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Abstract: Air Pollution Tolerance Index (APTI) is used by landscapers to select plant species tolerant to air pollution. To develop the
usefulness of plants as bioindicators requires an appropriate selection of plant species which entail an utmost importance for a
particular situation. Four physiological and biochemical parameters including leaf relative water content (RWC), ascorbic acid (AA)
content, total leaf chlorophyll (TCh) and leaf extract pH were used to develop an APTI. The present study was designed to categorise
trees commonly used as roadside plantations, as sensitive or resistant based on their air pollution tolerance index (APTI) values. The
study area selected for the same was the educational hub of Gujarat State i.e. Vidyanagar. The seasonal variations in the APTI values of
the selected tree species were studied. From the present study the order of tolerance of the selected tree species was Cassia
renigera>Cassia fistula> Delonix regia>Azadirachta indica >Samanea saman >Ficus religiosa >Albizzia amara >Peltophorum
pterocarpum>Lagerstroemia indica>Pongamia pinnata. It could be also noted that the tree species belonging to Cesalpinaceae family
showed greater tolerance to air pollution as compared to other trees. The results of such studies are handy for future town planning.
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1. Introduction
Air pollution is one of the serious problem faced by the
people globally, especially in urban areas of developing
countries like India. The major cause of air pollution is
industrialization [20]. Population growth and underestimated
future plan of city development are the major triggers for the
increase in the air pollution level in cities [14]. It has been
suggested that 60% of the air pollution in city is caused by
automobiles only [12].
Plants developed characteristic response and symptoms in
response to different types of pollutants and level of air
pollution. Sensitivity and response of plants to air pollutants
is variable. Sensitive plant species are suggested as bioindicators [21. 28]. Different plant species showed a
different behaviour for different pollutants and any plant part
could be indifferently used as biomonitors [18]. It has also
been reported that when exposed to air pollutants most plant
experience physiological changes before exhibiting visible
damage to leaves.
In terrestrial plant species, the enormous foliar surface area
acts as a natural sink for pollutants especially the gaseous
ones. The harmful effects of air pollution on vegetation have
already been well documented [1, 9, 16, 22]. Plants act as
excellent scavengers of air pollution but the efficiency
various from species to species [5,7, 13].
Biomonitoring of plants is an important tool to evaluate the
impact of air pollution. Plants play an important role in
monitoring and maintaining the ecological balance by
actively participating in the cycling of nutrients and gases
like carbon dioxide, oxygen and also provide enormous leaf
area for impingement, absorption and accumulation of air
pollutants to reduce the pollution level in the air
environment [11].

Previous studies also showed the impact of air pollution on
ascorbic acid content, chlorophyll content, leaf extract, pH
and relative water content. These separate parameters gave
conflicting results for same species. However, the air
pollution tolerance index (APTI) based on all four
parameters has been used for identifying tolerance levels of
plant species. Air pollution tolerance index is used by
landscapers to select plant species tolerant to air pollution
[30]. It has also been used to rank plant species in their order
of tolerance to air pollution [27]. The present paper
determined variations in the APTI values of selected tree
species commonly selected for road side plantation in
Vidyanagar, Gujarat, State India. This study had also
identified the plant species tolerant as well as sensitive to the
vehicular pollution.

2. Materials and Methods
The study area selected for the present study was AnandVidyanagar Road (Gujarat, India), major transport corridor
between two towns i.e. Anand and Vallabh Vidyanagar.
Vidyanagar is the educational hub of Gujarat state with a
high population density. The geographic location of the
study area is 22.56 ° N, 72.95° E. After initial field survey,
10 tree species viz. Azadirachta indica A. Juss., Cassia
renigera Wall., Largestroemia indica L., Peltophorum
pterocarpum Backer., Delonix regia Rafi., Pongamia
piñnata Pierre., Albizia amara L., Ficus religiosa L., Cassia
fistula L. and Samanea saman Jacqu. Were selected based
on their predominance of occurrence as a road side
plantation along the Anand-Vidyanagar road. Three trees of
each species selected were spotted on the study area.
The leaf samples of selected trees from the site of study
were collected in the morning hours, every month during
July to March. Fully mature leaves in triplicates were
collected from the selected tress of almost same diameter at
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breast height (DBH). The fresh leaf samples were analyzed
for pH of leaf extract, total chlorophyll content, ascorbic
acid and relative water content using standard procedures [4,
25, 29, 6]. The obtained results culminated in the evaluation
of air pollution tolerance index.

and Pongamia pinnata showed the highest chlorophyll
content in winter season. In all the seasons, highest
chlorophyll content was found in Cassia renigera indicating
its high productivity. The chlorophyll content of all the tree
species is presented in table 2.

APTI:
Air Pollution Tolerance Index (APTI) was done based on the
method given by [27].

3.3 Changes in the leaf extract pH

APTI = A (T+P) + R
10
A = Ascorbic acid content (mg/g)
T = Total chlorophyll (mg/g)
P = pH of leaf extract
R = Relative water content of leaf ( %)

The leaf pH values of the selected plant species for different
season are depicted in the table 3. pH values for all the
species varied from acidic to slightly alkaline.

3.4 Relative Water Content

3. Results
All the biochemical parameters studied exhibited significant
variation from species to species and season to season. Air
Pollution Tolerance Index (APTI) proved as effective tool in
calculating the tolerance level of different tree species when
compared to individual bio-chemical parameters such as pH
of the plant extract, relative water content, ascorbic acid
content and chlorophyll content.
3.1 Changes in Ascorbic Acid Content:
Seasonal variation in leaf ascorbic acid contents in the
selected tree species during monsoon, winter and post-winter
seasons is presented in Table 1. Ascorbic acid content
peaked in the winter months among all the species. In all the
species except in Delonix, maximum AA content was found
either in the month of October or in the month of January.
Tree species belonging to Cesalpiniaceae family (Delonix
spp., Cassia spp. & Peltophorum spp.) showed highest as
well as similar pattern of seasonal variation in their ascorbic
acid content. Cassia renigera and Cassia fistula showed the
maximum average ascorbic acid contents i.e. 2.55 mg/ml
and 2.49 mg/ml respectively. Pongamia pinnata showed
relatively much lower level of the average ascorbic acid
(0.41 mg/ml).
3.2 Changes in Total Chlorophyll Content
Cassia renigera, Cassia fistula and Samanea saman, all
belonging to Cesalpiniaceae family showed high levels of
chlorophyll in monsoon season while; Lagerstroemia indica,
Peltophorum pterocarpum, Delonix regia, Ficus religiosa

The relative water content was high among the plant species
studied during monsoon months with a decline in the level
during winter months followed by post winter season.
Majority of the species showed the highest water content in
the month of August (Table 4).
3.5 APTI
The results of Air Pollution Tolerance Index (APTI)
calculated for each tree species studied during different
seasons is depicted in table 5. All the Cesalpinaceae
members showed the highest APTI levels in the month of
October. Different plant species shows considerable
variation in their susceptibility to air pollution. The plants
with high and low APTI can serve as tolerant and sensitive
species respectively. In the present study, based on the
tolerance nature, the trees can be arranged in the order as the
most tolerant species Cassia renigera>Cassia fistula>
Delonix regia>Azadirachta indica >Samanea saman >Ficus
religiosa >Albizzia amara >Peltophorum pterocarpum>
Lagerstroemia indica>Pongamia pinnata.
Table 1: Ascorbic Acid Content(µg/ml) of Selected Tree
Species
Species Name
July Aug Sep Oct Nov Dec Jan Feb Mar
Albizzia amara
0.18 0.32 0.48 0.95 0.3 0.45 1.26 0.52 0.39
Azadirachta indica 0.42 0.39 0.75 1.27 1.29 1.2 1.83 0.92 0.6
Cassia fistula
0.78 0.45 0.6 6.98 2.88 4.68 1.92 1.72 2.4
Cassia renigera 0.45 0.6 0.51 6.4 2.91 3.21 6.39 0.36 2.13
Delonix regia
0.39 0.26 0.63 1.51 0.99 1.62 0.88 0.92 0.9
Ficus religiosa
0.21 0.3 0.33 0.61 0.54 0.48 0.84 0.56 0.3
Lagerstroemia indica 0.24 0.3 0.6 0.85 1.08 1.02 1.32 1.24 0.24
Peltophorum
0.27 0.24 0.42 1.23 1.98 1.23 2.1 1.08 1.08
pterocarpum
Pongamia pinnata 0.24 0.15 0.24 0.82 0.3 0.66 0.72 0.44 0.12
Samanea saman 0.33 0.69 0.51 2.8 1.29 1.98 1.38 1.56 0.6

Table 2: Chlorophyll Content (mg/g) of Selected Tree Species
Species Name
Albizzia amara
Azadirachta indica
Cassia fistula
Cassia renigera
Delonix regia
Ficus religiosa
Lagerstroemia indica
Peltophorum pterocarpum
Pongamia pinnata
Samanea saman

July
6.12
34.4
33.82
40.19
19
9.4
10.93
17.68
6.42
14.51

Aug
4.03
18.46
10.34
13.06
10.28
16.83
8.58
18.98
10.55
38.6

Sep
1.74
25.33
23.85
25.79
9.36
14.29
10.44
15.44
4.99
33.86

Oct
12.86
23.4
26.51
25.77
21.55
23.5
21.47
7.22
36.1
37.89

Nov
9.44
31.1
13.32
28.08
33.75
23.8
22.98
21.15
24.39
14.99

Dec
6.27
27.37
19.48
35.76
23.25
22.55
15.56
15.82
21.09
34.15

Jan
9.53
20.2
7.16
27.6
21.75
22.22
7.32
18.88
6.02
14.75

Feb
8.79
37.16
13.31
14.78
9.68
19.53
16.93
21.04
13.56
24.45

Mar
24.61
17.73
26.2
29.62
3.63
18.26
6.67
10.15
30.02
34.22
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Table 3: Leaf Extract pH of Selected Tree Species
Species Name
July Aug Sep Oct Nov Dec Jan Feb Mar
Albizzia amara
7 6 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Azadirachta indica
7.1 7 7.5 7.5 6.5 6.5 6.5 6.5 6.5
Cassia fistula
7.1 7 6.5 6.5 7 7.2 7.2 7 6.5
Cassia renigera
7.2 7 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Delonix regia
6.1 6 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Ficus religiosa
7.1 7 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Lagerstroemia indica
7 7 6.5 6.5 7 7.1 7.2 7.1 7.2
Peltophorum pterocarpum 7 7.1 7.2 7.2 6.5 6.5 6.5 6.5 6.5
Pongamia pinnata
7 7.1 7.1 7.2 7.5 7.5 7.5 7.1 7.1
Samanea saman
6.1 7 6.5 6.5 7.1 7.1 7.2 7.1 6.5

Table 4: Relative Water Content (%) of Selected Tree
Species
Species Name
Albizzia amara
Azadirachta indica
Cassia fistula
Cassia renigera
Delonix regia
Ficus religiosa
Lagerstroemia indica
Peltophorum pterocarpum
Pongamia pinnata
Samanea saman

July Aug Sep Oct Nov Dec Jan Feb Mar
89 92 28 27 29 29 25 90 6
67 69 52 55 62 40 26 15 23
89 87 48 44 50 39 34 11 4
86 91 50 50 47 49 25 14 15
59 61 71 73 70 60 44 27 26
87 89 47 48 51 35 30 25 32
67 65 29 30 31 26 17 13 24
40 46 35 37 34 27 22 18 3
79 82 21 21 25 24 27 50 12
36 38 19 20 24 22 20 17 12

Table 5: Seasonal Variation in APTI levels of the Selected
Tree Species
Species Name July Aug Sep Oct Nov Dec Jan Feb Mar
Albizzia
9.14 9.52 3.2 4.55 3.38 3.51 4.56 9.8 1.82
amara
Azadirachta
8.44 7.87 7.66 9.42 11.05 8.02 7.46 5.55 3.78
indica
Cassia fistula 12.08 9.48 6.62 27.45 10.85 16.29 6.16 4.6 8.28
Cassia
10.72 10.29 6.65 25.66 14.76 18.44 24.24 2.21 9.21
renigera
Delonix regia 6.87 6.52 8.1 11.52 10.98 10.82 6.86 4.15 3.48
Ficus
9.04 9.62 5.39 6.63 6.74 4.93 5.36 3.96 3.98
religiosa
Lagerstroemia
7.13 6.97 3.92 5.39 6.34 4.86 3.57 4.27 2.71
indica
Peltophorum
4.67 5.22 4.44 5.45 8.87 5.47 7.51 4.72 2.1
pterocarpum
Pongamia
8.22 8.46 2.39 5.65 3.46 4.31 3.66 5.9 1.65
pinnata
Samanea
4.28 6.95 3.96 14.41 5.24 10.35 4.98 6.57 3.6
saman

4. Discussion
Ascorbic acid or vitamin C is a sugar acid. It is required for
normal formation of connective tissue collagen, specifically
for hydroxylation of certain porline and lysine residues. It is
also required for iron metabolism. It is strong reducing agent
losing hydrogen atom readily to become dehydroascorbic
acid which has also vitamin C activity. Ascorbic acid acts as
antioxidants and protects the cell membrane from the toxic
action of powerful oxidising agent. Ascorbic acid is found
abundantly in berries, fresh fruits like citrus, guavas, chillies
and green leafy vegetables. Ascorbic acid plays a role in cell
wall synthesis, defense and cell division. It is a strong
reductant and it activates many physiological and defence
mechanism. It’s reducing power is directly proportional to
its concentration [23]. It plays important roles in

photosynthetic carbon fixation, with the reducing power
directly proportional to its concentration. So it has been
given top priority and used as a multiplication factor in the
formula of APTI. However it’s reducing activity is pH
dependent, being more at higher pH levels.
Present study showed elevation in concentration of ascorbic
acid of the selected tree species in winter season. Pollution
load dependent increase in ascorbic acid content of all the
plant species may be due to the increased rate of production
of reactive oxygen species during photo-oxidation of SO2 to
SO3 where sulfites are generated from SO2 absorbed.
Researchers are of the opinion that higher ascorbic acid
content of the plant is a sign of its tolerance against sulphur
dioxide pollution [8]. In the present study higher baseline
levels of ascorbic acid content in the leaves of Cassia fistula
and Cassia renigera suggests its tolerance towards the
pollutants which are normally affecting the road side
vegetations. Lower ascorbic acid contents in the leaves of
other tree species viz. Pongamia pinnata studied supports
the sensitive nature of these plants towards pollutants,
particularly automobile exhausts. Similar studies have also
been reported [2, 17, 24].
High pH may increase the efficiency of conversion from
hexose sugar to ascorbic acid, while low leaf extract pH
showed good correlation with sensitivity to air pollution.
Measurement of pH is one of the most common and useful
analytical procedures in biochemistry since the pH
determines many important aspects of structure and activity
of biological macromolecules. It have reported that in
presence of an acidic pollutant, the leaf pH is lowered and
the decline is greater in sensitive species [26]. A shift in cell
sap pH towards the acid side in presence of an acidic
pollutant might decrease the efficiency of conversion of
hexose sugar to ascorbic acid. However the reducing activity
of ascorbic acid is pH dependent being more at higher and
lesser at lower pH. Hence the leaf extract pH on the higher
side gives tolerance to plants against pollution [3].
Chlorophyll content of plants signifies its photosynthetic
activity as well as the growth and development of biomass.
It is well evident that chlorophyll content of plant varies
from species to species; age of leaf and also with the
pollution level as well as with other biotic and abiotic
conditions [15]. Degradation of photosynthetic pigment has
been widely used as an indication of air pollution [19].
Present study revealed that chlorophyll content in all the
species varies with the pollution stress of the area i.e. higher
the pollution level in the form of vehicular exhausts lower
the chlorophyll content.
High water content within a plant body will help to maintain
its physiological balance under stress condition such as
exposure to air pollution when the transpiration rates are
usually high. High RWC favors drought resistance in plants.
If the leaf transpiration rate reduces due to the air pollution,
plant cannot live well due to losing its engine that pulls
water up from the roots to supply photosynthesis. Then, the
plants neither bring minerals from the roots to leaf where
biosynthesis occurs, nor cool the leaf. Therefore, the product
of AA and sum of leaf extract pH and total chlorophyll is
added with R, the RWC in the APTI formula. The relative
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water content in a plant body helps in maintaining it’s
physiological balance under stress conditions of air pollution
[10]. RWC of a leaf is the water present in it relative to its
full turgidity. Relative water content is associated with
protoplasmic permeability in cells causes loss of water and
dissolved nutrients. Therefore, the plants with high relative
water content under polluted conditions may be tolerant to
pollutants. This was also supported from the present study.

5. Conclusion
The observations in this study suggest that plants have the
potential to serve as excellent quantitative and qualitative
indices of pollution. Since biomonitoring of plants is an
important tool to evaluate the impact of air pollution on
plants. Thus the results of the study reveal that the tolerant
plant species serves sink to air pollutants as well as
indicators. Among the different tree species selected for the
study, it can be concluded that species such as Cassia
renigera and Cassia fistula can effectively be used in the air
pollution amelioration purposes. The results of such studies
are handy for future town planning. It is worth noting that
combining a variety of parameters gave a more reliable
result than when based on a single biochemical parameter.
This study also provides useful information to select tolerant
species fit for landscape on sites continuously exposed to air
pollutants. By these studies we can conclude that plantations
which are done along the side of the road should include
tolerant species so that air pollution can be controlled to
certain extent.
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