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Abstract

The rapid increase in the number of cars in and around urban centers has led to an increase in vehicular pollution. Vehicular pollutants cause
significant changes in the biochemical and physiological processes of roadside trees as they are constantly exposed to air pollutants.

The aim of this study is to comparatively assess the effects of road side pollution on tree species in urban, sub urban and control sites of the
Bilaspur district of Chhattisgarh. Seven tree species (Alstonia scholaris, Butea monosperma, Cassia siamea, Dalbergia sissoo, Ficus
religiosa, Mangifera indica, Peltophorum ferrugenium) have been selected for this study which were common to all sampling sites. APTI
and API of tree species were estimated. The ascorbic acid content, leaf pH, total chlorophyll content and relative water content were used to
calculate APTI, which is used to identify tolerant and sensitive plant species in various locations.

On the basis of APTI and some biological and socioeconomic parameters of trees, the Anticipated Performance Index (API) of these trees
was calculated. Among all the trees Mangiera indica taken under first rank and consider ‘best’ species. Ficus religiosa is categoried as an
‘excellent’ tree species. Dalbergia sissoo, Cassia siamia and Peltophorum ferrugenium were classified into the ‘good’ category in the urban

area and recommended for the green belt development and road side plantation.

Keywords: Vehicular pollutants, APTI, Relative water content, total chlorophyll, road side plantation

Introduction

Automobiles are the main source of air pollution and
automobile exhausts are responsible for more than 75% of
all urban air pollution. Primary gaseous pollutants emitted
directly from the auto-exhaust system (CO, HC and NOX),
the most toxic being CO. However, hydrocarbons and
oxides of nitrogen are also a cause of concern. Secondary
pollutants such as ozone, smog etc. are also harmful and a
cause of concern.

Trees growing in polluted area exhibit differences in leaf
micro-morphological characteristics of leaves, stomatal
index, epidermal cell size, trichome density, stomatal
aperture size, cuticular variations etc. (Banerjee et al., 2022)
(61, Micro-morphological traits or leaf surface properties are
very sensitive to air pollution and their response can be used
as indicators of air pollution (Uka et al., 2017) "4, Air
pollutants primarily target the leaf surface’s epicuticular
wax layer (Bassin et al., 2013) ["],

Plants also serve as sinks of air pollutants and this helps to
reduce air pollution through scavenging (Weyens et al.,
2015) B9, The response of tree species towards air pollutants
varies from one species to another and from one season to a
different season, depending on the nature of pollutant. Leaf
surfaces are directly exposed to pollutants and are
susceptible to damage (Roy et al., 2024) 2, The leaf
surface comprises the cuticle, which consists of cutin, wax
and appendage such as trichomes. The function of surface
structures of tree is protection against desiccation, frost and
pathogen infestation (Hirano et al., 2000) 2. The cells,
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which are mainly exposed to air pollutants are epidermal
cells, but the waxy cuticle is a potential barrier for most air
pollutants (Agarwal et al., 2019) @, However acidic gases
can dissociate and react with cuticular waxes and enter into
leaves by penetrating the damaged cuticle (Gupta, 2016) 2%,
The pH variation in trees is important for the detoxification
process and tolerance (Thawale et al., 2011) [, A high pH
may indicate a plant species tolerance to pollutants, while
low pH indicates tolerance to air pollutants (Govindaraju et
al., 2012, Saxena et al., 2012) [1% 881 Plants exposed to air
pollutants, particularly SO produce significant amounts of
H* to react with SO,, which enters through the stomata,
resulting in formation of sulphuric acid (H2SQOs) thus
causing reduction in leaf pH (Jenkins, 2001) 4. It has been
reported that leaf extracts with higher pH values result in
higher absorption of SO, and NOx (Muneer et al., 2014) 41,
Plant pigments chlorophyll and carotenoids play an
important role in photosynthesis as well as in protecting
plants from excessive radiation. They convert light energy
into chemical energy (Britton & Young, 1993, Sims &
Gamon, 2002) [+ 81, Chlorophyll plays a unique role in the
physiology and productivity of green plants and its
concentration per unit area is an indicator of a plant’s
photosynthetic capacity and productivity (Palta, 2019) (5%,

APTI is the ideal tool for identifying tree responses to the
pollution load at different locations in the study area. Tree
species were divided into sensitive and tolerant categories
based on their response to air pollution. Air pollution
tolerance is also influenced by climatic conditions such as
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humidity, temperature, precipitation and photoperiod. These
parameters can be used to create bioindicator groups and are
crucial for comprehending interactions between plants and
their surroundings. The plant species that falls in the
intermediate to tolerant category based on APTI values can
be used for greenbelt development in high pollution areas.
The air pollution tolerance index indicates the capability of
a plant to combat air pollution. Plants with a low index
value can be used to indicate levels of air pollution, those
with a higher index value are more tolerant of air pollution
and can be used as a sink to reduce it (Bharti et al., 2018,
Kaler et al., 2017) [0 261,

Several studies (Singh et al. 2024, Vlachokostas et al.,
2014) "% I reported in their research that all tree species are
not equally suitable for urban environment due to varying
tolerance to air pollution. The indices used to assess the
tolerance of tree species to air pollution depend on various
physiological and biochemical parameters such as
chlorophyll content, relative water content of leaves, pH of
leaf extract and ascorbic acid. Trees have a dual effect: on
the one hand, they are the most affected by pollutants, and
on the other, plants can remove pollutants from their
surroundings and improve air quality (Vlachokostas et al.,
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2014) 77,

Study area

Bilaspur is located in the state of Chhattisgarh, 110
kilometres from the state capital Raipur. It is the second
largest city, in the state after Raipur and is located at 22° 4'
43.11" North latitude and 82° 9' 8.38" East longitude, at an
altitude of 207 meters above sea level. Bilaspur city has a
total area of 145.76 km?, a population of 3,31,030 (Census,
2011) and a population density of 322/km2. The city of
Bilaspur is located on the bank of the Arpa River which is
known to be its lifeline (Koshale and Mahato, 2022) [?°, It
flows from the hills of the Maikal range in Central India.
The winter temperature in the region ranges from 10°C to
28°C, while the summer temperature ranges from 20°C to
45°C. In the district of Bilaspur, Ratanpur is a
nagarpanchayat and suburban town. It is located at
22°16'52.38” North latitude and 82°9'18.16” East longitude,
at an altitude of 306 meters and 25 kilometres from Bilaspur
city.

The aim is to determine the effects of vehicular pollutants
on the physiology of tree species in urban, suburban, and
control sites.

Indian state Cl
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Fig 1: Location map of the study area with sampling sites
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For the current study, six locations were selected to examine
vehicular pollution and its effects on tree physiology and
biochemistry. Maximum three locations were selected from
the Bilaspur city area (U-1, U-2 and U-3). The urban site
(U-1) has a high vehicular load and is close to Nehru
Chowk. Site U-3 has a lot of traffic and is near the railway
station, while Site U-2 is near the old bus stop.

Ratanpur which is approximately 25 kilometres from
Bilaspur city, was chosen as the suburban site (Koshale and
Mahato, 2020) %, Site (suburban) SU-1 at Ratanpur bypass
and SU-2 at the Ratanpur bus stop were chosen for the
suburban area.

Guru Ghasidas Vishwavidyalaya (GGV) campus was
selected as the control site (C). The university is spread over
an area of 262 hectares with lush green vegetation (Chandra
et al., 2022) [?l, Due to access restriction, the control site
has a lower vehicle load compared to the urban and
suburban sites.

Methodology

Leaf sample collection

For this study, seven urban road-side tree species (Alstonia
scholaris, Butea monosperma, Cassia siamea, Dalbergia
sissoo, Ficus religiosa, Mangifera indica, Peltophorum
ferrugenium) that are common in study sites were collected.
Seasonally, leaf samples were collected in the afternoon. To
assess the biochemical parameters, healthy plant leaves
were randomly picked from a height of 5 m above the
ground and transferred to the laboratory. Samples were
analyzed in the laboratory within 24 hours of collection.

Biochemical analysis of leaf samples

1. Ascorbic acid analysis: Ascorbic acid is a powerful
reducing agent found in the leaf. This activates many
physiological and resistance mechanisms in trees. The
reducing power is directly proportional to the
concentration of ascorbic acid. In the process of
photosynthesis, ascorbic acid plays a role in carbon
fixation, where it acts as a reducing agent (Yu et al.,
2020) [621

2. Leaf pH extraction: The photosynthetic efficiency of
plant species is highly dependent on leaf pH (Koyro,
2006). B Increased pH in plant leaves plays a role in
the conversion of hexose sugars to ascorbic acid
(Escobedo et al., 2008) [8 while decreased pH is
thought to be associated with sensitivity to air pollution
(Beckwith et al., 2020) &,

3. Leaf Relative Water Content (LRWC) analysis:
High relative water content in leaves helps plants
maintain of the physiological balance under stressful
conditions (Maghsoudi et al., 2016) 31, The high RWC
value indicates a higher stress resistance of the trees
(Roy et al., 2020) 4, The pH of cytosol is maintained
by the relative water content in the leaves and also
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helps to dissolve the air pollutants in the cytosol.

4. Total Chlorophyll: Total chlorophyll content of leaves
is often used to evaluate of the effect of air pollutants
on the rate of photosynthesis in plant leaves (Sharma et
al., 2018) [®8, Total chlorophyll is responsible for tree
activities such as photosynthesis, growth and biomass
production through the process of carbon assimilation.
Air pollutants such as sulphur dioxide (SO) reduce
chlorophyll levels in trees and are responsible for
sensitivity to air pollution.

mg

1270663 — 2.69D645 # V
Chlorophyll a [—) =
g

1000 =W

mg

229D645 — 4.68D663 = V
Chlorophyll b (—) =
g

1000 =W

Total Chlorophyll = Chlorophyll a +b

Where, D = distance travelled by light path (cm), W = Fresh
weight of leaf material (mg), V = Volume of extract (ml)
and OD = Optical density (nm)

5. Air Pollution Tolerance Indices (APTI): The APTI
values were estimated from the four biochemical
parameters in tree leaves, namely RWC, total
chlorophyll content, pH value and ascorbic acid value.

The Air Pollution Tolerance Indices (APTI) of seven tree
species were determined using the following formula:

A(T+P)+R
APT = ————
10
Where, A=Ascorbic acid content (mg/g), T=total

chlorophyll (mg/g), P=pH of leaf extract and R=Relative
water content of leaf (%).

Table 1: Categories of tree species based on APTI (Kalyani &
Singaracharya, 1995) [?7]

APTI value Response
<l very sensitive
1to 16 sensitive
17 to 29 intermediate
30 to 100 tolerant species

6. Anticipated Performance Index (API): The APl was
calculated for different tree species by combining the
resulting APTI values with some relevant biological
and socioeconomic characteristics (tree habits, canopy
structure and economic value). Based on these
characteristics, the trees are assigned different grades
(+/-). Each tree was assessed differently based on the
criteria used to compute the API.
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Table 2: Gradation of plant species based on APTI and other phenotypic and socioeconomic characteristics (Panda & Rai, 2014) 51,

S. No. Grading character Pattern assessment Grade allotted
5.1-6.0 +
6.1-7.0 ++

1 Tolerance Air Pollution Tolerance Indices (APTI) 7.1-8.0 +++
8.1-9.0 ++++
9.1-10 +++++
Small
Tree size Medium +
Large ++

Sparse/ Irregular/ Globular

+ [

Canopy structure Spreading crown/ open/ semi dense

Spreading dense ++

Deciduous -

Type of plant Evergreen +

. . . . Small -
2 Biological and Socio-Economic Laminar structure Size Medium T
Large ++

Smooth -

Texture Coriaceous +

. Delineate -

Hardiness Hardy T

Less than three uses -

Economic value Three or four uses +
Five or more uses ++

Table 3: Anticipated Performance Index (API) of plant species
(Prajapati & Tripathi, 2008) [57]

Grade API Score (%) Assessment Category

0 Upto 30 Not recommended

1 31-40 Very poor

2 41-50 Poor

3 51-60 Moderate

4 61-70 Good

5 71-80 Very good

6 81-90 Excellent

7 91-100 Best

7. Statistical analysis: Statistical analysis of the data was
done using Microsoft excel software.

Results and Discussion

Street trees are an important tool in urban planning and also
help mitigate a number of climate-related urban problems
(Mahato et al., 2024, Salmond et al., 2016) [*% 63 Sadat
(2020) 3 explained that selection should be done carefully
and care should also be taken to maximize the potential of
the trees. Urban trees act as important sinks for particulate
matter and the use of plants to improve particulate matter
pollution has been widely identified as an environmentally
friendly and sustainable approach (Nowak et al., 2013,
Prajapati & Tripathi, 2008) [47- 581,

In the present research, the seven most common tree species
found (Alstonia scholaris, Butea monosperma, Cassia
siamea, Dalbergia sissoo, Ficus religiosa, Mangifera indica
and Peltophorum ferrugenium) at all sites have been
selected.

1. Ascorbic acid analysis: The ascorbic acid content in
the leaf chloroplast determines the amount of
chlorophyll present. Several research (Lohe et al., 2015,
Igbal et al., 2015) B¢ 231 reported that chlorophyll
content in the leaves carries the variable number of
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pollutants present in the cells of that plant. Such content
helps the plant develop the plant’s resistance
mechanism to air pollutants.

At the control site, Mangifera indica (1.64 mg/g) had the
highest ascorbic acid content, while Ficus religiosa (0.67
mg/g) had the lowest ascorbic acid content. At the Urban
site, Mangifera indica (1.54 mg/g) had the highest ascorbic
acid content, while Peltophorum ferrugineum (0.96 mg/g)
and Dalbergia sissoo (0.87 mg/g) had the lowest ascorbic
acid content. Table 4 displays the ascorbic acid content at
the control site, suburban and urban sites. In the urban and
suburban sites, all tree species showed increased ascorbic
acid content, except Mangifera indica, which had reduced
ascorbic acid content compared to the control site. Increased
ascorbic acid content in trees despite exposure to
environmental pollution, therefore, indicates a high
tolerance of the plant to the pollution. Ascorbic acid is said
to be able to reduce the amount of ozone that penetrates the
cell wall to reach the plasma membrane (Bellini & De,
2019, Alayafi, 2020) > 4. A common antioxidant in plant
parts, ascorbic acid contributes to resistance to air pollution
(Pathak et al., 2011) %61, Ascorbic acid is known as a vital
reducing agent and is therefore very important for cell wall
synthesis, defence and cell division (Conklin, 2001) (41,

In the present study Alstonia scholaris, Butea monosperma,
Cassia siamea, Ficus religiosa and Peltophorum
ferrugineum showed that the concentration of ascorbic acid
in the urban and suburban site were higher than control site.
In Mangifera indica, ascorbic acid content at the urban site
was 6.1% lower at the urban site and 12.2% lower at the
suburban site than at the control site. Pollution stress caused
an increase in the ascorbic acid content of all plant species,
with the exception of Mangifera indica. This is because the
production rate of Reactive Oxygen Species (ROS) remains
higher during photo-oxidation (Nwadinigwe, 2014, Rai et
al., 2013) [48.60],
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Varshney & Varshney (1985) " reported that the higher
ascorbic acid content of the plant indicates its immunity to
pollution caused by sulphur dioxide. Researchers have
reported higher ascorbic acid content at the control site and
reduced ascorbic acid content at the experimental sites (Rai
& Panda, 2014, Jyothi & Jaya, 2010) [5% %51,

2. Leaf pH extraction: Plants having low pH value are
susceptible to air pollution (Bharti et al., 2018) [, The
elevated pH causes hexose sugar to be converted to
ascorbic acid (Ogagaoghene, 2017) 9. Plants absorb
NOx and SO; due to the high pH of the leaves. At the
control site Dalbergia sissoo (7.5) showed the highest
pH, while Cassia siamea (4.3) showed the lowest pH,
and at the suburban site, Ficus religiosa (7.8) showed
the highest pH, while Cassia siamea (4.4) showed the
lowest pH value. In the urban and suburban sites, all
tree species exhibited lower pH compared to the control
site. Leaf exposure to acidic pollutant such as SOx and
NOX results in a decrease in leaf pH, and this decrease
is more pronounced in sensitive trees than in tolerant
trees (Bharti et al., 2018) [%. The cellular system
functions well at optimal pH, but when exposed to
acidic pollutants for a long period of time, the pH
decreases in less tolerant species, thus disrupting the
plants biological activities (Verkleij et al., 2009) L8],

The results of the present study indicate that the pH of leaf
extracts at the urban and suburban sites was lower than that
at the control site. A similar observation was reported in
(Bharti et al., 2018) [, Lower pH was observed in leaf
extract where road side SO, value was higher. These
properties suggest that the pH of the leaf extract could be
used as an indicator of vehicular air pollution. While high
pH may improve the efficiency of the conversion from
hexose sugar to ascorbic acid, low pH demonstrated a strong
correlation with sensitivity to air pollution (Escobedo et al.,
2008) 81,

3. Leaf Relative Water Content (LRWC) analysis:
Relative Water Content (RWC) is the amount of water
contained in the leaf compared to its fully turgid state.
In highly polluted area, plants limit the transpiration
process to maintain the balance of plants physiological
activities. Pollutants reduce the level of relative water
content in plants and influence the rate and process of
tree transpiration rate (Wang et al., 2011, Ashenden,
1979) I8 51, In this study, Alstonia scholaris, Butea
monosperma, Cassia siamea, Dalbergia sissoo, Ficus
religiosa and Mangifera indica, had higher relative
water content at the urban and suburban sites than at the
control site. Thus, the higher relative water content in
the urban and suburban sites might be responsible for
combating pollution stress for the normal functioning of
biological processes. Under stressful conditions, high
relative water content inside a plant ensures the
maintenance of its physiological equilibrium. The
relative water content is related to the permeability of
protoplasm in the cells, resulting in loss of water along
with dissolved nutrients, resulting in drying of leaves
(Agrawal & Tiwari, 1997) Bl. A high relative water
content indicates drought resistance in plants (Dedio
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1975) 61 It also helps maintain physiological balance
under stressful conditions. Plants with high relative
water content are more tolerant to pollutants.

4. Total Chlorophyll: The degradation of photosynthetic
pigments is often used as an indicator of air pollution
(Ninave et al., 2001) (81, Trees with higher chlorophyll
content were resistant to increased pollution rates
(Talebzadeh & WValeo, 2022) [, At the control,
suburban and urban sites, Peltophorum ferrugineum
(3.99, 3.72 and 3.48mg/g) had the highest chlorophyll
content, while Alstonia scholaris (1.54, 1.11 and
1.17mg/g) had the lowest chlorophyll content. The
present study found that the chlorophyll content of all
tree species decreased in urban and suburban sites
compared to the control site. The present study showed
that the total chlorophyll content in all tree species
varies with the pollutant load of the area. It is worth
noting that a rise in the level of pollution, primarily
from automobile exhaust, is correlated with a decrease
in chlorophyll content. This observation is noteworthy
in the study of plant physiology and ecology.

The present study found that total leaf chlorophyll content
decreased significantly in urban and suburban areas
compared to the control area. Alstonia scholaris, Butea
monosperma, Cassia siamea, Dalbergia sissoo, Ficus
religiosa, Mangifera indica and Peltophorum ferrugineum
showed a reduction in the total amount of chlorophyll in
urban and suburban area. The maximum reduction
percentage was found in Alstonia scholaris (28.57%),
followed by Ficus religiosa (16.84%), Dalbergia sissoo
(10.88%), Mangifera indica (8.16%), Peltophorum
ferrugineum (6.77%), Cassia siamea (5.20%) and Butea
monosperma (3.83%) at the urban site compared to the
control site. In contrast, the percentage reduction in total
chlorophyll at the suburban site was highest in Ficus
religiosa (34.69%), followed by Alstonia scholaris
(24.18%), Mangifera indica (22.70%), Dalbergia sissoo
(13.47%), Peltophorum ferrugineum (12.78%), Cassia
siamea (9.83%) and Butea monosperma (7.18%)
respectively. The decline in leaf chlorophyll content may be
attributable to the alkaline condition generated by the
dissolution of chemicals within in dust particles, such as
metals and polycyclic hydrocarbons, which impede the
diffusion of air through stomatal pores. This impediment
places a stress on the plant metabolism, leading to
chlorophyll degradation (Wang, 2019) ["°1,

5. Air Pollution Tolerance Indices (APTI): APTI is a
composite measure of tree health (Panda et al., 2018)
521 APTI is calculated from the ascorbic acid, total
chlorophyll, pH and relative water content of the leaf
extract. APTI is an effective tool for assessing air
pollution because these parameters are influenced by air
pollutants (Molnar et al., 2020) 3. APTI can also
provide information about the cities pollution levels
based on trees. According to Yadav and Pandey (2020)
1 plants that fall into the excellent, very good and
good performers APTI categories are recommended for
the development of green belts. As a bio-indicator,
APTI sensitive trees can be employed (Latwal et al.,
2023) 131,
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Table 4: APTI value of different tree species at different sites

pH TCh (mg/g) RWC (%) AA (mg/g) APTI
Sites Tree species Uujlsu|cC U SU C U sU C ) SU C U SU | C
Alstonia scholaris 5758|641 | 117 | 111 | 154 | 79.9 | 72.1 | 518 | 1.31 | 1.12 | 0.99 | 8.89 | 8.00 | 5.9
Butea monosperma 6.263|65| 194 | 201 | 2.09 | 66.7 | 595 | 55.7 | 1.28 | 1.25 1 772 | 7.00 | 6.4
Cassia siamea 43144143 | 156 | 163 | 1.73 | 654 | 585 | 54 | 122 | 105 | 0.85 | 7.26 | 6.50 | 5.9
Dalbergia sissoo 747575167 | 171 | 193 | 765 | 698 | 614 | 0.87 | 0.73 | 0.73 | 844 | 7.70 | 6.8
Ficus religiosa 73|78 8 | 128 | 162 | 1.96 | 875 | 83.7 | 79.8 | 1.07 | 1.07 | 0.67 | 9.67 | 9.40 | 8.6
Mangifera indica 57| 6 |61 218 | 259 | 282 | 80.7 | 783 | 522 | 154 | 144 | 1.64 | 9.28 | 9.10 | 6.7
Peltophorum ferrugenium | 6.7 | 6.9 | 7 | 348 | 372 | 399 | 599 | 412 | 434 | 096 | 11 | 082 | 697 | 530 |52

Note: pH=Leaf pH, TCh=Total Chlorophyll, RWC= Relative Water Content, AA= Ascorbic Acid, U=Urban, SU=Sub-Urban, C= Control

sites

In the control, suburban and urban sites, Ficus religiosa
(79.8, 83.7 and 87.5%) showed the highest leaf relative
water content, while Peltophorum ferrugineum (43.4, 41.2
and 59.9%) showed the lowest leaf relative water content.

In the present study, in urban sites, Ficus religiosa (9.67)
showed the highest APTI value while Peltophorum
ferrugineum (5.20) had the lowest APTI value at control
site.

Across all seasons and for seven tree species, the Air
Pollution Tolerance Index (APTI) varied from 5.20 to 9.67.
At the suburban site (Table 4), the highest APTI value was
observed in Ficus religiosa (9.40), followed by Madhuca
indica (9.10). While Alstonia scholaris, Butea monosperma,
Cassia siamea, Dalbergia sissoo and Peltophorum
ferrugineum had APTI value of 8.0, 7.0, 6.5, 7.7 and 5.3
respectively.

Since APTI values were below 16 for all seven tree species
examined, they all fall into the ‘sensitive’ category. All of
these tree species could be conveniently used as
bioindicators given their relative advantages compared to
traditional physicochemical monitors. Air pollution affects
all tree species. Not only tolerant tree species help reduce air
pollution, but sensitive trees also maintain ecological
balance, by controlling soil erosion and improving the
aesthetic aspects of polluted areas (Zhang et al., 2013) 41,
The sensitive species can serve as biological indicators of
air pollution, while the tolerant species are considered as
sinks and are intended to be used to control pollutant levels
in that specific environment (Shannigrahi et al., 2004) 671,
Similar studies on air pollution tolerance index were also
conducted by Karthiyayini et al., (2005) %1, Agbaire &
Esiefarienrhe (2009) [, Pandey et al. (2015a) %l The
reason for the high susceptibility of the sensitive tree species
to the vehicle pollutants, which inhibit or enhance the

various biochemical and physiological factors, is their high
dust absorption capacity (Singh et al., 2020) [, Molnar et
al. (2020) 3 reported that more particulate matter was
deposited on tree leaves in the urban study area compared to
industrial and rural locations.

6. Anticipated Performance Index (API): Tree species
for roadside green belt development were assessed
based on their APTI and relevant socio-economic and
biological parameters. These parameters were subjected
to a grading scale to determine the anticipated
performance of the tree. The grading pattern of tree
species evaluated is presented in Table 3.

Based on Anticipated Performance Index (API) at the
control site (Table 5), Mangifera indica was rated very
good, Ficus religiosa was rated good, followed by Cassia
siamea, Dalbergia sissoo and Peltophorum ferrugineum
each for moderate. While the other tree species Butea
monosperma was rated as poor and Alstonia scholaris as
very poor.

At the suburban site (Table 5), Mangifera indica was rated
best, Ficus religiosa was rated excellent, followed by
Cassia siamea and Dalbergia sissoo each with ‘good’.
While the other tree species Peltophorum ferrugineum were
rated as moderate, Alstonia scholaris and Butea
monosperma each performed poorly.

At the urban site (Table 5), Mangifera indica performed
best, Ficus religiosa excellent, followed by Cassia siamea,
Dalbergia sissoo and Peltophorum ferrugineum each with
good. On the other hand, Alstonia scholaris and Butea
monosperma were classified as moderate tree species. The
tree species selected above have a dense canopy and most of
them are evergreen.

Table 5: API of tree species at different sites control (a), sub-urban (b) and urban sites (c)

Tree | APTI | Tree Canopy |Type of| Laminar structure | Economic |Grade allotted| % of API Assessmentt
species | Value | habit | Structure tree [Size[TextureHardness| Importance | Total plus | score | gradation
A + + + + - - + + 6 375 1 VP
B ++ + + + + + + 8 50 2 P
C + ++ + + + + + + 9 56.25 3 M
D ++ ++ + - + + + + 9 56.25 3 M
F +++ ++ + ++ + + + 11 68.75 4 G
M ++ ++ ++ + ++ + + + 12 75 5 V
P + ++ + - ++ + + + 9 56.25 3 M
www.extensionjournal.com 93
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Tree APTI | Tree | Canopy | Type Laminar structure Economic | Grade allotted | 96 of API Assessment
species | Value | habit | Structure |of tree| Size | Texture | Hardness |[Importance] Total plus | score | gradation

A +++ + + + - - + + 8 50 2 P

B ++ + + + + + + 8 50 2 P

C ++ ++ + + + + + + 10 62.5 4 G

D +++ ++ + - + + + + 10 62.5 4 G

F +++++ ++ + ++ + + + 13 81.25 6 E

M +++++ ++ ++ + ++ + + + 15 93.75 7 B

P + ++ + - ++ + + + 9 56.25 3 M
Tree APTI Tree | Canopy | Type Laminar structure Economic |Grade allotted| % of API Assessment
species | Value | habit | Structure |of tree| Size | Texture | Hardness | Importance | Total plus | score |gradation

A +H++ + + + - - + + 9 56.25 3 M

B +++ + + + + + + 9 56.25 3 M

C +++ ++ + + + + + + 11 68.75 4 G

D ++++ ++ + - + + + + 11 68.75 4 G

F +++++ ++ + - ++ + + + 13 81.25 6 E

M +++++ ++ ++ + ++ + + + 15 93.75 7 B

3 ++ ++ + - ++ + + + 10 62.5 4 G

Note: A= Alstonia scholaris, B= Butea monosperma, C= Cassia siamea, D= Dalbergia sissoo
F= Ficus religiosa, M= Mangifera indica, P= Peltophorumferrugineum, VVP= Very Poor, P= Poor, M= Moderate, G=Good, E=Excellent, B=

Best

of the seven tree species, Mangifera indica and Ficus
religiosa were found to be the best and most outstanding
and suitable tree species for green belt development. Cassia
siamea, Dalbergia sissoo and Peltophorum ferrugineum
were judged to be ‘good’ performer and considered efficient
in controlling air pollution. Alstonia scholaris and Butea
monosperma, on the other hand, qualified for the category
of ‘moderate’ performer, which are also preferred for
roadside plantation. Therefore, an assessment of the
anticipated performance index of tree species could be very
useful in selecting suitable tree species for green belt
development and considering them beneficial for heavy
traffic areas or planting along roadsides (Pandey et al.,
2015b and Mohammadi et al., 2018) [+ 42, Furthermore,
such physiological studies should be repeated, to provide
more information about the sensitivity and tolerance of
different tree species, which can be used to mitigate of air
pollution along roadsides and urban areas. The ground
truthing of the urban green spaces of Bilaspur city shows
that 83 species belonging to 15 families are found here
(Mahato et al., 2024) 141,

The study reveals that Alstonia scholaris and Butea
monosperma were expected to perform poorly in the control
and suburban sites and moderate in the urban sites. Similar
results were observed by Dhankhar et al. (2015) 7, and
they reported that Alstonia scholaris growing around the
university campus of Rohtak, Haryana showed poor
performance. Mondal et al., (2011) 4 reported moderate
performance of Alstonia scholaris, in their study.
Conversely, Gupta et al. (2011) 21 found that the best tree
for plantation around the industrial area with the pollution of
various heavy metals is Alstonia scholaris, while Pandey et
al. (2015a) 53 reported that the good performance of
Alstonia scholaris, Cassia siamea and Dalbergia sissoo and
these species were expected to be moderate in control and
good performer at urban and suburban areas. Similar results
were reported by Mondal et al. (2011) ¥4 who reported that
Dalbergia sissoo showed moderate performance in
Golapbag campus of Burdwan University. Pathak et al.
(2011) D81 evaluated the API of some tree species growing
on the roadside in Varanasi city and reported that Cassia
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siamea performed moderately. Ficus religiosa and
Mangifera indica’s APl was assessed, and it was found that
Ficus religiosa performed well at the urban, suburban and
control site, while Mangifera indica showed the better
performance at the control site and at urban and suburban
sites. Pathak et al. (2011) % evaluated the APTI of 35 tree
species growing near the city of Varanasi and found that
Ficus infectoria, Mangifera indica and Ficus religiosa had
higher resistance potential to pollution load. A similar study
was conducted by Zahid et al.(2023) ¥ in the Lahore city
of Pakistan. According to their research, Alstonia scholaris
and Mangifera indica are susceptible to air pollution near
roadsides and residential areas.

Mondal et al. (2011) ¥4 determined the APTI and API of
ten tree species in Burdwan city, West Bengal. Among the
ten tree species Mango (Mangifera indica), Banyan (Ficus
benghalensis), Mahagunii (Swietenia mahoganii), Asoke
(Saraca indica) showed excellent APl value. While Guava
(Psidium guajava) showed very good, Asattha (Ficus
religiosa) and Debdaru (Polyanthia longifolia) showed
good. Dumur (Ficus hispida) and Chattim (Alstonia
scholaris) demonstrated very poor API values, while Sissoo
(Dalbergia sissoo) showed moderate.

Overall, Mangifera indica was rated as the best performing
plant in the urban location, followed by Ficus religiosa
(excellent). Cassia siamea, Dalbergia sissoo and
Peltophorum ferrugenium were rated as a good performer
while Alstonia scholaris and Butea monosperma evaluated
as a moderate performer at the urban site for roadside
planting. Singh et al., (2024) 'Y recommended Ficus
religiosa, Ficus infectoria, Alistonia scholaris, and P.
longifolia as the most effective species for controlling air
pollution, and therefore can be used for urban landscaping
and green space cover in Delhi and NCR region. Sahu et al.,
(2020) ®4 conducted a similar study using 21 tree species
from the controlled and polluted sites of Sambhalpur city of
Odisha. Their study recommends Ficus religiosa, Mahuca
indica, Artocarpus heterophyllus, Mangifera indica, Ficus
bengalensis and Sygiumcumini as the most suitable tree
species based on their Expected Performance Index (EPI).
The current study’s findings point to a significant positive
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correlation between relative water content and APTI values.
In the present study, an increase in relative water content
was observed in the polluted urban and suburban sites. Patel
and Kousar (2011) 5! and Kuddus et al. (2011) 32 recorded
a higher RWC value under polluted conditions. Molnar et
al., (2020) 1 also observed that RWC was higher at the
polluted sites than at a control site.

A similar study was conducted by Dadkhah-Aghdash et al.
(2022) %1 in the arid region of Tehran, India. They reported
that Ailanthus altissima, and Salix babylonica are sensitive
to air pollution, while Moras alba has moderate resistance
and can be recommended for planting in arid regions of the
country.

Li et al. (2023) 34 studied the suitability assessment of six
tree species through a combined analysis of PM 2.5 trapping
ability and APTI. Their study found that Pinus tabuliforms
is the best species for building an urban green belt.
Deepalakshmi et al. (2013) revealed that Peltophorum
pterocarpum and Portulaca oleraceaeare are the tolerant
species, because they showed the least percentage reduction
in the APTI. Rai and Mishra (2013) [°! examined the effect
of air pollution on roadside tree species i.e. Pongammia
pinnata (L.). Their study showed the significant change the
in epidermal traits with an increased number of epidermal
cells and stomata per unit area, as well as leaf samples from
the polluted sites showed shorter guard and epidermal cell
lengths and widths than those from the controlled areas.

A related study was carried out by Molnar et al. (2020) [*3],
They assessed the usefulness of the APTI as a composite
environmental health index in the Hungarian city of
Debrecen. APTI values can be used to select pollution
tolerant species for urban greening and also to select species
for green belt development. Plant with higher APTI values
are tolerant and can be used as a sink to control
environmental pollution (Zahid et al., 2023) &1,

Heavy vehicular traffic led to increased dust deposition on
urban sites in the city centre. Our results showed that
roadside trees reduced air pollution by retaining dust
particles on the leaf surface, and they indicated pollution
levels by changing biochemical parameters.

The urban sites were located in the city centre where
pollutants easily accumulate due to poor/ unfavourable
diffusion conditions and traffic. Chaudhary & Rathore
(2018) 3 also reported a similar finding where dust
deposition in tree leaves is higher in urban areas than in
commercial and residential areas. In our study, the total
chlorophyll content of tree leaves was significantly higher at
the rural site than at the urban site (Molnar et al., 2020) (431,
UGS improves the physical and mental health of children,
adults and the elderly (Li et al., 2023a, Kuhn et al., 2021,
Mahata and Mahato, 2024, Mahato and Ekka, 2023) [35 3% 4L,
31, Several researchers (Mahato and Singh, 2019) % have
also illustrated that forestry and urban green spaces serve as
a tool for mitigating the recent climate change events.

Abbreviations

(APTI-Air Pollution Tolerance Indices, API- Anticipated
Performance Index, CO- Carbon Monoxide, HC-
Hydrocarbon, H,SO4- Sulphuric acid, LRWC- Leaf Relative
Water Content, NOx- Nitrogen Oxides, SO,- Sulphur
dioxide, UGS- Urban Green Spaces
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Conclusion

Urban green spaces, in addition to aesthetic and recreational
benefits, also offer enormous potential to recover from the
health problem caused by technological advancement,
environmental pollution etc. Of the seven tree species,
Mangifera indica and Ficus religiosa were found to be the
best and excellent performers and suitable tree species for
green belt development. Cassia siamea, Dalbergia sissoo
and Peltophorum ferrugineum were judged to be good
performer and considered efficient in controlling air
pollution. Alstonia scholaris and Butea monosperma, on the
other hand, qualified for the category of ‘moderate’
performer, which are also preferred for roadside plantation.
The study shows that Alstonia scholaris and Butea
monosperma are likely to perform poorly in control and
suburban, while they are moderately performer at the urban
sites. This study found that rural locations are least
disturbed by anthropogenic activities due to high
chlorophyll and low element concentration in leaves of
trees.
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