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Abstract

Urban forestry involves the strategic management of trees within urban landscapes to enhance ecosystem services, improve biodiversity, mitigate climate
change, and reduce the urban heat island effect. In addition to their ecological value, urban trees contribute aesthetic, economic, and functional benefits—
such as increasing property value and attracting tourism. This study aimed to assess the health of urban trees exposed to various anthropogenic pressures
in Bengaluru city. A total of 48 one-hectare plots were established—23 in the northern and 25 in the southern transects of the city. Trees with a diameter at
breast height (DBH) of =10 cm were selected for analysis. Based on the extent of tree cover and built-up area, plots were categorized into urban, transition,
and rural zones. Common tree species from each zone were evaluated for their Air Pollution Tolerance Index (APTI) in both transects. Fresh leaf samples
were collected and analyzed for four key biochemical parameters: leaf pH, ascorbic acid content, relative water content, and total chlorophyll content. The
results revealed that some species exhibited greater tolerance to air pollution. In the northern transect, Mangifera indica, Psidium guajava, Ficus glomerata,
and Pongamia pinnata demonstrated higher APTI values, indicating greater tolerance. In the southern transect, Mangifera indica, Ficus tinctoria,
Commiphora caudata, and Alangium salviifolium were identified as more tolerant. This study underscores the adaptive capacity of specific tree species to
varying pollution levels and offers valuable insights for urban greening initiatives, species selection, and sustainable city planning aimed at enhancing
ecological resilience and air quality in metropolitan areas.

Introduction

Urbanization is a continuous phenomenon observed in both developing and developed nations [48]. It typically refers to the demographic shift from rural
areas to urban centres, influenced by a combination of economic, political, and geographical factors. Bengaluru, a major South Indian metropolis also
known as the "Silicon Valley of India," has undergone rapid urbanization characterized by unplanned and uncontrolled development, demographic
expansion, heterogeneous land use, deforestation, and various anthropogenic activities [46, 29]. Originally a modest village in the 12th century, Bengaluru
has evolved into one of India's fastest-growing cities by the 21st century, now ranking as the second-fastest-growing and fifth-largest metropolis in the
country [35, 46]. However, this rapid transformation has adversely impacted the region’s biodiversity and ecosystem services, particularly through the
reduction of green spaces and vegetation cover required to support the growing population [34, 28].

Urban green spaces are critical for delivering a range of ecological, environmental, economic, and social benefits. These include filtering airborne pollutants
and dust [24, 6], mitigating the urban heat island effect and climate change [13], acting as noise barriers, alleviating urban floods, and enhancing
biodiversity and ecosystem functionality [11, 36]. Additionally, they contribute to the hydrological cycle by recharging groundwater aquifers and stabilizing
the urban climate [31]. Despite increasing scientific evidence over the past two decades highlighting the importance of urban green spaces, city planners
and managers often undervalue the role of trees in maintaining urban ecological integrity [26, 17]. Effective conservation of urban biodiversity necessitates
detailed data on tree species composition, including the influence of urbanization on species nativity. Notably, an increase in urban land cover is often
associated with a rise in non-native species richness [4, 5]. Urban trees in Bengaluru face a range of anthropogenic stresses such as drought, impermeable
surfaces restricting root growth, pest infestations, urban heat, humidity, and mechanical damage due to infrastructure development [43]. A study revealed
that only 42% of the trees are native species, with four out of five being exotic [27].

Historically, Bengaluru was celebrated for its lush greenery and was famously dubbed the “Garden City of India,” a legacy attributed to Krishnaraja Wodeyar
IV, who commissioned the creation of iconic green spaces such as Lalbagh and Cubbon Park. The city once boasted around 705 parks [10] and 200
additional green spaces (e.g., roadside and avenue trees), many of which have been lost due to urban development pressures [18]. Compared to
surrounding rural areas, Bengaluru exhibits high species richness and diversity, largely due to the prevalence of exotic species. These urban green spaces
serve as the city's “lungs,” contributing to pollution control, biodiversity conservation, and improved ecosystem services [45]. However, infrastructure
projects like road widening and encroachments have led to a significant decline in large, mature canopy trees, exacerbating the urban heat island effect
[26].

Urban trees are also vulnerable to vehicular pollution. Between 2005 and 2011, air pollution levels in the city fluctuated between critical and high at various
monitoring sites. The Air Pollution Tolerance Index (APTI) is a valuable tool for assessing a tree's tolerance to urban air pollutants, based on physiological
and biochemical parameters such as chlorophyll content, stomatal conductance, and relative water content of leaves. APTI is especially useful in
assessing tree resilience to pollutants like nitrogen dioxide (NO,), sulfur dioxide (SO,), carbon monoxide (CO), and particulate matter (PM). Major sources
of SO,, NO,, RSPM, and PM,, include vehicular emissions from fossil fuel combustion and industrial activities [12]. Previous assessments have reported
that the estimated tree crown cover in Bengaluru stood at approximately 19.9%, with a per capita green space availability of around 17 m2 [7, 44].

Given these findings, vegetation cover is a vital component of urban landscapes, essential for maintaining ecological balance and supporting human well-
being. This study aims to evaluate the health of street trees across various urban-to-rural zones in Bengaluru using APTI as a key metric. By analyzing APTI
values across the urban-rural gradient, the study seeks to understand how different tree species respond to varying pollution levels and how air pollution
affects their overall health. These insights can inform urban planning and green space management strategies to mitigate pollution impacts and improve
the city’s ecological health.

Methodology

Bengaluru, the principal administrative capital of Karnataka, is geographically located in the southeastern part of the Indian peninsula, at coordinates
77°37'19.54" E and 12°59'09.76" N. The Greater Bengaluru area spans approximately 741 km? and falls under the jurisdiction of the Bruhat Bengaluru
Mahanagara Palike (BBMP), which governs 198 wards across 8 zones. The city’s spatial extent has undergone substantial urban expansion—growing more
than tenfold from 69 km?2 in 1949 to 741 km?2 in 2006. The geographical boundaries of Bengaluru extend from 12°49'5" N to 13°8'32" N and from 77°27'29" E
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to 77°47'2" E. Bengaluru’s population within BBMP limits witnessed a remarkable decadal growth of 47.18%, increasing from 6.53 million in 2001 to
approximately 9.62 million in 2011. Consequently, population density surged from 10,732 persons/km?in 2001 to 13,392 persons/km?in 2011 [35].

Topographically, Bengaluru is situated at altitudes ranging between 740 m and 960 m above mean sea level. The city experiences an average annual rainfall
of about 880 mm, typically spread over approximately 60 rainy days. Summer temperatures often exceed 38°C, whereas winter temperatures average
around 25°C, contributing to the city’s overall pleasant climate year-round. Positioned on a ridge, Bengaluru is drained by three principal valley systems:
Hebbal-Nagavara, Koramangala-Challaghatta (K&C), and Vrishabhavathi. These valley systems facilitate drainage into major rivers such as the east-flowing
Arkavathi and Pinakini (Pennar), and the west-flowing Shimsha, a tributary of the Cauvery. Historically, embankments constructed along these valleys gave
rise to a network of tanks and lakes, which served irrigation and water storage purposes. While the low-lying areas are dominated by water bodies of
varying sizes, the middle, northern, and eastern regions feature undulating terrain with scrub-covered highlands. The southern part is characterized by
rugged hills surrounded by forests and scrub jungles. Geologically, the Bengaluru region is predominantly underlain by granitic and gneissic formations,
interspersed with dolerites, dykes, and schist rocks [40].

Sampling and Data collection

The study was conducted on trees located in the northern and southern parts of Bengaluru city. A total of 48 plots, each measuring 100 m x 100 m (1 ha),
were established—23 in the north and 25 in the south—along transects defined by the Indo-German research consortium (Fig. 1 & 2). Plot selection was
based on a stratified random sampling approach, with two strata: “built-up” and “others.” The “built-up” stratum was characterized by areas with more than
50% impervious surface, as identified from WorldView-3 satellite imagery (Fig. 1 & 2). All selected plots are within the “built-up” stratum, as the primary
focus of the study was on urbanized areas.

For the study, plots delineated along the transects were categorized into urban, transition, and rural zones based on the proportion of built-up pixels derived
from WorldView-3 satellite imagery. Grids with more than 50% built-up pixels were classified as urban, those with 10-50% as transition, and those with 0—
10% as rural. The distance of each plot from the city center was also considered as a supplementary criterion for classification.

A total of 23 plots along the northern transect and 25 plots along the southern transect were surveyed in 2017 and 2018, respectively. The transects
extended toward Doddaballapura in the north and Kanakapura in the south of Bengaluru. Using the geographic coordinates of each location, one-hectare
(100 m x 100 m) plots were identified in the field using GPS. Distinct natural and anthropogenic features—such as buildings, roads, and tree arrangements—
were used as reference markers to verify whether individual trees fell within or outside the plot boundaries. All trees within the plots were manually
numbered with enamel paint on their stems to enable future identification and monitoring.

To achieve the study objectives, air quality data were obtained from monitoring stations operated by the Karnataka State Pollution Control Board (KSPCB)
and the Central Pollution Control Board (CPCB). Data on particulate matter (PM,, and PM,.;), sulfur oxides (SOR), and nitrogen oxides (NOK) were regularly
collected from stations located in proximity to the plots.

To assess pollution-induced stress on urban vegetation, the Air Pollution Tolerance Index (APTI) was calculated for tree species across different land-use
categories. From the northern transect, 15 common tree species representing urban, transition, and rural plots were selected for APTI analysis. Similarly, 16
common tree species were selected from the southern transect.

The APTI procedure was standardized, and leaf samples were analyzed on a day-to-day basis. Samples were collected from trees consistently exposed to
vehicular emissions and other anthropogenic influences. Only mature leaves were selected for analysis, using a tree pruner to randomly sample leaves
from the canopy. Samples were immediately transported to the laboratory in iceboxes to preserve their physiological integrity prior to analysis. The detailed
methodology for APTI estimation is as follows:

a) Measurement of Leaf Extract pH

One gram of fresh leaf material was homogenized in 10 ml of distilled water using a mortar and pestle. The homogenate was then filtered, and the filtrate
was diluted in a 1:1 ratio with distilled water. The resulting solution was centrifuged at 2,500 rpm for 3 minutes to remove any suspended particles [42, 21].
The pH of the clear supernatant was measured using a calibrated digital pH meter. The pH meter was calibrated using standard buffer solutions of pH 4.0
and 9.0 prior to measurement.

b) Determination of Relative Water Content (RWC)

Fresh leaves were initially weighed to record the fresh weight (FW). They were then immersed in distilled water for 24 hours to attain full turgidity. After
immersion, the leaves were gently blotted dry with tissue paper and weighed to obtain the turgid weight (TW). Subsequently, the leaves were oven-dried at
70°C overnight to a constant weight, and the dry weight (DW) was recorded [41]. Relative Water Content was calculated using the formula:

RWC (%) = [(FW - DW) / (TW - DW)] x 100
where, W = Fresh weight of leaf; TW = Turgid weight of leaf, DW = Dry weight of leaf
c) Estimation of Total Chlorophyll Content (TCC)

To determine the total chlorophyll content, one gram of fresh leaf tissue was homogenized in 5 ml of 80 % acetone using a mortar and pestle. The volume
was then made up to 10 ml with 80 % acetone, and the mixture was left undisturbed for 15-20 minutes to ensure thorough pigment extraction. The liquid
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extract was decanted into a clean test tube and centrifuged at 2,500 rpm for 3 minutes. If required, centrifugation was extended for an additional 3-4
minutes to ensure clear separation. The supernatant was carefully collected, and absorbance was measured using a spectrophotometer at wavelengths of
645 nm and 663 nm [3, 1]. Total chlorophyll content was calculated using the following formula:

12.7 A663 - 2.69 A645 xV
1000 W

Chlorophyll a = mg/g

22.9 Agys - 4.68 Aggz x V
1000 W

Chlorophyll b = mg/g

TCh = [Chlorophyll a + Chlorophyll bl mg/g

Where, A = Absorbance of the extract at the wavelength y nm; V = Total volume of the chlorophyll solution (ml); W = Weight of the tissue extracted (g).
d) Estimation of Ascorbic Acid Content (AAC)

Requirements:

1. 4% (w/v)_Oxalic acid: 40 g of oxalic acid in 1000 ml of distilled water.

2. Dye solution: 84 mg of sodium bicarbonate and 104 mg of 2, 6- dichlorophenol indophenol in 400 ml of distilled water.

3. Ascorbic acid stock standard: (Tmg/ml): 700 mg in 100 ml of 4 % oxalic acid.

4. Ascorbic acid working_standard: (100pug/ml): 10 ml of the ascorbic acid stock standard diluted to 100 ml with 4% oxalic acid.

Ascorbic acid content was determined using the indophenol (DCPIP) titration method [38]. Approximately one gram of fresh leaf tissue was accurately
weighed and ground in a mortar and pestle with 10 ml of 4% oxalic acid. The homogenate was further ground and then filtered through filter paper. A 5 mi
aliquot of the filtrate was transferred into a standard flask and the volume was made up to 25 ml with 4% oxalic acid. For standardization, 5 ml of the
ascorbic acid working standard solution (500 pg/5 ml) was mixed with 10 ml of 4% oxalic acid in a 100 ml conical flask. This solution was titrated against
the standard DCPIP dye solution until a persistent pale pink color appeared; the volume of dye used was noted as V,. Similarly, 5 ml of the prepared test
sample was titrated against the DCPIP solution, and the dye volume required was recorded as V,. Ascorbic acid content in the test sample was calculated
as follows:

05xV2x25

Ascorbic Acid Content (mg/1g) = " Vixlx5

where, 500 = pg of standard ascorbic acid taken for titration = 0.5 mg; V1 = Volume of dye consumed by 500ug of standard ascorbic acid; V2 = Volume of
dye consumed by 5 ml of test sample; 25 = Corresponds to total volume of the extract; 1 = Weight of sample taken for extraction; 5 = Volume of the test
sample taken for titration.

The APTI was calculated by the formula below [42];

AT+P)+R

APTI =
10

where, A = Ascorbic acid content; T = Total Chlorophyll Content; P = p" of the leaf sample; R = Relative Water Content.

The air pollution index [47] and the plant response to pollution is mentioned below: the index range of <10 shows sensitive response, besides the index
range of 10 - 16 and >17 show intermediate and tolerant responses respectively.

Results and Discussion

Air pollution data collected from three KSPCB monitoring stations near the study plots indicated that the Air Quality Index (AQI) ranged from satisfactory
levels of 51 to 100. Among the measured pollutants, particulate matter (PM,,) was the only parameter consistently exceeding permissible limits. Other
pollutants, including sulfur oxides (SON) and nitrogen oxides (NOM), remained within acceptable regulatory thresholds (Fig. 3).

The results of APTI are as follows:

3.1 NORTHERN TRANSECT

3.1.1 APTl analysis
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The selection of plant or tree species is a critical consideration when planting along roadsides or in urban green spaces. The Air Pollution Tolerance Index
(APTI) is a useful tool to identify species based on their tolerance to air pollution. This index involves measuring leaf relative water content, pH, ascorbic
acid, and chlorophyll content of leaf extracts [20]. Among the 15 tree species studied, Mangifera indica, Psidium guajava, Ficus glomerata, and Pongamia
pinnata were relatively more tolerant compared to the other species. Although most species were categorized under a sensitive response category based
on their APTI values, only Mangifera indica exhibited an intermediate tolerance level across the pollution gradient.

Overall, species from urban and transition plots demonstrated higher tolerance to pollution compared to those from rural plots (Tables 1 and 2). The
tolerance ranking of species in urban plots, from most to least tolerant, is as follows:

Mangifera indica ll Psidium guajavall Grevillea robusta [l Ficus glomeratal!l Tectona grandis | Syzygium cuminill Moringa oleiferall Eucalyptus hybrid [l
Murraya koenigii i Pongamia pinnata i Muntingia calabura i Tecoma stans i Artocarpus heterophyllus ! Azadirachta indica i Samanea saman.

Similarly, the tolerance ranking in transition plots, from least to most tolerant, is: Muntingia calabura ! Murraya koenigii il Artocarpus heterophyllus
Samanea saman [l Azadirachta indicall Eucalyptus hybrid I Moringa oleiferal Syzygium cumini Pongamia pinnatall Tectona grandis | Grevillea robusta Il
Ficus glomeratall Psidium guajaval Tecoma stansl Mangifera indica. In rural plots, species such as Murraya koenigii, Moringa oleifera, and Muntingia
calabura exhibited the lowest tolerance indices among the studied species (Tables 1 and 2).

Table 1
Parameters of Air Pollution Tolerance Index (APTI) along the domains of northern transect
Urban Transition Rural

Sl. List of pH RWC  Ascorbic Total pH RWC  Ascorbic Total pH RWC  Ascorbic Total

No. species Acid Chlorophyll Acid Chlorophyll Acid Chlorophyll

1 Mangifera 532 88.81 2.50 0.68 537 9278 2.32 0.74 5.08 90.48 2.05 0.68
indica

2 Artocarpus 6.06 61.45 0.63 0.70 6.03 70.33 0.09 0.70 6.11 61.38 0.36 0.71
heterophyllus

3 Pongamia 6.91 70.77 0.09 0.67 6.16 82.86 0.09 0.69 6.25 71.43 0.09 0.69
pinnata

4 Murraya 595 7059 0.18 0.56 6.12 65.00 0.27 0.69 598 62.03 0.09 0.68
koenigii

5 Azadirachta 6.18 54.82 0.96 0.66 6.32 69.51 0.88 0.63 6.38 77.78 0.76 0.69
indica

6 Tectona 6.83 84.23 0.18 0.69 6.59 86.95 0.09 0.70 580 75.78 0.18 0.57
grandis

7 Grevillea 578 89.66 0.76 0.57 598 83.33 0.80 0.65 5.53 84.21 0.45 0.68
robusta

8 Muntingia 7.52 62.50 0.98 0.23 5.83 6429 0.31 0.70 5.85 39.26 0.58 0.71
calabura

9 Syzygium 7.07 8299 0.18 0.48 6.57 77.45 0.32 0.53 455 71.50 0.58 0.68
cumini

10 Samanea 590 50.00 1.07 0.70 595 7143 0.58 0.70 5.63 74.64 0.58 0.71
saman

11 Ficus 6.69 84.09 0.22 0.68 778 91.89 0.18 0.69 7.51 87.50 0.09 0.69
glomerata

12 Tecoma 7.34 66.85 0.18 0.67 6.08 96.59 0.27 0.66 5.57 8333 0.18 0.69
stans

13 Psidium 485 91.67 0.89 0.66 516 93.18 0.89 0.66 598 91.78 0.18 0.49
guajava

14 Moringa 5.61 80.00 0.63 0.70 544 7500 0.63 0.69 527 4286 0.18 0.67
oleifera

15 rIfuga'gptus 497 69.85 0.82 0.59 529 7268 074 0.67 485 7890 0.67 0.67
ybri
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Table 2
APTI values of northern transect

Species Urban Transition Rural
Mangifera indica 10.38 10.70 10.23
Artocarpus heterophyllus  6.57 7.09 6.38
Pongamia pinnata 7.14 8.35 7.20
Murraya koenigii 7.18 6.68 6.26
Azadirachta indica 6.14 7.57 8.31
Tectona grandis 8.56 8.76 7.69
Grevillea robusta 9.45 8.87 8.70
Muntingia calabura 7.01 6.63 4.31
Syzygium cumini 8.43 7.97 7.45
Samanea saman 5.71 7.53 7.83
Ficus glomerata 8.57 9.34 8.82
Tecoma stans 6.83 9.84 8.45
Psidium guajava 9.66 9.84 9.29
Moringa oleifera 8.39 7.88 4.39
Eucalyptus hybrid 7.44 7.71 8.26

3.2 SOUTHERN TRANSECT
3.2.1 APTI analysis

Among the 16 tree species evaluated, Mangifera indica, Ficus tinctoria, Commiphora caudata, and Alangium salviifolium demonstrated relatively higher
tolerance to air pollution compared to the others. Based on the Air Pollution Tolerance Index (APTI), all species were categorized under a sensitive
response, except for Mangifera indica, which exhibited an intermediate response in both transition and rural plots. Overall, tree species in urban and rural
plots showed comparatively higher tolerance than those in transition zones.

The tolerance index in rural plots, arranged in decreasing order, is as follows: Mangifera indica> Commiphora caudata > Ficus tinctoria > Psidium guajava >
Azadirachta indica > Alangium salviifolium > Grevillea robusta > Pongamia pinnata > Morus alba > Muntingia calabura > Tectona grandis > Murraya koenigii
> Moringa oleifera> Phyllanthus acidus > Artocarpus heterophyllus > Leucaena leucocephala.

In contrast, the tolerance index in transition plots, presented in increasing order, is: Artocarpus heterophyllus < Murraya koenigii< Muntingia calabura <
Psidium guajava < Grevillea robusta < Leucaena leucocephala < Moringa oleifera< Tectona grandis < Phyllanthus acidus < Alangium salviifolium <
Azadirachta indica < Morus alba< Commiphora caudata< Pongamia pinnata< Ficus tinctoria< Mangifera indica. Species such as Phyllanthus acidus,
Leucaena leucocephala, Artocarpus heterophyllus, and Moringa oleifera recorded the lowest tolerance indices among all.

Global climate change is expected to intensify pollutant emissions and greenhouse gas release in tropical urban environments. Therefore, the selection of
suitable tree species is crucial for urban greening initiatives, especially along roadsides and in green spaces. Based on this study, species categorized as
sensitive can also serve as effective bio-indicators for environmental monitoring. These findings are consistent with earlier research [16, 14], which also
reported similar physiological responses in tree species under polluted conditions. Notably, a shift toward acidic pH in urban plots and reductions in total
chlorophyll content and relative water content suggest physiological stress in trees due to pollution [14].
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Table 3

Parameters of Air Pollution Tolerance Index (APTI) along the domains of southern transect

Sl.

No.

10

11

12

13
14

15

16

List of
species

Mangifera
indica

Artocarpus
heterophyllus

Pongamia
pinnata

Murraya
koenigii

Azadirachta
indica

Tectona
grandis

Alangium
salviifolium

Grevillea
robusta

Muntingia
calabura

Phyllanthus
acidus

Psidium
guajava

Moringa
oleifera

Morus alba

Leucaena
leucocephala

Ficus
tinctoria

Commiphora
caudata

Urban

PH

4.88

5.75

6.12

5.66

6.03

6.86

5.50

5.61

5.38

5.78

5.17

5.48

6.21
6.16

5.68

4.49

RWC

85.71

65.66

82.50

70.00

71.43

77.56

85.19

80.00

73.68

69.23

85.37

60.00

71.67
66.67

86.03

80.00

Ascorbic

Acid

1.38

0.25

0.13

0.25

0.13

0.25

1.25

0.13

0.13

0.25

0.13

0.38

0.25
0.13

0.25

0.13

Total
Chlorophyli
0.65
0.64
0.51
0.64
0.64
0.64
0.64
0.66
0.61
0.58
0.51

0.58

0.65
0.61

0.62

0.58

Transition

H RWC
511 92.59
589 56.23
6.60 84.88
6.07 57.89
6.70 76.92
6.32 77.96
6.23 78.95
5.73 64.00
6.27 60.00
5.98 80.00
5.96 62.50
5.43 75.00
6.24 82.43
6.43 66.67
6.19 89.07
478 84.00

Ascorbic

Acid

1.63

0.50

0.13

0.25

0.75

0.13

0.38

0.13

0.25

0.13

0.25

0.38

0.25
0.50

0.13

0.13

Total
Chlorophyll
0.69
0.67
0.68
0.57
0.68
0.68
0.66
0.74
0.66
0.58
0.54

0.69

0.66
0.68

0.65

0.57

Rural

H

5.91

6.40

6.51

5.87

6.47

6.26

6.36

6.23

5.97

6.32

5.96

5.73

6.82
6.44

5.82

5.52

RWC

88.98

60.70

79.59

71.43

82.61

73.45

80.95

78.95

75.86

66.67

86.36

66.67

79.55
50.00

87.67

90.48

Ascorbic

Acid

1.88

0.13

0.13

0.13

0.81

0.13

0.50

0.25

0.69

0.13

0.50

0.50

0.13
0.13

0.38

0.13

Total
Chlorophyll
0.73
0.73
0.70
0.60
0.72
0.69
0.47
0.71
0.68
0.73
0.51

0.55

0.67
0.72

0.65

0.56
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Table 4
APTI values of southern transect

Species Urban Transition Rural
Mangifera indica 9.33 10.20 10.14
Artocarpus heterophyllus  6.73 5.95 6.16
Pongamia pinnata 8.33 8.58 8.05
Murraya koenigii 7.16 5.96 7.22
Azadirachta indica 7.23 8.25 8.85
Tectona grandis 7.94 7.88 7.43
Alangium salviifolium 9.29 8.15 8.44
Grevillea robusta 8.08 6.48 8.07
Muntingia calabura 7.44 6.17 8.04
Phyllanthus acidus 7.08 8.08 6.75
Psidium guajava 8.61 6.41 8.96
Moringa oleifera 6.23 7.73 6.98
Morus alba 7.34 8.42 8.05
Leucaena leucocephala 6.75 7.02 5.09
Ficus tinctoria 8.76 8.99 9.01
Commiphora caudata 8.06 8.47 9.12

The Air Pollution Tolerance Index (APTI) has been widely employed across different geographic regions to evaluate the tolerance of plant species to
atmospheric pollutants. Several studies across industrial and urban landscapes have yielded insightful comparisons of plant species in relation to their
pollution response mechanisms.

In Beijing, China, a study near a steel industry identified Broussonetia papyrifera, Robinia pseudoacacia, and Ailanthus altissima as species with moderate
to high tolerance to industrial emissions [22]. Similarly, in Delta State, Nigeria, species such as Emilia samtifolia, Manihot esculenta, and Elaeis guineensis
exhibited higher APTI values near the Otorogun Gas Plant, indicating their resilience in a polluted environment [1]. At the Erhoike-Kokori oil drilling site in the
same region, Mangifera indica and Chromolaena odoratatopped the tolerance rankings, while Psidium guajava and Elaeis guineensis showed lower
tolerance [2].

In Enugu, Nigeria, APTI analysis in both urban and industrial zones revealed that tree species generally outperformed ornamental shrubs in pollution
tolerance. Anacardium occidentale, Pinus spp., and Catalpa bungeirecorded higher APTI values than shrubs, suggesting their suitability for urban
landscaping to combat heat island effects [15]. Furthermore, in the Ama industrial area of Enugu, Delonix regia (APTI: 5.308 + 0.090) showed significantly
higher tolerance compared to Anacardium occidentale (APTI: 3.470 +0.001) [32].

In Pulau Pinang, Malaysia, comparative evaluation between Ficus sp. and Bougainvillea sp. along major roads showed that Ficus exhibited greater APTI
values, indicating higher tolerance, while Bougainvillea was more sensitive and suitable as a biological indicator [25].

In Cote d'lvoire, Ficus benjamina recorded the highest APTI among ornamental plants (up to 17.15), followed by Jatropha integerrima and Barleria prionitis.
Cassia surattensis was the most sensitive species based on APTI scores [47]. Studies from Ahvaz, Iran, showed notable spatial variation in APTI values
across polluted and non-polluted sites. Myrtus exhibited the highest tolerance in both areas, while Prosopis showed vulnerability to pollution, with its APTI
dropping from 4.97 (unpolluted) to 4.57 (polluted) [16].

In the Babylon region of Mesopotamia, Conocarpus lancifolius was found tolerant, while Dodonaea viscosa was more sensitive, as influenced by prevailing
wind directions and proximity to pollution sources [39].

A notable observation from several studies is the positive correlation between higher ascorbic acid content and SO, tolerance, supporting the use of
physiological parameters in APTI computation [49]. In Indian studies, Mangifera indica, Alstonia scholaris, and Eupatorium odoratum emerged as effective
biomonitors of vehicular pollution [19].

In Bangalore, India, field comparisons showed that Bougainvillea spectabilis and Ageratum conyzoides had significant drops in APTI values from control to
polluted sites, indicating high sensitivity, whereas Peltophorum pterocarpum and Portulaca oleraceae retained relatively stable scores, marking them as
pollution-tolerant species [14].

A broader study assessing APTI and Anticipated Performance Index (API) for 29 species showed that Ficus benghalensis, Cassia fistula, and Ficus
religiosa had the highest tolerance scores, while Mangifera indica showed lower tolerance in comparison. In marble industrial zones of Potwar, species
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such as Polyalthia longifolia, Ficus glomerata, and Ailanthus indicus were noted for their resilience [33].

In Navsari, India, Cassia fistula outperformed other species like Saraca asoca and Syzygium cuminiin terms of APTI, affirming its tolerance in urban
polluted environments. In contrast, Tectona grandis and Terminalia catappa showed moderate sensitivity [30]. Lastly, in Dehradun, Eucalyptus globulus
exhibited the highest APTI values, followed by Ficus religiosa and Mangifera indica, while lower APTI was observed in species like Lantana camara [23].

Conclusion

The APTI values indicated that several tree species found along the northern and southern transects exhibit relatively higher tolerance to air pollution. In the
northern transect, species such as Mangifera indica, Psidium guajava, Ficus glomerata, and Pongamia pinnata were identified as pollution-tolerant.
Similarly, in the southern transect, Mangifera indica, Ficus tinctoria, Commiphora caudata, and Alangium salviifolium demonstrated higher tolerance levels.
These findings underscore the importance of selecting tree species based on the local air quality index (AQI). In urban environments—where pollution
levels are often elevated—prioritizing species with high APTI values is critical for the success and sustainability of urban forestry and landscape planning
initiatives. Pollution-tolerant species not only have a higher likelihood of survival in degraded environments, but also contribute significantly to mitigating air
pollution, reducing urban heat island effects, and enhancing biodiversity. Therefore, incorporating APTI as a guiding criterion in species selection can
improve the resilience and ecological performance of urban green spaces. This approach ensures that planted trees are better adapted to prevailing
environmental stresses, thereby maximizing the long-term benefits of urban forests. In turn, this supports the development of healthier, greener, and more
sustainable cities.
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Figures

Figure 1

Location of the study area in the northern and southern part of Bengaluru
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Study plots identified along the northern and southern part of Bengaluru

Page 12/13



Air Quality Index Range
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Moderately polluted 101-200 L2018 w201

Poor 201-300
Very poor 301-400
Severe > 401

Valuwes (pg/m*)

Sy NHT PMI» PM23 NH3Z PMI0 PM23 Al NHZ PMI0 PM23
Vicloria Hospital « 116 ki from (002 Yeswanihapura Police Siafion « 2.29 kan from Ploi KR Cirele « 129 kan from NO9
KD35
S0, - 80 pg/m?; NO, - 80 pg/m’; NH, - 400 jig/m’; PM 10 - 100 pg'm®; PM 2.5 - 60 pg/mr’ Air Quality Parameiers
Figure 3

Air quality parameters from the Karnataka State Pollution Control Board (KSPCB) monitoring stations
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