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ABSTRACT

Background: In the present study, the tolerance of plantain tree species (Platanus orientalis,
Morus nigra and Ailanthus altissima) to air pollution was evaluated using Air Pollution Tolerance
Index (ATPI) and Anticipated Performance Index (API) index in Isfahan city (Iran).

Methods: For this purpose, three dominant trees growing at six stations in Isfahan was selected
and then sampling of the tree leaves was performed, after being transferred to the laboratory, the
ATPI and API index were calculated.

Results: The results of calculating the ATPI in the leaves of M. nigra, P. orientalis and A. altissima
species showed that the highest values of ATPI index was obtained in M. nigra at 20.77 and then
detected in P. orientalis and A. altissima with the values 14.90 and 14.33 respectively. According
to API values Morus nigra had the best performance (Score = 6 so it classified as the Excellent)
while P. orientalis and A. altissima had very good and intermediate performance, respectively.

Conclusion: According to ATPI and API index most tolerant tree species was Morus nigra, so
it would be the most suitable species for plantation programme in urban and pollutant areas
followed by Platanus orientalis and Ailanthus altissima. As well as our results suggest that
Platanus orientalis and Ailanthus altissima can be used as bio-indicators of air pollution due
to their low ATPI scores (lower than 16). The present study suggests that the combination of
both the ATPI and API indices for identifying and selection of plant species is very useful for
plantation in urban areas.
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1. Introduction

oday primary and secondary air pollutants
are a serious threat in almost all urban ar-
eas and have a detrimental effect on living
organisms, ecosystem health, air quality,
plant vitality, and environment [1]. Air
pollutants are emitted to the ambient air
by natural and anthropogenic origin [2].
These pollutants are increasing due to rapid urbaniza-
tion, uncontrolled industrialization, heavy traffic load,
inadequate emission control, and lack of strict environ-
mental regulations [3]. The consequences of pollution
include an increase in human diseases such as cardio-
vascular diseases, frequency, and severity of respiratory
symptoms, infections, lung cancer, and premature death
[4]. Thus, air pollution is the leading risk factor for hu-
man and living organisms” health [5].

Concerning the different effects of air pollution on hu-
man health, it is an essential task to mitigate, remove,
and monitor air pollutants in different areas to protect the
ecosystem and living creatures [6]. In this regard, urban
vegetation can be used as good natural tools to absorb
and remove air pollutants and improve air quality and
human health [4]. Hence, it is wise to assess plants’ toler-
ance and performance toward air pollution using differ-
ent parameters and indices. These indices are Relative
Water Content (RWC), total chlorophyll content, leaf
extract pH, and ascorbic acid (biochemical parameters),
Air Pollution Tolerance Index (APTI), and Anticipated
Performance Index (API) (as multi-parameter indices).
This study is necessary for the selection of suitable plants
and categorizing them as being tolerant or sensitive to air
pollution and the development of a greenspace [1, 7].

The use of plants to absorb and remove air pollution
or develop a green belt has been applied since a long
time ago. This approach is a suitable and cost-effective
tool. It is a renewable and reliable alternative method for
the mitigation and purification of air pollutants [3, 8].
Therefore, during recent years, there is growing interest
in using plants as a bio-approach to capture, absorb, and
accumulate air pollutants [9]. Plants act as a natural tool
for improving air quality and preventing ecological risks
and detrimental effects of toxic air pollutants [10, 11].
They absorb, uptake (by root, bark, and leaves), transfer
and accumulate different pollutants from the air to soil
environment, and concentrate, detoxify, or immobilize
them in their tissues [3, 12, 13]. The absorption and con-
centration of various pollutions such as airborne metals
in plants depend on different factors. These factors in-
clude air and soil conditions, climate and environmental
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factors, foliar and root pathway uptake, the bioavail-
ability of pollutions in the soil, sources and amount of
pollutants in the environment, and plant characteristics
(such as age, foliage and branch configuration, physi-
ological, morphological and anatomical characteristics
of leaf, phyllosphere conditions) [14-16]. In previous
studies, the ability of various trees to remove toxic and
detrimental pollutants from the air has been investigated
in many urban and industrial zones [11]. This research
revealed that plant leaves act as an effective passive and
active environmental sink for air pollutants. They pro-
vide broad surface area for trapping and accumulation of
airborne pollutants such as gases, organic, inorganic, and
particulate matter [3, 17]. Thus, air pollution removal
by trees is suggested as a suitable and eco-friendly tool,
particularly in polluted urban environments [1, 18]. The
experimental evidence showed that the response, ability,
and resistance of plants to air pollutants are very differ-
ent from one species to another.

Hence to optimize the advantages of trees in plantation
programs for selection of the best species, the identifica-
tion, evaluation, and planting of highly air-pollution resis-
tance plant species are advisable for the development of
urban green space at vulnerable areas such as industrial,
roadsides, and polluted areas [3, 7, 19]. The exposure,
uptake, absorption, and accumulation of specific pollut-
ants in various species can cause damage, physiologi-
cal changes, or disease in different ways [20]. The ex-
perimental evidence showed that some plant-sensitive
species are susceptible or vulnerable (such as stomatal
damage, chlorosis. necrosis, degradation of chlorophyll,
disruption of enzymatic reactions and cell permeability,
etc.) to air pollution [21, 22]. However, the response
and resistance or sensitivity of different plant species to
air pollutants are diverse and unique [23]. As a general
principle, plants with low tolerance to a particular pol-
lutant are considered biological indicators because there
is a synergistic action between plants and the air pollut-
ant [24]. Plants are stationary organisms and continually
exposed to numerous types of adverse environmental
stresses. Also, they are unable to overcome severe en-
vironmental conditions like high air pollution levels [25,
26]. Assessing the plants’ susceptibility or resistance to
air pollutants is significant in finding whether they can
monitor, mitigate, or remove air pollutants in vulnerable
areas [27].

As a general rule, to plant species as mitigating and
bio-ecological indicators of air pollution, it is neces-
sary to select suitable characteristics (such as tolerance,
canopy structure, economic value, environmental condi-
tions, physical requirements, socioeconomic/ livelihood,
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Figure 1. The distribution of the sampling sites within the case study

plant habit, etc.) [3]. In this regard, the plant's Tolerance
to Air Pollution (APTI) depends on environmental con-
ditions and related natural and intrinsic characteristics.
[28]. APTI and Anticipated Performance Index (API)
are practiced to find the resistance or susceptibility level
of plant species to air pollutants and their suitability for
green belt development. APTI assesses leaf physiologi-
cal and biochemical parameters such as total chlorophyll
content, leaf extract pH, Relative Water Content (RWC),
and ascorbic acid content to express the susceptibility or
tolerance of plant species towards various air pollutants
[15, 29, 30]. API is a comprehensive index that uses a
combination of APTI values and numerous biochemical,
socioeconomic, and biological attributes of the species
such as type of plant and its habitat, canopy structure,
laminar structure (including texture hardiness, size),
and economic value, to assess the suitability of plants
for green space in the urban environment [1, 3, 31]. To
optimize the advantages of plants in wall-plans urban
planting and to monitor the urban atmosphere, the first
approach must be to assess the reaction of various spe-
cies to air pollutants and then using those plants as the
bio-monitors or purifiers of environmental pollution.

This research evaluates the susceptibility levels of
Platanus orientalis, Morus nigra, and Ailanthus altissi-
ma to air pollution based on the measurement of some
biochemical parameters and the APTI. Also, the per-
formance of these trees for green belt development has
been determined based on their API. We used the API

as a comprehensive index (integrating APTI index with
socio-economical and biological attributes) for quantify-
ing the performance of trees for green belt development
in Isfahan City, Iran, at different pollutant areas. Hence
this research aims to (1) assessing the biochemical and
physiological response of trees to air pollution stress (in
polluted areas) in Isfahan, and (2) measuring both the
pollution sensitive and tolerant of some tree species
(Platanus orientalis, Morus nigra, and Ailanthus altissi-
ma) as a suitable tool in air pollution monitoring, control,
and mitigation.

2. Materials and Methods
Sampling
Study area, plant selection, and sample collection

The study was conducted on samples of leaves col-
lected from different parts of Isfahan City. Isfahan is
approximately located in the center of Iran (Figure 1).
This city has important features. It is the economic and
cultural center of Iran with the highest industrial (many
different kinds of industries such as the largest steel and
melting plant in the country, oil refinery, petrochemical,
and chemical processing industries), population, and
traffic intensity population [32, 33]. The population of
Isfahan City is 5346518, according to the 2019 census.
Today Isfahan is the second industrialized and one of the
most crowded and populated cities of the country [34].
In the study, three common and abundant tree species
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(Platanus orientalis L; Morus nigra L. [black mulberry];
Ailanthus altissima [Mill.] Swingle) at six stations were
selected. Leaf samples of all species were cut and col-
lected in September 2019. About 40 to 50 leaves from
each tree (two trees per species at each site, N=34 trees)
were taken randomly on all the four side of the tree at
1.0-2.5 m height above ground level and then leaves
were mixed to form a representative sample [19, 35].
The fresh tree leaves samples were placed in paper bags,
labeled, and immediately carried to the laboratory and
stored at ambient temperature until analysis. Figure 1
shows the distribution of the sampling sites within the
case Study.

Analyses
Air Pollution Tolerance Index (APTI)

The Air Pollution Tolerance Index (APTI) was first pre-
sented and used by Singh and Rao (1983). In many previ-
ous studies, APTI is a relevant factor for assessing and se-
lecting tolerant and sensitive plants for air pollution. APTI
has been applied to evaluate air pollution in local plant
species. Tolerant plant species with high APTI values are
optimal, while sensitive species with low APTI values are
usually used as bio-indicators [36]. The APTI factor was
computed according to the standard Equation 1.

Cx(TCH+P)+RWC)
10

, where AAC is Ascorbic Acid Content (mg/g), TCH
refers to Total Chlorophyll content (mg/g), RWC de-

notes Relative Water Content (%) [37], and P is the pH
of leaf extract.

1. 4pT=-44

Relative Leaf Water Content (RWC)

This approach estimated the Relative Water Content
(RWC). In the first step, fresh leaves were weighted
(FW). Then, the leaves were immediately immersed in
deionized water in darkness condition at 4°C overnight.
After that, the leaves were blotted dry with a filter paper
and weighed again to obtain the TW (Turgid Weight).
In the third step, the respective Dry Weight (DW) was
acquired by oven-dried leaves for 3 h at 105°C in a hot
air oven (K.M100, Pars Azma Co, Iran) and reweighed
to acquire the DW. Finally, the tree leaf RWC (%) factor
was computed using the method of Pathak et al. [38]. It
is determined based on the standard Equation 2.

2. RWC(%):%XIOO
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The Total Chlorophyll Content (TCH)

Total Chlorophyll (TCH) content was measured by the
spectrophotometric method described by Arnon [39].
For this purpose, 1 g of fresh leaves tissue was taken,
grinded, and homogenized in 80% acetone (v/v) (Merck,
Darmstadt, Germany). The homogenate solution was
kept for 10 min for complete extraction and centrifuged
at 5000 rpm for 5 min (Laborzentrifugen, 2K 15, Sigma,
Germany). The supernatant was gathered, and the ab-
sorbance of the solution at 645, 663, and 652 nm was
measured using a spectrophotometer (Hach DR6000,
Germany). Then, the total chlorophyll value was found
out by using the following equations (mg chlorophyll/g
leaf tissue) (Equation 3, 4 & 5). Moreover, two blank
samples were placed along with samples for the quality
control experiments.

3. Chla(mgg)=
[(12.7xA663)-(2.6 xA645)] *xVmlAcetone
100mgLeafiissue
4. Chla(mgg)=
[(22.9xA4645)-(4.68 xA663)] xVmlAcetone
100mgLeaftissue
5. TCh=Chla+Chlib

Ascorbic acid

The ascorbic acid content of leaf samples was esti-
mated using the colorimetric 2,6-dichlorophenol indo-
phenol (DPIP) (Merck, Germany) procedure given by
Keller and Schwager [40]. About 0.25 g of leaves was
crushed and homogenized in 10 mL of extracting solu-
tion, containing 0.75 g of 99% EDTA (Razi Chemical
Company, Iran), 5 g of 99% oxalic acid (Ghatran Shimi
Tajhiz, Iran) in 1000 mL of deionized water. Then, the
homogenate solution was centrifuged at 6000 rpm for
15 min (Laborzentrifugen, 2K 15, Sigma, Germany), and
the supernatant was gathered. Afterward, 1 mL of super-
natant was added to DPIP solution (pink color appears).
Next, the Optical Density (OD) of the solution at 520
nm (Es) was determined. After determining the OD, to
bleaching the pink color, one drop of ascorbic acid was
added to the solution, and again the absorbance of OD
was determined at the same wavelength (Et). The absor-
bance of the DPIP solution was determined at 520 nm
(Eo) using a spectrophotometer. Also, the standard curve
was provided using ascorbic acid (99% Sigma-Aldrich,
USA) with different concentrations by following the
same procedure. The content of ascorbic acid (mg/g dry
weight) is obtained by using Equation 6:
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6. AAC (mg/g) =[Eo-(Es-Et)] xV/W x 1000 Eq collected and its pH measured by using calibrated pH
where, V is the total volume of the mixture, and the values meter (MI151, Milwaukee, Italy).
of [Eo - (Es - Et)] are measured by the standard curve, and
W refers to the weight of the fresh leaf in gram. Anticipated Performance Index (API)

Estimation of pH The Anticipated Pollution Index (API) can be applied
as a favorable and eco-friendly factor to assess various
plant species for selection in the plantation program and
green belt development project. This index can be calcu-
lated by using the morphological (like the type of plant,
canopy or crown Structure, plant habit), biological and
socioeconomic aspects of plants. Grades (+ or —) are giv-
en for each attribute based on criteria given by Prajapati
and Tripathi. API can be computed by the Equation 7 [1,

The leaf extract pH was determined using the proce-
dure given by Liu and Ding [41]. Fresh leaf sample (4
g) was grinded and homogenized in 40 mL deionized
water, and the homogenate mixture was centrifuged at
5000 rpm for 20 min. Then, the supernatant solution was

Table 1. Gradation of urban tree species according to APTI, socioeconomic attributes, and morphobiological parameters [38]

Classifying Character Criteria (Index) Pattern of Valuation Characterf;?i(:::ige::\"ocate d)
9.0-12.0 +
12.1-15.0 ++
15.1-18.0 +++

Tolerance APTI
18.1-20.0 ++++
20.1-24.0 +H4++4+
24.1-32.0 4
Small -
Plant habit Medium +
Large ++

. . . . Sparse/Irregular/globular -
Biological and socioeconomic parse/Irregular/g

attributes Crown structure Spreading Crown/open/semi-dense +
Spreading dense ++

Deciduous -

Type of tree

Evergreen +

Small -

Size Medium +

Large ++

Laminar Structure Smooth -

Texture
Pubescent (Coriaceous) +
Soft -
Hardiness

Hard +

Less than 3 uses -

Socioeconomic Economic value Three or 4 uses +

Five or more uses ++
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42]. The results of the studies are shown in Table 1 and
different categories of the assessment of trees with API
have been presented in Table 2.

7. API%=
Positive grades obtained by trees

Maximum possible grades score for each tree species(16)
3. Results and Discussion

Ascorbic Acid Content (AAC)

Ascorbic acid is a natural antioxidant compound that
plays an essential role in plant tissue physiology, such
as cell wall synthesis, decreasing reactive oxygen spe-
cies, cell division, photosynthetic, and carbon fixation.
It is known as a crucial indicator of pollution and also
can prevent or reduce the damaging effect of air pollut-

Table 2. Categories for the assessment of trees with API

Journal of
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ants by decreasing reactive oxygen species and saving
thylakoid membrane from oxidative injury under worst
situation [15]. The average AAC level in the leaves of
the three selected trees at the different sites (control and
polluted) is given in Figure 1. The AAC content ranged
from 4.35 to 10.53 mg/g. The lowest and highest ascor-
bic acid were detected in A. altissima (at Sofeh park -low
pollution) and M. nigra (at Ahmadabad Square- high
pollution), respectively (Figure 2). The highest ascorbic
acid in leaves of M. nigra; P. orientalis, A. altissima spe-
cies were recorded in Sofeh park (low pollution), but the
lowest was recorded at Shahid Kharazi highway (6.32
mg/g), Kaveh terminal (5.28 mg/g), and Ahmadabad
Square (4.35 mg/g). In general, the increased levels of
ascorbic acid in species tissue demonstrate the high re-
sistance to soil and air pollution [15]. This subject can
probably be due to the defense mechanism of the plant
species against pollutants in contaminated areas [43-

Grading (API)

Score (%)

Categories

0 Lower than 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
12 1
1043 gg0

10 - OM. nigra  QP. orientalis BA. 9.19

o) 8.33

§ 717 787 A I . s .43

S8 oM _I_ _I_ ;

= 5.68

26 5.28

§ 435

3 4

<

=]

2 2 A

T

g

< 0

Highway

Shahid Kharazi  Sofeh park  Kaveh Terminal

Site

Isfahan Ahmadabad Ostandari Street
University Street Square

Figure 2. Values of AAC content (mg/ g) in the fresh leaves of selected tree species in the control and polluted sites (in Isfahan City)
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OP. orientalis

63.17
I—iﬂ 84.38
75.25
i 81.31
64.02

I—}ﬂ' 67.91
52.02

Highway

Site

Shahid Kharazi Sofeh park  Kaveh Terminal

Ahmadabad  Ostandari Street
Square

Isfahan
University Street

Figure 3. Variations in the values of RWC content (%) of the fresh leaves of selected tree species in the control and polluted

sites (Isfahan City)

45]. A similar result of ascorbic acid content was also
reported by Ogunkunle et al. [46], Leghari et al. [47],
and Yadav and Pandey [7]. Furthermore, the amount of
ascorbic acid content in some trees is varied according
to sampling area such as M. alba [23], J. excelsa and J.
excels [34], P. caspicaand, A. scholaris, B. cieba [15], F.
excesio, and L. texanum [48].

Relative Water Content (RWC)

The Relative Water Content (RWC) value ranged from
50.08% to 84.37%. The lowest and highest RWC were
observed in A. altissima (at Kaveh terminal) and M.
nigra (at Ahmadabad Square), respectively (Figure 3).
The highest RWC in leaves of M. nigra, P. orientalis,
A. altissima species were observed with the amounts
of 84.37%, 77.28%, and 81.38%, respectively. But the
lowest was recorded at Kaveh terminal (60.37%), Ka-

veh terminal (50.80%), and Shahid Kharazi highway
(61.18%). At the control site, the highest values of RWC
were found in M. nigra (84.37%) and the lowest in P
orientalis (77.28%). Whereas at the polluted sites, it
ranged from 50.08% to 84.37% in A. altissima and M.
nigra and at the Kaveh terminal and Ahmadabad Square
sites, respectively. A higher amount of RWC is an effec-
tive indicator to save and improve tolerant species from
drought conditions. RWC is also a beneficial tool for
pollution resistance of the species because water content
could maintain and regulates physiological balance un-
der worse conditions of air pollutants [15]. Similar to our
study, relative water content was reported for Samanea
saman [49], F. carica [47], A. indica, F. benghalensis,
M. azedarach, and P. longifolia [7]. The results showed
that the decrease in RWC infected areas may be due to
the effect of algae on the reduction of plant transpiration
[50, 517.

10 1
OM. nigra  QP. ori oA.
7.8 7 &3
5 2 o ]
6.7 6.6 6.7 — %2 6.8
59 6.1 1 6.3 — 6.3 6
- 5.6 55

pH
S = N W A TN 0O

Shahid Kharazi  Sofeh park  Kaveh Terminal
Site

Highway

Ahmadabad Ostandari Street
Square

Isfahan
University Street

Figure 4. Values of leaf extract pH in the fresh leaves of selected tree species in the polluted and control sites (Isfahan City)
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Figure 5. Values of TCH content (mg/ g) in the leaves samples of tree species in the control and polluted sites (Isfahan City)

Table 3. Biochemical and physiological parameters along with APTI of studied trees species

Tree Species RWC pH A. Acid TCH APTI Category
M. nigra 74.03 7.20 8.33 8.25 20.27 Intermediate

P. orientalis 63.99 7.26 7.07 4.77 14.90 Sensitive

A. altissima 64.20 6.02 7.05 5.34 14.43 Sensitive

RWC:Relative Leaf Water Content; TCH:Total Chlorophyll Content; APTI:Air Pollution Tolerance Index

Leaf extract pH

The mean leaf extract pH in leaves samples at the con-
trol and various polluted sites is shown in Figure 4. The
highest and lowest content of leaf extract pH were de-
tected in P. orientalis, and A. altissima leaves with an
amount of 8.7 (at Ahmadabad Square) and 5.5 (at Isfah-
an university street), respectively (Figure 3). The highest
pH was observed in P. orientalis (8.7), followed by M.
nigra (8.3) and A. altissima (5.50). The variation in leaf
pH levels can influence stomatal susceptibility due to air
pollution. Similarly, Ogunkunle et al., Bahadoran et al.,
and Yadav et al. reported that high pH levels of leaves
was observed in trees at polluted sites [7, 34, 46], and
play an essential role in maintaining the physiological

Table 4. Evaluation of selected tree species

balance of plants under stress condition such as exposure
to air pollution. Plants with lower pH are more sensitive
to air pollution, whereas species with a higher pH level
are more resistant plants [34]. Most trees showed pH
above 6, so according to the amount of pH value in tree
leaves (pH around 7), they are more tolerant (Figure 4)
[50, 52]. Lower contents of pH of leaves may decrease
the efficiency of conversion of hexose sugar to AAC,
which is related to the sensitivity to an acidic pollutant
[41, 53, 54]. Alkaline pH plays a vital role in plant tissue,
such as regulating the conversion of hexose sugar into
ascorbic acid, increasing the photosynthetic activities,
and improving plant tolerance to air pollutants [15].

SUM Positive Economic value Hardiness Texture Size Type Canopy  Habit APTI Plant species
13 ++ + + + - ++ + 4+ M. nigra
9 + + + + - + + +4++ A. altissima
12 ++ + + ++ - ++ + +++ P. orientalis

Hatamimanesh M, et al. Assessment of Tolerance of Some Tree Species to Air . J Adv Environ Health Res. 2021; 9(1):31-44.
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Table 5. Assessment of API of selected tree species
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Assessment API Grades Score (%) Total Grade Allotted Species
Excellent 6 81.25 13 M. nigra
Intermediate 3 56.25 9 A. altissima
Very Good 5 75 12 P. orientalis

Total Chlorophyll Content (TCH)

The total chlorophyll content in the tree species varied
from 3.75 to 12.13 mg/g. M. nigra showed the highest
chlorophyll value at Sofeh park site (Figure 5), and the
lowest TCH value was seen in P. orientalis at Shahid
Kharazi highway site (Figure 5). The highest TCH in
leaves of M. nigra, P. orientalis, and A. altissima species
were observed with the amount of 12.13, 8.01, and 7.78
mg/g. But the lowest was recorded at Kaveh terminal
(4.33 mg/g), Shahid Kharazi highway (2.77 mg/g), and
Ahmadabad square (4.31 mg/g). Reduction of TCH has
been widely used to indicate air pollution in contaminat-
ed areas because the TCH values are sensitive to pollut-
ants. Also, Jyothi and Jaya, Lohe et al., and Zhang et al.
reported that a high amount of pollution decreases and
degrades chlorophyll content in plants at polluted sites.
[35, 50, 53]. High TCH content reduces the production
of reactive oxygen species in the chloroplast organ dur-
ing water stress. The experimental evidence showed that
the chlorophyll values of plants vary among different
species and varieties. Because of their various responses
to environmental conditions, plant growth stage, age of
leaf, pollution status, seasonal variation, and several oth-
ers factors (biotic and abiotic) [55, 56]. For example, one
pollutant compound may decrease the total chlorophyll
content while the other increase it [57, 58]. The most im-
portant variation in TCH values in the tree leaves from
the control (or low pollution) site, and the polluted site
was found in M. nigra, i.e., from 12.13 to 5.36 mg/L
(Figure 1). Higher content of TCH detected in M. nigra
was probably due to its tolerant nature [32].

Air Pollution Tolerance Index (APTI)

In general, the classification of trees (susceptible) ac-
cording to only one single variable (such as leaf extract
pH, TCH, ascorbic acid content, and RWC) could not
provide a complete picture. Hence, calculating the com-
prehensive index such as APTI based on those variables
is a more appropriate and reliable method to indicate the
tolerance level of plant species [14, 30]. APTI is known
as a significant index to categorize species in terms of

their sensitivity against air pollution. In our research,
the APTI value varies from 14.43 to 20.27 (Table 3).
The greater score of APTI index was found in M. nigra
(20.27), followed by P. orientalis (14.90) and 4. altissi-
ma (14.43). The amount of APTI values differs from spe-
cies to species related to trees’ response to the pollutants
without illustrating any external manifest damage [59].
The trees with higher APTI scores are considered toler-
ant species and have high RWC and TCH content with a
low acidic pH in their leaves [54]. Thus these groups of
species can be applied for mitigating the pollution.

In contrast, the trees with lower APTI scores showed
higher sensitivity and can be used as an indicator of
air pollution levels [30]. The tolerance of plants based
on APTI values are categorized into four classes (very
sensitive=lower than 1, sensitive=1-16, intermedi-
ate=17-29, and tolerant if APTI value equals 30—100)
[50, 60]. So, in the present study depending on APTI
values, P. orientalis and A. altissima species are sensi-
tive, while M. nigra is an intermediately tolerant species.
Therefore, M. nigra can be used as a suitable tree to im-
prove the air condition of polluted areas (even in highly
contaminated zones). Similarly, Leghari et al. and Javan-
mard et al. introduced and recommended M. nigra and
M. alba (with APTI scores of 22.53 and 17.25, respec-
tively) as favorable trees for urban green spaces develop-
ment due to their high APTI score and good performer.

Anticipated Performance Index (API)

The detection of tolerant species to expand the green
space and improve air quality using the APTI alone is
not enough. So, by integrating this index and socioeco-
nomic and biological attributes, the API is computed.
This index can assign a good and logical reason to inte-
grate physiognomy, ecological, and economic attributes
of various plant species for afforestation, and eco-control
pollution development [59]. The results demonstrated
that all three species are tolerant and good performers.
M. nigra with the highest API value (score=6) is classi-
fied as an excellent performer (Table 4). Followed by P
orientalis (very good performer) and A. altissima (inter-
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mediate) with an API score of 5 and 3 (Table 5). Over-
all, the plant with the highest API value can be highly
recommended as a superior bio-filter for green space
development. M. nigra had the highest performance
(excellent), so it was recommended as appropriate plant
species for the green belt development zones given abat-
ing the urban air pollution and traffic generated noise.
Similarly, Kwak et al. suggested that trees with high API
score such as P. densiflora and P. x yedoensis are favor-
able trees for the development of planting plans around
urban areas and polluted zones [1]. Besides, our finding
was similar to the result by Leghari et al.. They reported
that M. nigra (score=5) and M. alba (score=6) had the
highest API value among all studied trees [47].

4. Conclusion

In this research, we aimed to assess the potential (sen-
sitivity or tolerance) and efficiency of three tree species
(P, orientalis, M. nigra, and A. altissima) for green-belt
development and landscaping in Isfahan City. For this
purpose, the APTI and API can be favorable and reliable
indices. In this regard, species with lower APTI values
are categorized as sensitive species. So they can be used
as a bio-indicator, and in contrast, species with higher
APTI and API levels (categorized as tolerant species)
can be used in plantation plans in pollutant and industrial
zones to attenuate the pollution level. Overall, the mea-
surement of leaf biochemical and physiological (ascor-
bic acid, RWC, chlorophyll content, leaf extract pH)
and APTI values showed that depending on species and
sites, trees’ response to air pollution is very different. Ac-
cording to the APTI values, M. nigra is the most tolerant
species (intermediate), followed by P orientalis and 4.
altissima. Besides, M. nigra has a higher API score (ex-
cellent performer). Hence, this species is recommended
as a more suitable species for plantation programs as a
tolerant and pollutant accumulating tree to improve air
quality in Isfahan City. Our results suggest that P. orien-
talis and A. altissima can be introduced as bio-indicators
of air pollution due to their low APTI scores (lower than
16). Besides, our finding suggests that more studies are
required to evaluate and fully understand the exact re-
sponses of plants to a specific pollutant in urban climate
and industrial zones. The combination of both APTI and
API indices to identify and select plant species is very
useful for plantations in urban areas.
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