009;96(5):790-8.

14.	 Kulkarni M, Schneider B, Raveh E, Tel-Zur N. Leaf 
anatomical characteristics and physiological
responses to short-term drought in Ziziphus
mauritiana (Lamk.). Sci Hortic. 2010;124:316-22.

15. Mebrahtu T, Hanover JW. Family variation in gas
exchange, growth and leaf traits of black locust 
half-sib families. Tree Physiol. 1991;8(2):185-93.

16.	 Van De Sande-Bakhuyzen HL. Studies upon wheat 
grown under constant conditions. Plant Physiol.
1928;3(1):1-6.

17. Hunt R. Basic growth analysis: Plant growth
analysis for beginners. Karimi M, Azizi M,
translators. Mashhad: Jahad Daneshgahi
(Mashhad University); 1994; p. 111. [Persian]

18. Wright W, Illius AW. A comparative study of the
fracture properties of five grasses. Funct  Ecol. 
1995;9(2):269-78.

19. Choong MF, Lucas PW, Ong JSY, Pereira B, Tan
HTW, Turner LM. Leaf fracture toughness and
sclerophylly: Their correlations and ecological
implications. New Phytol. 1992;121(4):597-610. 

20. Hayes F, Jones MLM, Mills G, Ashmore M. Meta-
analysis of the relative sensitivity of semi-natural
vegetation species to ozone. Environ Pollut.
2007;146(3):754-62.

21. Reig-Armiñana J, Calatayud V, Cervero´ J, Garcia-
Breijo FJ, Ibars A, Sanz MJ. Effects of ozone on
the foliar histology of the mastic plant (Pistacia
lentiscus L.). Environ Pollut. 2004;132(2):321-31.

22. Dineva S. Comparative studies of the leaf
morphology and structure of white ash (Fraxinus
americana L.) and London plane tree (Platanus
acerifolia Willd) growing in polluted area.
Dendrobiology. 2004;52:3-8.

23.	 Nikolaevski VS. About the indicators of the 
durability of woody plants. Publisher Location
unknown: INTA Biologii UFAN;1963. p. 74. 
[Russian]

24. Evans LS, Ting IP. Ozone sensitivity of leaves:
Relationship to leaf water content, gas transfer
resistance and anatomical characteristics. Am J
Bot. 1974;61(6):592-7. 

25. Asadi A. The effect of environmental pollution
on internal structure and some biochemical and
physiology ocalyptus spp. and Zizipus spp. In
Khozestan Provinance [Dissertation]. Tehran:
University of Payame Noor; 2009; p. 72. [Persian]

26. Ashenden TW, Williams IAD. Growth reductions
in Lolium multiflorum Lam. and Phleum pratense 
L. As a result of SO2 and NO2 pollution. Environ
Pollut Ser A Ecol Biol. 1980;21(2):131-9.

27.	 Askari M, Hosseinkhani Hezave Sh. Inoculation 
effects of standard and native rhizobium meliloti
on growth Alfalfa (Medicago sativa) under the
So2 pollution. J Cell Tissue. 2012;3(3):259-70.
[Persian]

28.	 Bhardwaj MK, Bhardwaj R, Bhardwaj A. Studies in 
growth and biochemical responses in capsicum
annum under So2 exposure. Indian J Appl Pure
Biol. 2011;26(1):129-134.

29. Salama HMH, Al-Rumaih MM, Al-Dosary MA.
Effects of Riyadh cement industry pollutions on
some physiological and morphological factors
of Datura innoxia Mill, Plant. Saudi J Biol Sci.
2011;18(3):227-37.

30.	 Kramer PJ, Kozlowski TT. Physiology of woody 
plants. New York: Academic Press; 1979. p. 811.

31.	 Naidoo G, Chirkoot D. The effects of coal dust on 
photosynthetic performance of the mangrove,
Avicennia marina in Richards’s bay, South Africa.
Environ Pollut. 2004;127:359-66.

32.	 Marcelis LFM, Heuvelink E, Goudriaan J. Modelling 
biomass production and yield of horticultural
crops: A review. Sci Hortic. 1998;74(1-2):83-111.

33. Tardieu F, Granier C, Muller B. Modelling leaf
expansion in a fluctuating environment: Are 
changes in specific leaf area a consequence 
of changes in expansion rate?. New Phytol,
1999;143(1):33-43.

34. Rabiee M, Asri Y, Abbas Azimi R, Dehghan M. The
effects of climatically parameters on anatomical
structure of Artemisia sieberi Besser populations. 
Iran J Plant Biol. 2012;13(4):57-69.

35.	 Rabie M. Investigation of Artemisia sieberi Besser 
population ecological characteristic in Iran
[Dissertation]. Karaj. University of Tehran, Faculty 
of Natural Recourses; 2008. p. 350. [Persian]

36.	 Akhzari D, Ghasemi Aghbash F. Effect of salinity 
and drought stress on the seedling growth
and physiological traits of Vetiver Grass
(Vetiveria zizanioides stapf.). ECOPERSIA.
2013;1(4):339-52.



ECOPERSIA� Winter 2018, Volume 6, Issue 1

The Effects of Airborne Pollutants and Climatic Factors on Leaf Characteristics of Platanus Orientalis� 78

37. Bagheri M, Al-e Bouali F, Sadeghi, H, Javanmardi
Sh. Investigation the effect of drought stress on
ion changes, Water content percentage, prolin
and other characteristic of petunia sp. J Horticul
Sci. 2014;28(3):347-59.

38.	 Ahmadi A, Emam Y, Pessarakli M. Biochemical 

changes in maize seedling exposed to drought 
stress conditions at different nitrogen levels. J 
Plant Nutr. 2010;33(4):541-56.

39. Fahn A. Plant anatomy, 4th Edition. Oxford:
Pergamon Press; 1990.



  نويسنده مسئول*
  ٠٢١٤٤٧٨٧٢٨٢شماره تلفن: 

  ٠٢١٤٤٧٩٦٥٧٥فکس: 
تهران، ایرانسازمان تحقیقات، آموزش و ترویج کشاورزی، ها و مراتع کشور،  موسسه تحقیقات جنگلآدرس پستی:  rashidi@rifr-ac.ir  

  Platanus orientalis برگ درخت چنار  یمتغیرهای کمّ العمل عكس
 آلودگی هوا و اقلیم در مقابل 

 PhD *رشیدی فرحناز
  تهران، ایران، یج کشاورزیقات، آموزش و ترویسازمان تحقها و مراتع کشور،  قات جنگلیسسه تحقوم

 PhD جلیلی عادل
  تهران، ایران، یج کشاورزیقات، آموزش و ترویتحقسازمان ها و مراتع کشور،  قات جنگلیسسه تحقوم

  چکیده
با توجه به تاثیرات منفی  .یكی از معضلات شهرهای صنعتی مانند تهران است گی هوا آلود :اهداف

بر گیاهان و اقلیم بررسی میزان تاثیرات آلودگی  ،انسان و گیاهان به همراه عوامل اقلیمی بر هواآلودگی 
و  O3, SO2, NO2 شامل شهری آلاینده اثرگازهای بررسی هدف با تحقیق لذا این .استلازم و ضروری 

  . شد انجام تهران شهر در درخت چنار    یهای متغیرهای کمّ العمل عكس بر اقلیم (دما و بارندگی)
هفت منطقه مطالعاتی با توجه به خصوصیات ارتفاعی،  بررسی این منظور به: ها مواد و روش

 برگ، شناسی سطح سنجش آلودگی هوا و هواشناسی انتخاب گردید و خصوصیات ریختهای  ایستگاه
گیاه و خصوصیات  برگ ضخامت برگ، كشش برگ، رطوبت درصد ،کخش و تر وزن برگ، ویژه سطح

همبستگی و  آنالیز ها با استفاده ازگیری و دادهمورد اندازه ساختاری پهنک و دمبرگ اصلی برگ درخت
  . گرفت قرار بررسی مورد Tآزمون 
دار پارامترهای سطح ویژه برگ، وزن مرطوب و خشک و درصد رطوبت برگ دارای تفاوت معنی :ها يافته

در دو منطقه با دمای بیشتر و بارندگی کمتر (پردیسان) و دمای کمتر و بارندگی بیشتر (تجریش)  بوده و 
م اسفنجی و نسبت مزوفیل پهنک به های پارانشی کشش برگ، وزن مرطوب، ضخامت برگ و تعداد لایه

دار در دو منطقه با آلودگی بیشتر (منطقه آزادی) و آلودگی آوند بدون اتصال پهنک دارای تفاوت معنی
  د.بوكمتر (منطقه سرخه حصار) 

های محیطی قرار  مشخصات آناتومی و مورفولوژی برگ درخت چنار تحت تاثیر استرس: گيری نتيجه
   نشان از پایداری گیاه به شرایط محیطی است.گرفته و این تغییرات 

 ها کلیدواژه
 ؛هوا آلودگی
 ؛اقلیم
 ؛چنار

  سطح ویژه برگ




