
INTRODUCTION

Air pollution in urban areas is gradually becoming a great

challenge. Now a day's industrialization and globalization are

the key factor which causes serious air pollution problems [1].

Continuous increase in human population, increasing in road

transportation, vehicular traffic and industrialization have resulted

an increase in the concentration of gaseous and particulate

matter in the atmosphere [2-6]. The overall physiology of plants

has been affected due to the particulate matters and gaseous

pollutants presence in the atmosphere beyond the threshold

limit [7,8]. A number of publication are reported to evaluate

the response of traffic load on plants [9]. The ability of plants

to remove pollutants from the air and act as sink for air conta-

minates were explored [10]. Green plants has an important

role to mitigate the air pollution is also well known [11] but

urban developmental activities is replacing maximum vege-

tation areas with concrete buildings [12,13]. Gaseous pollutants

such as sulfur dioxide, nitrogen dioxide, carbon monoxide and

particulate matters released from combustion activities along

with toxic metals, organic materials and radioactive isotopes

goes to the atmosphere [14]. Plant absorbs NO2 which is assi-
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milated into nitrogenous compounds and utilizes as a major

nutrient for its growth [15].

The leaf area of different plant provides a platform for

absorption and accumulation of air pollutants which helps to

minimize the pollution level in the environment [16,17] which

varied from species to species. In the present study air pollution

tolerance index (APTI) has been calculated for 20 different

plant species by synthesizing the values of different biochemical

parameters such as ascorbic acid, relative water, chlorophyll

and leaf extract pH. Various studies on the APTI of plants for

development of green belt have been conducted by many

workers [18-20].

Rather than individual parameter the combination of all

biochemical parameters gave a more reliable value to predict

the tolerance of plant species towards different pollutants. By

adopting this technique of choosing suitable species as a

mitigation measure for air pollution, industrial areas could able

to achieve the air quality standard [21-23].

EXPERIMENTAL

Leaf samples were collected from 20 different tree species

from the study areas which were adjacent to the industrial and
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mining activities. For further analysis, leaf samples were

collected, cleaned and then refrigerated at 22 ºC under suitable

condition as per the standard procedures. The list of plants

selected for the study with their scientific name and family

are given in Table-1.

TABLE-1 
LIST OF PLANTS STUDIED 

S. 
No. 

Common 
name 

Scientific name Family 

1 Mango Mangifera indica Anacardiaceae 

2 Teak Tectona grandis Verbenaceae 

3 Peepal Ficus religiosa Moraceae 

4 Bela Aegle marmelos Rutaceae 

5 Kusum Sghleichera oleosa Sapindaceae 

6 Sal Shorea robusta Diplterocarpaceae 

7 Bamboo Bambusa bamboos Poaceae 

8 Panasa Artocarpus 
hetterophyllus 

Moraceae 

9 Margosa  Azadirachta indica Meliaceae 

10 Krushnachuda Delonix regia Ceasal Pinaceae 

11 Guava Psidium guajava Myrtaceae 

12 Gumhari Gmelina arborea Verbenaceae 

13 Kendu Diospyros melanoxylon Ebenaceae 

14 Sishoo Dalbergia sisoo Fabeceae 

15 Karanja Pongamia pinnata Fabeceal 

16 Mahalimb Ailanthus excels Simarubaceae 

17 Gulmohar Ceasal pinia Ceasalpiniaceae 

18 Ashoka Polyalthia longifolia Annonaceae 

19 Jack fruit Artocarpus sp. Moraceae 

20 Eucalyptus Eucalyptus sp. Myrtaceae 

 

Analysis of different leaf parameters

Ascorbic acid: Ascorbic acid also acts as an antioxidant

which influences the plant's resistivity towards air pollution

[24]. Ascorbic acid content (mg/g) was measured using the

standard formula [25].

Total chlorophyll: Higher chlorophyll content has the

potential to tolerate the concentrations of different pollutants.

Total chlorophyll content of the leaf samples were estimated

as per the standard [26].

Leaf extract pH: It has been observed that the increasing

level of leaf extract pH in plant leads to increase the tolerance

level towards the air pollutants [27]. For pH measurement, 1 g

of leaf sample was taken into a mortar and pestle and then

homogenized with water. Finally, 20 mL of deionized water

was added and allowed to settle for 15-20 min and then the

pH was measured.

Relative water content: Relative water content is an indicator

of water balances of a plant, because it expresses the absolute

amount of water, which the plant requires to reach artificial

full saturation [28]. Leaf samples were collected from the field

and transported immediately to the laboratory. Leaf material

(10 g) was taken and dried at 60-70 ºC in a properly ventilated

hot air oven for a period of 3 h. The weight of the leaf material

was measured and the percentage of water content in the leaf

material was calculated [29].

Air pollution tolerance index (APTI): The APTI was

determined by calculating pH (P), ascorbic acid (A), total chloro-

phyll (T) and relative water content (R) of the leaf samples.

The APTI was computed by using the given formula [30]:

APTI = A (T + P)/10

RESULTS AND DISCUSSION

The relative water content, pH, chlorophyll, ascorbic acid

and APTI values for different plant species are given in Table-2.The

relative water content varied between 52.45 mg/g (Artocarpus

sp.) to 89.56 mg/g (Ailanthus excels). Higher amount of water

is maintained the physiological balance in a plant body against

the pollutants where the rate of transpiration iscomparatively

high. The variation of relative water content is based on the

atmospheric conditions, humidity and availability of moisture

content in soil.

Leaf extract pH varied between 3.49 (Pongamia pinnata)

to 7.01 (Dalbergia sisoo). pH plays a significant role in regulating

TABLE-2 
BIOCHEMICAL PARAMETERS AND APTI VALUES FOR DIFFERENT PLANT SPECIES IN THE STUDY AREA 

S. No. Scientific name 
Relative water 

content (%) 
pH of leaf extracts  

Chlorophyll 
content (mg/g) 

Ascorbic acid 
content (mg/g) 

APTI 

1 Mangifera indica 78.65 6.85 14.23 7.69 24.08 

2 Tectona grandis 64.61 5.92 12.56 6.43 18.34 

3 Ficus religiosa 79.69 5.12 11.53 8.92 22.82 

4 Aegle marmelos 81.25 4.98 10.96 6.13 17.90 

5 Sghleichera oleosa 79.21 6.06 13.41 6.99 21.53 

6 Shorea robusta 73.98 4.93 12.98 7.98 21.69 

7 Bambusa bamboos 64.76 6.21 8.69 7.56 17.74 

8 Artocarpus hetterophyllus 85.61 5.23 12.98 8.65 24.31 

9 Azadirachta indica 75.62 5.23 11.96 8.56 22.28 

10 Delonix regia 72.26 5.36 13.36 5.98 18.42 

11 Psidium guajava 80.23 6.01 12.58 9.01 24.77 

12 Gmelina arborea 69.75 3.68 11.69 4.36 13.68 

13 Diospyros melanoxylon 73.24 5.89 11.57 8.72 22.55 

14 Dalbergia sisoo 83.56 7.01 12.21 9.05 25.75 

15 Pongamia pinnata 79.23 3.49 12.06 8.23 20.72 

16 Ailanthus excels 89.56 6.02 13.97 7.89 24.73 

17 Ceasal pinia 76.35 4.92 10.83 5.74 16.68 

18 Polyalthia longifolia 62.34 6.02 7.24 7.64 16.36 

19 Artocarpus sp. 52.45 6.32 6.92 4.65 11.40 

20 Eucalyptus sp. 57.83 6.89 5.34 6.53 13.77 
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SO2 sensitivity of plants. The plant's tolerance level is directly

proportional to the higher level of leaf extract pH which helps

a plant to sustain in polluted conditions. The importance of

pH in mediating physiological responses to stress was another

reason for including it in APTI component [31].

Chlorophyll content depends on the rate of photosynthesis

and the amount of nutrient available in the soil [32]. Chlorophyll

was found to be maximum in Mangifera indica (14.23 mg/g)

and minimum in Eucalyptus sp. (5.34 mg/g). Leaf chlorophyll

changes can serve as relative indicators of environmental quality

[33].

Ascorbic acid acts as a strong reluctant and it activates

several physiological and defense characteristics in the plant

[34]. The highest ascorbic acid was recorded in Dalbergia sisoo

(9.05 mg/g) and lowest in Gmelina arborea (4.36 mg/g). The

APTI values were recorded highest in Dalbergia sisoo (25.75)

and lowest in Artocarpus sp. (11.40). Low APTI values were

generally sensitive to air pollutants and vice-versa. Air pollution

tolerance index provides an idea for screening or selecting of

plants for their efficiency as well as susceptibility to different

air pollutants. From the above results, it was observed that out

of 20 plant species, 5 species belongs to sensitivity category

and 15 species belongs to intermediate category, when compared

with the standard APTI value.

Further, a correlation matrix among different parameters

along with APTI has been calculated and shown in Table-3.

There is a significant correlation between chlorophyll content

and relative water content with APTI value (r = 0.7356 and r =

0.8302). There is no significant correlation of pH with APTI,

whereas ascorbic acid was significantly correlated with APTI

(r = 0.8522). Hence, APTI value has a strong and positive corre-

lation with total chlorophyll, relative water content and ascorbic

acid. This indicates that concentrations of different parameters

like total chlorophyll, relative water content, pH and ascorbic

acid influence the APTI value [35,36].

TABLE-3 
CORRELATIONCOEFFICIENT OF PARAMETERS STUDIED 

 
Total 

chlorophyll 
RWC pH AA APTI 

Total 
chlorophyll 1     

RWC 0.7885** 1    

pH -0.2392 -0.2068 1   

AA 0.3290 0.5463 0.19006 1  

APTI 0.7356** 0.8302** 0.14078 0.8522** 1 

**Correlation (r) is strong and significant; RWC = Relative water 
content; AA = Ascorbic acid. 

 
Figs. 1-3 show the correlation graph of APTI with total

chlorophyll, relative water content and ascorbic acid content.

Conclusion

Determination of air pollution tolerance index (APTI)

value is an useful technique to trace the tolerance and susce-

ptibility of different species towards air pollution. The present

study revealed that different plants respond differently to air

pollution. Therefore biomonitoring is an important tool to find

out the impact of air pollution on different plant species parti-

cularly in industrial areas. To fulfill the concept of green-belt
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development programme, plants with high APTI values are

recommended which are potential to grow under air pollution

condition. The present research revealed the efficiency of some

selected plant species for plantation near industrial areas to

minimize the ambient air pollution load.
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