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Abstract 

The problem of air pollution has become complex than any other environmental challenges as one cannot 

produce fresh ambient air to respire. Plant species reduce pollution through their leaf and other aerial surfaces from 

air by sedimentation and impaction process. In the present work, distinctive changes in plant towards air pollution 

were assessed by studying their biochemical contents to determine the value of air pollution tolerance index. The 

plant species chosen were Azadirachta indica, Dalbergia sisso, Ficus religiosa and Delonix regia grown-up as 

roadside plantation. The site was exposed to constant vehicular traffic plying on Najafgarh road network in Delhi. 

The tolerance index value was found to be maximum for Dalbergia sisso (16.59) followed by Azadirachta indica 

(14.66), Ficus religiosa (12.41) and last for Delonix regia (8.78). The values indicated a range for sensitive to tolerant 

kind of plant species growing under air pollution affected areas. The anticipated performance value for individual 

species was also evaluated to determine the benefits from physical features to other socio-economic uses in society. 

The study of pollution resistance feature in favor of urban vegetation represented an alternative way against air 

pollution through green spaces developed around emissions from vehicular pollution. 
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Introduction 

Fresh air, potable water and healthy food are three 

basic services for living a quality human life but the 

core essence of these natural resources has been 

deteriorated under the influence of fast development 

and urbanization in cities around the world. The floral 

diversity of an area offers a great scope for enhancing 

the quality of human life through utilization of 

numerous functions performed by them. Trees are the 

only living vegetation on earth surface that can produce 

vital oxygen in air for our respiration as well as 

sequester carbon dioxide through assimilation process. 

They provide ecological benefits; create economic, 

aesthetic and recreation value for humans and its 

surrounding areas (Roy et al., 2012). Plants perform the 

function of air filtration through aerial parts particularly 

from the leaves, stems and twigs (Beckett et al., 2000; 

Janhäll, 2015).  

The process of pollution removal is depended on 

distinguished features of various plant species, their 
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habit, habitat, leaf physical parameters and weather 

conditions present in the areas (Doley, 2006). Studies 

by Agrawal (2005); Chaston et al. (2006); Prajapati 

(2012) have indicated the influence of pollution on 

plants species in form of individual injury symptoms of 

necrosis, chlorosis or overall reduced growth and yield 

of whole crops. The plant species once planted at one 

place are fixed there and so always likely to be exposed 

to various chemicals and emissions from the different 

land use activities of surrounding areas. Delhi as capital 

city of India has been facing enormous challenges of 

pollution along with a growing population of 16.78 

million and unrestrained influx of inhabitants every 

year to the city. The pace of urbanization has reduced 

its rural cover area with decrease in number of villages 

and its rural population (Economic survey, 2014-2015). 

The city suffers major problems through contamination 

of air, water and land resources due to lack of proper 

solid waste and industrial effluent management.  

To combat these issues, various measures of 

pollution reduction and treatment such as encouraging 

public awareness, use of compressed natural gas (CNG) 

in public and private vehicles, use of catalytic 

converters to control tail-pipe emissions, mass rapid 

transport system have been initiated and taken to curb 

the pollution menace. The Economic Survey have 

reported that major growth of vehicular sector observed 

for four wheeler and two wheeler vehicles was 6.3 and 

7.27% respectively. As per Central pollution Control 

Board (CPCB) the increasing number of four wheeler 

and two wheeler vehicles has been a major source of air 

pollutants in the city. The land area under ridge forest 

and other open green areas of city had also come under 

pressure due to demand of vacant land needed for 

constant expansion and construction of new buildings. 

The increasing population with demand of land and 

transport facilities, presence of industrial and 

commercial areas for employment has also caused to 

decrease the quantity and quality of green cover areas 

in the city. These changes had deteriorated the quality 

of air and have become harmful for the people health 

and city’s economic productivity (Guttikunda and Goel, 

2013; Singh and Gupta, 2015; Kumar and Gupta, 

2016). The forest department has put efforts to protect 

the natural ridge forest cover and increase the overall 

city area under green cover.  They had developed the 

greenery in form of district city forests and plantation 

in different urban areas. These initiatives have resulted 

in total increment of area under green cover from 26 sq. 

km. in 1997 to 299 sq. km. in 2009 through massive 

awareness and plantation activities (Forest Survey of 

India, 2011).  

The study of plants response towards pollution and 

environmental stress conditions has been studied 

through various methods of laboratory-fumigation 

conditions (Mandal, 2006) to direct passive-

examination of plants from field areas (Agbaire et.al., 

2009; Seyyednjad et al., 2011). Air Pollution Tolerance 

Index (APTI) is a kind of grading index for major 

biochemical contents in the plants where these values 

would indicate the normal health to stress conditions in 

plants. It is a dependent attribute which expressed the 

in-built ability of plant to encounter pressure developed 

in response to unfavorable presence of pollution 

(Laksmi et al., 1993). Its application for the 

examination of responses and effects on vegetation 

planted on actual exposed area in field. The effect on 

plants is determined at physiological and biochemical 
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levels by analyzing key factors determining their 

resistance and susceptibility to damage under pollution 

effects.  

Table 1. Scale value of APTI index and respective 

sensitivity 

 

 

 

 

 

 

 

Source: Palit et al. (2013) 

Several contributors were in agreement that air 

pollution affects plant growth adversely by damaging 

the physiological leaf attributes and biochemical 

process (Chaudhary and Rao, 1977; Seyyednjad et al., 

2011; Chaturvedi, 2011). The table 1 provides the 

index value for the plants in the range of their APTI 

score with sensitivity condition (Palit et al., 2008). 

Other studies have demonstrated the change in level of 

ascorbic acid content, proline content, total chlorophyll 

content, leaf extract pH, sugar content, and relative leaf 

water content of plants (Liu and Ding, 2008; Jyothi and 

Jaya, 2010; Assadi et. al., 2011). These changes can be 

seen in form of chlorosis, necrosis, and element 

deficiency in plant system (Haagen et al., 1952; Taylor, 

1978). Multi-environmental stress condition and the 

response of plants towards them have been observed to 

be varied among different species of plants highlighting 

the need of individual study for plants tolerance in 

different geographical urban areas (Angold 1997; 

Bobbink et. al., 1998).  

 Some species have the features of bio-monitoring 

where they indicate the level of pollution in the area 

with changes in their population and diversity observed 

in lichens (Conti and Cecchetti, 2001). While some are 

pollution tolerant species showing normal growth and 

resistance up till a level of stress (Ninave et al., 2001). 

Today one of the key concerns in India and around the 

world is how to improve the quality of ambient air for 

better human health and sustainable ecological 

processes. The primary goal of present work was 

focused on the impact of vehicular traffic fumes on few 

plant species through study of their APTI values in 

Delhi. Further their anticipated tolerance index (API) 

was observed to determine their suitability in urban 

green areas as avenue plantation in terms of economic 

and social uses. 

Materials and Methods 

Background of the urban city 

 Delhi, the capital city of India lies within area of 

1483 square kilometer making space for living of 

humans, economic trade and commercial activities 

together with natural biodiversity of the region. 

According to the National Forest Policy, 1988a 

minimum of 33% of the total area should be covered 

and protected under forest tree cover for a holistic 

sustainable environment in any human settled areas. 

The forest department of Delhi in last two decades has 

succeeded in getting around 20% of the total land area 

under the coverage of forest and non-forest (tree) areas. 

The officials maintaining these green areas group them 

under scheme of parks, gardens, and avenue with major 

city forests. They have planted species on the basis of 

their ecological habitat, maintenance practices for 

Index value Sensitivity 

0 to 1 
Most 

sensitive 

1 to 16 Sensitive 

17 to 29 Intermediate 

30 to 100 Tolerant 
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pruning, leaf litter collection, watering requirements 

etc. (Bhalla and Bhattacharya, 2015).  

 In   the   present study, the chosen species were 

Azadirachta indica, Delonix regia, Ficus religiosa and 

Dalbergia sisso which had been planted in many of the 

roadside street places of Delhi. These species had 

become native to the city ecology growing since British 

times (Krishen, 2006). Their flourishing population 

showed that they had become well adapted to climatic 

as well as soil conditions of the urban environment. A 

detailed plant survey was carried out at study area and a 

good mixes of big and small trees were observed there. 

The final selected species were accessible, found to be 

in good number and showed proper plant growth and 

thus chosen over other species of plants in the area. The 

descriptive features of chosen plant species for the 

sampling are given in table 2. 

Table 2. Description of plant species sampled for the 

study 

Scientific name 
Common 

name 
Family 

Average 

height 

Azadirachta 

indica   A. Juss 
Neem tree Meliaceae 20 m 

Dalbergia sisso 

Roxb. 
Sheesham Fabaceae 10 m 

Delonix regia 

(Boj. ex Hook.)

 Raf. 

Gulmohar Fabaceae 15 m 

Ficus religiosa 

L. 

Peepal 

tree 
Moraceae 20 m 

Study area 

The study area selected was a busy road network 

stretched from Janakpuri to Tilak nagar on Najafgarh 

road, New Delhi (RITES 2010) shown in figure 1. The 

selected plant species were growing on either or both 

side of the road lane. The samples of plant species were 

collected in the June and July month for the year 2013. 

The sampling was done twice at intervals of ten days in 

both the seasons. The sample species were selected 

randomly from the site. They were collected in 

triplicate samples from each individual species for its 

biochemical examination. The studied road stretch was 

approximately 8 to 10 km on which diverse plantation 

was available on both sides of road along with central 

median plantation. The road lane is connecting the 

Janakpuri residential areas to commercial central 

market place located in Tilak nagar. The residential 

areas and commercial centers witnesses a busy traffic 

observed with high volume of vehicles plying on road 

throughout the day. 

Sample collection 

The leaf samples were collected in morning (8:00 

- 10:00 am) from the sites and were taken back to 

laboratory by placing them in sealed polythene bag 

kept in an ice box to avoid any effect due to change in 

light and temperature conditions. The collection of leaf 

samples was performed from lower position of canopy 

at a height of 3 to 4 ft above the ground surface. The 

chosen leaves were free from disease or pathogen and 

showing good visual health had been plucked for the 

study. The different bio-chemical parameters studied 

for plant leaf were chlorophyll, relative water content, 

pH and ascorbic acid content.  

Total Chlorophyll content 

The plucked leaf samples were washed with 

distilled water and crush into smaller ones. About a 100 

gm of fresh leaves from each plant sub-samples were 

taken for study. The leaf samples were grinded with 5.0 

ml of 80% (v/v) acetone in a pestle with a pinch of 

washed sand. The final volume of clear solution 



 

Fig. 1. Location map of study site from residential area to commercial market on Najafgarh road, Delhi 

 

 

 

 

 

 

 

 

 

 

 

 

was made up to 10 ml by further addition of 80 % 

acetone. The finally prepared leaf sample solution was 

analyzed with the help of Hach-UV visible 

spectrophotometer (DR-4000). The absorbance of 

solution was taken at wavelength of 645nm for 

chlorophyll a and 663 nm for chlorophyll b 

respectively. The total chlorophyll content for the plant 

leaf was measured as sum of chlorophyll a and 

chlorophyll b (Rai et al., 2014).   

Leaf extract pH: The washed leaves were homogenized 

in 50 ml de-ionized water solution and passed through a 

fine filter paper. The pH value of leaf was measured 

with the help of digital pH-meter with a glass electrode 

dip in homogenized solution of leaf filtrate. The glass 

electrode was calibrated with buffer solution of pH of 4 

and 7. 

Relative Water Content (RWC): The sampled leaves 

were weighed for their fresh weight immediately after 

reaching the laboratory with help of analytical 

weighing balance instrument with standard deviation of 

0.001 g. After weighing the fresh weight of sampled 

leaves they were immersed in distilled water to acquire 

full turgidity in overnight. They were air-dried and 

weigh balanced to measure turgid weight of the leaves. 

Then the leaves were kept in an oven at 70°C for three 

days to observe a constant dry weight of leaves (Thakar 

et al., 2010). 

 

 

Ascorbic acid: About one gram of leaves was 

homogenized in a mortar and pestle with little sand 

particles to facilitate grinding process. Further 5% 

meta-phosphoric acid was added to avoid loss of 

ascorbic acid present in tissue. The homogenate 

solution was filtered and separated. After this, the 

homogenate was titrated against dye 2, 6 

dichlorophenol-indophenol (DCIP) till a faint pink 

colored end-point is obtained. The final solution was 

measured against concentration curve from standard 
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solution obtained from the known concentration of 

ascorbic acid solution (Keller and Schwager, 1977). 

The APTI was calculated with the standard procedure 

provided by Singh and Rao, 1991. 

 

Where: A = value of ascorbic acid content of leaf mg/ g 

dry weight; T = total chlorophyll content of leaf mg/ g 

fresh weight; p = value of leaf pH; R = relative 

percentage of water in leaf tissue. 

Further, with the calculated values for APTI other 

considerable characters relevant for plantation in urban 

cities were observed with the help of anticipated 

performance index (API). The gradation involved 

various biological and socio-economic features 

according to which grades are given and together with 

APTI a final result percentage of grades are calculated. 

Table 3 provides the categories of observation under 

plant habitat, type of plant, its canopy and laminar 

structure as well as number of economic values. The 

resultants scores obtained by the plants after APTI and 

API are used to consider the species whether 

recommended for the plantation in the areas.  

Results and Discussion 

The plant species had developed characteristics 

response behavior and expression towards particular 

types and levels of pollution (Verma et al., 2006; 

Govindraju et al., 2012). The vegetation surface 

naturally provides a filter surface to clean the 

atmosphere by absorbing gases and dust matter through 

their leaves. They act as a persistent absorber exposed 

to the polluted environment in urban areas. According  

Table 3. Division of plant species based on air pollution tolerance index with morphological parameters and socio-

economic importance 

Grading character Pattern assessment  
Grade 

allotted 

Tolerance 

Air pollution 

tolerance index 

(APTI) 

12.0-16.0  + 

16.1-20.0  ++ 

20.1-24.0  +++ 

24.1-28.0  ++++ 

28.1-32.0  +++++ 

32.1-36.0  ++++++ 

Biological  and 

Socio-Economic 

Plant habitat 

Small  - 

Medium  + 

Large  ++ 

Canopy 

structure 

Sparse/irregular/globular  - 

Spreading crown/open/semi-dense  + 

Spreading dense  ++ 

Type of plant 
Deciduous  - 

Evergreen  + 

Laminar 

structure 

Size 

Small - 

Medium + 

Large ++ 

Texture 
Smooth - 

Coriaceous + 

Hardiness 
Delineate - 

Hardy + 

 Economic value 

 
Less than three 

uses 
- 

 
Three or four 

uses 
+ 

   
Five or more 

uses 
++ 

     Source: Govindraju et al. (2012) 
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Table 4. Air Pollution Tolerance index of different plant species collected from traffic road side in Delhi 

Species A R P T APTI 

Azadirachta indica 10.21±0.072 73.41±0.22 6.90±0.05 0.27±0.02 14.66±0.087 

Dalbergia sisso 11±0.21 86.97±0.16 6.93±0.10 0.26±0.04 16.59±0.08 

Delonix regia 2±0.12 72.92±0.27 6.85±0.13 0.63±0.04 8.78±0.10 

Ficus religiosa 4.78±0.15 89.49±0.40 6.92±0.05 0.33±0.04 12.41±0.17 

Values are average mean ± standard deviation (n=3), A= ascorbic acid, R= relative water content, P= pH of leaf 

extract and T= total chlorophyll content.  

Table 5. Gradation of plant species based on their APTI values and some biological and socio-economic characters 

Trees APT

I 

Tree 

habitat 

Canopy 

structur

e 

Type 

of 

tree 

Siz

e 

Texture Economic 

importance 

Total 

plus 

% of 

scorin

g 

API 

grade 

Azadirachta 

indica 
+ ++ + + - + ++ 9 56.25 2 

Dalbergia 

sisso 
++ + + - + + +++ 10 62.5 4 

Delonix 

regia 
+ + + + - + + 7 43.75 1 

Ficus 

religiosa 
+ ++ ++ + ++ + ++ 12 75 5 

 

to Singh and Rao (1983) an equation has been adopted 

to determine the APTI value for various plant species 

considering four major biochemical parameters (i.e.) 

total chlorophyll, pH, relative water content and 

ascorbic acid. It is an inherent quality of plants to 

encounter pollution strain which has been a prime 

concern for urban and industrial areas of the cities in 

order to control air pollution. The total sample for each 

plant species were collected six times and each sample 

was analyzed thrice to check the repeatability and 

reproducibility among the obtained results.  

Table 4 shows the average mean value calculated 

in triplicates for each of the parameter from sub 

sampled selected plant species. The biochemical 

constants analyzed for APTI played a significant role in 

determining the resistivity and susceptibility of plant 

species (Joshi and Swami 2007; Lakshmi et al., 2008; 

Radhapriya et. al., 2012). The ascorbic acid is a vital 

content essential for the cell wall synthesis and cell 

division processes in plants (Klump et al., 2001; 

Singare et al,. 2013). It is also a reductive oxidant 

which initiates physiological and defense mechanism in 

the plants. Its reducing ability is directly proportional to 

its concentration present in the plant leaves (Agbaire 

and Esiefarienrhe, 2009). The pH value of leaf reflects 

the acidity or alkalinity condition response to 

sensitivity for air pollution (Singh et al., 1991). The 

chlorophyll content has been an important index of 

growth and productivity in plants (Cui and Jiang, 

2006). The plant varies from species to species in 

response to the pollution level and other biotic and 

abiotic condition (Katiyar and Dubey, 2001). The hard-
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tolerant species function as pollution “sink” and 

therefore a number of environmental benefits can be 

utilized by planting these species in polluted areas.  

From Table1, it was seen that plants showed 

varied degree of tolerance index to air pollution. 

Studies by Lohe et al., showed that plants shows 

significant statistical difference of observation for the 

same species observed for control and experimental site 

in Dehradun. The experimental values for plant species 

given in table 4 show the estimated value for tolerance 

index and range from 08.78 for Delonix regia, 12.41 

for Ficus religiosa, 14.66 for Azadirachta indica and 

16.59 for Dalbergia sisso. The graphical representation 

from figures 2-5 shows the bar graph range of 

individual biochemical content for the species. Pathak 

et al. (2011) observed a value of 15.33 for Azadirachta 

indica, 15.08 for Dalbergia sisso studied at Varanasi 

city.   

Fig. 2. Total chlorophyll content in leaf of different 

plant species at Najafgarh road in Delhi 

 

However, they found increased value of 19.31 for 

Ficus religiosa as compared with 12.41 measured in the 

present study. Study by Rai et al., 2014 also observed 

value of 10.48 at polluted site and 11.26 in control site 

for Delonix regia whereas it was observed to be 8.78 

for traffic dominated site in Delhi. Further the API was 

determined to observe the overall positive contribution 

in urban areas. The scores obtained by the species as 

given in table 5 shows that Dalbergia sisso and Ficus 

religiosa can work as tolerant while Azadirachta indica 

and Delonix regia can be planted as moderately tolerant 

species.  

Fig. 3. Leaf pH value in different plant species at 

Najafgarh road in Delhi 

 

Fig. 4. Ascorbic acid content in leaves of different 

plants at Najafgarh road in Delhi 

 

Fig. 5. Observed relative water content in different 

plant species at Najafgarh road in Delhi 
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Conclusion 

In the present study, maximum value of APTI 

16.59 was recorded for Dalbergia sisso followed 

by 14.66 for Azadirachta indica, 12.41 for Ficus 

religiosa and least value of 8.78 for Delonix regia. 

On the basis of the above results, it was observed 

that the pH, total chlorophyll, relative water content 

and ascorbic acid are correlated to explain the 

index of APTI. The APTI values would be helpful 

for selection of plant species for both ecological 

processes and analyst of air quality for a particular 

geographical area. The tolerant species can be used 

for reducing the level of pollution and sensitive 

species as bio-indicators for monitoring ambient air 

quality. The selected mix of both types can be used 

for developing green belt in polluted areas. The 

present study of four selected species suggests the 

plantation of Dalbergia sisso, Azadirachta indica 

and Ficus religiosa as tolerant while Delonix regia 

as sensitive indicator in urban areas (Fig. 6).  

Fig. 6. Observed Air pollution tolerance index values 

for selected plant species at Najafgarh road in Delhi 

The plant species showed a diverse behavior for 

different pollutants depending on the limit of tolerance 

and resistance capacity (Mingorance et al., 2007). 

Sensitive plant varieties in urban areas can be 

recommended as a tool of bio-indicators (Sharma 1977; 

Tripathi et al., 1999). Bio-indicators prove to be helpful 

due to their high receptive nature towards contaminated 

environment (Gharge et al., 2012; Garg et al., 2015). 

The present study area deals with busy traffic situation 

exposed to people for maximum time of the day. It is 

suggested that plantation of better adapted and tolerant 

floral species in an area would help to enhance the 

ecosystem services and reduce the detrimental effects 

of pollution on environment. 

Acknowledgement 

One of the authors, Ms Navjot Kaur is thankful to 

the Dean, USEM, GGS Indraprastha University for 

providing the necessary instrumentation facilities to 

carry out the present experimental work.  

References 

Agbaire PO, Esiefarienrhe E (2009). Air Pollution 

tolerance indices (apti) of some plants around 

Otorogun Gas Plant in Delta State Nigeria. J 

Appl Sci Environ Manage 13(1): 11-14. 

Agrawal M (2005). Effects of air pollution on 

agriculture: An issue of national concern. Natl 

Acad Sci Lett 28(3/4): 93-106. 

Angold PG (1997). The Impact of a Road upon 

Adjacent Health land Vegetation: Effects on 

Plant Species Composition. J Appl Ecol 34(2): 

409–417.  

Assadi A, Pirbalouti AG, Malekpoor F. Teimori N. 

Assadi L (2011). Impact of air pollution on 

physiological and morphological characteristics 

of Eucalyptus camaldulensis Den. J Food Agr 

Envir 9(2): 676-679. 

Beckett KP, Freer-Smith PH, Taylor G (2000). 

Particulate pollution capture by urban trees: 



Navjot et al., 2016 

www.currentsciencejournal.info 

effect of species and wind speed. Glob Chang 

Biol 6(8): 995-1003. 

Bhalla P, Bhattacharya P (2015). Urban Biodiversity 

and Green Spaces in Delhi: A Case Study of New 

Settlement and Lutyens’ Delhi. J Hum Ecol 

51(1/2): 83-96. 

Bobbink R, Hornung M, Roelofs JG (1998). The effects 

of air-borne nitrogen pollutants on species 

diversity in natural and semi-natural Veg. J 

Ecol 86(5): 717-738. 

Chaston K, Doley D (2006). Mineral particulates and 

vegetation: Effects of coal dust, overburden and 

fly ash on light interception and leaf temperature. 

Clean Air and Env Qual 40(1): 40-44. 

Chaturvedi RK, Raghubanshi AS, Singh JS (2011). 

Leaf attributes and tree growth in a tropical dry 

forest. J Veg Sci 22(5): 917-931. 

Chaudhary CS, Rao DN (1977). Study of some factors 

in plants controlling their susceptibility to SO2 

pollution. Proceedings of Indian Natl Sci Acad 

43: 236-241. 

Conti ME, Cecchetti G (2001). Biological monitoring: 

lichens as bio-indicators of air pollution 

assessment—a review. Environ Pollut 114(3): 

471-492. 

Cui HX, Jiang GM, Niu SL, Jiang CD, Liu MZ, Yu SL, 

Gao LM (2006). Eco-physiological Response of 

Plants to Combined Pollution from Heavy duty 

Vehicles and Industrial Emissions in Higher 

Humidity. J Integr Plant Biol 48(12): 1391-1400. 

Doley D (2006). Airborne particulates and vegetation: 

Review of physical interactions. Clean Air and 

Environmental Quality, 40(2): 36-42. 

Economic survey of Delhi (2014-15). Planning 

Department Government of Delhi. 

Garg A, Saxena P, Ghosh C (2015). Evaluation of 

tolerance and sensitivity of selected plant species 

with special reference to gasoline exhaust 

pollution. IJSTR 4(02):199-207. 

Gharge S, Menon GS (2012). Air pollution tolerance 

index (APTI) of certain herbs from the site 

around Ambernath MIDC. AJEBS 3(3): 543-547. 

Govindaraju M, Ganeshkumar RS, Muthukumaran VR, 

Visvanathan P (2012). Identification and 

evaluation of air-pollution-tolerant plants around 

lignite-based thermal power station for greenbelt 

development. Environ Sci Pollut R 19(4): 1210-

1223. 

Guttikunda SK, Goel R (2013). Health impacts of 

particulate pollution in a megacity-Delhi, 

India. Env Development 6: 8-20. 

Haagen- Smit, AJ, Darley EF, Zaitlin M, Hull H, Noble 

W (1952). Investigation on injury to plants from 

air pollution in the Los Angeles area. Plant 

Physiol 27(1):18-34. 

India State of Forest report (2011). Forest survey of 

India, Government of India. 

http://fsi.nic.in/cover_2011/delhi.pdf.   

Janhäll S (2015). Review on urban vegetation and 

particle air pollution–Deposition and 

dispersion. Atmos Environ 105: 130-137. 

Joshi PC, Swami A (2007). Physiological responses of  

some tree species under roadside automobile 

pollution stress around city of Haridwar, 

India. Environmentalist 27(3): 365-374. 

Jyothi SJ, Jaya DS (2010). Evaluation  of  air  pollution  

http://fsi.nic.in/cover_2011/delhi.pdf.


Navjot et al., 2016 

www.currentsciencejournal.info 

tolerance index of selected plant species along 

roadsides in Thiruvananthapuram, Kerala. J 

Environ Biol 31(3): 379-386. 

Katiyar V, Dubey PS (2001). Sulphur dioxide 

sensitivity on two stages of leaf development in a 

few tropical tree species. Indian J Environ 

Toxico 11(2): 78-81. 

Keller T, Schwager H (1977). Air pollution and 

ascorbic acid. Eur J of Forest Pathol 7(6): 338-

35. 

Klumpp G, Furlan Raza CM, Domingos M, Klumpp A 

(2000). Response of stress indicators and growth 

parameters of Tibouchina pulchra Cogn. exposed 

to air and soil pollution near the industrial 

complex of Cubatão, Brazil. Sci Total 

Environ 246(1): 79-91. 

Krishen P (2006). Trees of Delhi: A field guide. 

Penguin Books India. 

Kumar P, Gupta NC (2016). Commuter exposure to 

inhalable, thoracic and alveolic particles in 

various transportation modes in Delhi. Sci Total 

Environ 541:535-541. 

Lakshmi PS, Sravanti KL, Srinivas N (2009). Air 

pollution tolerance index of various plant species 

growing in industrial areas. Ecoscan 2(2): 203-

206. 

Liu YJ, Ding H (2008). Variation in air pollution 

tolerance index of plants near a steel factory: 

Implication for landscape-plant species selection 

for industrial areas. WSEAS Trans Environ Dev 

4(1): 24-32. 

Lohe RN, Tyagi B, Singh V, Tyagi P, Khanna DR, 

Bhutiani R (2015). A comparative study for air 

pollution tolerance index of some terrestrial plant 

species. GJESM 1(4):315-324. 

Mandal M (2006). Physiological changes in certain test 

plants under automobile exhaust pollution. J 

Environ Biol 27(1): 43-47. 

Mingorance MD, Valdés B, Oliva SR (2007). 

Strategies of heavy metal uptake by plants 

growing under Industrial emissions. Environ 

Int 33(4): 514-520. 

Ninave SY, Chaudhari PR, Gajghate DG,Tarar JL 

(2001). Foliar biochemical features of plants as 

indicators of air pollution. Bull Environ Contam 

Toxicol 67(1): 133-140. 

Palit D, Kar D, Misra P, Banerjee A (2013). 

Assessment of air quality using several bio 

monitors of selected sites of Durgapur, Burdwan 

district by air pollution tolerance index 

approach. Indian J Sci Res 4(1): 149-152. 

Pathak V, Tripathi BD, Mishra VK (2011). Evaluation 

of anticipated performance index of some tree 

species for green belt development to mitigate 

traffic generated noise. Urban For Urban Gree 

10(1): 61-66. 

Prajapati SK (2012). Ecological effect of airborne 

particulate matter on plants. Env Skeptics and 

Critics 1(1): 12-22. 

Radhapriya P, Gopalakrishnan AN, Malini, 

Ramachandran A (2012). Assessment of air 

pollution tolerance levels of selected plants 

around cement industry, Coimbatore. Indian J 

Environ Biol 33: 635-641. 

Rai PK, Panda L (2014). Dust capturing potential and 

air pollution tolerance index (APTI) of some road  



Navjot et al., 2016 

www.currentsciencejournal.info 

side tree vegetation in Aizawl, Mizoram, India: 

an Indo-Burma hot spot region. Air Qual Atmos 

Health 7(1): 93-101. 

RITES (2010). Transport demand forecast study and 

development of an integrated road cum multi-

modal public transport network for NCT of 

Delhi. MVA Asia Ltd., TERI, Transport 

Department, Government of Delhi, India. 

Roy S, Byrne J, Pickering C (2012). A systematic 

quantitative review of urban tree benefits, costs, 

and assessment methods across cities in different 

climatic zones. Urban For Urban Gree 11(4): 

351-363. 

SM Seyyednjad K, Majdian H. Koochak, M. Niknejad 

(2011). Air pollution tolerance Indices of some 

plants around industrial zone in south of Iran. 

Asian J Biol Sci 4: 300-305. 

Sharma GK (1977). Cuticular features as indicators of 

environmental pollution. Water Air and Soil 

Poll 8(1): 15-19. 

Singare PU, Talpade MS (2013). Physiological 

Responses of Some Plant Species as a Bio-

Indicator of Roadside Automobile Pollution 

Stress Using the Air Pollution Tolerance Index 

Approach. Int J Plant Res 3(2): 9-16. 

Singh SK, Rao DN, Agrawal M, Pandey J, Naryan D 

(1991). Air pollution tolerance index of plants. J 

Environ. Manage 32(1): 45-55. 

Singh S, Gupta NC, Bhattacharya P (2015). Study of 

Mass Concentration of Particulate Matter 

Exposure on Weekly Basis for Two Seasons at 

an Urban Industrial Site in Delhi. Univer J 

Environ Res Tech 5(4):179-187. 

Taylor GE (1978). Plant and leaf resistance to gaseous 

air pollution stress. New Phytol 80(3): 523-534. 

Thakar BK, Mishra PC (2010). Dust collection 

potential and air pollution tolerance index of tree 

vegetation around Vedanta Aluminum Limited, 

Jharsuguda. The Bioscan 3: 603-612. 

Tripathi A, Tripathi DS, Prakash V (1999). Phyto-

monitoring and NOx pollution around silver 

refineries. Environ Int 25(4): 403-413. 

Verma A, Singh SN (2006). Biochemical and 

ultrastructural changes in plant foliage exposed 

to auto-pollution. Environ Monit Assess 120(1-

3): 585-602.  


