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ARTICLE INFO Abstract

The effectiveness of urban trees in mitigating air pollution depends on the 
selection of air pollution tolerant species. Thus, this study was objectively carried out 
to estimate the air pollution tolerance index (APTI) of selected tree species, compare 
their biochemical parameters between control site and polluted sites and assess the 
anticipated performance index (API) of each species. Altogether 270 mature fresh leaves 
of Cinnamomum camphora, Ficus benjamina, Ficus elastica, Syzygium cumini and Prunus 
cerasoides  were collected from two polluted sites i.e. road segments from Baneshwor to 
Tinkune (BT) and Pulchowk -Maitighar (PM) and one suburb site with relatively minimal 
air pollutants i.e. National Botanical Garden (BG). APTI was calculated by analyzing 
relative water content, total chlorophyll, pH, ascorbic acid of leaf samples while API was 
evaluated by integrating the biological and socio-economic characteristics of each species 
along with their APTI values. The highest APTI was found in Cinnamomum camphora 
(18.40±2.51) and Ficus elastica (17.421±4.27) respectively, exhibiting higher tolerance 
to air pollution. Ficus benjamina (13.66±1.09) and Syzygium cumini (11.93±0.411) were 
moderately tolerant while Prunus cerasoides with the least APTI(10.175±0.51) was 
sensitive to air pollution. One-way ANOVA followed by Tukey’s b showed significant 
differences (p<0.05) in APTI values among the species and between them. Ascorbic 
acid (R2=0.9666) was found to be the most influential factor in determining the air 
pollution tolerance capacity in plants as shown by Linear regression and principal 
component analysis. API indicated Cinnamomum camphora and Ficus elastica (API=5) as 
very good species, Ficus benjamina and Syzygium cumini (API=3) as moderate ones and 
Prunus cerasoides (API=1) as a poor species for urban greening. This study is useful in 
identification of suitable species for urban plantation.

ARTICLE INFO

Introduction
Relentlessly increasing air pollution has become a serious 

global concern. 92% of the world’s population is exposed to a toxic 
level of pollution, causing 7 million deaths every year [1]. Pollution 
beyond the buffering capacity of an ecosystem is a big threat to the 
quality of urban life and the sustainability of urban ecosystem [2]. 
Today, curbing air pollution is urgent, yet a huge challenge.  In this 
context, developing urban forest can be an effective, eco-friendly, 
economical and sustainable solution for improving the air quality  

 
and enhancing sustainable urban development. Trees act as a 
natural sink, removing a significant amount of toxic air pollutants 
[3]. It is reported that 1261.4 tons of air pollutants were removed 
annually by urban trees in Beijing [4]; 88 tons in Strasbourg city, 
France [5]. Similarly, urban green belts in Bangladesh wiped off 
65% of the total suspended particulates [6].

Despite such efficacy in air pollution abatement, its adoption 
as a mitigation measure has been affected by poor identification 
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of appropriate plant species in Nepal [7]. Most of the researchers 
have used Air Pollution Tolerance Index (APTI) and Anticipated 
Performance Index (API) in the selection process of urban vegetation 
[8,9]. APTI identifies plant tolerance level to air pollution based on 
four biochemical properties of leaf i.e. Total chlorophyll, Ascorbic 
Acid, pH and Relative water content [10]. API incorporates some 
socioeconomic and biological characteristics of plant species along 
with APTI values [11]. Such studies are very limited in Nepal. In 
addition, the species recommended for green belt development, are 

solely based on single criterion i.e. APTI [12] which is not enough 
for determining the suitability of tree species for urban greening [8]. 
Thus, the present study was conducted to evaluate the performance 
of five tree species specifically Cinnamomum camphora, Ficus 
benjamina, Ficus elastica, Prunus cerasoides and Syzygium cumini, 
commonly planted in Kathmandu valley based on APTI and API. 
The performance of these species can be a recommendation for the 
selection of plantation species in urban areas. 

Materials and Methods

Description of Study Area 

Figure 1: Map of  the study area.
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Kathmandu valley is located between latitudes 27°32’13” and 
27°49’10” N and longitudes 85°11’31” and 85°31’38” E at an alti-
tude of 1,300-1400 m above sea level. The valley is composed of 
three districts: Kathmandu, Lalitpur, and Bhaktapur together occu-
pying an area of 899 km2. It has a subtropical, temperate climate 
with an average annual rainfall of 1400 mm. Kathmandu, being the 
fastest urbanizing city in South Asia [13] with a 4.3 % annual pop-
ulation growth rate [14], it is no wonder that the capital is facing 
severe pollution. The particulate matter in the valley is above WHO 
guidelines. It was ranked as the seventh most polluted city in the 
world marking it an unhealthy place to live in [15]. Three study 
sites within the valley were selected. Specifically, two sites bearing 
heavy traffic loads were selected as Polluted sites (PS) i.e. Road seg-
ments from Baneshwor to Tinkune (BT) and Pulchowk to Maitighar 
(PM) and One suburb site, i.e. National Botanical Garden, Godavari 
(BG) located  quite far from city, near to forest, with relatively mini-
mal air pollutants was chosen as Control site (Figure 1).

Sampling Procedure

Total five tree species namely Cinnamomum camphora, Ficus 
benjamina, Ficus elastica, Prunus cerasoides and Syzygium cumini 
commonly planted in all study sites were selected. Leaf samples 
were collected from three trees of each species at each site from 
18th-28th March 2019. Tree species with a similar diameter at 
breast height and environmental status were taken as triplicates. 
Altogether 270 mature fresh leaves were collected from trees 
1-2 m [16] above ground. Leaves facing traffic were considered 
when sampling at polluted sites. Collections were made during 
the peak crushing time (8-11 A.M.) [15]. The samples were placed 
into a sealed plastic bag, taken to the laboratory and preserved in 
refrigerator for analysis.

 Lab Analysis of Leaf Samples

Biochemical parameters of the plant such as Relative Water 
Content, Total Chlorophyll, leaf extract pH, Ascorbic Acid were 
analyzed in the lab.

Relative Water Content (%) 

Relative Water Content (RWC) was determined following 
formula [9] 

                                
100FW DWRWC

TW DW
−

= ×
−

FW = Fresh weight of leaf samples, TW= Turgid weight obtained 
after immersion in water for 24 h,

DW = Dry weight of turgid leaves after oven-dried at 105°C for 
2 hours 

Ascorbic Acid (mg/g)

It was measured using a spectrophotometric method [17]. 
For this, 1 g of the fresh foliage was put in a test-tube, 4 ml oxalic 
acid - EDTA extracting solution was added. After that, 1 ml of 
orthophosphoric acid, 1ml of 5% sulphur acid, 2 ml of ammonium 
molybdate, 3 ml of water were added respectively. The solution was 
kept still for 15 minutes after which the absorbance at 760 nm was 
measured with a spectrophotometer. The concentration of ascorbic 
acid in the samples was calculated from a standard ascorbic acid 
curve.

pH

3 g of the fresh leaves were homogenized in 30 ml de-ionized 
water. This mixture was filtered, and the pH of the leaf extract was 
determined after calibrating pH-meter with a buffer solution of pH 
4 and pH 9 [17].

Total Chlorophyll (mg/g) 

Total Chlorophyll was estimated following the method of [18]. 
1 g of fresh leaves was blended and extracted with 10 ml of 80% 
acetone and left for 15 min. The liquid portion was decanted into 
another test tube and centrifuged at 2,500 rpm for 3 min after 
which absorbance was measured at 645 nm and 663 nm using 
a spectrophotometer [19]. The calculation was done using the 
equation given below. 

              

20.21 645 8.02 663
1000

D D V
W

−
= ×

×

Where, D = absorbance of leaf extract at a specific wavelength, 
V =total volume of chlorophyll solution (ml), W = weight of tissue 
extract (g)

APTI Calculation

APTI was calculated as proposed by [10] after all four 
parameters were analyzed.

                                   

( )
10

A T P RAPTI + +
=

Where, A = Ascorbic acid (mg/g), T = Total chlorophyll (mg/g), 
P= pH of leaf extract, R = Relative water content of leaf (%). Based 
on APTI values each species was categorized as follows; ≤11 as 
sensitive, 12–16 as intermediate and ≥17 as tolerant [20].

Evaluation of Anticipated Performance Index (API) 

API was evaluated by integrating APTI values with the biological 
and socioeconomic characteristics of tree species. The method of 
determining the API for species is shown in (Tables 1 & 2) [21]. 
Based on this pattern, tree species were graded. 
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Table 1: Grading characteristics pattern assessment and grade allotment.

Grading Characters Pattern Assessment Grade Allotment

1. Tolerance Air pollution tolerance index (APTI)

9.0-12.0

12.1-15.0

15.1-18.0

18.1-21.0

21.1-24.0

+

++

+++

++++

+++++

2. Biological and socioeconomic  characters

a) Plant habit

Small

Medium

Large

-

+

++

b)Canopy structure

Sparse/irregular/globular

Spreading crown/open/semi-dense

Spreading dense

-

+

++

c) Type of plant
Deciduous

Evergreen

-

+

d)Laminar structure

i)Size

ii)Texture

iii)Hardness

Small

Medium

large

-

+

++

Smooth

Coriaceous

-

+

Delineate

Hardy

-

+

e)Economic value

<3 uses

3 or more uses

5 or more uses

-

+

++

Table 2: Category assessment table  based on percentage score.

Grade Percentage Score Assessment Category

0 Up to 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

Statistical Analysis

The normality of data was tested using Kolmogorov and 
Shapiro-Wilk test. One-way ANOVA and Tukey’s b were applied for 
comparison of the biochemical parameters of tree species. Linear 
regression analysis between APTI and biochemical parameters was 
also performed [22].

Results 

Biochemical Parameters of  Species

Biochemical analysis showed that Ascorbic Acid (AA), Relative 
Water Content (RWC), Total chlorophyll (TCH), APTI were higher 
in species from polluted sites than their counterparts from the 
control site. pH of Cinnamomum camphora, Ficus benjamina, Prunus 
cerasoides from polluted sites was lower (acidic) as compared to 
the control site. Cinnamomum camphora showed the significant 
change (p<0.05) in pH between control and polluted site but no 
significant difference was observed across the polluted sites. 
Total chlorophyll content (TCH) in species varied across the study 
sites. TCH in Ficus elastica differed significantly (p<0.05) from the 
control. The highest chlorophyll for Ficus benjamina, Syzygium 
cumini, Cinnamomum camphora, and Prunus cerasoides were 
recorded at Polluted site (BT), while Ficus elastica gave the highest 
chlorophyll at polluted site (PM). Among five species, maximum 
TCH was found in Cinnamomum camphora (1.084±0.02) whereas 
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Prunus cerasoides (0.05±0.01) had the least chlorophyll. Ascorbic 
acid in Ficus elastica (16.11± 3.03) was maximum while, minimum 
AA was found in Prunus cerasoides (0.66±0.30). A significant 
difference (p<0.05) in AA was observed for Ficus benjamina among 
the study sites. The highest Relative Water Content was found in 
Cinnamomum camphora (98.07±0.52) while the least was observed 
in Prunus cerasoides (76.59±1.45). RWC in Ficus elastica varied 
significantly (p<0.05) across the sites. 

APTI of Cinnamomum Camphora, Ficus Elastica, Ficus 
Benjamina, Prunus Cerasoides and Syzygium Cumini

APTI (Table 3) indicated that Cinnamomum camphora 
(18.40±2.15) has the highest tolerance to air pollution followed 

by Ficus elastica (17.42±4.21). Ficus benjamina (13.66±1.09) and 
Syzygium cumini (11.93±0.41) are intermediate. Prunus cerasoides 
(10.17±0.51) with the least APTI is sensitive to pollution.  Ficus 
benjamina showed a significant difference (p<0.05) in APTI across 
the study sites.

API Assessment of  Species

API (Table 4) revealed that Cinnamomum camphora and Ficus 
elastica are very good performers (75%). 

Ficus benjamina and Syzygium cumini are moderate performers 
(56.25%). Prunus cerasoides scored the least (31.25%) making it a 
poor performer in urban greening.  

Table 3: Biochemical parameters and APTI of selected species from three study sites and their categorization.

Species Sites TCH(mg/g) RWC (%) AA(mg/g) pH APTI
Mean  APTI

(BT & PM)

Trees

Response

Cinnamomum 
camphora

BT

PM

BG

1.08±0.02a

0.67±0.10a

1.08±0.09a

98.07±0.52a

96.13±2.80a

95.47±0.63a

15.70±9.79a

9.98±1.65a

3.93±1.60a

5.74±0.07b

5.96±0.08b

6.23±0.03a

20.56±6.75a

16.24±1.24a

12.50±1.35a

18.40±2.15 Tolerant

Ficus benjamina

BT

PM

BG

0.97±0.03a

0.69±0.10a

0.85±0.09a

94.81±1.87a

97.54±4.65a

90.59±3.57a

6.67±0.32a

3.80±0.34b

0.88±0.51c

6.92±0.08a

6.69±0.25a

7.21±0.14a

14.75±0.27a

12.56±0.31b

9.75±0.31c

13.66±1.09 Intermediate

Ficus elastica

BT

PM

BG

0.45±0.04a

0.53±0.02a

0.19±0.01b

96.44±1.33a

95.66±0.55a

91.59±0.97b

16.11±3.03a

5.14±0.70b

1.20±0.12b

7.07±0.28a

6.5±0.13a

7±0.1861a

21.64±1.97a

13.21±0.62b

10.03±0.05b
17.42±4.21

Tolerant

Prunus cerasoides

BT

PM

BG

0.71±0.15a

0.05±0.01b

0.18±0.03b

86.55±5.44a

83.19±2.24a

76.59±1.45a

2.91±0.92a

2.12±1.13a

0.66±0.30a

6.25±0.12a

6.23±0.02a

6.28±0.06a

10.68±1.10a

9.66±0.80a

8.08±0.29a

10.17±0.512 Sensitive

Syzygium cumini

BT

PM

BG

0.57±0.11a

0.16±0.06a

0.42±0.12a

92.75±1.06ab

95.78±0.54a

84.98±4.11b

4.19±1.42a

5.43±0.48a

3.95±0.54a

4.89±0.16a

4.93±0.04a

4.56±0.10a

11.51±0.78a

12.34±0.15a

10.48±0.33a

11.93±0.411 Intermediate

Table 4: Anticipated Performance Index (API) of tree species.

Assessment parameters
Name of tree species

Cinnamomum camphora Ficus benjamina Ficus elastica Prunus cerasoides Syzygium cumini

APTI value +++ ++ +++ + +

Tree habit ++ + ++ + +

Tree type + + + - +

Canopy Structure ++ ++ ++ + ++

Laminar size + - + - +

Laminar texture - + + - +

Laminar Hardiness + + + + +

Economic Importance ++ + + + +

Total Plus 12 9 12 5 9

% score 75 56.25 75 31.25 56.25

API Grade 5 3 5 1 3

Assessment Category Very Good Moderate Very Good Very Poor Moderate
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Correlation of Biochemical Parameters with Apti

The linear regression plots of four biochemical parameters 
with APTI (Figure 2) showed a high positive correlation (p<0.05) 
between APTI and ascorbic acid (R2= 0.966). Low positive 
correlation (p<0.05) existed between APTI and chlorophyll 

content (R2= 0.119), RWC (R2 = 0.297) and APTI. An insignificant 
correlation was found between APTI and pH (R2 =0.0049). 
Principal Component Analysis (Figure 3) also showed that among 
the four biochemical parameters, ascorbic acid is highly correlated 
with APTI.

Figure 2: Linear regression between APTI and biochemical parameters.

Figure 3: Principal component analysis of biochemical parameters with APTI.
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Discussion
Ascorbic acid (AA) is an antioxidant, which safeguards plants 

from oxidative stress. It imparts resistance to plants by functioning 
as a redox buffer, which reduces and neutralize reactive oxygen 
species (ROS) [23]. It also detoxifies SO2 content in polluted plants 
[24]. The higher value of AA in experimental plants may be due to 
heavy production ROS in a polluted environment, which led species 
to increase AA as defense mechanisms to counteract pollution 
stress [17]. Maximum AA content in Ficus elastica determines its 
strength to withstand pollution effects. High relative water content 
in species from polluted sites signifies plants adaptive features for 
maintaining their life processes during stressed conditions. [25,26] 
also recorded high RWC under a polluted environment. As RWC 
favors drought and pollution resistance in plants, Cinnamomum 
camphora with maximum water content indicates its tolerance to 
pollution pressure. Acidic nature in species from the polluted site 
could be attributed to the presence of acidic pollutants (especially 
SO2) in the air, which triggers the manufacture of H+ ions. These 
ions react with SO2, forming sulphur acid and eventually reducing 
leaf pH [27]. It has been reported that a high level of pH increases 
tolerance capacity [28] thus, Ficus elastica maintaining neutral pH 
under pollution may be tolerant.

Maximum chlorophyll content was recorded at polluted sites, 
which contrasts with the study of several researchers who reported 
a reduction in chlorophyll under pollution. However [8,29] recorded 
an increase in chlorophyll with the rise in pollution. This could be 
due to an increased level of CO2 and high temperatures in urban 
and industrial areas, which favored plant growth as demonstrated 
by [30,31] also showed an increase in photosynthesis and biomass 
of Glycine max due to elevated CO2 levels. Apart from the pollution 
level, chlorophyll content also varies with the tolerance and 
sensitivity of the plant species [16]. Thus, Cinnamomum camphora 
exhibiting the highest total chlorophyll reflects its tolerance nature. 
Findings revealed that the tolerance capacity of plants differs 
according to species and pollution level. High APTI values in all 
the species at polluted sites may be due to physiological changes 
that plants undergo during pollution stress [32]. Possibly plants 
adjust to the polluted environment by virtue of these changes in 
biochemical parameters which eventually increase the APTI. Species 
with high API grade are recommended for plantation in urban and 
industrial areas [25]. In this regard, Cinnamomum camphora and 
Ficus elastica are considered to be very good performers. Their 
tolerant nature along with favorable morphological characters and 
economic values make them suitable species for urban greening. 

Conclusion
Pollution induces changes in biochemical parameters of 

plants, which in turn cause variation in their tolerance capabilities. 
Among the four biochemical parameters, ascorbic acid is the most 
influential factor for providing tolerance against air pollution. 
The present study highlights the importance of evaluating the 

performance index in the selection process of urban vegetation. 
This study suggests that Cinnamomum camphora and Ficus elastica 
would be good candidates for urban forest development. 
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