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ABSTRACT

The effectiveness of trees for reducing air pollution has been widely recognized. To mitigate the threat of
pollution, it is essential to increase tree planting in industrial areas. It is essential for selecting plants that
can withstand air pollution while developing a green belt. The present study is on evaluation of air pollution
tolerance index for fifteen dominated tree species around the industrial area Sirgitti, Bilaspur. The leaves
samples were collected for analysis of several biochemical parameters such as leaf pH, ascorbic acid, total
chlorophyll, and relative water content and APTI. The highest APTI value was recorded in Moringa oleifera
(13.83) and lowest in Butea monosperma (7.81) followed by Neolamarckia cadamba (11.27), Peltophorum
petrocarpum (11.01), Ficus benghalensis (10.89), Saraca asoca (10.85), Ficus religiosa (10.29), Melia azedarach (9.98),
Acacia nilotica (9.71), Azadirachta indica (9.62), Eculaptus alba (8.91), Millettia pinnata (8.82), Tectona grandis
(8.61), Ziziphus mauritiana (8.22),  and Syzygium cumini (8.08) were estimated for tolerance trees in industrial
area. High APTI value tree species are tolerant to air pollution and also best suited for the green belt
development in industrial area.
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Introduction

Humanity profited from the industrialization in
terms of both social and material progress. Addi-
tionally, it has brought about a number of undesir-
able chemicals and societal issues. The deterioration
of the environment is one of the aforementioned
problems. The environment upon which humanity’s
way of life depends most has been harmed by pollu-
tion that man brought about by irrational, unscien-
tific development and mineral extraction (Bhardwaj

et al., 2023a; Rai et al., 2013; Singh and Tandon,
2009). Rapid industrialization and urbanization are
inevitable dangerous outcomes that have a range of
negative consequences on both plant and human so-
cieties. Since the rise of industrialization, it has been
a significant environmental problem, leading to a
larger discharge of gaseous and particle pollution
into the atmosphere (Bhardwaj et al., 2023b; Singh
and Tandon, 2010). In recent years, our atmosphere
has become overburdened with air pollutants of all
types due to the considerable industrialization and
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urbanization that has occurred in all Indian cities
and small towns. As a consequence of the acceler-
ated development over the past three decades, when
newly industrialized nations underwent unmatched
economic growth with an increase in urban popula-
tion, resulted in high levels of emissions from trans-
portation, manufacturing, and refuse combustion.
Many developing countries, including India there
have been a progressive degradation in air quality.
In Asian nations, the general health of the environ-
ment, especially air quality, has significantly deterio-
rated due to growing urban populations, industrial
activity, and automated traffic (Anonymous. 2006;
Chandra et al., 2021; Skrynetska et al., 2018). The
combined effects of the particle and gaseous con-
taminants may severely damage the entire physiol-
ogy of plants (Chandra and Kumar, 2023). Every
ecosystem hinge on plants, and they are also those
which are most prone to be harmed by air pollution.
Moreover, the impacts are frequently visible on
leaves, which are typically the most numerous and
visible primary receivers of several air contami-
nants. Trees can be implemented as a bioindicator to
track air pollution since they are exceptionally sen-
sitive to both gaseous and particle contaminants
(Rao, 1983). Due to their large leaf surface area,
plants reduce the amount of air pollutants in the
environment by impinging, absorbing, and accumu-
lating (Darro et al., 2022; Escobedo et al., 2008) them.
An effective method for assessing the effects of air
pollution is through the bio monitoring of plants
(Bakiyaraj and Ayyappan, 2014; Kamesh et al., 2023).
Although leaves are the most vulnerable portion of
plants to air pollution, they undergo physiological
changes before showing obvious harm to their
leaves. As a way to study the negative effects of air
pollution, certain parameters were used, including
ascorbic acid, chlorophyll, the pH of leaf extract, and
relative water content. The air pollution tolerance
index (APTI) of plants is generated based on these
morphological and biochemical characteristics to
assess their susceptibility and tolerance to air pollu-
tion (Chauhan and Joshi, 2010). The awareness re-
garding plant’s tolerance and sensitivity to various
contaminants allowed us to determine the reaction
of plant to air pollution.

Materials and Methods

 Study site: The present study was conducted dur-
ing June 2022 to September 2022 in Sirgitti, the in-

dustrial site of Bilaspur, Chhattisgarh. Large num-
ber of major and minor industries (steel, thermal
power plant and other industries) is situated in
Sirgitti area.

Tree species

Fifteen tree species were selected for the studies
which were frequently occurring in surrounding of
Sirgitti area (Table 1).

Table 1. Shows the list of selected tree species.

Tree species Common name Family

Ficus religiosa Peepal Moraceae
Ficus benghalensis Banyan Moraceae
Saraca asoca Ashoke Fabaceae
Peltophorum petrocarpum Gulmohar Fabaceae
Neolamarckia cadamba Kadamb Rubiaceae
Moringa olifera Moringa Moringaceae
Ziziphus mauritiana Ber Rhamnaceae
Melia azedarach Mahaneem Meliaceae
Eculaptus alba Nilgiri Myrtaceae
Millettia pinnata Karanj Fabaceae
Butea monosperma Palash Fabaceae
Tectona grandis Teak Lamiaceae
Azadirachta indica Neem Meliaceae
Acacia nilotica Babool Fabaceae
Syzygium cumini Jamun Myrtaceae

Sample collection: Fresh leaf samples of different
tree species were collected at height 2.4 m above
ground level and were bagged and transferred to
the laboratory, Department of Forestry, Wildlife and
Environmental Science, GGV, Bilapsur for further
analysis.
Analysis of sample: The biochemical parameters
(total chlorophyll content, pH, ascorbic acid, and
relative water content) of selected tree species were
analyzed for APTI calculation. Leaf extract pH
(Sharma et al., 2019), total chlorophyll content
(Singare and More, 2020), ascorbic acid (Roy et al.,
2020) and relative water content (Sahu et al., 2020)
were determined. APTI as demonstrated through
(Govindaraju et al., 2012) following equation:

Ascorbic acid (total chlorophyll content + leaf pH) +
relative water content

APTI =
10

APTI has different categories according to their
APTI values Yadav and Pandey (2020):

< 6.0 = very sensitive
6.1 -7.0 = sensitive
7.1-8.0 = intermediate
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8.1-9.0 = tolerant
>9.1 = very tolerant

Results and Discussion

Changes in leaf extracts pH: The data revealed the
highest leaf extract pH of Ficus benghalensis 8.04 and
lowest of Syzygium cumini 4.35 (Figure 1).  While the
leaf pH of other tree species Ficus religiosa, Butea
monosperma, Millettia pinnata, Ziziphus Mauritiana,
Melia azedarach, Moringa oleifera, Azadirachta indica,
Saraca asoca, Tectona grandis, Eculaptus alba,
Peltophorum petrocarpum, Neolamarckia cadamba and
Acacia nilotica recorded were 7.0, 6.6, 6.45, 6.27, 6.12,
5.98, 5.87, 5.78, 5.67, 5.58, 5.47, and 4.77, respectively
(Table 2). Similar leaf extract pH response was re-
corded in industrial areas (Ahmad et al., 2019; Patel
and Kumar, 2018; Sahu et al., 2020). Hence, higher
pH ranges in the leaf extract make plants more tol-
erant to the pollutants. Even in polluted environ-
ments, plants may be more tolerant when their leaf
extract pH is lower (Balasubramanian et al., 2018).
Changes in relative water content:  The highest
RWC was recorded in Moringa oleifera (135.71%) and
lowest in Syzygium cumini (64.71 %) (Table 2, Figure
1). RWC (%) of other tree species were recorded
Peltophorum petrocarpum (94.44), Neolamarckia
cadamba (92.86), Ficus religiosa (92.31), Saraca asoca
(92.31), Ficus benghalensis (86.67), Acacia nilotica
(85.71), Eculaptus alba (81.82), Millettia pinnata
(81.85), Azadirachta indica (77.78), Tectona grandis
(77.78), Melia azedarach (76.7), Ziziphus mauritiana

(70.00) and Butea monosperma (66.67).  Almost same
result was observed for relative water content in dif-
ferent tree species in industrial sites
(Balasubramanian et al., 2018; Banerjee et al., 2016;
Govindaraju et al., 2012). A plant body containing a
lot of water might help it to retain its physiological
balance and the transpiration rates are often high
when facing stress (such as expossure to air pollu-
tion) (Balasubramanian et al., 2018).
Changes in total chlorophyll content of leaf: The
maximum total chlorophyll reported in 1.158 mg/g
for Neolamarckia cadamba and minimum 0.442 mg/g
for Millettia pinnata (Figure 1). The total chlorophyll
content (mg/g) in Azadirachta indica, Melia azedarach,
Peltophorum petrocarpum, Acacia nilotica, Saraca asoca,
Ficus religiosa, Moringa olifera, Tectona grandis,
Syzygium cumini, Ziziphus Mauritiana, Ficus
benghalensis, Butea monosperma, Eculaptus alba, and
Millettia pinnata were 0.815, 0.745, 0.684, 0.644, 0.613,
0.575, 0.568, 0.559, 0.543, 0.522, 0.512, 0.495, and
0.463, respectively (Table 2). Similar findings on to-
tal chlorophyll of leaves have been reported by pre-
vious researchers in different industrial sites
(Chauhan and Joshi, 2010; Roy et al., 2020). Plants
with increased chlorophyll content were more toler-
ant to air pollution. Water stress causes the chloro-
plast to produce reactive oxygen species (ROS),
which lowers the chlorophyll level in the leaves
(Balasubramanian et al., 2018).
Changes in ascorbic acid content: Melia azedarach
(3.4 mg/g) showed highest ascorbic acid and
Moringa olifera (0.4 mg/g) showed lowest ascorbic

Table 2. The leaf extract pH, total chlorophyll, ascorbic acid content, relative water content, APTI and tree response of
selected trees.

Trees pH RWC (%) TCC (mg/g) AA (mg/g) APTI Value APTIresponse

Ficus religiosa 7.0 92.31 0.575 1.4 10.29 Very Tolerant
Ficus Benghalensis 8.04 86.67 0.512 2.6 10.89 Very Tolerant
Saraca asoca 5.87 92.31 0.613 2.5 10.85 Very Tolerant
Peltophorum petrocarpum 5.58 94.44 0.684 2.5 11.01 Very Tolerant
Neolamarckia cadamba 5.47 92.86 1.158 3 11.27 Very Tolerant
Moringa olifera 5.98 135.71 0.568 0.4 13.83 Very Tolerant
Ziziphus mauritiana 6.27 70.00 0.522 1.8 8.22 Tolerant
Melia azedarach 6.12 76.47 0.745 3.4 9.98 Very Tolerant
Eculaptus alba 5.67 81.82 0.463 1.2 8.91 Tolerant
Millettia pinnata 6.45 81.25 0.442 1 8.81 Tolerant
Butea monosperma 6.6 66.67 0.495 1.6 7.81 Intermidiate
Tectona grandis 5.78 77.78 0.559 1.3 8.61 Tolerant
Azadirachta indica 5.98 77.78 0.815 2.7 9.62 Very Tolerant
Acacia nilotica 4.77 85.71 0.644 2.1 9.71 Very Tolerant
Syzygium cumini 4.35 64.71 0.543 3.3 8.06 Tolerant
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acid (Figure 1). Other trees showed ascorbic acid
content (mg/g) Syzygium cumini (3.3), Neolamarckia
cadamba (3), Azadirachta indica (2.7), Ficus benghalensis
(2.6), Peltophorum petrocarpum (2.5), Saraca asoca (2.5),
Acacia nilotica (2.1), Ziziphus mauritiana (1.8), Butea
monosperma (1.6), Ficus religiosa (1.4), Tectona grandis
(1.3), Eculaptus alba (1.2), and Millettia pinnata (1.0)
(Table 2). Similar results was reported of ascorbic
acid content in trees (Chauhan and Joshi, 2010; Patel
and Kumar, 2018; Sahu et al., 2020). Ascorbic acid is
an effective anti-oxidant that inhibits the buildup of
H2O2, O2, and OH in chloroplasts caused by SO2 and
prevents the in-activation of chlorophyll and en-
zymes of the CO2 fixation cycle. It is crucial to under-
stand the sensitivity of plants to SO2 in addition to
leaf pH. Therefore, plants that retain high ascorbic
acid content in polluted sites are thought to be toler-
ant to air pollution stress (Swami and Chauhan,
2015).

Air pollution tolerance index (APTI): The
Moringa oleifera revealed highest APTI value for
13.83 and Butea monosperma showed lowest APTI
value for 7.81 (Figure 1). Similar result of air pollu-
tion tolerance index was reported (Gupta et al., 2020;
Kaur and Nagpal, 2017; Patel et al., 2023). Almost all
the tree species showed tolerance response against
the air pollution in industrial sites while the Butea
monosperma was found to be sensitive to air pollu-
tion (Table 2).

Butea monosperma with lowest value.  While the four
trees such as Ziziphus mauritiana, Eculaptus alba,
Millettia pinnata, Tectona grandis, Syzygium cumini
showed tolerant against industrial pollution site and
Butea monosperma was showed intermediate re-
sponse. This work is significant in demonstrating
trees the selection of most suitable trees for green
belt development in industrial and urban area.
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