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Abstract— In developing countries rapid industrialization,
urbanization and vehicular traffic leads to the deterioration
of air quality. It is an appropriate time for taking necessary
step to check air pollution. Due to increase deforestation and
pollution level in developing country, researchers need to
find perfect plant species for plantation in polluted area. Air
Pollution Tolerance Index (APTI) and Anticipated
performance index (API) are the green technologies to
assess impact of air pollution on different plant species, to
decrease the air pollution by growing high tolerant plants
species near industries and road side, to indicate the air
pollution by plants with high tolerance index and to develop
the green belt. This kind of initiative is very imperative to
optimize environmental problem especially in urban and
industrial localities with the help of plants, selected on the
basis of their APTI and API value.
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. INTRODUCTION

Over last decade the characteristics of urban air pollution
have changed due to increase of air pollutant in air such as
Sulphur dioxide, NOx, Black smoke, Particulate matter and
other organic molecule have declined substantially while
road traffic and industrial emissions have emerged as the
major cause of poor air quality [4]. Typically, however,
urban air quality is dominated by emissions from road traffic
(Salty et al 2009). While pollution does arise from many
different sources such as vehicular emissions, industrial and
others. Vehicular pollution contributes two-third of the air
pollution in the urban area. The major pollutants emitted by
motor vehicles include oxidized and reduced form of CO,
NOx, SOx, hydrocarbons, lead and suspended particulate
matter have damaging effect on human health and ecology.
The emissions from automobiles led to change in
morphology and efficiency of plants including parameters
such as epidermal number, stomatal number, stomatal index,
chlorophyll content, root and shoot length of plants etc.
Since, plants act as a sink for air pollution, it reduces
pollution level in the atmosphere. Air pollution tolerant
index is an index denotes capability of a plant to combat
against air pollution [10][26]. Biochemical changes and its
role in air pollution tolerance index, a major factor that gives
sensitivity, tolerance to plants. The air pollution tolerance
index (APTI) based on four parameters has been used for
identifying tolerance levels of plants species [3][7].
Biochemical parameter of a long roadside and
industrial vegetation which helps to establish the
susceptibility/tolerance level of different vegetation species
so that we can grow that tolerant plant species in particular
polluted area. The four parameters are: Chlorophyll,
Ascorbic acid, pH, and Relative water content. Air pollution
alongside the roads, in urban and industrial area get
adsorbed, absorbed, accumulated or integrated in the plant
body and if toxic may injure them in various ways. The

level of injury will be high in sensitive species low in
tolerant ones. The sensitive species help in indicating air
pollution and tolerant one help in abatement of air pollution
[9]. So those plants having higher index value are tolerant
and we can describe the selection of eco—friendly plant
species and their correct location in the roadside and
industries environment to overcome the pollution emitted
from traffic load and industrial pollution.

Il. ROLE AND ANALYSIS OF BIOLOGICAL PARAMETERS

A. Relative Water Content

High water content in plants ensures the maintenance of the
physiological (such as transpiration, growth and respiration)
balance under stresses such as air pollution, and the RWC is
usually associated with the protoplasmic permeability of
cells, which is involved in the loss of water and dissolved
nutrients in plants, resulting in senescence of leaves. A plant
with higher relative water content is more tolerant in
drought resistance. Low relative water content of leaf means
lower rate of availability of water in soil. Relative water
content has been found to vary with air pollution. [16]
observed that RWC varied significantly across the locations
in all the studied tree species, the lowest RWCs were
recorded in the tree species growing in the staff residence
area (moderate traffic density), while the highest RWCs
were recorded in the tree species growing in the student
residence area (minimal traffic density).

RWC of a leaf is the water present in it relative to
its full turgidity and is associated with protoplasmic
permeability in cells which causes loss of water and
dissolved nutrients, resulting in early senescence of leaves.
According to Taylor, more is the surface area for removal;
more rapid is the extraction of the pollutant from the
intercellular space on to cell surfaces. Even though pollutant
molecules and their toxic derivatives react with water at the
cell surface and then subsequently cross the plasma lemma
into the cell, the potential toxicity of the pollutant may never
be realized if the cell possesses mechanisms which are
capable of eliminating the harmful molecules that cause
strain. So, Plants with high relative water content under
polluted conditions are considered be tolerant to air
pollutants. Leaf relative water content determine and
calculating by [21].

B. pH of Leaf Extract

Photosynthesis strongly dependent on leaf pH [22].
Photosynthesis is reduced in plants when the leaf pH is low
[25]. [19) reported that in the presence of an acidic
pollutant, the pH is lowered and that the decline is greater in
sensitive plants. A plant with high pH improves tolerance
against air pollution. So, plants with pH (6.5 to 8.0) under
polluted environment may be considered to be more
tolerant. The changes in leaf-extract pH might influence the
stomata sensitivity due to air pollutants. High pH increases
the efficiency of conversion of a hexose sugar to ascorbic
acid. In the presence of an acidic pollutant, the leaf pH is
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reduced and the reducing rate is more in sensitive plants
compare to that in tolerant plant species [19]. pH of the leaf
extract determined after calibrating pH meter with buffer
solution of pH 4, 7 and 9.2 by following the method given
by [14].

C. Total Chlorophyll Content

Chlorophylls are unique pigments with green color and are
found in diverse plants, algae, and cyanobacteria [12].
Chlorophyll is made up of carbon and nitrogen atoms along
with a magnesium ion in central position. Chloroplasts are
found in the mesophyll layer, in the middle of plant leaves.
Chloroplasts possess thylakoid membranes which contain
green chlorophyll pigment. Pollutants not only decrease the
chlorophyll content but in certain cases it may increase the
chlorophyll content, so chlorophyll is regarded as the index
of productivity of plant (Agbaire et. al). High concentration
of SO2 that removes phytol group of chlorophyll b, causes
destruction of chlorophyll structure into pheophytin by
replacement of Mg ** by two H atoms. Disruption of the
thylakoid membranes in the chloroplasts can decrease the
concentration of chlorophyll. Vehicular exhausts consisting
mainly of SPM Sulphur dioxide (SO2 ) and nitrogen oxides
(NO2) are the most phytotoxic contaminants that cause
visible leaf damage and contribute to a decrease in
photosynthetic pigments. In the cells, SO2 dissolves to give
bisulfite and sulfite ion at low concentrations it is
metabolized by chloroplasts to sulfate. Higher chlorophyll
content of trees varies from one individual to other; age of
leaf and also with the pollution level as well as with other
biotic and abiotic conditions [13]. The concentrations of Chl
a, b, total Chl, carotenoids, AA, relative moisture content,
pH and APTI were always lower in leaves of plants of the
same age at polluted sites than at the control site [8]. Those
tree species having low chlorophyll content have high
pollution load. Lower concentration of NO2 induces the
chlorophyll production but at higher concentrations,
reduction in photosynthetic pigments was observed [17].
Total chlorophyll content of leaf determines by described
method by [1].

D. Ascorbic Acid (AA)

The tree species having low chlorophyll content have high
pollution load dependent increase in ascorbic acid content
which may be due to the increased rate of production of
reactive oxygen species (ROS) produced such as H,02, SO3-
, HSO3- , OH-, and O during photo oxidation of SO3; -to
S04[23]. Ascorbic acid plays a significant role in cell wall
synthesis, photosynthetic carbon fixation, refence and cell
division [20). According to [6]are of the opinion that higher
ascorbic acid content of the plant is a sign of its tolerance
against Sulphur dioxide pollutants which are normally
affecting the roadside plants. Lower the ascorbic acid in tree
species supports the pollutants particularly automobile
exhaust [5].

Ascorbic acid (AA) provides the first line of
defense against oxidative stress of pollutant in plants [5]. In
this experiment increase in ascorbic acid content has been
found in the leaves exposed to maximum air pollutants.
There could be many concrete reasons for the increase in
this parameter. AA plays central role in plant

photosynthesis. It is widely distributed in various organelles
like-cytosol, chloroplast, vacuoles, mitochondria and also
inside the cell wall [18]. It acts as an antioxidant and protect
plant against photo-oxidative damage by eliminating
hydrogen peroxide formed by oxygen photo-reduction in
PSI with the help of ascorbate peroxidase (AP). This finding
is supported by [15] in spinach chloroplast. APTI value
increases with increase in ascorbic acid content, thus, we
can conclude that it is a crucial factor that provides tolerance
to plants. Ascorbic acid content was estimate according to
the method described by [2].

I1l. AIR POLLUTION TOLERANCE INDEX (APTI)

APTI was done by following the method given by Singh and
Rao [24]. The equation used for the Determination of APTI
is given as follows:
_[A(T+P)+R]
APTI 10

Where; A = Ascorbic acid content (mg/g), T = Total
chlorophyll in (mg/g), P = pH of leaf extract, R = Relative
Water content of leaf (%)

APTI values 0 to 1 =Very Sensitive, 1 to 16 =
Sensitive, 17 to 29 = Intermediate, 30 to 100 = Tolerant
[23]. This method expresses the capacity of a plant to battle
against air pollution.

IV. ANTICIPATED PERFORMANCE INDEX

On the basis of the resultant APTI values with some relevant
biological and socio-economic characters (APTI, plant
habit, canopy structure, type of plant, laminar structure,
hardness, texture and [Abstract]value), the APl was
calculated for different species. Based on these characters,
different grades (+ or -) are allot to plants. Different plants
are score according to their grades. The gradation of plant
species based on APTI as well as biological parameters and
socio-economic importance has been presented in Table 1
and Table 2. Maximum 16 grades that can be scored by a
plant. API can be calculated by the formula:

Grade Score Assessment
category
8.5109.0 Positive
Air pollution 9.1t095 Two Posi_tiye
tolerance 9.6 10 10.0 Three POS_I'FIVE
10.1t0 105 Four Positive
10.6t0 11.0 Five Positive
Small Negative
Tree habit Medium Positive
Large Two Positive
Sparse/Irregular/Globular Negative
Canopy - —
structure Spreading Posm\{e_
Large Two Positive
Large Negative
Type of tree Evergreen Positive
Laminar Small Negative
Characters Medium Positive
Size Large Two Positive
Smooth Negative
Texture - —
Coriaceous Positive
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Hardiness Delineate Neg_at_ive

Hardy Positive

Less than three uses Negative

Economic Three of four used Positive
value Five or more used Two Positive

Table 1: Gradation of plant species based on APTI as well
as biological parameters and socio- economic importance
Maximum grades that can be scored by a plant = 16

V. RELATED WORK ON APTI

Many people have researched air pollution control and
found out the response. Refer to the study work on APTI
from different areas of India here in this report. Owing to
industrial activities and roadside traffic emissions, industry
and roadside plant species are threatened by roadside
pollution. Some of the work being examined is described
below.

Grade Score Assessment category

0 Up to 30 | Not suggestion for plantation
1 31 to 40 Very poor

2 411050 Poor

3 51 to 60 Moderate

4 61to 70 Good

5 7110 80 Very good

6 81 to 90 Excellent

7 91 to 100 Best

Table 2: Rating used for Anticipated Performance Index of
plant species

VI. IN INDUSTRIAL AREAS

The APTI of 15 selected plant species collected from the
Rohtak town of Haryana was assessed by [9]. For green belt
development, F. virens and E. oblique were selected. APTI
was calculated for ten plant species growing in different
industrial areas in Yamuna nagar and Yamuna Nagar River
belt Manj Sharma In all the selected sites, one species
(F.benghalensis) demonstrated a moderately tolerant
response. Cajanus cajan has a high APTI value in the
Varanasi City Air Pollution Tolerance Index (APTI) and
Anticipated Efficiency Index (API) for the growth of
vertical greenery systems (VGSs). Ficus infectoria. For the
growth of the green belt in Varanasi district. It is a keystone
species (keller and schwager, 1977) and ranks first. The
APTI value of 30 plant species selected from the Tarapur
industrial area was identified by Joshi N et al. On the basis
of APTI value, Putrajira roxburghii ranks first. Around M.
Kumar and Nandini have calculated the APTI value for the
control susceptibility level of seven different plant species;
Mangifiera indica is considered a relatively tolerant species.
Neyveli showed that high and low values were reported by
Terminalia catappa and Magnifera indica, respectively.
APTI was determined by Tripathi et al. from 10 plant
species from the residential, industrial and commercial areas
of the city of Moradabad. The highest APTI value is shown
by Ficus rumphii, Azadirachta indica and Grewelia
robusta The APTI value for 24 plant species was calculated
and was taken from the Visakhapatnam industrial areas. As
an indicator of industrial air pollution, Ficus religisa, Zizpus
jujube, Phythanthus emblica and Cassia fistula species may

be included. Six species of plants collected from industrial
(Rourkela) and non-industrial (Aizawl) areas were studied in
a comparative way. On an APTI basis, M. indica and B.
spectabilis can be considered tolerant for both (industrial
and non-industrial) sites, showing a minimum difference in
their APTI value. In this analysis, Aarti chouhan. Selected
six plant species from the Pitmpura (M.P.) industrial region,
which found that the in all sectors, the giant displayed the
highest APTI value.

VIIl. INROAD SIDE AREAS

B. M. Bhardwaj and Sukhdev Singh was studied pollution
tolerance plant along road side plant in Ludhiana and found
that the most abundant species, Alstonia scholaris was
sensitive to air pollution and can be used as indicator.
Navjot Kaur et al. were studied for four road side plant
species. The site was exposed to constant vehicular traffic
plying on Najafgarh road network in Delhi. The tolerance
index value was found to be maximum for Dalbergia sisso.
Marimuthu Krishnaveni and Lavanya K determined APTI
for NH47 National Highway, Bangalore found that the
selected plant species P. hysterophorus to be a tolerant
species in this area. Narayan Chandra et al. were determined
along the roadsides around Netaji Subhas Chandra Bose
(N.S.C.B.) International Airport, Kolkata, India. Polyalthia
longifolia was found to be least affected by dust deposition
in studied area. Namita Joshi and Meha Bora monitoring the
ambient air quality along the NH-58 through Haridwar and
other 3 traffic intersection of the city. The study found that
the maximum dust intersection was done by Psidium gujava
and species Ficus religiosa has highest APTI value. In Yogi
Vemana University, Kadapa there were seven plants are
selected from polluted site and controlled site to evaluate
APTI value by G. Buchchi Babu et al. All the plants were
found to be sensitive to air pollution. The APTI values were
in the range of 7.38 to 10.12 in the polluted site and 6.44 to
9.6 in control site.

VIIl. CONCLUSIONS

APTI determination is an important green tool for cheek
pollution because there is an increased risk of deforestation
due to air pollution with rising vehicular traffic,
industrialization. The impacts of industrial and vehicular
emissions on soil and other aspects of the environment are
presently alarming. Several health hazards are associated
with exposure to such pollutants. This review will also very
helpful for future research work related to this area. The
identification of the tolerant plant species in relation to
different pollution level require more research work to
suggests suitable plant species to green-belt development
and social-forestry programs along the road and industrial
side plant.
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