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ARTICLE DETAILS ABSTRACT

Article History: Air Pollution Tolerance Index is used to find out the level of air pollution in any area with the help of plants.
Received 12 July 2021 Plants are categorized as sensitive, intermediate and tolerant based on their APTI values. The present study
Accepted 16 August 2021 examines the Air Pollution Tolerance Index of selected plant species in Bikaner city. The APTI of various plants
Available online 23 September 2021 have been computed with the values obtained by analysis of biochemical parameters such as pH of leaf extract,

ascorbic acid content (AAC), total leaf chlorophyll content (TLC) and leaf relative water content (RWC). It was
found that plant species Khejri (Prosopis cineraria), Neem (Azadiracta indica), Babul (Acacia nilotica), Ber
(Ziziphus nummularia), Aak (Calotropis procera) and Peepal (Ficus religiosa) showed APTI values in the range
of 30 to 100 which are tolerant to air pollution. Datura stramonium was the only species which falls under the
intermediate category due to its APTI value of 21.5. It is recommended that these plants can be grown on

national highways to combat air pollution in arid areas. Such plants can be used in the development of green
belt.
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1. INTRODUCTION The present study is done to investigate the Air Pollution Tolerance Index
(APTI) of selected plant species grown on National Highways in Bikaner

Air pollution is one of the major environmental concerns arising mainly (Rajasthan).

from industrialization, unplanned urbanization, the alarming increase in

the vehicle fleet and population growth. About 4.3 million people die from 2. MATERIALS AND METHODS

household air pollution and 3.7 million from ambient air pollution, most

of them (3.3 and 2.6 million respectively) live in Asia (WHO, 2018). The experimental section covers study area, sampling, analysis of

Though, air pollution has become a serious environmental stress to plants biochemical parameters and calculation of air pollution tolerance index to

during the last few decades (Rajput and Agarwal, 2004). The particulates find out the tolerant and sensitive plant species on the roadsides in

and gaseous pollutants cause severe setbacks to the overall physiology of Bikaner.

plants (Das and Prasad, 2010). Air Pollution tolerance Index (APTI) is an
important monitoring and assessment tool of air pollution which defines
the tolerance of plants against air pollution as sensitive, intermediate and
tolerant plants. Air pollution can be identified by sensitive plants as they
are bioindicators of air pollution while air pollution can be prevented by
developing green belt in the polluted sites using tolerant plant species.
Hence, APTI can be utilized in identifying sensitive and tolerant plants
species of any area. Several research works have shown the tolerant and
sensitive plant species based on their APTI values (Ninave et al.,, 2001;
Paulsami and Senthilkumar, 2009; Chouhan et al,, 2012; Bhattacharya et
al,, 2013; Dhanam et al., 2014; Tak and Kakde, 2017; Panda et al., 2018;
Bharti etal,, 2018, Jabeen, 2019; Sahu et al., 2020; Saraswat and Rai, 2021;
Shrestha et al., 2021).

2.1 Study area

The present study is done in Bikaner city. Which is situated at the latitude
of 28.027138 and longitude of 73.302155 with the coordinate of
geographical position system (GPS) at 28°1'37.6968"N and 73°18'7.7580"
E. Bikaner is located in the northern part of Rajasthan with 230 meters
height above sea level. The desert city shares its boundary with Jaisalmer,
Jodhpur, Nagaur, Churu, Sriganganagar, Hanumangarh and even
international boundary with Pakistan. Bikaner has an extreme climate
with summers being too hot and winters being too cold. The arid climate
with low rainfall, high temperature, and high evaporation are the
characteristics of Bikaner city. The temperature during summer ranges
from 28°C to 42°C and in the winter season temperature goes as low as 4°C.
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Humidity is highest in August with mean daily relative humidity is 71% in
the morning and 52% in the evening. The soil of Bikaner district is
predominantly light-textured, weak-structured but well-drained. The soil
of the area is alkaline. The group vegetation in Bikaner is mixed vegetation
of xerophyte plants.

The study was conducted during the months of January to March, 2019 in
Bikaner. Two different sites have been selected for the study which is
National Highways N.H. 11 and N.H. 89. The first site is the Karni industrial
area which is situated about 8.4 Km north-east of Bikaner at 27° 56'20" N
latitude and 73°02'54" E longitude which acquires about 1 Km area. While
the second site is Sagar village area situated about 8 Km north-east of
Bikaner at 28°00'50" N latitude, and 73° 24'31" E longitudes. The common
plant species grown on both sites are Khejri (Prosopis cineraria), Neem
(Azadiracta indica), Babul (Acacia nilotica), Ber (Ziziphus nummularia),
Aak (Calotropis procera), Datura (Datura stramonium), and Peepal (Ficus
religiosa).

2.2 Sampling of Plant species

Seven dominant tree species i.e., Khejri (Prosopis cineraria), Neem
(Azadiracta indica), Babul (Acacia nilotica), Ber (Ziziphus nummularia),
Aak (Calotropis procera), peepal (Ficus religiosa) and Datura (Datura
stramonium) were selected because of their presence at both sites. For the
investigation, the leaves of these tree species were collected in 1 Km area
of both sites. The leaf samples were put in polyethylene bags and marked
with marking tapes. These were immediately taken to the laboratory for
analysis.

2.3 Analysis of Biochemical parameters

Biochemical parameters such as pH of leaf extract, ascorbic acid content
(AACQ), total leaf chlorophyll content (TLC) and leaf Relative water content
(RWC) were analyzed using the Lohe method (Lohe, 2015), Okeri and
Alonge (2015) method, Arnon method (Arnon, 1949), and Turner method
(Turner, 1981) respectively. These were used to compute the APTI (Air
Pollution Tolerance Index) values.

2.4 Calculation of Air Pollution Tolerance Index (APTI)

The Air pollution tolerance index is an empirical relation which evaluates
the tolerance level of plant species towards air pollution from leaf
biochemical parameters such as leaf extract pH, relative water content of
the leaf, ascorbic acid, and total chlorophyll. This method was formulated
by Singh and Rao (1991). APTI is calculated using the following equation:

APTI=[A(T+P)]+R/ 10

Where; A - Ascorbic acid content (mg/g); P - pH of leaf extract; T - Total
chlorophyll (mg/g); R - Relative water content of leaf (%).

Plants having APTI range of 30-100 are tolerant, APTI of 17-29 are
intermediate while APTI of 1-16 are called sensitive plants.

3. RESULTS AND DISCUSSIONS

Biochemical characteristics (pH, relative water content, total chlorophyll
content and ascorbic acid) and Air Pollution Tolerance Index (APTI) of
selected plant species from the Karni Industrial area (Site-1) and Sagar
village (Site-2) of Bikaner city (Rajasthan) are shown in Table 1.

Table 1: Biochemical characteristics and Air Pollution Tolerance Index (APTI) of selected plant species from the study area.
Plant species Sampling sites pH RWC (%) TCC (mg/g) AA (mg/g) APTI
Calatropis procera S?te-l 6.3 75.8 32.0 40.0 161
Site-2 4.2 81.8 16.1 37.8 84.91
Azadirachta indica Site-1 7.2 70.05 34.7 55.4 239.4
Site-2 7.9 65.7 21.3 46.0 141.4
Ziziphus nummularia Site-1 5.1 60.0 12.2 421 78.83
Site-2 7.9 774 17.5 51.8 139.7
Acacia nilotica Site-1 6.9 63.9 29.2 30.4 116.7
Site-2 7.1 83.4 18.5 50.3 137.3
Prosopis cineraria Site-1 6.2 63.6 40.6 51.1 245.4
Site-2 8.0 724 24.1 50.7 170.7
Datura stramonium Site-1 7.1 55.0 52.7 56.5 343.7
Site-2 4.0 55 12 15 29.5
Ficus religious Site-1 6.6 64.1 37.8 55 251.2
Site-2 7.6 64.1 15.9 19.1 53.04

3.1 pH

The lowest pH (4) was observed at site-2 in Datura stramonium while the
highest pH (8) was detected at site-2 in Prosopis cineraria (Figure 1).
Plants with lower and higher pH are more susceptible, while those with
pH around 7 are more tolerant. But in overall observations, most plants
showed alkaline pH (Table 1).
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Figure 1: pH of leaf extract of different plant species at site-1 and site-2.
3.2 Relative Water Content (RWC)

RWC of a leaf is the water present in it relative to its full turgidity. High
water content within the plant body helps to maintain its physiological

balance under stress conditions such as exposure to air pollution when the
transpiration rates are usually high. It also serves as an indicator of
drought resistance in plants. Due to air pollution, there is a reduction in
transpiration rate and damage to the leaf engine that pulls water up from
the roots (1-2 % of the total). Consequently, the plants neither bring
minerals nor cool the leaf. Reduction in relative water content of plant
species is due to the impact of pollutants on transpiration rate in leaves
(Swami et al,, 2004). The lowest relative water content was observed at
site-2 in Datura stramonium (55 %) while the highest Relative water
content was noticed at site-2 in Acacia nilotica (83.41 %) (Figure 2).
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Figure 2: Relative water content (%) in different plant species at site-1
and site-2.
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3.3 Total Chlorophyll Content (TCC)

Chlorophyll content of plants signifies its photosynthetic activity as well
as the growth and development of biomass. It is well evident that
chlorophyll content of plants varies from species to species; the age of leaf
and also with the pollution level as well as with other biotic and abiotic
conditions (Abida and Harikrishna, 2010). The highest total chlorophyll
content was found in Prosopis cineraria at site-1 and the lower content of
chlorophyll was estimated in Datura stramonium at site-2 (Table 1 and
Figure 3).
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Figure 3: Total chlorophyll content (mg/g) in different plant species site-
1 and site-2

3.4 Ascorbic Acid (AA)

Ascorbic acid is a strong reductant and it activates many physiological and
defense mechanisms in plants. Its reducing power is directly proportional
to its concentration (Raza and Murthy, 1988; Agbaire and Esiefarienrhe,
2009). The result of the study revealed that Datura stramonium had the
highest as well as the lowest ascorbic acid content at site-1 (56.5 mg/g)
and site-2 (15 mg/g) respectively (Figure 4).

60

I

S 50

E

s 40

S

©

L2 30

g 2 Wsite-1

3

< M site-2
10

Calatropis Azadirachta Ziziphus ~ Acacia ~ Prosopis  Datura Ficus
procera indica nummularia nilota cineraria stramonium religious

Plant species

Figure 4: Ascorbic acid content (mg/g) in different plant species at site-1
and site-2.

3.5 Air Pollution Tolerance Index (APTI)

In the present study, it was found that 6 species showed APTI values in the
range of 30 to 100 which are Khejri (Prosopis cineraria), Neem
(Azadirachta indica), Babul (Acacia nilotica), Ber (Ziziphus nummularia),
Aak (Calotropis procera) and Peepal (Ficus religiosa). Datura stramonium
was the only species which falls under the intermediate category as it has
APTI value of 21.5 (Table 1).

400
350
300
250
200
150
100

50 M site-2

0

M site-1

Air Pollution Tolerance Index

Calatropis Azadirachta Ziziphus Acacia Prosopis Datura Ficus
procera indica  nummularia  nilota cineraria  stramonium  religious

Plant species

Figure 5: Air Pollution Tolerance Index (APTI) of selected plant species.

In this study, Calotropis procera and Acacia nilotica had higher relative
water content at site-2. Thus, the higher relative water content at the road
sites might be responsible for the normal functioning of biological
processes in these plants. Under the condition of stress, high relative water
content inside a plant's organs will keep up its physiological equilibrium.

4. CONCLUSION

The present study was done to investigate tolerance of different plant
species against air pollution in Bikaner. It was found that except Datura
stramonium, all selected plant species were in the range of tolerant due to
their high APTI. It is recommended that plants such as Khejri (Prosopis
cineraria), Neem (Azadiracta indica), Babul (Acacia nilotica), Ber (Ziziphus
nummularia), Aak (Calotropis procera), Datura (Datura stramonium) and
Peepal (Ficus religiosa) can be grown on national highways to combat air
pollution in arid ecosystems. Air pollution can be combated with the help
of APTI tool by identifying and selecting tolerant plant species in a
particular area.
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