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India’s rich biodiversity of both indigenous and exotic plants offers a 
wide range of choice to restore greenery. People are exposed mainly to 
ambient air pollutants from automobile exhaust and industrial activities. 
Pollutants like SO2, NOx, particulate matter etc. can affect human 
health. Though respiratory system usually bears the main brunt of air 
pollutants, many other disorders involving other organ systems even 
cancers are attributed to air pollution. Air pollution tolerance index 
(APTI) works as a trustworthy technique in selecting plants as tolerant 
and sensitive species in terms of air pollution. The response of plants to 
air pollution at physiological and biochemical levels can be understood 
by analyzing the parameters viz. Ascorbic acid content , chlorophyll 
content , leaf extract pH and relative water content. By monitoring plants 
tolerance toward air pollution they can be screened and can be 
employed as biological indicators or monitors of air pollution in India. 
Mechanism and advanced technique of air pollution control by plants is 
also discussed in this review papers. 
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1. Introduction 
 

Environmental pollution has reached to such a stage that biological species are struggling for its existence. 

Human beings are also facing the health impacts due to increased pollution. Rapid industrialization and vehicular 

traffic especially in the urban areas of India lead to the deterioration of air quality by adding toxic gases and other 

substances to the atmosphere. Primary pollutants are usually produced direct from natural process. Secondary 

pollutants are not emitted directly, rather, they form in the air when primary pollutants react or interact in 

atmosphere with other pollutants. Most of sources of air pollution are related to human‘s activities as a result of the 

modern life style. The main pollution sources include chemicals, industries, automobiles, coal-fired power plants, 

nuclear waste disposal activity, plastic factories etc. Health effects range anywhere from minor irritation of eyes 

and upper respiratory systems, heart disease, lung cancer and death.  

All combustion releases gases and particulate matter into the air which includes SOx, NOx, CO and soot 

particles as well as smaller quantities of toxic metals, organic molecules and radioactive isotopes [1-3]. The 

degradation of air quality is major environmental problem that affects many urban and rural regions worldwide [4]. 

Various strategies exist for controlling atmospheric pollution, but vegetation provides one of the best natural ways 

of cleaning the atmosphere by providing an enormous leaf area for impingement, absorption and accumulation of 

air pollutants level in the environment with a various extent [5-8]. Plants are very important for determining and 

maintaining ecological balance by actively participating in the cycling of nutrients and gases like carbon dioxide 

and oxygen etc., but air pollution can directly affect plants via leaves or indirectly via soil acidification [9-10]. Plants 

act as the scavengers for air pollution as they are the initial acceptors. Trees act as air pollution sinks but the better 

performance comes from the pollution tolerant species [11]. By monitoring plants tolerance toward air pollution 

they can be screened and can be employed as biological indicators or monitors of air pollution. Then they can be 

used effectively by planners and green belt developers in managing the urban air pollution. Sources of major 

pollutants in ambient air are shown in table 1.  
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Table 1: Sources of major pollutants in ambient air  

S.No. Ambient Air Pollutants Pollutant  Sources 

1. Carbon Monoxide (CO) Forest burning, volcanic emissions, electric discharges, incomplete 

burning of fossil fuels is main source, steel and pig iron production, 

oil refinement, air and railroad traffic. 

2. Nitrogen dioxide (NO2) Combustion process, burning fuels at high temperatures, road traffic, 

vehicle engines, industrial activities, and electric energy. 

3. Sulphur dioxide (SO2) Thermoelectric power stations, industrial processes, cellulose 

industry, engines, burning of fossil fuels, sulphate aerosols and 

generation of sulphuric acids droplets (H2SO4). 

4. Carbon dioxide Burning oil, coal and natural gases 

5. Ozone (O3) Component of the “photochemical smog”. It appears following a 

reaction that involves mainly nitrogen oxides and volatile organic 

compounds. 

6. Suspended particulate 

matter (PM10, PM2.5, 

SPM) 

Mixture of solid and liquid organic plus inorganic materials including 

nitrates, sulphate, carbon ,sodium chloride, ammonia, mineral dust 

and water stationary, mobile or natural 

7. Benzene Mostly from road traffic, fuel evaporation during its storage and 

distribution. 

8. Heavy metals (Lead, 

Pb, Cd, As and Hg) 

Combustion of gaseous fuels, road traffic (to a large extent), 

metallurgical industry activities, burning of dangerous (hospital) 

wastes 

9. Fluorides pollutant 

compounds 

Glassworks, steelworks, aluminum factories, brick kiln, ceramic 

factories and uranium smelters 

10. Methane(CH4) Cattle and other animal 

 Phytoremediation is using plants to remove toxins is an attractive and cost effective way to improve air 

quality and can play important role in controlling air pollution. Appropriate planning and planting scheme  

determined by the degree and nature of pollution, selection of pollution lenient and dust absorbing trees and 

shrubs should be done for bioremediation of environmental pollution. Plants should be ecologically compatible, 

evergreen, high absorption of pollutants, low water requirement, large leaved, indigenous, minimum care, pollutant 

resistant, agro climatic suitability, height and spread, canopy architecture, growth rate, aesthetic effect, pollution 

tolerance and dust scavenging capacity. Insect pollinated trees with short flowering periods and less pollen 

productivity should be selected for urban plantation [12]. For pollution control it is also suggested that wind-

pollinated tree species, flowering during rainy season can also be planted, as rains will wash out extra pollens. The 

tree to be planted should be moderately free of insects and diseases and there should not be dropping of useless 

fruits (Cerbera odollam), seed pods (Acacia auriculaeformis), twigs and leaves (Dyera costulata).  

Trees with affinity to descent large and heavy fruits (Durio spp.) and emanatepooraroma (Sterculia foetida) 

must be avoided in the urban landscape. Trees such as Tamarind (Tamarindus indicus) having smaller compound 

leaves are generally more efficient particle collectors than larger leaves. It is reported that leaves of Mango 

(Mangifera indica), Ashoka (Polyalthea longifolia), Pongamia (Derris indica) and Umbrella (Thespepsia populnea) 

trees captures higher amounts of dust as compared to other plants [13]. Evergreen trees are found to be more 

efficient in terms of air pollution control as compared to deciduous trees [14]. Many trees like Ficus religiosa, 

Azadirachta indica, Cassia fistula and C. siamea,  Delonix regia,Bombax ceiba,  Lagerstroemia indica, Jacaranda 

mimosifolia, Plumeria rubra, Syzygium cumini and several other roadside and street trees are  found more suitable 

in urban environment [15-16]. Several studies have been conducted to examine the ability of outdoor vegetation, 

particularly trees, to remove numerous airborne particles, including radioactive elements, pollen, spores, salt, and 
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precipitation [17-19]. It has been observed that there is reduction of as much as 75% of atmospheric dust over 

wooded areas as compared to over relatively non-vegetated, populated areas [20]. Vegetation has been found 

acting as a natural filter, instigating particles to be retained on the vegetative surface through sedimentation, 

impaction, or precipitation. Trees in outdoor atmosphere have been reported to collect dust on surface of leaf, 

trichomes and even on growing fungal mycelium. Air pollution tolerance index (APTI) works as a trustworthy 

technique in selecting plants as tolerant and sensitive species in terms of air pollution. Tolerant species serve as 

sink of air pollutants and thus can help in decline of air pollutants to certain degree if planted in and around 

industrial vicinity. The responses of plants to pollutants may provide a simple method of monitoring air pollutants 

as well as providing the pollution abatement measures. Therefore, APTI of the plants needs to be monitored and 

checked for the predominant species that are present in the polluted and non-polluted areas. The response of 

plants to air pollution at physiological and biochemical levels can be understood by analyzing the parameters viz. 

Ascorbic acid content , chlorophyll content , leaf extract pH and relative water content. Air Pollution Tolerance 

Index for plants was calculated using the formula [21]: APTI = A (T+P) +R/ 10  

Where, A =Ascorbic Acid (mg/g), T =Total Chlorophyll (mg/g), P = pH of the leaf extract and R = Relative 

water content of leaf (%)  

Plants having higher APTI values are more tolerant towards air pollutants and thus act as better pollution 

moderators as compared to plants having low APTI value. Ambient air pollution tolerance index of major plants in 

India is mentioned below in Table 2. 

    Table 2. Ambient Air Pollution Tolerance Index of Major Plants in India 

S.N. Plant Species T  P A R APTI 

1. Albizzia lebbek Benth. 8.00  6.3 18.00 53 32 

2. Cassia fistula L. 6.89  6.2  16.00  72  28 

3. Zizyphusjujuba Lamk. 10.26  6.0  10.50  80 25 

4. Phyllanthus distichus Muell-Arg. 9.20  6.0 12.30 35  22 

5. Azadirachta indica A. Juss. 7.50  6.3 10.21 77 22 

6. Bambusa bambos Rotz. 13.60  6.8 7.26 66 21 

7. Ficus religiosa L 14.86  8.0 4.78 87 20 

8. Sapindus mukorossi Gaertn.  6.00 7.3 8.56 78 19 

9. Psidium guajava L.  7.13  6.3 7.78 73 18 

10. Bombax ceiba L.  6.79 6.2 6.54 74 16 

11. Phyllanthus emblica L.  10.00 6.0 4.27 75 14 

12. Tamarindus indica L.  4.89 4.0 6.00 85 14 

13. Anthocephalus cadamba Miq.  8.34 5.2 3.40 85 13 

14. Cordia myxa L.  6.38 8.4 4.50 55 12 

15. Moringa oleifera Lam.  6.60 6.2 2.50 87 12 

16. Morus alba L.  3.45 5.4 6.42 60 12 

17. Madhuca indica J.F. Gmet.  5.21 5.8 2.74 64 9 

18. Feronia elephantum Correa.  2.50 5.9 1.52 81 9 

19. Aegle marmelos Correa.  3.28 6.0 1.92 74 9 

20. Delonix regia Rafin.  6.27 6.4 2.0 45 7 

21. Buteafrondosa Roxb.  4.21 6.4 1.92 50 7 

22. Tectona grandis L.  4.50 7.3 0.35 54 6 

23. Dalbergia sissoo Roxb.  6.00 6.7 1.00 40 5 

24. Pithecolobium dulce Benth. 16.41  6.0 7.05 87 24 

25. Ficus bengalensis L.  6.94  8.0 7.49 79 19 

26. Polyalthia longifolia Benth.  5.78  6.2 8.68 80 18 

27. Ficus glomerata Roxb.  14.89  8.4  4.79 71 18 

28. Terminalia arjuna Bedd.  4.86  6.1  7.98  75 16 

29. Ficus infectoria Roxb.  8.60  7.0 5.00 81 16 

30. Nerium odorum Sol.  2.50  6.2 8.60 84 16 

31. Leucaena leucocephala (Lam.) de Wit.  12.50  5.8 5.80 86 19 

32. Eucalyptus citriodora Hook.  4.25 5.0 4.49 80 12 

33. Acacia arabica Willd.  4.54  6.5 5.98 79 15 

34. Mangifera indica L. 4.28  5.4 3.78 87 12 
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35. Annona squamosa L. 4.00  5.6  3.75  71  10  

36. Alstonia scholaris R. Br.  4.00  6.3  2.49  79  10  

37. Eugenia jambolana Lamk.  6.07  4.6  2.91  72  10  

38. Grewia tiliaefolia Vahl.  2.25  6.7  2.50  81  10  

39. Artocarpus heterophylla Lam.  6.60  6.3  3.56  48  9  

40. Nyctanthes arbor-tristis Forst.  6.52  6.9  2.74  40  8  

41. Casuarina equisetifolia L.  0.75  5.4  2.59  58  7  

42. Litchi chinensis Sonner. 2.51  6-2  0.75  48  5 

43. Bougainvillea spectabilis Willd.  11.70  6.1  12.79  74  30  

44. Calotropis gigantes Ait. Hort.  13.00  6.4  9.00  94  27  

45. Poinsettia pulcherrima R.  17.10  6.0  7.00  80  24  

46. Grah. Ricinus communis L.  17.20  6.2  5.00  93  21  

47. Calotropis procera Air. Hort.  5.27  6.2  8.50  96  19  

48. Duranta plumieri Jacq.  7.50  5.8  6.50  70  16  

49. Citrus lemon (L.) Burm. f. 6.68  6-0  6.25  74  15 

50. Lantana indica Roxb.  7.51  7.6  4.63  65  14  

51. Murraya exotica L.  6.00  6.2  4.67  78  14  

52. Lagerstroemiaparviflora Roxb.  6.98  6.4  5'39  50  12  

53. Rosa indica L.  4.50  5.5  4.75  74  12  

54. Musa sapientum L.  2.57  6.5  2.14  62  8  

55. Carissa carandus L.  3.50  5.5  0.68  35 4 

56. Polyalthia longifolia 2.67 7.0 0.67 86.75 9.32 

57. Peltophorum pterocarpum 2.67 7.0 1.43 84.57 9.84 

58. Bauhinia acuminata 1.81 6.0 1.86 87.53 10.83 

59. Tabubea argentia 0.76 6.0 1.57 83.62 9.42 

60. Bougainvillea glabra 1.76 7.0 1.81 87.06 10.11 

61. Samanea saman 2.29 7.0 2.24 87.22 10.80 

Remark : T- Total chlorophyll mg/g dry weight; P-Leaf-extract pH; A-Ascorbic acid mg/g dry weight; R- 

Relative water content (RWC) %. 

  The herbs, shrubs and trees differ in their sensitivity levels to air pollutants and the sensitivity level is 

usually in the order of herbs > shrubs > trees. There are so many factors controlling tolerance in plants. Plants with 

lower pH are more susceptible, while those with pH around 7 are more tolerant. Relative water capacity of a leaf is 

the water present in it relative to its full turgidity. High leaf relative water capacity was recorded during rainy 

season, low in winter and least in summer season. Plants with high relative water content under polluted condition 

may be tolerant to pollutants. High water content within plant body helps to maintain its physiological balance 

under stress conditions such as exposure to air pollution when the transpiration rates are usually high. Ascorbic 

acid being a strong reculant protects chloroplasts against sulphur dioxide induced hydrogen peroxide, oxygen and 

OH accumulation and this protects the enzymes of the carbon dioxide fixation cycle and chlorophyll from 

inactivation. Thus, tree species maintaining higher ascorbic acid level under polluted condition are considered to 

be tolerant to air pollutants. However, pH of leaf doesn’t change to changing location. In monsoon, due to washing 

of leaves there was least dust accumulation whereas, in winter and summer dust accumulation is more which can 

cause dust particle dissolution in cell sap and increasing the pH. Plants with lower pH are more susceptible while 

those with pH around 7 are tolerant [22]. The change in leaf extract might influence the stomatal sensitivity due to 

air pollution. Some species sampled exhibited a pH towards acidic side, which may be due to the presence of SO2 

and NOx in the ambient air causing a change in pH of the leaf sap towards acidic site. Chlorophyll is an index of 

productivity of plant [23]. 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; age of 

leaf and also with the pollution level as well as with other biotic and abiotic conditions [24]. Whereas certain 

pollutants increase the total chlorophyll content other decrease it [25]. Higher levels of total chlorophyll observed 

may be due to its tolerance nature and high levels of automobile pollution decrease chlorophyll content in higher 

plants near roadsides [26-28]. 

Plants are efficient enough not only to reduce outdoor air pollution but various studies have reported the 

effects of some plants on the enhancement of indoor air quality by absorbing air-borne contaminants such as 
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VOCs [29- 35]. Occupational health of the employees working and their productivity were improved by raising 

indoor plants [36-37].  

Several indoor plant species have eliminated benzene or hexane at concentration levels of 50 and 150 

ppm, respectively which are several orders of magnitude more than the levels that can be encountered in the 

indoor air [38]. The features of indoor air can be amended by planting indoor plants. Plants actually decreases 

amount of carbon dioxide, with some species reducing concentrations during the night also [39]. Plants may 

increase the wellbeing level for humans, especially in heated interior spaces by increasing indoor relative humidity 

following addition of moisture into the air [40]. Apart from this, several interior plants have been reported to reduce 

levels of several poisonous gases, including formaldehyde and nitrogen dioxide, from contaminated air with the 

help of associated microorganisms [41-45].  

Such outcomes of plants generally assist to recover the indoor air quality. Plants which produce airborne 

pollens and spores are not suitable for indoor plantation as they may hamper air quality [46-47]. Not only trees in 

outdoor atmosphere but indoor plants have been also found effective in reducing particulate matter in the indoor 

air. Common low-light tolerant species of interior plants, including Aglaonema sp., Chamaedorea seifrizii, 

Dracaena marginata, Epipremnu maureum, and Spathiphyllum sp., were used to study the removal of indoor air 

quality. Different plant species vary considerably in their susceptibility to air pollutants. The identification and 

categorization of plants into sensitive and tolerant groups is important because the former can serve as indicators 

and the latter as sinks for the abatement of air pollution in urban and industrial habitats [48]. Symptoms of Plant in 

response to air pollution exposure are showing in table 3. 

    Table 3: Plant Symptoms in Response to Air Pollution Exposure  

S.No. Ambient Air Pollutant Plant Injury/Symptoms 

1. Nitrogen dioxide Interveinal necrotic blotches, serious damage to the vegetation by 

whitening or destroying the plants tissues, reducing their growth 

rhythm. Nitrogen oxides are predominantly responsible of both acid 

precipitation and ground level ozone formation. Waxy coating on 

leaf surface, smog and acid rains 

2. Sulphur dioxide Red brown dieback or banding in pines. Skeletonized leaves and 

necrosis (high conc.). Inter-venal chlorotic bleaching of leaves (low 

conc.), negative effect on structure and tissues being visible with 

the naked eye. Incurs toxicity due to its reducing properties which 

leads to chlorotic or brownish red colour of leaves. 

3. Ozone Pigmented or unpigmented spots; Browning of conifer needle tip. 

Upper surface flecks distal necrosis and stunted needles in pines. 

Bleaching, necrosis and collapse of leaf (high conc.). 

4. Suspended Particulate Matter Visible coating, encrustation, marginal burn. 

5. Fluoride Red brown distal necrosis in pines. Leaf injury in the form of 

chlorosis and necrosis of leaf tips and margins. 

6. Ammonia Tip and margin necrosis, cooked green appearance, bleaching and 

dead spots along margins. 

7. Chlorine Interveinal necrotic blotch similar to those by SO2 and distal 

necrosis in pines. Dead spots alongs margins of outer leaves. 

8. Ethylene Chlorosis, Necrosis, abscission, Dwarfing, premature defoliation. 

Leaf abscission, epinasty, failure of flower buds to open; stimulation 

of lateral growth. 

9. Hydrogen Sulphide Interveinal necrosis blotches. Details necrosis in pines. 

10. Trace Metals Interveinal chlorosis tip and margin necrosis, Distal necrosis. 

11. Peroxy acetyl nitrate Lower surface bronzing, chlorosis, early senescence. Suppressed 

growth, bronzing of lower leaf area and young leaf more affected. 

12. Acid rain Necrotic spots, Distal necrosis pines. 

 

2. Mechanism of Air Pollution Control by Plants 

There are four main ways by which plants reduce air pollution in atmosphere [49]. These are: 

2.1. Temperature Reduction by Plants 

There is a direct relationship exists between the emission of many pollutant and ozone forming chemicals 

with atmospheric temperature. Ozone forming chemicals are also reported to decrease with reduction in air 
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temperature. Plant has a direct effect on temperature, incident radiation, radiation absorption, surface roughness, 

wind velocity, relative humidity and surface albedo. Trees contribute towards cooler summer temperature. These 

changes help to create a microclimate in surrounding areas which has the ability to alter the pollutant 

concentrations in urban and industrial areas [50]. 

2.2. Removal of Air Pollutant by Plants 

The principle process by which plants removed gaseous air pollution is through the stomata, though some 

gases are also removed by other plant organs. Absorbed gases diffuse into intercellular space react with inner 

surface of leaves, may be absorbed by water to form acid. Suspended air particle intercepts with the leaf surface, 

adsorbed on the leaf and dropped to the ground during leaf or twig fall or rain fall. It is reported that a large healthy 

tree (> 77cm diameter) remove approximately 70 times more air pollution annually than small healthy trees which 

having diameter less than 8 cm [51]. 

2.3 Emission of Volatile Organic Compounds (VOCs) by Plants 

Each and every plant emits certain amount of volatile organic compounds (VOCs) in the atmosphere. 

These VOCs are mainly responsible for the formation of ozone and carbon monoxide. However, in the presence of 

low nitrogen dioxide VOCs actually remove ozone [52].  

 

2.4 Energy Effects on Building by Plants 

Tress reduces the building energy by lowering temperatures through shading during the summer and 

blocking winds during winter; however, shading effect may lead to increase energy use during winter while during 

summer energy use may increase or decrease in the buildings situated near the sea shore. Therefore, proper 

knowledge of tree placement near the vicinity of the buildings is required to achieve maximum benefit [53]. 

3. Advanced Technique of Air Pollution Control  

Plants play a very important role in monitoring and maintaining the ecological balance by actively 

participating in the cycling of nutrients and gases like carbon dioxide and also provide enormous leaf area for 

impingement, absorption and accumulation of air pollutants in order to reduce the pollution level in the ambient air 

environment. Earlier, vertical garden (biowalls) are meant for indoor biological air purification which are composed 

of a variety of plant species and microorganisms that live on their roots [54]. Vertical gardens are a new technology 

that can add appealing green space, while actively enhancing the air quality in the environment. Through microbial 

activity, airborne contaminants such as volatile organic compounds (VOCs), benzene, toluene and other toxic 

fumes are degraded into end products that are harmless to humans and the environment. In addition, biowalls 

reduce noise pollution, as their plants and planting medium are effective sound barriers. Another benefit of the 

biowall will be educating those who pass through the building regarding the importance of air quality, and 

workplace health. But now a day, vertical gardens are used to purify the outdoor pollution especially in 

cosmopolitan cities like Bengaluru, Delhi, Mumbai and Culcatta [55]. Biowalls can also effectively improve the 

environmental conditions by reducing greenhouse gas emissions [56]. 

 

4. Conclusion  

In view of the existing state of urban air pollution, apart from other technological solutions, there is 

emergent necessity for extensive plantation both outdoor and indoor. Addition of the plants having pollution 

controlling capacity will not only increase the aesthetic beauty but will also make urban dwellings green and free of 

pollution. Appropriate planting system will bring healthy life and wellbeing even among the vulnerable groups of 

human beings especially children and old people. Planting indoor plants would definitely help in up gradation of 

indoor air quality. The trees in addition to plants not only provides oxygen, reduces CO2 and other toxic gases, also 

helps in removing VOCs as well as particulate matter present in the outdoor as well as indoor atmosphere acting 

as a natural filter. India being a mega-diversity nation possesses huge diversity of plant species, thus offers a wide 

range of choice to restore our outdoor as well as indoor atmospheric condition. Plantation on a massive scale is 

recommended for controlling airborne gaseous as well as particulate pollution in urban climate. There is important 

requirement of brainstorming sessions among stakeholders like horticulturist, environmentalist and town planners 

to understand the ecological impact of selected plant species before plantation. Thus, extensive research is 

mandatory to utilize the floral diversity in mitigation of ambient air pollution both indoor and outdoor environment in 

India. Further research is required to identify the tolerant plant species in relation to different pollution level require 

the more research work to suggests suitable plant species to green-belt development and social-forestry 

programs. 
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