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Abstract: Air pollution is among the nastiest form of pollutions causing vexation over the globe. The
recent situation of eco-toxicity showed that whole planet is facing this misery explicitly or implicitly.
The essence of this enigma is rapid urbanization and industrialization. Global developmental activities,
deforestation, uncontrolled industrial emission and increase in vehicular load made this environment
unfit for healthy life. This research work explored the effect of air pollution on physiochemical attributes
of Ficus religiosa L. planted along the polluted roadsides of Lahore city. Leaf area, ascorbic acid
contents (AAC), total chlorophyll content (TCh), pH of leaf extract, relative water contents (RWC), and
dust accumulation on leaves surface were measured using standard methods. Air Pollution Tolerance
Index was computed, and the results were compared with the control plants from Changa Manga forest,
70 Km away from Lahore city in cleaner locality. Several Physiochemical alterations in F. religiosa
growing in polluted arias were observed, including average leaf area (1367+14.25mm?), AAC (0.68+
0.021 mg/g), TCh (8.50+ 0.017) pH of leaf extract (7.17+0.018), RWC (92.5+0.076 %), and dust
accumulation on leaves surface (0.0716+0.00063 mg/cm?) compare to control. The recorded average
APTI value (10.32+0.023) was higher in the plants grown along the polluted roads compared to controls
(9.39£0.012). It is concluded from the results that air pollution tolerance level of Ficus religiosa L. was
higher along the polluted roads of Lahore. It depicts that they are considerably affected the prevailing
air pollution.
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1. Introduction

Pakistan is the 5th susceptible country affected by global climate change, while its contribution in
greenhouse Gas emission is less than 1%, which is lowest rate among the globe. Air pollution is not only
destroying human health but has also deep effect on Plants. Air of urban areas including vehicular
exhaust contains high levels of pollutants [1]. Air pollution is linked to harmful substances in the air
such as liquid droplets, solid particles or gases. Traffic related air pollutants are classified into primary
and secondary pollutants. Primary pollutant includes oxides of carbon, sulphar and nitrogen whereas,
secondary pollutant covers O3z and the other minor pollutants [2]. Lahore is the second biggest city of
Pakistan. According to recently conducted census it houses 11.1 million individuals [3]. It is considered
as cultural, economic, political educational and entertainment hub. It is located between 31° 32' 59”"N
longitude and 74° 20’ 37" E latitude covering an area of 1,772 km? [4].

In the Lahore city transport sector is remarkably increased, with increase in metro projects and
housing construction projects [5]. In the last ten years, the road transport has increased in a greater rate
in all the cities of Pakistan, especially in Lahore [6]. Air pollutants from vehicular exhaust remain in
atmosphere, but later these pollutants are gathered on the surfaces of land or reach to the earth surface
with rain water.
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Air pollutants, especially in urbanized cities, contribute in acid rain. Because of suspension of
particulate matter in air these pollutants are not only responsible for bad air quality but they are harmful
to plants and human health [7]. For Example NO. produce low level ozone when they react with
hydrocarbons, low level ozone (Os) reduces lung function and trigger asthma [8]. Along with this CO
reduces the ability of blood to carry oxygen which causes respiratory problems and headache Continuous
interaction to these air pollutants can results allergies, skin diseases, cardiovascular diseases and
premature mortality in human beings [9]. Vehicular air pollutants in plants results in foliar damages in
sensitive species and less in tolerant species, stunted growth, visible leaf injuries, early fall of buds,
reduced photosynthesis, and impaired physiology [10].

Urban forest helps in reduction of air and noise pollution, controlling soil erosion and enhancing the
natural beauty of an area. Trees are planted around railways, roadside, rivers, banks, gardens, parks and
playgrounds [11]. In urban areas the quality of air can be improved by greenbelt. Environmental
pollution can be analyzed by using biosensors. Bacteria (Salmonella typhimurium, E.coli) animals
(insect, mammals, fish, and worms) and plants (Tradescantia sp., Vicia faba) were successfully used as
biosensors in the past [12].

Native trees of Lahore city are Ficus benghalensis L., Ficus religiosa L., Ficus retusa L., Livistonia
chinensis L., Alstonia scholaris L., Erythrina suberosa L., Bombax malabaricum L., Mimusops elengi
L., Callistemon citrinus L., Dalbergia sissoo L., Delonix regia L., Mangifera indica L., Syzygium cumini
L., Kigelia pinnata L., Ziziphus L., Pongamia pinnata L. [13]. Ficus religiosa L. is the oldest planted
tree in Lahore city. Large tree of Ficus religiosa L. is 30 m long. The color of bark is white or brown.
Their leaves are shiny, thin, cordate shape and have 5-7 veins. Leaf blade is 10-20 cm long and 7-15 cm
wide. Leaves of Ficus religiosa L. increase in size in 9 days from about 425 to 4025 mm? after its
emergence from bract. Its canopy is irregular and coarse textured [14]. Ficus religiosa L. is planted along
polluted areas because of its large canopy and large number of leaves. One tree of Ficus religiosa L.
release considerable amount of oxygen that fulfill the oxygen requirement of 6 persons per day [15].
Oxygen production depends upon the diameter, health and growth rate of tree. During a year net oxygen
produced by a tree is directly related to long term storage of atmospheric carbon. Carbon sequestration
increase with increase in tree biomass. Ficus religiosa L release more oxygen because it yields more
biomass per unit area [16,17].

Physiochemical characters are under the influence of environmental pollution. Decreased chloro-
phyll content and increased ascorbic acid content was observed as a result of air pollution in plants which
ultimately leads to death of plants. The amount of photosynthetic pigments like chlorophyll and
carotenoid is reduced in leaves as a result of absorption of air pollutants and caused reduction in plant
yield [18,19]. Ascorbic acid play role in detoxification, cell expansion, cell division of plant cells [20].
The protein synthesis under stress condition (excessive CO, SO2, NOy) is affected. It has been observed
that many genes (HD.) are very sensitive to environmental pollution. The main objective of this research
work is to study the relationship between roadsides pollution and physiological parameters, biochemical
parameters and their regulation under air pollution stress.

2. Materials and methods

Physiochemical characteristics of Ficus religiosa L. under influence of air pollution along different
road sides of Lahore city was find out through different parameters like leaf surface area, dust
accumulation on leaves, while atomic absorption spectrum analysis of deposited dust on the leaves, was
also determined. Along with these parameters, estimation of Ascorbic Acid Content (mg/g), Total
Chlorophyll content (TCh), Leaf Extract pH, %Relative Water Content (RWC%) was carried out to
determine the Air Pollution Tolerance Index (APTI) of the selected plant species.

2.1. Selection of study sites
Lahore (The city of gardens) facing huge pressure of air pollution not only affecting humans but also
have drastic effect on plants. Ficus religiosa L. is one of the native trees of Lahore city planted on the
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road sides and into the park. The present research work is planned to study the effect of air pollution on
Physiochemical alterations in Ficus religiosa L planted along the polluted roadsides of Lahore city.
Three roads for experimental sampling in Lahore via Jail road, Mall road and Canal road were selected.
These sites are characterized with high density of vehicles. The control trees were selected from Changa
Manga District Kasur which is 80 km away from Lahore city with very low traffic flow and less air
pollution as well.

2.2. Calculation of leaf area

To calculate the surface area of leaves, leaf samples were drawn on graph paper. Petiole was only
drawn and was removed from other drawing. To calculate the leaf area squares located within the leaf
area drawing were counted and multiplied those with 1cm. Partial squares within the leaf area were
counted, and divided by 2.

2.3. Calculation of dust accumulation

About 10-15 matured leaves of Ficus religiosa L. from selected sites were collected in polythene
bags. Leaves were collected at the height of 3-4 meters from all the sites. First of all weigh of intact leaf
was measured and then dust from surface of leaves were gently collected with the help of camel hair
brush and weighed leaves as described by [21]. Dust accumulation on leaves surface of Ficus religiosa
L. from selected sites of Lahore city was calculated by following formula.

W= (W>-W,1) /A
where:
w = Dust content (g)
W> = Weight of sample leaf
W1 = Initial weight of leaf with dust
A = surface area of leaf

2.4. Analysis and measurement of biochemical parameters
Ascorbic acid content, total leave chlorophyll content, pH of leaf extract and relative water content
of leaves of Ficus religiosa L. were measured by using following standard procedures.

2.4.1. Measurement of ascorbic acid contents (AAC)
Leaves ascorbic acid contents were estimated by following method [22].

Ascorbic Acid Content (mg/g) = [Eo - (Es-Et) x V] /[W x V1] x1000
where:

Eo = Absorbance of blank

Es = OD (Optical Density) of pink Solution

Et = OD (Optical Density) of bleached solution

V1 = Volume of the supernatant taken V = Total volume of mixture

W = Weight of fresh leaf taken

2.4.2. Measurement of total chlorophyll content (TCh)

Leaves chlorophyll content were measured by using standard method [23]. Took 2mg of fresh leaves,
ground into the 20 mL of 80% acetone with the help of pestle and mortar and absorbance was read at
645 nm by using the spectrophotometer.

Total chlorophyll content was measured by using this formula.

Chlorophyll a (mg/g) fresh weight = (A663x0.0127+A645x%0.00269) x10x50

Chlorophyll b (mg/g) fresh weight = (A645%0.0229+A663x0.00468) x10x50

Total Chlorophyll (mg/g) fresh weight = (A663%0.0202+A645x0.00802) x10x50
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where:
A663 = Absorbance at 663 nm
A645 = Absorbance at 645 nm

2.4.3. pH of leaf extract
Took 1 g of fresh leave of Ficus religiosa L., homogenized into 50 mL distilled water and pH of
these plant extracts were estimated by a digital pH meter.

2.4.4. Relative water content (RWC %)
Following method was used for the determination of RWC [24].
RWC (%) = [(Fresh weight - Dry weight) + (Saturated weight - Dry weight) x 100]

2.4.5. Air pollution tolerance index (APTI)
APTI of the all plant sample was calculated by following formula [25].
APTI=[A (T+P) +R]/10
where:
A =Ascorbic acid content
P = pH of leaf extract
R = Relative water content
T = Total chlorophyll content

2.4.6. Statistical analysis

Mean value of the samples were compared and significance of the data was determined through
Analysis of Variance (ANOVA) by applying Duncan’s Multiple Range Test (DMRT) at 0.05 (5%)
significance level [26].

3. Results and discussions
3.1. Dust accumulation on leaves surface

The maximum dust was accumulated on Ficus religiosa L. (0.107+0.015 mg/cm?) leaves that was
collected from Mall road Lahore, minimum dust was noticed on leaves of control site (Changa Manga).
The order of selected site according to dust accumulation (Table 1) was Mall road (0.107+£0.0015
mg/cm?) > Jail road (0.076+0.0024 mg/cm?) > Canal road (0.0317+0.0021 mg/cm?) > control
(0.0025+0.00076mg/cm?). Dust accumulation was more on plants leaves growing at roadside due to
vehicular activity and capturing dust with gentle wind. These dust particles contain several remnants of
combustion of fuel and it is also reported that these micro elements get absorbed by the plants and cause
problems for metabolic activities.

Table 1. Dust accumulation on leaves surface of Ficus religiosa L. from selected sites

S. No Road sides Dust content (mg/cm?)
1 Control 0.0025a+0.00076
2 Canal road 0.0317b+0.0021
3 Jail road 0.076¢+0.0024
4 Mall road 0.107d+0.0015
5 Mean 0.0716bc+0.00063

Mean values followed by different alphabets showed variations among values at p= 0.05

3.2. Leaf area

Leaves collected from the control site had more area compared to leaves collected from polluted site
(Table 2). The order of selected sites according to leaf area was control (1542+16.42 mm?) > canal road
(1435+13.2 mm?) > Jail road (1416+14.3 mm?) > Mall road (1251+11.5 mm?).
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Table 2. Leaf area (mm?) of Ficus religiosa L. from selected sites

S. No Road sides Leaf area (mm?)
1 Control 1542d+16.42
2 Canal road 1435d+13.2
3 Jail road 1416¢+14.3
4 Mall road 1251a+11.5
5 Mean 1367cd+14.25

Mean values followed by different alphabets showed variations among values at p = 0.05

3.3. Ascorbic acid content (mg/g)

Ascorbic Acid is a natural antioxidant which increase the plant resistance against the air pollution.
The value of Ascorbic Acid content of Ficus religiosa L. (Table 3) growing at different road sides ranged
from 0.4 mg/g to 0.75 mg/g. The order of selected sites according to AAC was Mall road (0.75+0.021
mg/g) > Jail road (0.68+0.05 mg/g) > Canal road (0.61+0.032 mg/g) > control (0.4+0.041 mg/g).
Maximum AAC content was recorded in the samples of Ficus religiosa L. collected from Mall road
Lahore which reflects more resistance to air pollution compared to other samples. Ascorbic Acid is a
stress reducing factor and is present in pollution tolerant species.

Table 3. Ascorbic acid content (mg/g) of Ficus religiosa L. from selected sites

S. No Road sides Ascorbic Acid content (mg/g)
1 Control 0.40a+0.041
2 Canal road 0.61b+0.032
3 Jail road 0.68b+0.05
4 Mall road 0.75c¢+0.021
5 Mean 0.68b+0.021

Mean values followed by different alphabets showed variations among values at p= 0.05

3.4. Total chlorophyll content (mg/g)

Chlorophyll content of plants is important to its photosynthetic activity, growth and development of
biomass. Ficus religiosa L. growing along the polluted roadsides showed variation in their chlorophyll
content. These variations may be attributed to genetic variation and other environmental conditions. The
value of chlorophyll content of Ficus religiosa L. at different roadsides ranged from 7.96 mg/g to 14.34
mg/g. The order of selected sites according to chlorophyll content was Control (14.34+0.011 mg/g) >
canal road (9.1938+0.015 mg/g) > Jail road (8.36 £ 0.023 mg/g) > Mall road (7.96+£0.016 mg/qg).
Maximum chlorophyll content was recorded in the samples of Ficus religiosa L. collected from Control
site (Changa manga) compared to other samples from polluted roadside (Table 4).

Table 4. Total chlorophyll content (mg/g) of Ficus religiosa L. from selected site

S. No Road sides Total chlorophyll content (mg/g)
1 Control 14.34c40.011
2 Canal road 9.19b+0.015
3 Jail road 8.36b+0.023
4 Mall road 7.96a+0.016
5 Mean 8.50b+0.017

Mean values followed by different alphabets showed variations among values at p=0.05

3.5. pH of leaf extract

pH of leaf extract is a sensitive indicator of air pollution. Higher level of pH indicate that plants with
higher pH shows tolerance under polluted condition. The value of leaf extract pH of Ficus religiosa L.
growing at different roadsides ranged from 6.39 to 8.10. The order of selected sites according to pH was
Control (8.10+£0.014) > Canal road (7.99+0.023) > Jail road (7.12+0.014) > Mall road (6.39+0.015).
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Maximum leaf extract pH was recorded in the samples of Ficus religiosa L. collected from Control site
(Changa manga) as compared to other samples from polluted roadside (Table 5). Leaf extract pH was
reduced in the presence of acidic pollutants. pH exponential decrease with increase in vehicular
pollution.

Table 5. pH of leaf extract of Ficus religiosa L. from selected sites

S. No Road sides pH
1 Control 8.10b+0.014
2 Canal road 7.99a+0.023
3 Jail road 7.12a+0.014
4 Mall road 6.39¢+0.015
5 Mean 7.17ac+0.018

Mean values followed by different alphabets showed variations among values at p= 0.05

3.6. % Relative water content (RWC%o)

Relative water content within the plant body are helpful in maintaining the physiological balance
under stressful condition such as air pollution. Relative water content of plants is responsible for normal
function of plant biological processes. The value of Relative water content of Ficus religiosa L. growing
at different roadsides ranged from 85 % to 96.6 %. The order of selected sites according to RWC was
Mall road (96.6+£0.069 %) > Jail road (92+0.065 %) > Canal road (89+0.086 %) > Control (85+0.082
%) MaximumRWC was recorded in the samples of Ficus religiosa L. collected from Mall road as
compared to other samples from other sites (Table 6).

Table 6. Relative water content of Ficus religiosa L. from selected sites

S. No Road sides RWC %
1 Control 85a+0.082
2 Canal road 892a+0.086
3 Jail road 92b+0.065
4 Mall road 96.6¢+0.069
5 Mean 92.5b+0.076

Mean values followed by different alphabets showed variations among values at p= 0.05

3.7. Air pollution tolerance index (APTI)

Plants response to air pollution can be calculated by Air pollution Tolerance index. It is an index
used to determine the resistance of plants toward air pollution. APTI value was estimated by using the
four biochemical parameters namely Ascorbic Acid content, Total Chlorophyll content, pH of leaf
extract and Relative water content in plants leaves. The value of APTI (Table 7) Ficus religiosa L.
growing at different roadsides ranged from 10.73 to 9.39. The order of selected sites according to APTI
was Mall road (10.73+0.019) > Jail road (10.31+0.015) > Canal road (9.93+£0.023) > Control (9.39+
0.012). Maximum APTI was recorded in the samples of Ficus religiosa L. collected from Mall road
which means that these samples showed higher tolerance toward air pollution. Plants with high value of
APTI works as pollution sink. These plants are planted in an area that are facing the air pollution
problems.

Table 7. Air pollution Tolerance index (APTI) of Ficus religiosa L.

S.No.| Road Sides Ascorbic Acid | Total chlorophyll RWC % pH APTI
# content (mg/g) content (mg/g)
1 Control 0.4a+0.041 14.34d+0.011 85a+0.082 8.10b+0.014 9.39¢+0.012
2 Canal road 0.61b+0.032 9.19b+0.015 89+a0.086 7.99a+0.023 9.93d+0.023
3 Jail road 0.68b+0.05 8.36b+0.023 92b+0.065 7.12a+0.014 10.31b+0.015
4 Mall road 0.75c+0.021 7.96a+0.016 96.6¢+0.069 6.39¢+0.015 10.73a+0.019
5 Mean 0.68b+0.021 8.50020.017 92.5b+0.076 | 7.17ac+0.018 | 10.32b+0.023

Mean values followed by different alphabets showed variations among values at p= 0.05
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Air pollution has great impact not only on human health, but also on plants, especially those plants
that are directly exposed to air pollution. The stress caused by air pollution can alter the leaf size and
physicochemical characteristics of plants such as chlorophyll content, ascorbic acid content, relative
water content, pH and several proteins that regulate under air pollution stress. Ficus religiosa L. is the
native tree of Lahore city and is extensively planted along the roadsides due to its large cover or high
biomass. The experiment was conducted to measure the dust accumulations on the leaves surface area
and Air pollution Tolerance Index of the Ficus religiosa L. existing on the three main busy roads of the
Lahore. Data were compared with the control plants, which were grown in Changa manga District Kasur.
This study revealed that the higher quantities of the dust accumulations were recorded on the plant leaves
surface that were collected from the Mall road Lahore. Minimum dust accumulations were recorded on
the control plant leaves surface. In the present study leaves areas of the Ficus religiosa L. were also
noted. It was observed that the leaf samples of the road side plants was less in their size (leaf area) as
compared to the leaf samples of the control sites.

Many plants having the antioxidants in which the ascorbic acid is the most important. It increase the
tolerance of plants against the many environment stresses such as air pollution [27, 28]. Current study
revealed that the ascorbic acid contents are high in the plants planted on the roadsides of major roads of
the Lahore. It means the plants of the urban areas (having the higher concentration air pollution) are in
the stress condition as compared to the plants grown on the control or rural environment. Current study
shown that AA and pollution level are interconnected with each other, and the plants of the polluted area
have the higher level of ascorbic acid [29, 30]. The reason is the formation of ROS (Reactive Oxygen
Species) during the photo-oxidation process.

Between the bio-chemical parameters, the chlorophyll concentration is the most important indicator
of the plants on which we evaluate the effects of air pollution because it has the major role in the plant
development, metabolism and growth [31].The present study shows that the control plants have higher
level of total chlorophyll contents compared to the samples collected along the roadsides of three main
busy road of the city Lahore. The study conducted by Jyothi and Jaya in 2010 have reported similar
results showing that plants grown closer to road (10 m away from road) have lower total chlorophyll
contents compared to the plants grown away (200 m) from the road. These changes are attributed to
higher pollution levels in the area related with the roads traffic [32].

Another study have reported the connection of vehicular density with total chlorophyll content
(TCh), leaf senescence, photosynthetic activity and stomatal conductance [33]. The decrease in the TCh
contents of the leaves is due to the air pollution, and the chloroplast is the major site of the attack of
major air pollutant such like NO2 and SO> [29,34-36]. Air pollutants enter in the leaf tissue by the
stomata and in this way they degrade the chloroplast of plants and lower the total chlorophyll of the
plants leaves [31].

In the current study samples of the control plants have shown increased pH compared to the plants
which are grown along the different roadside. These results can be attributed to air pollutants, which is
also supported by a past study which reported that reduction in pH values is due to the presence of NO,
SO,, or other acidic pollutants released in the vehicular and industrial emission [28]. Minor acidic pH of
the leaf depicts the good interaction between air pollution induced stress and increased sensitivity of the
plants that results in lowering the process of photosynthesis in the plants [29, 31, 37].

Current study also revealed that the plants grown along the roadsides have the higher levels of
relative water contents (RWC) compared to the control plants. This difference shows the plant response
to overcome air pollution induced physiological deviations. RWC within the plant body are helpful in
maintaining the physiological balance under stressful condition such as air pollution. RWC of plants is
responsible for normal function of plant biological processes [30]. RWC are also associated with the
permeability of the protoplasts in the cells and can cause loss of dissolved nutrients and water, resulting
in the early senescence of leaves [34]. Maintenance of RWC by the plants may control the stress
tolerance of different plants species. The plants with higher RWC have greater stress tolerance capacity.
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Plants response to air pollution can be estimated by Air pollution tolerance index. It is a parameter
which can be used to determine the resistance of different plants species toward air pollution. It can be
calculated by using the four biochemical parameters including ascorbic acid content, total chlorophyll
content, pH of leaf extract and RWC in plants leaves. The value of air pollution tolerance index of Ficus
religiosa L. growing at different roadsides ranged from 9.39 to 10.73. Maximum air pollution tolerance
index was recorded in the samples collected from Mall road which showed higher pollution levels along
the road and higher plant tolerance toward air pollution. Plants having higher air pollution tolerance
index are more tolerant to the air pollution while the plants with lower air pollution tolerance index have
a low tolerance [28].

5. Conclusions

It can be concluded from the results that Ficus religiosa L. planted along the Mall road, Jail road
and canal road showed tremendous potential against ever increasing pressure of air pollution in one of
the biggest city of Pakistan. Highest value APTI in plant samples of Mall road was recorded followed
by plant samples of Jail road and Canal road. This could be due to the variation in density of plantation
of trees in all these three roads as Mall road is considered as one of the heavily planted road of Lahore
with large number of diversity of tree species, which can be helpful in mitigate the effect of air pollution
collectively as compared to the other roads. On other side less amount of plantation can be found on
these two roads which could be major factor in having less tolerance potential of the F. religiosa against
air pollution. Moreover, physiochemical characters of F. religiosa planted on the polluted roads of
Lahore, Pakistan showed alterations compared to control site. The APTI values of F. religiosa is higher
in polluted sites compared to cleaner area. It depicts that they are considerably affected by the prevailing
air pollution in Lahore city.
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