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Abstract
Industrialization and extensive use of automobiles cause air pollution which indicates the inability of trees plants due 
to changes in their biochemical and physiological processes for absorbing the air pollutants. Air Pollution Tolerance 
Index (APTI) is an important indicator for determining the ability of trees plants for their efficient ability for controlling 
air pollution. To estimate it and its effects a comparitive study of the air pollution tolerance index was examined in 14 
species of plants between residential areas (University of the Punjab) and roadside areas (orange train line). To calcu-
late the APTI value, four physiological and biochemical parameters—ascorbic acid, relative water content (RWC), pH, 
and chlorophyll concentration of leaf samples—were integrated. Present study results reveal that the plant tolerance 
against pollution is site specific, and that integrating a number of biochemical parameters give more accurate results 
as compared to single. Results show that Alstonia scholaris show maximum and Magnifera indica show minimum APTI 
values in residential areas while Magnifera indica shows maximum and Bougainvillea glabra shows minimum APTI value 
in roadside areas. Present study results show that plants with higher APTI values are tolerant of pollution, whereas those 
with lower APTI values are susceptible to it. Thus Plants with more APTI values are tolerant and use as a sink to control 
pollution in urban and industrial sites.

Article Highlights

1.	 Air pollution tolerance index (APTI) is the key parameter 
for assessing resistant or susceptibility of trees plant.

2.	 Alstonia scholaris and Magnifera indica trees species are 
more susceptible to air pollution along residential and 
roadside.

3.	 The results of study are helpful for planning of green 
belt and controlling of air pollution.
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1  Introduction

The term “air pollution” refers to the environmental 
contamination caused by any biological, chemical, or 
physical agent that could be harmful to humans or other 
living organisms [1]. Major sources of air pollutants are 
carbon mono oxide, Sulphur oxides, heavy metals which 
are emitted by vehicles [2, 3]. There are two types of pol-
lutants: primary and secondary. Primary pollutants are 
those which are released into the atmosphere and cause 
direct air pollution, whereas secondary pollutants are 
those that are created in the atmosphere due to interac-
tions between primary pollutants [1]. When these pollut-
ants are discharged into the atmosphere, they not only 
worsen the quality of the air, which has an impact on the 
ecosystem, but also put people’s health at risk, especially 
those with respiratory and cardiovascular conditions, at 
danger [4, 5]. Air pollution can harm plants indirectly 
through soil acidity or directly through their leaves [6].

Millions of people in Pakistan are affected by the seri-
ous health issues of air pollution. Experts caution that 
the consequences of insufficient effort to address the 
issue might be terrible for the nation. Pakistan most 
populated cities i.e., Lahore and Karachi ranking among 
the most polluted worldwide. Rapidly growing indus-
tries and vehicular density in urban areas of Lahore dis-
turbs air quality and causes air pollution. Air pollution in 
Lahore induces major health problems including asthma. 
Smog is a major problem in Lahore due to burning crop 
residues and vehicles emitted gases which causes air 
pollution.

As part of their regular operations, trees remove a 
substantial quantity of pollutants from the environment, 
which helps to significantly reduce air pollution. The vast 
leaf surface allows for the deposition of particles and the 
removal of gases. Nearly every tree component, includ-
ing the roots, soil and vegetative components, removes 
pollution. Plants can clean the air pollutants including 
SO2, PAN (Peroxyacetyl Nitrate), HF and heavy metals 
like lead and mercury (Hg) [7]. However, some air pol-
lutants may alter a plant’s biochemical make-up, rate 
of seed germination, photosynthetic response, quan-
tity of flowers on a florescence, stomata and length of 
pedicles, which may have an impact on a plant’s abil-
ity to grow [8]. Through the stomata, or holes, on their 
leaves, trees breathe and exchange gases, including both 
those required for the tree to operate and other gase-
ous air contaminants. Once inside the leaf, gases seep 
into the spaces between the cells, where they can be 
absorbed by water films or chemically altered by plant 
tissues. By capturing airborne pollutants and holding 
them on the surface of their leaves, trees can help to 

lessen air pollution. By translocating through the xylem 
and phloem, pollutants move through plants. Chemical 
pollutants which are taken up by leaves are transported 
to the root zone, where soil microbes can deteriorate 
them. When chemical pollutants are taken by roots, they 
may also be deteriorated and transferred to leaves where 
they may release their toxins into the air [9].

It has also been noted that many plants incur physi-
ological changes when unveiled to polluted air, display-
ing apparent damages to plant leaves [10]. It’s important 
to select the appropriate plant characteristics to analyze 
how various plant species respond to air pollution. The 
APTI shows the susceptibility of plants against polluted 
air. High-index plants are typically tolerant of air pollu-
tion. They may live off of contaminated air. Low-index 
plants exhibit susceptibility to air pollution. According 
to APTI, they can endure air pollution [11–13]. Low-index 
plants exhibit susceptibility to air pollution. Plants are 
categorized as sensitive (< 12), intermediate (13–20), 
and tolerant (> 20) based on their APTI score. Plants are 
divided into three categories based on their APTI value: 
sensitive (< 12), intermediate (13–20), and tolerant (> 20) 
[14].

While more tolerant plant species operate as sinks for 
airborne contaminants and can be employed to create 
green belts, whereas sensitive plant species acts as bio 
indicator of air pollution [15–18]. The aforementioned 
parameters are computed collectively in one formula to 
obtain a significant value that indicates the APTI of plant 
species, after understanding the contributions of ascorbic 
acid; chlorophyll content; RWC and leaf extract pH, to pol-
lution tolerance in plants.

The whole study indicates that plants having higher 
tolerance indices were tolerant to air pollution while 
those having lower tolerance indices were susceptible to 
it. This study’s objective is to ascertain the APTI values of 
several species of plant in the vicinity of University of the 
Punjab and along the roadside areas in Lahore, Pakistan. 
Several researchers concur that air pollution have a nega-
tive impact on plant development [19–23]. Landscapers 
choose those species of plant which are more tolerant to 
air pollution using the air pollution tolerance index [24].

As a result, we have concentrated on the potential of 
plant species flourishing in Pakistan’s largest city, Lahore, 
to resist air pollution. So, Ascorbic acid concentration 
(AAC), total chlorophyll content (TCC), relative water con-
tent (RWC), and pH of leaf extract were used to calculate 
the air pollution tolerance index (APTI) for the chosen 
plant species (Azadirachta indica, Magnifera indica, Euca-
lyptus sp., Saraca asoca, Psidium guajava, Melia azedarach, 
Morus alba, Alstonia scholaris, Bougainville, Dalbergia sis-
soo, Java plum, Ficus benghalensis, Ziziphus mauritiana and 
Pongamia pinnata). The findings of this study may aid in 
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selecting plants for the city of Lahore’s green belt and pre-
vent the extinction of pollution-sensitive plants.

2 � Materials and methods

2.1 � Meteorology & sampling site

The location of Lahore, the capital of Punjab province and 
the second-largest city in Pakistan, is 31°15′–31°45′N and 
74°01′–74°39′E. The city district experiences an average 
annual temperature of 24.3 °C, which is warm and semi-
arid [25]. While the average temperature in the winters 
is between 15 °C and 22 °C, the maximum temperature 
during the warm season ranges from 33 to 40 °C and the 
minimum temperature ranges from 22 to 28 °C.

2.2 � Sample collections

Automobile exhaust, local enterprises, railroad traf-
fic, burning of wastes, and home heating are the main 
sources of pollution in Lahore. A study investigated the 
trees’ susceptibility to air pollution in two separate loca-
tions selected on the basis of exposure to pollutants 
(Residential area (University of the Punjab, New campus), 
31.493187°N, 74.297154E° is taken as control for com-
parison with high traffic road side (orange train track, 
31.32131N°, 74.17269E°).The University of the Punajb 
campus is approximately 10 km away from the orange 
train track. A local species survey was conducted in and 
around the town, and it was verified by existing literature 
and data received from the Forest Department’s Lahore 
Division, Government of Punjab and Parks and Horticul-
tural Authority (PHA). Based on their prevalence through-
out all of the sites, the survey’s findings led to the selection 
of 14 tree species. Trees near roads and those exposed to 
traffic were chosen for the research in each location. Leaf 

samples of numerous randomly selected plants of selected 
areas, residential (university campus) area, and roadside 
(highly polluted side orange train track) area (Fig. 1). The 
leaf samples of Azadirachta indica, Magnifera indica, Euca-
lyptus sp., Saraca asoca, Psidium guajava, Melia azedarach, 
Morus alba, Alstonia scholaris, Bougainvillea glabra, Dalber-
gia sissoo, Java plum, Ficus benghalensis, Ziziphus mauriti-
ana and Pongamia pinnata were collected manually from 
the bottom of the tree’s canopy, about 6–8 feet above 
the ground, from selected areas. The leaves were given 
the utmost attention to keep them free from any obvious 
fungi or leaf diseases. When fresh leaves were brought to 
the lab, the weight of those leaves was instantly recorded. 
The remaining material was kept chilled in a polythene 
bag for future examination.

2.3 � Chemical analysis

2.3.1 � Ascorbic acid determination

The ascorbic acid concentration (mg/g dry weight) was 
calculated by following the method explained by Keller 
and Schwager [26] while using 2, 6-dichlorophenol indo-
phenol (DCPIP). In short, 0.5 g of fresh leaf sample was 
homogenized with 20 ml of the extraction solution, which 
was made by mixing 5.0 g of oxalic acid and 0.75 g of EDTA 
in 1000 ml of distilled water. To collect the supernatant, 
the above solution was centrifuged at 10,000 rpm (rev/
min) for 30 min. 1 ml of supernatant solution was added 
to 5 ml of DCPIP (prepared by adding 6.0 mg of DCPIP in 
200 ml distilled water) and mixed by vibration. When the 
solution turned pink, a spectrophotometer was used to 
measure absorbance at 520 nm (Es). A few drops of 1% 
ascorbic acid were added to the mixture to totally remove 
the pink hue, and absorbance was then measured once 
again at 520 nm (Et). Mix the extract solution and the DIP 

Fig. 1   Geographical loca-
tions of sampling sites (ArcGIS 
software version 10.5; https://​
www.​arcgis.​com)

https://www.arcgis.com
https://www.arcgis.com
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solution and measure as a blank (Eo). Ascorbic acid content 
is determined by:

where, W = Fresh leaf weight. V1 = Supernatant Solution 
volume. V = Mixture volume.

Ascorbc acid

(

mg

g

)

=
[

E
0
−
(

Es − Et
)]

∗
V

W × V1 × 1000

2.3.3 � Relative water content (RWC)

RWC was measured by following the procedure of Siva-
kumaran and Hall [28]. Fresh weight of entire leaves was 
measured instantly (initial weight). Then Leaves were 
soaked in water overnight and dried off, so weight can be 
measured to determine their saturated weight. Same leaf 
samples were placed in oven at 80 °C for 24 h to measure 
oven dry weight. The formula which was mentioned below 
was used to determine RWC:

2.3.4 � Leaf pH determination

50 ml of distilled water was used to homogenize 5.0 g of 
leaf sample to determine the pH of the suspension, which 
was then determined by using digital pH meter.

2.3.5 � Air pollution tolerance index (APTI)

Species’ air pollution tolerance indexes were measured by 
following the Singh and Rao [29] formula as mentioned 
below:

A = Ascorbic acid content (mg/g).
T = Total chlorophyll content (mg/g).
P = pH of leaf extract.

Relative water content(%) =

[

Initial weight − Dry weight

Saturated weight − Dry weight

]

× 100

Air pollution tolerance index = [A(T + P)] + R]∕10

Table 1   Comparison of biological parameters of plant species between residential and roadside areas

Plant specises Residential sites Roadside (orange train) site

RWC (%) TCC (mg/g) AA (mg/g) APTI RWC (%) TCC (mg/g) AA (mg/g) APTI

Saraca asoca 82.38abc 1.69a 0.06ab 8.29ab 84.13abc 1.27cd 0.059a 8.45abcd
Psidium guajava 84.918abc 0.85g 0.06ab 8.54ab 74.13cde 0.99f 0.059a 745ef
Melia azedarach 83.103abc 1.43cde 0.06ab 8.36ab 84.31abc 1.47a 0.061a 8.47bc
Morus alba 87.903ab 1.29ef 0.06ab 8.84a 77.2bcde 1.08ef 0.060a 7.76cdef
Alstonia scholaris 91.02a 1.49bcd 0.063a 9.15a 85.21ab 1.39abc 0.060a 8.56abc
Bougainvillea glabra 80.55bc 1.21f 0.057b 8.11abc 56.99f 1.31bc 0.06a 5.75g
Dalbergia sissoo 89.72ab 1.51bc 0.06ab 9.02a 72.56de 1.02ef 0.059a 7.27ef
Syzygium cumini 70.103de 0.89g 0.063a 7.05cd 79.91abcd 1.27cd 0.059a 8.03abcde
Ficus benghalensis 86.559ab 0.94g 0.06ab 8.7ab 78.21bcde 0.73g 0.060a 7.86bcde
Azadirachta indica 64.88e 1.33def 0.06ab 6.52d 67.53ef 1.35abc 0.060a 6.79f
Eucalyptus sp. 87.75ab 0.82g 0.06ab 8.81ab 87.15ab 0.72g 0.060a 8.76ab
Magnifera indica 64.71e 1.31ef 0.06ab 6.51d 89.08a 1.44ab 0.059a 8.95a
Ziziphus mauritiana 76.03cd 1.53abc 0.06ab 7.65bcd 74.36cde 0.99f 0.060a 7.57def
Pongamia pinnata 89.75ab 1.62ab 0.06ab 9.02a 71.66de 1.16de 0.060a 7.21ef
LSD (0.05%) 10.08 0.165 0.0063 1.678 10.72 0.15 0.0076 0.99

2.3.2 � Chlorophyll content determination

Total chlorophyll content (mg/g) was calculated following 
the procedure of Singh et al. [27]. After blending 1.0 g leaf 
sample, 10 ml of 80% acetone was used to extract chlo-
rophyll to determine chlorophyll content. At 645 nm and 
663 nm, the filtered extract’s absorbance was measured 
spectrophotometrically. The formula mentioned below 
was used to perform the calculations:

where, A645 = Absorbance at 645 nm. A663 = Absorbance at 
663 nm. V = Total volume of extract. W = Fresh leaf weight 
in gram.

Total chlorophyll

(

mg

g

)

=

[(

20.2 × A
645

)

+
(

8.02 × A
663

)

× V
]

1000 ×W
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R = Relative water content of leaf (%).

3 � Results

The four biochemical parameters (ascorbic acid, pH, RWC 
and total chlorophyll content) were used to estimate the 
APTI value shown in (Table 1) as this method is less costly 
and more convenient in field condition as compare to 
other costly gadgets and tools which are used as a fore-
caster of air pollution.

3.1 � Ascorbic acid

The result of ascorbic acid is presented in the Fig. 2. The 
data showed that ascorbic acid was not significantly dif-
ferent between residential and roadside samples. In the 
residential area(University of the Punjab) Melia azedar-
ach has the maximum (0.06035 mg/g) ascorbic acid fol-
lowed by Ziziphus mauritiana (0.06025) > Saraca asoca 
and Dalbergia sissoo whereas minimum value is shown by 
Eucalyptus (0.0598) < Ficus benghalensis and Bougainvillea 
glabra while in road side areas (orange line train) Saraca 
asoca, Azadirachta indica, Ficus benghalensis, Bougainvillea 

Fig. 2   Comparison of ascorbic 
acid in residential & roadside 
plant species
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glabra and Melia azedarach show same maximum value 
0.0604 mg/g and minimum value is shown by Magnifera 
indica and Dalbergia sissoo.

3.2 � pH

The results of pH parameters showed in the Fig. 3. The 
results showed that Bougainvillea glabra has highest pH 
value 6.79 as followed by Morus alba and Dalbergia sissoo 
in residential area and minimum value (4.48) is shown by 
Eucalyptus < Ficus benghalensis and Syzygium cumini while 
in road side areas Bougainvillea glabra shows maximum 
value 7.98 as followed by Ficus benghalensis > Dalbergia 

sissoo and Azadirachta indica and minimum value (4.27) is 
shown by Syzygium cumini < Eucalyptus < Melia azedarach 
and Ficus benghalensis.

3.3 � Total chlorophyll content (TCC) (mg/g)

Maximum chlorophyll content is obtained in Saraca 
asoca (1.624108 mg/g) as followed by Pongamia pin-
nata > Ziziphus mauritiana and Alstonia scholaris and 
the minimum content is in Eucalyptus (0.82144 mg/g) as 
followed by Psidium guajava < Syzygium cumini and Ficus 
benghalensis. While in road side areas maximum chloro-
phyll content is show by Melia azedarach (0.73453 mg/g) 

Fig. 4   Comparison of chloro-
phyll content in residential & 
roadside plant species
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as followed by Magnifera indica > Alstonia scholaris and 
Azadirachta indica and minimum content is in Ficus 
benghalensis, Psidium guajava and Ziziphus mauritiana 
(Fig. 4).

3.4 � Relative water content (%)

The results of RWC is shown in Fig. 5. Alstonia scholaris 
showed maximum (91.0204%) as followed by Pingamia 
pinnata > Dalbergia sissoo and Morus alba whereas mini-
mum value is in Magnifera indica < Azadirachta indica 
and Ziziphus mauritiana. While in road side area Mag-
nifera indica (89.0805%) shows maximum value as fol-
lowed by Eucalyptus > Alstonia scholaris and Melia azedar-
ach and minimum value is (56.923%) in Bougainvillea 
glabra < Azadirachta indica and Pongamia pinnata.

3.5 � Air pollution tolerance index

Figure  6 shows that the value of APTI in residential 
area is decreasing as Alstonia Scholaris > Pongamia pin-
nata > Dalbergia sissoo > Morus alba > Eucalyptus > Ficus 
benghalensis > Psidium guajava > Melia azedarach > Saraca 
asoca > Bougainvillea glabra > Ziziphus mauritiana > Syzyg-
ium cumini > Azadirachta indica > Magnifera indica while in 
case of road side areas the value is decreasing as Mag-
nifera indica > Eucalyptus > Alstonia Scholaris > Melia 
azedarach > Saraca asoca > Ficus benghalensis > Morus 
alba > Ziziphus mauritiana > Psidium guajava > Dalbergia 
sissoo > Pongamia pinnata > Azadirachta indica > Bougain-
villea glabra. Figure 7 displays a seasonal cluster analysis 
using Euclidean distance. According to a cluster analysis, 
the majority of plants in the category of sensitive plants 

form the largest cluster throughout each of the two sites. 
Hence, the majority of the plants in this research had a 
sensitive degree. The factors that are most impacted by 
air pollution were found using a cluster heat map, making 
a plant more resilient to stress. The results of residential 
and traffic sites are shown in Fig. 8. The heat map of resi-
dential site showed that Psidium guajava and Magnifera 
indica have higher value of fresh weight and dry weight 
respectively while more APTI and RWC (%) are present in 
Magnifera indica and Azadirachta indica. The heat map of 
roadside site showed that Bougainvillea glabra has higher 
value of APTI and RWC (%) respectively while more TCC 
and pH are present in Eucalyptus and Bougainvillea glabra.

4 � Discussion

Ascorbic acid has a strong reducing power [30] that is 
dependent on pH because ascorbic acid is the primary 
redox buffer and activates a variety of physiological and 
defense mechanisms, including regulating photosynthe-
sis; hormone biosynthesis and the regeneration of other 
antioxidants. Plants with higher concentrations of ascorbic 
acid and higher pH are more resilient to air pollution than 
those with lower concentrations [31]. In our study, ascorbic 
acid of Melia azedarach has maximum (0.06035 mg/g) and 
Eucalyptus has minimum content (0.0593 mg/g) in resi-
dential area while at road side areas five species showed 
maximum ascorbic acid content whereas Magnifera indica 
and Dalbergia sissoo show minimum value 0.0598 mg/g. In 
the present results showed that low ascorbic in different 
plant species resulted sensitivity to air pollution which is 
similarly explained by Verma et al. [32] that ascorbic acid 

Fig. 6   Comparison of APTI in 
residential & roadside plant 
species
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is natural detoxifier which play a vital role in reducing the 
air pollution effect in plant tissue.

The plant chlorophyll content potentially correlated 
with the pollution stress and type of pollutant. Our results 
related to chlorophyll showed that Saraca asoca at resi-
dential area while Melia azedarach at road side showed 
maximum chlorophyll content which is supported by Tim-
ilsina et al. [33] who described that chlorophyll synthesis or 
degradation linked with the concentration of SO2. Similarly 
Agbaire and Esiefarienrhe [15] reported that SO2 pollutant 
decrease the chlorophyll content in plant species. Moreo-
ver, under pollution stress chlorophyll level decreases 
in plants [17]. Acebron et al. [34] found that Azadirachta 
indica is more tolerant as compare to other 13 samples 
in road side areas because it has maximum chlorophyll 
content, which is an index of productivity of plants. The 
result of RWC are similar with the finding of [17, 35] who 
reported that air pollutants increases cell permeability, 
which causes water and dissolved nutrients being lost and 
early leaf senescence occur as a result. pH results indicated 
that Bougainvillea glabra in traffic areas is more tolerant 
which is in accordance with study of [36, 37] who reported 

that low pH show good correlation with sensitivity which 
reduce the photosynthesis.

The overall findings of this study support the idea that 
different plants react to air pollution in various ways in dif-
ferent geographical areas [37] and also with in the same 
area as it depend on different factors such as plant age, 
metabolic functions [38] and concentration of different 
pollutants such as CFC, NO and CO. Thus low APTI plants 
are susceptible to pollution [39] while high APTI plants 
are tolerant of it. The APTI is the key indicator for identify-
ing the air pollution tolerance of the plant species. In the 
present study, Magnifera indica is tolerant to air pollution 
in road side area as compare to others and Alstonia scho-
laris is more tolerant in residential areas as compare to 
other plant species. All these results are supported by the 
findings of [40, 41] who found that air pollution tolerant 
plants show high APTI value thus they can be used as sink 
to control pollution in traffic and industrial areas while air 
pollution less tolerance plant show less APTI value which 
act as bio indicator to check the quantity of air pollution.

Overall residential area has maximum value of APTI as 
compare to road side area with the exception that some 

Fig.7   a Residential site. b 
Roadside site
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samples show reverse results which show that road side 
trees are sensitive to air pollution as these plants are indic-
ative of higher pollution exposure such as dust pollution 
and gaseous pollutants which alter the functioning, bio-
chemical makeup and tolerance capacity of plants to the 
air pollution [42]. Thus road sides (Lahore) are suffering 
from a more severe case of air pollution as a result of heavy 
vehicle and industrial emission as compared residential 
areas (University of the Punjab) which are heavily planted 
and there are no industries.

According to World air quality report in 2018 Lahore 
ranked 10 in IQAir Air Visual [43]. Overall the second-most 
polluted nation in the world is Pakistan due to air pollu-
tion which increase in winters in the form of smog and due 
to reduced air dispersion on the leaf surface [44]. Natural 
system is adversely effected by deprived air quality and it 
did not only effects the plants but also human and animals 
as well [45] and it is more challenging to control it as com-
pare to soil and water pollution.

5 � Conclusion

Plants trees are constantly exposed to air contaminants; 
these pollutants build up inside of them. The leaves’ natu-
ral characteristics are changed, and they become more 
vulnerable to pollution as a result. Plant life is threatened 

by pollutants from traffic emissions because they make 
plants sensitive. This sensitivity was determined using 
the air pollution tolerance index (APTI) and several bio-
chemical parameter measurements. However, the vulner-
ability levels of various plant species growing near traffic 
and residential regions in Lahore city had assessed on the 
basis of APTI. It is possible to determine which species are 
more sensitive to air pollution and which are more toler-
ant by comparing the APTI values of various species. The 
study’s findings showed that every sampled species was 
found to be particularly sensitive to air pollution in areas 
near roads, indicating that they are very vulnerable to the 
negative impacts of air pollution from vehicle emissions. 
Results show that Alstonia scholaris show maximum (9.15) 
and Magnifera indica show minimum (6.51) APTI values 
in residential areas while Magnifera indica shows maxi-
mum (8.95) and Bougainvillea glabra shows minimum 
(5.75) APTI value in roadside areas. The importance of APTI 
assessments is due to the growing risk of deforestation 
brought on by air pollution with rising urbanisation. The 
outcomes of such research are therefore useful for plan-
ning the future and may be useful in identifying potential 
control measures.

Acknowledgements  We are thankful to laboratory technical staff 
member of Department of Agronomy, for providing facilities during 
the study time.

Fig. 8   Cluster heat maps of plants with their APTI elements in residential and roadside sites: a Residential and b Roadside



Vol:.(1234567890)

Research	 SN Applied Sciences           (2023) 5:294  | https://doi.org/10.1007/s42452-023-05470-0

Author contributions  This manuscript was written through the contri-
butions of all authors. AZ: design the research plan, help in chemical 
analysis and write up. AA: collecting the sample, analysis and write 
up. SA: support in chemical analysis and write up. AF: help in chemi-
cal analysis and write up. AR: support in collecting the sample and 
chemical analysis. KA: support in collecting the sample and chemical 
analysis. WA: chemical analysis, arranging the data and write up. MS: 
help in preparation of graphs and tables through R software. MBC: 
support in collecting the sample and chemical analysis.

Funding  The present study did not receive any funding. So, it is not 
applicable for the current work.

Data availability  The writers will provide the information you need 
on the data that backs up the study’s conclusions.

Code availability  In response to a valid request, the authors will pro-
vide the codes supporting the software used in this work.

Declarations 

Conflict of interest  The authors declare that there is no conflict of 
interest. The authors have no relevant financial or non-financial in-
terests to disclose.

Ethical approval  Not applicable in the present work.

Consent to participate  All individuals taking part in the study gave 
their informed permission.

Consent for publication  Not applicable.

Plant ethics  Author’s confirm that the use of plants in the present 
study complies with international, national and/or institutional 
guidelines.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as 
long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​
org/​licen​ses/​by/4.​0/.

References

	 1.	 Lelieveld J, Evans JS, Fnais M, Giannadaki D, Pozzer A (2015) The 
contribution of outdoor air pollution sources to premature mor-
tality on a global scale. Nature 525(7569):367–371. https://​doi.​
org/​10.​1038/​natur​e15371

	 2.	 Kulshrestha U, Sharma D (2015) Importance of atmospheric 
dust in India: future scope of research. J Ind Geophys Union 
19(2):205–209

	 3.	 Pandey P, Patel D, Khan A, Barman S, Murthy R, Kisku G (2013) 
Temporal distribution of fine particulates (PM2. 5, PM10), poten-
tially toxic metals, PAHs and Metal-bound carcinogenic risk in 

the population of Lucknow City, India. J Environ Sci Health, 
Part A 48(7):730–745. https://​doi.​org/​10.​1080/​10934​529.​2013.​
744613

	 4.	 Adrees M, Ibrahim M, Shah AM, Abbas F, Saleem F, Rizwan M, 
Hina S, Jabeen F, Ali S (2016) Gaseous pollutants from brick kiln 
industry decreased the growth, photosynthesis, and yield of 
wheat (Triticum aestivum L.). Environ Monit Assess 188:1–11. 
https://​doi.​org/​10.​1007/​s10661-​016-​5273-8

	 5.	 Jahan S, Falah S, Ullah H, Ullah A, Rauf N (2016) Antioxi-
dant enzymes status and reproductive health of adult male 
workers exposed to brick kiln pollutants in Pakistan. Envi-
ron Sci Pollut Res 23:12932–12940. https://​doi.​org/​10.​1007/​
s11356-​016-​6454-2

	 6.	 Steubing L, Fangmeier A, Both R, Frankenfeld M (1989) Effects of 
SO2, NO2, and O3 on population development and morphologi-
cal and physiological parameters of native herb layer species in 
a beech forest. Environ Pollut 58(4):281–302

	 7.	 Shannigrahi A, Fukushima T, Sharma R (2004) Anticipated air pol-
lution tolerance of some plant species considered for green belt 
development in and around an industrial/urban area in India: 
an overview. Int J Environ Stud 61(2):125–137. https://​doi.​org/​
10.​1080/​00207​23032​00016​3137

	 8.	 Chakraborty S, Solanki R, Dave J, Rana S, Kumar R, Bhattacharya 
T (2009) Effect of airborne fly ash deposition on morphology 
and biochemical parameters of Medicago sativa L. and Brassica 
juncea. Res Environ Life Sci 2:13–16

	 9.	 Joshi PC, Chauhan A (2008) Performance of locally grown rice 
plants (Oryza sativa L.) exposed to air pollutants in a rapidly 
growing industrial area of district Haridwar, Uttarakhand, India. 
Life Sci J 5(3):41–45

	10.	 Dohmen G, Koppers A, Langebartels C (1990) Biochemical 
response of Norway spruce (Picea abies (L.) Karst.) towards 
14-month exposure to ozone and acid mist: effects on 
amino acid, glutathione and polyamine titers. Environ Pollut 
64(3–4):375–383

	11.	 Hoque MA, Banu MNA, Okuma E, Amako K, Nakamura Y, Shimoi-
shi Y, Murata Y (2007) Exogenous proline and glycinebetaine 
increase NaCl-induced ascorbate–glutathione cycle enzyme 
activities, and proline improves salt tolerance more than gly-
cinebetaine in tobacco Bright Yellow-2 suspension-cultured 
cells. J Plant Physiol 164(11):1457–1468. https://​doi.​org/​10.​
1016/j.​jplph.​2006.​10.​004

	12.	 Klumpp G, Furlan CM, Domingos M, Klumpp A (2000) Response 
of stress indicators and growth parameters of Tibouchina pul-
chra Cogn. exposed to air and soil pollution near the industrial 
complex of Cubatão, Brazil. Sci Total Environ 246(1):79–91. 
https://​doi.​org/​10.​1016/​S0048-​9697(99)​00453-2

	13.	 Rao D (1979) Plant leaf as a pollution monitoring device. Fert 
news; (India) 24(5)

	14.	 Flowers MD, Fiscus EL, Burkey KO, Booker FL, Dubois J-JB (2007) 
Photosynthesis, chlorophyll fluorescence, and yield of snap 
bean (Phaseolus vulgaris L.) genotypes differing in sensitivity to 
ozone. Environ Exp Bot 61(2):190–198. https://​doi.​org/​10.​1016/j.​
envex​pbot.​2007.​05.​009

	15.	 Agbaire P, Esiefarienrhe E (2009) Air pollution tolerance indices 
(apti) of some plants around Otorogun gas plant in Delta State, 
Nigeria. J Appl Sci Environ Manag. https://​doi.​org/​10.​4314/​
jasem.​v13i1.​55251

	16.	 Kousar H, Nuthan K, Pavithra K, Adamsab M (2014) Analysis of 
biochemical parameters as tolerance index of some chosen 
plant species of Bhadravathi town. Int J Environ Sci 3(11)

	17.	 Kuddus M, Kumari R, Ramteke PW (2011) Studies on air pollution 
tolerance of selected plants in Allahabad city, India. J Environ 
Res Manag 2(3):042–046

	18.	 Rai PK, Panda LL (2014) Dust capturing potential and air pollu-
tion tolerance index (APTI) of some road side tree vegetation 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/nature15371
https://doi.org/10.1038/nature15371
https://doi.org/10.1080/10934529.2013.744613
https://doi.org/10.1080/10934529.2013.744613
https://doi.org/10.1007/s10661-016-5273-8
https://doi.org/10.1007/s11356-016-6454-2
https://doi.org/10.1007/s11356-016-6454-2
https://doi.org/10.1080/0020723032000163137
https://doi.org/10.1080/0020723032000163137
https://doi.org/10.1016/j.jplph.2006.10.004
https://doi.org/10.1016/j.jplph.2006.10.004
https://doi.org/10.1016/S0048-9697(99)00453-2
https://doi.org/10.1016/j.envexpbot.2007.05.009
https://doi.org/10.1016/j.envexpbot.2007.05.009
https://doi.org/10.4314/jasem.v13i1.55251
https://doi.org/10.4314/jasem.v13i1.55251


Vol.:(0123456789)

SN Applied Sciences           (2023) 5:294  | https://doi.org/10.1007/s42452-023-05470-0	 Research

in Aizawl, Mizoram, India: an Indo-Burma hot spot region. 
Air Qual Atmos Health 7:93–101. https://​doi.​org/​10.​1007/​
s11869-​013-​0217-8

	19.	 Bhatia S (2006) Environmental Chemistry CBS Publishers and 
Distributors

	20.	 Henry JG, Heinke GW, Burton I (1996) Environmental science and 
engineering, vol 445. Prentice Hall, Upper Saddle River, NJ

	21.	 Horsefall JM, Spiff A (1998) Principles of environmental pollution 
with physical chemical and biological emphasis. Port Harcourt, 
Metropolis Ltd: 62–124

	22.	 Rao C (2007) Environmental pollution control engineering. New 
Age International, New Delhi

	23.	 Sodhi G (2005) Fundamental concepts of environmental chem-
istry. Alpha Science Int’l Ltd.

	24.	 Liu Y-J, Ding H (2008) Variation in air pollution tolerance index of 
plants near a steel factory: implication for landscape-plant spe-
cies selection for industrial areas. WSEAS Trans Environ Develop 
4(1):24–32

	25.	 Rasheed A, Aneja VP, Aiyyer A, Rafique U (2015) Measurement 
and analysis of fine particulate matter (PM2. 5) in urban areas 
of Pakistan. Aerosol Air Qual Res 15(2):426–439. https://​doi.​org/​
10.​4209/​aaqr.​2014.​10.​0269

	26.	 Keller T, Schwager H (1977) Air pollution and ascorbic acid. Eur 
J For Pathol 7(6):338–350. https://​doi.​org/​10.​1111/j.​1439-​0329.​
1977.​tb006​03.x

	27.	 Singh S, Rao D, Agrawal M, Pandey J, Naryan D (1991) Air pol-
lution tolerance index of plants. J Environ Manage 32(1):45–55. 
https://​doi.​org/​10.​1016/​S0301-​4797(05)​80080-5

	28.	 Sivakumaran S, Hall M (1978) Effects of age and water stress 
on endogenous levels of plant growth regulators in Euphorbia 
lathyrus L. J Exp Bot 29(1):195–205. https://​doi.​org/​10.​1093/​jxb/​
29.1.​195

	29.	 Singh S, Rao D (1983) Evaluation of plants for their tolerance 
to air pollution. In: Proceedings of symposium on air pollution 
control, vol 1. pp 218–224

	30.	 Dadkhah-Aghdash H, Rasouli M, Rasouli K, Salimi A (2022) 
Detection of urban trees sensitivity to air pollution using 
physiological and biochemical leaf traits in Tehran. Iran Sci Rep 
12(1):15398

	31.	 Bhadauria S, Dixit A, Singh D (2022) Estimation of air pollu-
tion tolerance and anticipated performance index of roadside 
plants along the national highway in a tropical urban city. 
Environ Monit Assess 194(11):808. https://​doi.​org/​10.​1007/​
s10661-​022-​10483-0

	32.	 Verma J, Singh P, Sharma R (2023) Evaluation of air pollution 
tolerance index and anticipated performance index of selected 
roadside tree species in Ludhiana, India. Environ Monit Assess 
195(1):240. https://​doi.​org/​10.​1007/​s10661-​022-​10784-4

	33.	 Timilsina A, Dong W, Hasanuzzaman M, Liu B, Hu C (2022) 
Nitrate–nitrite–nitric oxide pathway: a mechanism of hypoxia 
and anoxia tolerance in plants. Int J Mol Sci 23(19):11522. 
https://​doi.​org/​10.​3390/​ijms2​31911​522

	34.	 Acebron K, Salvatori N, Alberti G, Muller O, Peressotti A, 
Rascher U, Matsubara S (2023) Elucidating the photosynthetic 
responses in chlorophyll-deficient soybean (Glycine max, L.) leaf. 

J Photochem Photobiol 13:100152. https://​doi.​org/​10.​1016/j.​
jpap.​2022.​100152

	35.	 Barjoee SS, Malverdi E, Kouhkan M, Alipourfard I, Rouhani A, 
Farokhi H, Khaledi A (2023) Health assessment of industrial eco-
systems of Isfahan (Iran) using phytomonitoring: Chemometric, 
micromorphology, phytoremediation, air pollution tolerance 
and anticipated performance indices. Urban Clim 48:101394. 
https://​doi.​org/​10.​1016/j.​uclim.​2022.​101394

	36.	 Gupta V, Bisht L, Deep A, Gautam S (2022) Spatial distribution, 
pollution levels, and risk assessment of potentially toxic met-
als in road dust from major tourist city, Dehradun, Uttarakhand 
India. Stoch Env Res Risk Assess 36(10):3517–3533. https://​doi.​
org/​10.​1007/​s00477-​022-​02207-0

	37.	 Gautam S, Talatiya A, Patel M, Chabhadiya K, Pathak P (2020) 
Personal exposure to air pollutants from winter season bonfires 
in rural areas of Gujarat, India. Expo Health 12(1):89–97. https://​
doi.​org/​10.​1007/​s12403-​018-​0287-9

	38.	 Sadia H-E, Jeba F, Uddin MZ, Salam A (2019) Sensitivity study of 
plant species due to traffic emitted air pollutants (NO 2 and PM 
2.5) during different seasons in Dhaka, Bangladesh. SN Appl Sci 
1:1–9. https://​doi.​org/​10.​1007/​s42452-​019-​1421-4

	39.	 Das S, Sarkar A (2022) Utilization of mango plants (Mangifera 
indica L.) as in situ bio-monitoring tool against vehicular air pol-
lution along National and State Highways: a case study from 
Malda district, West Bengal, India. J Biol Today’s World 11(3):1–4. 
https://​doi.​org/​10.​35248/​2322-​3308-​11.3.​004

	40.	 Goswami M, Kumar V, Kumar P, Singh N (2022) Prediction mod-
els for evaluating the impacts of ambient air pollutants on the 
biochemical response of selected tree species of Haridwar, India. 
Environ Monit Assess 194(10):696. https://​doi.​org/​10.​1007/​
s10661-​022-​10384-2

	41.	 Satpute SB, Bhalerao SA (2017) Assessment of air pollution toler-
ance index (APTI) and anticipated performance index (API) for 
designing green belt. Res J Chem Environ Sci 5(1):86–94

	42.	 Patel K, Chaurasia M, Rao KS (2023) Urban dust pollution toler-
ance indices of selected plant species for development of urban 
greenery in Delhi. Environ Monit Assess 195(1):16. https://​doi.​
org/​10.​1007/​s10661-​022-​10608-5

	43.	 AirVisual I (2018) World air quality report. PM2, 5
	44.	 Sarkar S, Mondal K, Sanyal S, Chakrabarty M (2021) Study of 

biochemical factors in assessing air pollution tolerance index 
of selected plant species in and around Durgapur industrial 
belt, India. Environ Monit Assess 193(8):1–11. https://​doi.​org/​
10.​1007/​s10661-​021-​09253-1

	45.	 Saleem H, Zaidi SJ, Ismail AF, Goh PS (2022) Advances of nano-
materials for air pollution remediation and their impacts on 
the environment. Chemosphere 287:132083. https://​doi.​org/​
10.​1016/j.​chemo​sphere.​2021.​132083

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s11869-013-0217-8
https://doi.org/10.1007/s11869-013-0217-8
https://doi.org/10.4209/aaqr.2014.10.0269
https://doi.org/10.4209/aaqr.2014.10.0269
https://doi.org/10.1111/j.1439-0329.1977.tb00603.x
https://doi.org/10.1111/j.1439-0329.1977.tb00603.x
https://doi.org/10.1016/S0301-4797(05)80080-5
https://doi.org/10.1093/jxb/29.1.195
https://doi.org/10.1093/jxb/29.1.195
https://doi.org/10.1007/s10661-022-10483-0
https://doi.org/10.1007/s10661-022-10483-0
https://doi.org/10.1007/s10661-022-10784-4
https://doi.org/10.3390/ijms231911522
https://doi.org/10.1016/j.jpap.2022.100152
https://doi.org/10.1016/j.jpap.2022.100152
https://doi.org/10.1016/j.uclim.2022.101394
https://doi.org/10.1007/s00477-022-02207-0
https://doi.org/10.1007/s00477-022-02207-0
https://doi.org/10.1007/s12403-018-0287-9
https://doi.org/10.1007/s12403-018-0287-9
https://doi.org/10.1007/s42452-019-1421-4
https://doi.org/10.35248/2322-3308-11.3.004
https://doi.org/10.1007/s10661-022-10384-2
https://doi.org/10.1007/s10661-022-10384-2
https://doi.org/10.1007/s10661-022-10608-5
https://doi.org/10.1007/s10661-022-10608-5
https://doi.org/10.1007/s10661-021-09253-1
https://doi.org/10.1007/s10661-021-09253-1
https://doi.org/10.1016/j.chemosphere.2021.132083
https://doi.org/10.1016/j.chemosphere.2021.132083

	Assessing the air pollution tolerance index (APTI) of trees in residential and roadside sites of Lahore, Pakistan
	Abstract
	Article Highlights
	1 Introduction
	2 Materials and methods
	2.1 Meteorology & sampling site
	2.2 Sample collections
	2.3 Chemical analysis
	2.3.1 Ascorbic acid determination
	2.3.2 Chlorophyll content determination
	2.3.3 Relative water content (RWC)
	2.3.4 Leaf pH determination
	2.3.5 Air pollution tolerance index (APTI)


	3 Results
	3.1 Ascorbic acid
	3.2 pH
	3.3 Total chlorophyll content (TCC) (mgg)
	3.4 Relative water content (%)
	3.5 Air pollution tolerance index

	4 Discussion
	5 Conclusion
	Acknowledgements 
	References


