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ABSTRACT 
 

In recent years air pollution is one of the biggest problems in the world. Owing to the 
transboundary dispersion of contaminants around the world, air pollution has its own peculiarities. 
In a much planned urban setup industrial pollution takes a backseat and cooler admission takes 
the president's as the major cause of urban air pollution in the present investigation your pollution 
torrents index was calculated for various plant species growing around the Allahabad Highway. 
Five plants available commonly in all locations were selected for the present research namely 
Azadirachta indica (Neem), Delonix regia (Gulmohar), Saraca asoca (Ashok), Ficus benghalensis 
(Bargad), Ficus religiosa (Pepal). Using normal procedures, ascorbic acid, leaf extract pH, overall 
chlorophyll, relative water content and air quality tolerance index were analysed. Both plants tested 
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in both areas have been shown to be pollution-sensitive, varying from 02.29 to 12.53. No pollution 
tolerant organisms studied were found. The maximum value of pH was 7.8 found in Neem tree 
spp. (Azadirachta indica) in Rewa Road (NH-35) and the minimum value of pH was 5.9 found in 
Gulmohar tree spp. (Delonix regia) in Varanasi Road (NH-19), The maximum value of RWC (89.99 
%) found in Ashok tree spp. (Saraca asoca) and the minimum value of RWC (58.64 %) found in 
Neem tree spp. (Azadirachta indica) in Mirzapur Road site (NH-76). The maximum value of Total 
Chlorophyll Content was 1.55 mg/g found in Ashok tree spp. (Saraca asoca) in Mirzapur Road 
(NH-76) and the minimum value of Total Chlorophyll Content was 0.71 mg/g found in Bargad tree 
spp. (Ficus benghalensis) in Control Site and Rewa Road (NH-35). The maximum value of 
Ascorbic Acid (1.07 mg/g) found in Ashok tree spp. (Saraca asoca) in Rewa Road site (NH-35) and 
the minimum value of Ascorbic Acid (0.39 mg/g) found in Pepal tree spp. (Ficus religiosa) in 
Mirzapur Road site (NH-76) The variance may be due to alternative biochemical parameters being 
reflected. Plant can filter the air through aerial elements especially through their twigs stem leaves 
air pollution management is the better manage by the afforestation program. Air pollution tolerance 
index (APTI) is an intrinsic quality of tree to control air pollution problem which is currently of major 
concern of local urban locality. The trees having higher tolerance index rate or tolerant towards air 
pollution and can be used as a major component to reduce air pollution whereas the tree having 
less tolerance index can be an indicator to know the rate of air pollution. Hence, it is essential to 
protect the plants. 
 

 
Keywords: pH of leaf extract; relative water content; ascorbic acid; chlorophyll; APTI. 
 

1. INTRODUCTION 
 
Although water and land pollution are very 
dangerous but air pollution burnt out to be a 
serious problem due to the industrialization and 
urbanization. Nowadays particulate matter is the 
biggest concern due to their undesirable impact 
on plant and animal. The recognition and 
classification of plants into tolerant and sensitive 
groups is essential because the sensitive plants 
can use as an indicator and tolerant as a sink for 
the pollutants in the city and developed habitats. 
Plant has a very close relationship with the 
nature and if any altered conditions occur in the 
atmosphere it directly affects the physiology and 
biochemistry of the plant. Naturally plant                          
act as an air purifier which confuse particulate 
matter and smoke from the atmosphere and 
cleans the air. Sensitive trees species are 
suggested as a bio indicators Seyyednjad S.M. 
et al. [1]. Plant preliminary accept their pollutions 
does perform like scavengers for pollutants. The 
trees are being continuously exposed to the 
environment hence they attract gather and 
combine pollutants impinging on their                             
leaves surface therefore they show noticeable or 
slight change depending on their sensitivity                          
level. It is an established fact that vegetation 
plays an important role in cleaning the 
atmosphere by absorbing certain toxic air 
pollutants from its surroundings and also 
abatement of air pollution [2]. Sometimes 
physiological change takes place in plant                       
before it visible to the foliage of the plant. Does 

air pollution tolerance index is used                                     
to choose tolerant species and help in monitoring 
plant tolerance towards air pollution so 
assessment of plant on the basis of their level of 
tolerance to air pollution is essential 
consequently a APTI based on biochemical 
parameter is generally employed for recognizing 
the tolerance level of plants Panda LRL                    
et al. [3]. 
 
Air pollution is an inevitable harmful by-product of 
rapid industrialization and urbanization that is 
responsible for a variety of deleterious effects on 
all communities including humans, animals and 
plants. It has been a major environmental 
concern since the beginning of industrialization, 
resulting in a greater release of gaseous and 
particulate pollutants into the atmosphere [4]. 
With rapid development of human civilization, the 
number of automobiles has increased, which 
ultimately deteriorates the air quality. The use of 
automobiles is growing fast globally and with 
much greater pace in developing countries. Road 
traffic is considered as one of the major sources 
of air pollution. The combustion of fuel in engines 
of vehicles gives rise to SO2, lead (Pb), NOx and 
CO as well as suspended particulate matter. 
Emissions from automobiles operating on public 
roads represent a major portion of the air 
pollutants included in the emission inventories. In 
Asian countries increasing urban population 
growth, industrial activities and automotive traffic 
have caused serious air pollution The World 
Bank Report, [5].  
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Some plant species are susceptible to certain 
gaseous contaminants and some are tolerant. 
Any of the gases and toxins found in the 
atmosphere are phytotoxic and results in various 
morphological and physiological deformities in 
plant. In sensitive plants, the degree of such 
deformities will be high and in resistant ones 
low.As an early warning measure of emissions, 
susceptible species are valuable and resilient 
species help minimise the total pollution load, 
leaving the air comparatively clean from pollution 
Rao DN [6] . 
 
Singh and Rao have proposed a system for 
deciding the air Singh SK, Rao DN [7]. APTI by 
synthesising the values of four distinct 
biochemical parameters, i.e. leaf extract pH, 
ascorbic acid, gross chlorophyll and the relative 
content of water Singh S K [8], Gaikwad US, 
Ranade CD, Gadgil JM, [9], Jyothi SJ, Jaya DS 
[10]. Ascorbic acid serves as the first line of 
protection against the oxidative pressure of the 
pollutants among four parameters. Ascorbate is 
found in different organelles such ascytosol, 
chloroplast, vacuoles, mitochondria, and inside 
the cell wall Rautenkranz AAF, Li L, Machler F, 
Martinoia E, Oertli JJ [11], Liso R, De Tullio MC, 
Ciraci S, Balestrini R, La Rocca N, Bruno L, 
Chiappetta A, Bitonti MB, Bonfante P, Arrigoni O. 
[12]. 
 
The quality of air has an impact on a human 
being’s quality of life. Air pollution is a result of 
industrialization and urbanization and is a major 
problem of cities Natural factors, such as 
windstorms, extreme temperature, and dust, add 
particles and gases to the air; also, human 
activities, industrial and agricultural plants, and 
vehicles are factors that result in the presence of 
such materials into the air Hamraz et al. [13]. 
Objective of the investigation is to estimate the 
Relative Water Content, p

H
 of the leaf extract , 

Ascorbic acid and Chlorophyll contents of the 
tree species from selected sites along the 
National Highway of Allahabad, India and to 
calculate Air Pollution Tolerance Index of 
selected plant species in different highways of 
Allahabad, India. 

 

2. MATERIALS AND METHODS 
 
The present investigation entitled “Air Pollution 
Tolerance Index for Selected Species of Plants in 
Roadside Highways at Allahabad, Uttar Pradesh, 
India” was conducted at Sam Higginbottom 
University of Agriculture, Technology and 
Sciences, Allahabad, Department of 

Environmental Sciences and NRM, and January 
2018 – May 2018. The area situated on the 
national highway of Allahabad from where four 
different sites were choose as a study area i.e. 
Rewa road (NH 35), Mirzapur road (NH 76) and 
Varanasi road (NH 19) and jhunsi control site. 
Allahabad is located in south eastern part of 
Uttar Pradesh at an elevation of 98 meters from 
the mean sea level. Climatic and weather 
condition during the experimental trial was warm 
and temperate. The average annual temperature 
was 25.7 °Celsius. The average rainfall is about 
1027 millimeters. The parameter recorded during 
the investigation was relative water content pH 
ascorbic acid and chlorophyll content. At each 
distance, data were collected five commonly 
occurring plant species, namely Azadirachta 
indica (Neem), Delonix regia (Gulmohar), Saraca 
asoca (Ashok), Ficus benghalensis (Bargad), 
Ficus religiosa (Pepal).To retain uniformity, care 
was taken to select the plants of uniform age, 
size and spread growing at iso-ecological 
conditions. The observations of selected plant 
species were recorded during January to May 
2018. 
 

2.1 pH of Leaf Extract  
 
5 gram of the fresh leaves were homogenized in 
10 ml deionized water. This was filtered and the 
pH of the leaf extract was determined after 
calibrating p

H
 meter with buffer solution of p

H
 7 

and 9 with the method as described by Singh et 
al. [14]. 
 

2.2 Relative Water Content of Leaf (RWC) 
(%)  

 
The relative water content was estimated by 
gravimetric method proposed by Singh et al. [15]. 
The leaf weight under different conditions such 
as fresh, turgid and dry weight. Fresh weight was 
obtained by weighing the fresh leaves. The 
leaves were then immersed in water overnight 
and then weighed to get turgid weight. Next, the 
leaves were dried overnight in an oven at 70 °C 
and reweighed to get the dry weight.  
 
RWC = (��−��) (��−��) ×100  
FW = Fresh weight  
DW = Dry weight  
TW = Turgid weight 
 

2.3 Total Chlorophyll Content (T) (mg/g)  
 

The total chlorophyll content was analyzed by 
method described by Arnon [16]. 0.5 gram of 



fresh leaves were blended and then extracted 
with 10 ml of 80 % acetone and left for 15 min. 
The liquid protein was decanted into another test 
tube and centrifuged at 2,500 rpm for 15 min. 
The supernatant was collected and absorbance 
was measured at 645 nm and 663 nm for 
chlorophyll a and chlorophyll b using a micro 
controller based visible spectrophotometer. 
Calculation were done by using the formula given 
below:  
 

TCH (mg/g) = (20.2 × �.�. 645 
�.�. 663 ��) × 100 × �  

 
Total chlorophyll = chlorophyll a + chlorophyll 
b  

 
Where, O.D. 663 and O.D. 645 represent optical 
densities of respective wavelengths. 
V is the volume of extract and  
W is the weight of the leaf sample (gm)
 

2.4 Ascorbic Acid Content (A) (mg/g) 
 

The ascorbic acid content was estimated by the 
A.O.A.C. [17] method. For the estimation of 
ascorbic acid, fresh leaves (10 g) were 
homogenized in metaphosphoric acid solution. 
The volume was made to 50 ml and the solution 
was titrated against indophenol dye. Appearance 
of rose pink colour was noted as the end point of 
the titration. The amount of ascorbic acid in 
milligrams per 100 g was calculated by using the 
formula:  
 

Ascorbic Acid (mg/100 gm) = Dye factor × 
Titration reading × Volume made × 100 

Fig. 1. p
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fresh leaves were blended and then extracted 
with 10 ml of 80 % acetone and left for 15 min. 

to another test 
tube and centrifuged at 2,500 rpm for 15 min. 
The supernatant was collected and absorbance 
was measured at 645 nm and 663 nm for 
chlorophyll a and chlorophyll b using a micro 
controller based visible spectrophotometer. 

by using the formula given 

. 645 ��) + (8.02 × 

Total chlorophyll = chlorophyll a + chlorophyll 

Where, O.D. 663 and O.D. 645 represent optical 
densities of respective wavelengths.  

W is the weight of the leaf sample (gm) 

(A) (mg/g)  

The ascorbic acid content was estimated by the 
method. For the estimation of 

ascorbic acid, fresh leaves (10 g) were 
n metaphosphoric acid solution. 

The volume was made to 50 ml and the solution 
was titrated against indophenol dye. Appearance 
of rose pink colour was noted as the end point of 
the titration. The amount of ascorbic acid in 

d by using the 

gm) = Dye factor × 
Titration reading × Volume made × 100 

Weight of leaves taken × Volume taken for 
estimation 

 

2.5 Estimation of Air Pollution Tolerance 
Index (APTI)  

 
Air Pollution Tolerance Index values were 
estimated using the method suggested by Singh 
and Rao [18]. The plant species having APTI 
values falling in the range of 30 
regarded as tolerant, between 17 
intermediately tolerant, between 1 
sensitive and the plant species having APTI 
values less than 1 are considered as highly 
sensitive. 

 

3. RESULTS AND DISCUSSION
 

3.1 pH of Leaves 
 
pH of tree species at different sites, the table and 
Fig. 1 shows the pH values of the tree species 
out different sites. The maximum p
7.88 and 6.80) was found in Neem at Control 
site, Mirzapur road, Rewa road and Varanasi 
road. And minimum pH was recorded in 
Gulmohar at (6.82, 6.22, 6.40, and 5.96) all sites 
studied in this experiment it may b
presence of the acidic pollutants from traffic by 
emission of harmful gases in environment and 
settle down on leaf surface. The cells system 
functions well at optimum p

H
 but being exposed 

to acidic pollutants over a long period will reduce 
pH levels in fewer tolerant species. It was also 
found that all plants collected at all locations 
exhibited lower pH values. Similar results were 
also observed by Miria A. et al. (2013)

 

 
1. pH of plant leaves at different sites 
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Weight of leaves taken × Volume taken for 

Estimation of Air Pollution Tolerance 

Air Pollution Tolerance Index values were 
estimated using the method suggested by Singh 

. The plant species having APTI 
values falling in the range of 30 - 100 are 
regarded as tolerant, between 17 - 29 as 
intermediately tolerant, between 1 - 16 as 
sensitive and the plant species having APTI 
values less than 1 are considered as highly 

RESULTS AND DISCUSSION 

pH of tree species at different sites, the table and 
1 shows the pH values of the tree species 

different sites. The maximum p
H
 (7.18, 6.72, 

7.88 and 6.80) was found in Neem at Control 
site, Mirzapur road, Rewa road and Varanasi 

was recorded in 
Gulmohar at (6.82, 6.22, 6.40, and 5.96) all sites 
studied in this experiment it may be due to the 
presence of the acidic pollutants from traffic by 
emission of harmful gases in environment and 
settle down on leaf surface. The cells system 

but being exposed 
to acidic pollutants over a long period will reduce 

levels in fewer tolerant species. It was also 
found that all plants collected at all locations 

values. Similar results were 
(2013). 
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3.2 Relative Water Content (RWC) 
 
RWC

 
of tree species at different sites, the table 

and Fig. 4 shows the RWC values of the tree 
species out different sites. The maximum RWC 
(89.99 %) was found in Ashok tree spp. (Saraca 
asoca) at Mirzapur road. And minimum RWC 
was recorded in (58.64 %) Neem tree spp. 
(Azadirachta indica). All sites studied in this 
experiment it may be due to loss of water and 
dissolved nutrients, resulting in early senescence 
of leaves Masuch et al. [19]. It is likely therefore 
that plant with high RWC under polluted 
conditions may be tolerant to pollutants. It has 
been reported that air pollutants increases cell 
permeability Keller, [20]. 
 

3.3 Total Chlorophyll Content (mg/g) of 
Plant Leaves at Different Sites  

 
Table and Fig. 4 shows the Total Chlorophyll 
Content

 
values of the tree species out different 

sites. The maximum Total Chlorophyll Content 
(1.55 mg/g) was found in Ashok tree spp. 
(Saraca asoca) at Mirzapur Road. And minimum 
Total Chlorophyll Content was recorded in 
(0.71mg/g) Bargad tree spp. at Control Site and 
Rewa Road. All sites studied in this experiment it 
may be due to growing in shade contain more 
chlorophyll content in comparison with open light 
grown plants on fresh weight basis. High 
chlorophyll contents and larger leaf size in shade 
grown plant suggest that it is well adapted to low 
light intensities and the plants exposed to open 
light shows decrease in chlorophyll a, b and total 

chlorophyll content as compared to plants grown 
in dark. The increase in chlorophyll content in the 
leaves of shade grown plant may be attributed to 
an increase in the number and size of chloroplast  
 

3.4 Ascorbic Acid (mg/g) of Plant Leaves 
at Different Sites 

 
Fig. 4. Shows the Ascorbic Acid values of the 
tree species out different sites. The maximum 
Ascorbic Acid (9.74 mg/g) was found in Bargad 
tree spp. at Control Site. And minimum Ascorbic 
Acid was recorded (0.39 mg/g) in Pepal tree spp. 
at Mirzapur Road. All sites studied in this 
experiment it may be due to increased rate of 
production of relative oxygen species (ROS), 
during photo oxidation of SO2 and SO3 where 
sulfites are generated from SO2 absorption. The 
opinion that higher ascorbic acid content of plant 
is a sign of its tolerance against pollution. 
However its reducing activity is pH dependent, 
when pH is high at that time concentration of 
ascorbic acid is low Chaudhary and Rao, [21]. 

 
Table 1. APTI Value Range of Different Trees 

spp 

 
Trees species APTI response 
Bargad (Ficus benghalensis) Intermediately 

Tolerant 
Ashok (Saraca asoca) Sensitive 
Neem (Azadirachta indica) Sensitive 
Peepal (Ficus religiosa) Sensitive 
Gulmohar (Delonix regia) Sensitive 

 

 
 

Fig. 2. Relative Water Content (RWC) of plant leaves at different sites 
 

0

10

20

30

40

50

60

70

80

90

100

PEPAL ASHOK NEEM BARGAD GULMOHAR

R
W

C

Different sites of national Highways

CONTROL SITE

MIRZAPUR ROAD

REWA ROAD

VARANASI ROAD



 
 
 
 

Nishad et al.; IJECC, 10(12): 247-254, 2020; Article no.IJECC.63654 
 
 

 
252 

 

 
 

Fig. 3. Total Chlorophyll Content (mg/g) of plant leaves at different sites 
 

 
 

Fig. 4. Ascorbic Acid (mg/g) of plant leaves at different sites 
 

Air pollution tolerance index is an index denotes 
the capability of a plant to combat against air 
pollution. Plant which have higher index value 
are tolerant to air pollution and can be caused as 
sink to mitigate pollution, while plants with low 
index value show less tolerance and can be used 
to indicate levels of air pollution Singh and Rao, 
[7]. Among the plant species studied the highest 
tolerance was shown Bargad (Ficus 
benghalensis) (17.22) in Control Site, Ashok 
(Saraca asoca) (11.94) in Mirzapur Road Site, 
Bargad (Ficus benghalensis) (9.70) in Rewa 
Road Site and Bargad (Ficus benghalensis) 
(9.96) in Varanasi Road site. 

 
And the lowest tolerance was shown in trees 
species namely Gulmohar (Delonix regia) (5.59) 
in Control Site, Neem (Azadirachta indica) (3.66) 
in Mirzapur Site, Peepal (Ficus religiosa) (7.04) 
in Rewa Site and Gulmohar (Delonix regia) 
(4.02) in Varanasi Site. During the winter season 
APTI value is higher than the summer season. 

Bargad (Ficus benghalensis) tree spp. play an 
important role in purifying the air pollution in the 
environment. Plantation of these tolerant species 
is useful for bio monitoring and to develop the 
green belt among the nature and to reduce 
industrial air pollution. This is very essential for 
saving the environment for our future generation 
to protect the present generation. 

 

4. CONCLUSION  
 
The maximum value of pH was 7.8 found in 
Neem tree spp. (Azadirachta indica) in Rewa 
Road (NH-35) and the minimum value of pH was 
5.9 found in Gulmohar tree spp. (Delonix regia) 
in Varanasi Road (NH-19). The maximum value 
of RWC (89.99%) found in Ashok tree spp. 
(Saraca asoca) and the minimum value of RWC 
(58.64%) found in Neem tree spp. (Azadirachta 
indica) in Mirzapur Road site (NH-76) .The 
maximum value of Total Chlorophyll Content was 
1.55 mg/g found in Ashok tree spp. (Saraca 
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asoca) in Mirzapur Road (NH-76) and the 
minimum value of Total Chlorophyll Content was 
0.71 mg/g found in Bargad tree spp. (Ficus 
benghalensis) in Control Site and Rewa Road 
(NH-35). The maximum value of Ascorbic Acid 
(1.07 mg/g) found in Ashok tree spp. (Saraca 
asoca) in Rewa Road site (NH-35) and the 
minimum value of Ascorbic Acid (0.39 mg/g) 
found in Pepal tree spp. (Ficus religiosa) in 
Mirzapur Road site (NH-76) .Air pollution 
tolerance index (APTI) of plants is becoming a 
vital parameter because it assists the 
assessment of plants' tolerability to air pollution 
since the eventual increase of air pollution levels 
will be detrimental to the health of the existing 
vegetation. The results from this study provide 
information for the selection of tolerant species 
for future planning of the roadside landscape in 
order to mitigate air pollution and even ultimately 
reduce pollution Species in sensitive groups is 
best to be used as bio-indicators to air quality 
and species ranked as tolerant is best to be 
planted around areas with poor air quality since 
the tolerant species have the ability to absorb air 
pollutants. With increasing urbanization and 
industrialization, the air quality is degrading. 
Plants plays a significant role in mitigating the air 
pollution and maintains ecological balance. APTI 
determination is of utmost importance because 
with increase in small scale industries the 
pollution load rises at a rapid rate. From the 
results of the present study, this tolerant plant 
species can be used as indicators of pollution 
there by acting as a sink to all air pollutants. 
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