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Abstract

Air pollution tolerance index (APTI) calculated for various plant species growing in vicinity of three

different industrial areas (Paper mill, Sugar mill, Thermal Power Plant) and Yamuna River belt of

Yamuna Nagar. Studies were carried out to determine the physiological response of ten plant species.

The leaf samples collected from these plant species were used to determine their plant APTI by

calculating the ascorbic acid, total chlorophyll, pH, and relative water content for all selected sites.

Highest pH, relative water content, ascorbic acid and total chlorophyll was observed in Castor

(9.86), Parthenium (96.99%), Ficus benghalensis (14.90 mg g1) and Amaranthus (7.08 mg g1) at Yamuna

river, Thermal power plant, Yamuna river and paper mill respectively. It was concluded that out of

ten species studied only one species (Ficus benghalensis) showed moderately tolerant response in

all selected sites, while other species showed sensitive response. According to observed APTI values,

Ficus benghalensis showed the highest value (21.65) at sugar mill followed by thermal power plant

(19.38), Paper mill (17.65) and Yamuna River (17.61). The lowest APTI values were reported in Oxalis

corniculata (6.42) at Yamuna River belt followed by Malvestrum at sugar mill (7.71).
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Introduction

Air pollution is the fluctuation in any atmospheric

constituent from the value that would have existed without

human activity. It is a human introduction into the

atmosphere of chemicals, particulate matter or biological

materials that cause harm or discomfort to humans, or other

living organism or damage to environment Air pollution is a

major problem arising mainly from industrialization (Agbaire

et al., 2009; Odilara, 2006; Adamsab et al., 2011; Seyyednjad

et al., 2011) unplanned urbanization, alarming increase in

vehicles fleet and population growth. Several contributors

agree that air pollutants effect plant growth adversely (Rao,

2006; Sodhi, 2005; Henry and Heinke 2005; Horsfall, 1998).

Air pollutants like fly ash, SO
2
, NO

2
, CO

2
, CO, and particular

matter emitted as smoke from the coal-fired power plants

(Gostin, 2007) and other industries cause direct environmental

stress on nearby vegetation via leaves or indirectly via soil

acidification (Iqbal, 2000;  Liu and Ding, 2008). Studies have

also reported that by exposure of air pollutants, plants mostly

experience physiological changes before exhibiting visible

damage to leaves (Dohmen et al., 1990).

It is well documented that plants play an important

role in monitoring and maintaining the ecological balance

(Tripathi et al., 2009) by collecting heavy metals such as

mercury and lead from the air (Brack, 2002; Shannigrahi et

al., 2003; Prajapati et al., 2008) and actively participating in

the cycling of nutrients and gases like carbon dioxide,

oxygen. Plants also provide enormous leaf area for

impingement, absorption and accumulation of air pollutants

to reduce the pollution level in the air environment

(Escobedo et al., 2008). Different plant species show

different behavior for different pollutants and any plant
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part could be indifferently used as biomonitor (Mingorance

et al., 2007; Mondal et al., 2011).

The response of plants towards air can be assessed

by air pollution tolerance index (APTI). Hence, APTI is used

by landscapers to select plant species in their order of

tolerance to air pollution (Liu, 2008) and as natural sinks for

CO
2
 sequestration (Govindaraju et al., 2011; Bamniya et al.,

2011; Chaudhari et al., 2007). Air pollutants in industrial

and urban areas may be absorbed or adsorbed accumulated

and integrated in the plant body and if toxic, may injure

them to some degree. Injury level will be high in sensitive

species and low in tolerant species. Tolerant species will

help in reducing overall pollution load and sensitive one

are useful as early warning indicators of pollution (Rao,

1983). Hence, the aim of this study was to determine the

APTI values of some plant species in the vicinity of three

different industries and Yamuna River belt of Yamuna Nagar

on the basis of pH, chlorophyll, ascorbic acid and relative

water content.

Materials and Methods

Yamuna Nagar is a city in the state of Haryana, India,

covering a total geographical area of 1756 sq km and is

located between 29° 55’: 30° 31’ N latitudes and 77° 00’: 77°

35’ E longitudes. The sampling sites selected within the city

were three different industrial areas namely paper mill, sugar

mill, thermal power plant (covering area of approximately 10

km) and Yamuna River belt approximately 15 km stretch from

Hamida area bridge to Buriya bridge.

Ten plant species (Amaranthus virdis, Castor,

Echinops echinata, Ficus benghalensis, Launea,

Malvestrum, Oxalis, Parthenium hysterophorus Poa annua,

Sonchus asper) available in the study area were selected.

The sampling of plant species was done during the month

of February, 2011. Plants used for the study were those

available in the immediate vicinity of the stations. Three

replicates of fully matured leaves were taken directly from

each plant in the morning (9 to 11 a.m.)  and brought to the

laboratory in the ice for analysis. The fresh weight of leaf

from individual plant was taken immediately using a balancer

in the laboratory. The experiments were replicated three times

for each biological factor.

The relative leaf water content (RWC) was analyzed

After taking fresh weight the leaves of immersed in water

over night, blotted dry and weighed to get the turgid weight

(TW). The leaves were dried overnight in an oven at 70°C

and reweighed to obtain the dry weight (DW). The leaf

RWC (%) was determined and calculated by the formula

given by Henson et al. (1981). The total chlorophyll content

in fresh leaves (mg g-1 f.wt.) was estimated following the

method Arnon (1949) were blended and extracted with 10ml

of 80% acetone left for 15 min. The liquid decanted portion

centrifuged at 2,500 rpm for 3 min and absorbance was taken

at 645 and 663 nm using (UV-VIS-117, Systronics). The pH

of leaf extract was determined with digital and caliberated

pH meter by homogenizing 5gm fresh leaves in 10 ml

deionised water. The ascorbic acid content (mg g-1) was

measured  spectrophotometrically following the method of

Bajaj and Kaur (1981). The absorbance of supernatant was

measured at 760nm using (UV-VIS-117, Systronics).

The air pollution tolerance indices of ten selected

plants were determined following the method of Singh and

Rao, 1983. All data were presented as mean of three replicates,

± standard deviation following the statistical method of

Hoshmand (1998).

Results and Discussion

The ability of each plant species to adsorb and

absorb pollutants varies greatly and depends on several

physiological, biochemical and morphological characteristics

(Singh and Verma, 2007).  Air pollution tolerance index

denotes capability of a plant to combat against air pollution.

Plants which have higher APTI value are tolerant to air

pollution (30 - 100) and can be used as sink to mitigate

pollution, while plants with low APTI value (17 -29) show

less tolerance and can be used to indicate levels of air

pollution. Plants with tolerance index between 1 - 16 are

sensitive to pollution (Lakshmi et al., 2009).

The biochemical characteristics and the APTI of 10

plant species growing in vicinity of industrial areas and

Yamuna River belt of Yamuna Nagar are given in Table 1 and

Fig. 1, respectively. The highest RWC was observed in

Parthenium hysterophorus (96.99%) collected from thermal

power plant. Other species observed for high RWC was

Ficus benghalensis (96.83%), (94.92%) at thermal power

plant and paper mill, respectively. The lowest RWC was

observed in Oxalis corniculata (44.01%) and Sonchus asper

(53.43%) at Yamuna river belt and thermal power plant,

respectively. Higher RWC is advantageous for drought

resistance because it maintains physiological balance under

stress conditions (Govindaraju, 2011).

Plants with lower pH are more susceptible while those

with higher pH are known to improve tolerance to air

pollution (Singh and Verma, 2007). The highest value for

leaf extract pH was observed in Castor (9.86) and Parthenium

hysterophorus (7.76) at Yamuna river beet and sugar mill

while least pH was analyzed in Amaranthus viridis (2.90)

and Oxalis corniculata (3.72) at Yamuna river and paper

mill, respectively. However, the majority of plants showed

pH in the range of 5 to 7. The highest total Chl content was

recorded in Ficus benghalensis (14.90 mg g-1) followed by

Malvestrum (10.13 mg g-1) and Ficus benghalensis (9.95 mg
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g-1) at Yamuna river and sugar mill while least value of Chl

was found in Malvestrum (0.32 mg g-1), Amaranthus viridis

(0.74 mg g-1) and Castor (0.96 mg g-1) at paper mill and sugar

mill, respectively. Chlorophyll content in all the plants varies

with the pollution status of the area. Present study revealed

that chlorophyll content was less near industrial areas as

compared to Yamuna river belt. Studies (Jyothi et al., 2010;

Mir et al., 2008; Tripathi and Gautam, 2007) also suggest

that high level of pollution decreases chlorophyll content

in plants due to organized state of chlorophyll pigment.

Under stress conditions chlorophyll may undergo several

photochemical reactions such as oxidation, reduction,

reversible bleaching.

Ascorbic acid plays a significant role in cell wall

synthesis, photosynthetic carbon fixation, defense and cell

division (Seyyednjad et al., 2011). The maximum amount of

ascorbic acid content was found in Amaranthus viridis (7.08

mg g-1) followed by Sonchus asper (6.33 mg g-1) Echinops

echinata (5.96 mg g-1) at paper mill, thermal power plant and

Yamuna river, respectively. While the lowest ascorbic acid

content was recorded in Castor (0.90 mg g-1), Parthenium

hysterophorus (1.14 mg g-1) and Poa annus (1.33 mg g-1) at

Yamuna river.  The APTI value of each plant at all the

locations have been arranged in the following descending

order: Paper mill- Ficus benghalensis > Amaranthus

viridis> Malvestrum > Poa annua > Launea > Sonchus

asper > Castor > Oxalis corniculata > Echinops echinata

> Parthenium hysterophorus. Sugar mill- Ficus

benghalensis > Amaranthus viridis > Echinops echinata

> Oxalis corniculata > Parthenium hysterophorus >

Sonchus asper > Castor > Poa annua > Launea >

Malvestrum. Thermal Power Plant- Ficus benghalensis  >

Parthenium hysterophorus > Launea > Oxalis corniculata

> Sonchus asper > Echinops echinata >  Castor >

Malvestrum > Poa annua > Amaranthus viridis. Yamuna

River- Ficus benghalensis > Echinops echinata >

Malvestrum > Poa annua > Castor > Sonchus asper >

Amaranthus viridis >  Launea > Parthenium hysterophorus

> Oxalis corniculata.

M. Sharma et al.

Fig. 1 : APTI of different plant species in vicinity of Industries and Yamuna River
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In the present study, out of ten species studied only

one species (Ficus benghalensis) showed their less tolerant

response in all selected sites, and all other studied plant

species were designated under sensitive range. According

to observed APTI values, Ficus benghalensis showed the

highest value (21.65) at sugar mill followed by thermal power

plant (19.38), paper mill (17.65) and Yamuna River (17.61).

Studies (Sharma and Pandey, 2010; Prajapati and Tripathi,

2008) also revealed that Ficus sp. shows higher APTI vale

and are tolerant. The lowest APTI values were reported in

Oxalis corniculata (6.42) at Yamuna River followed by

Malvestrum at Sugar mill (7.71). Present investigation

revealed that plants from Industrial sites have more APTI

value compared to Yamuna River except Echinops echinata

(16.78), which have highest value then all industrial sites.

An overview of the entire result obtained from this

study reveals that different plants respond differently to air

pollution (Mashitha and Pies, 2001; Klumpp et al., 2003;

Tripathi et al., 2008), hence the different indices it is

observed that plants growing in apparently polluted

environment have higher APTI than from less polluted

environment. From the results obtained, it has been

observed that Ficus benghalensis, Echinops echinata were

the more tolerant species. According to these observations,

the species having lower APTI value (more sensitive), can

be recommended as bioindicators (Oxalis corniculata,

Parthenium hysterophorus, Malvastrum,). While the

species having greater APTI value (intermediate and more

tolerant) can be used as sink for air pollutants in polluted

areas (Ficus benghalensis and Echinops echinata).

Therefore, APTI determination is important because

with increase industrialization, there is increasing danger to

the trees due to air pollution. The results of such studies

are therefore handy for landscaping. Landscaping should

be done on the basis of sensitivity or tolerance to air

pollution of plant species which is based on APTI.
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