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ABSTRACT 
 

 

Air quality is a major environmental problem in many developed and developing countries. Atmospheric pollution is mainly caused by high 
concentration of particulate matter (PM10, PM2.5), Oxides of Sulphur (SOx) and Oxides of Nitrogen (NOx) .If their concentration is more than 
tolerance limit of plants, they adversely affect plants. Variation of plants biochemical parameters like Relative water content (RWC), pH, 
Ascorbic acid and Total chlorophyll (TCh) content were found to be dependant on air quality. Air Pollution Tolerance Index of fifteen common 
tree species of Virudhunagar has been evaluated by analyzing these biochemical parameters. And percentage variation of these biochemical 
parameters with the control (Site 1) and polluted sites were established.  Delonix regia and Moringa olifera showed higher percentage variation 
of ascorbic acid content  variation (>100%) at heavy traffic area(Site 2) and species like  Eugenia jambolana, Ficus religiosa, Ficus 
benghalensis, Eucalyptus globulus, Ficus benjamina showed higher percentage variation (>100%)  at industrial area (Site 3). Tree species like 
Delonix regia, Moringa olifera showed higher % variation of TCh at site 2(>100%). And species like Moringa olifera and Ficus benghalensis 
exhibited higher variation of TCh at site3 (>100%). Leaf pH did not show considerable variation. Eugenia jambolana showed 20% variation at 
Site2.  Tamarindus indica, Mangifera indica, Eugenia jambolana and Tectona grandis showed 21%, 27%, 23%, 37% variations at site 3..Higher  
variation of RWC  was  observed in Ficus bengamina  at site 2 (79%) and Polyalthia longifolia at site3 (33%) .Thus out of fifteen species of 
plants studied only  4 species served as indicator of air pollution namely Ficus benghalensis,Tectona grandis,Eucalyptus globulus and ,Ficus 
benjamina.Eventhough Delonix regia  is a sensitive species it becomes tolerant in industrial area. 

 
Key words: APTI, Phytomonitoring, Virudhunagar, biochemical parameters, Delonix regia. 

 

 
 

INTRODUCTION 
 
Industrial development and greater mobility of goods have 
brought enormous increase in transportation sector. They have 
caused severe environmental problems like air, water and 
noise pollution. In recent past, air pollutants responsible for 
vegetation injury and crop yield losses are causing increased 
concern (Joshi and Swami, 2007). Studies on the effects of air 
pollutants due to automobiles on morphology, physiology and 
biochemistry of plants have been reported by a number of 
workers  (Treshow, 1985;  Kozial and Whately, 1984; Ahmed 
et al., 1988; Salgere and Nath, 1991; Raina and Agarwal, 
2004; Tripathi  and  Gautam,  2007) in the different parts of 
the world. In spite of these adverse effect of these pollutants, 
there are reports on pollution tolerant plants (Nivane                                 
et al., 2001).Studies have also shown the impacts of air 
pollution on relative water content (Rao,1979), leaf extract Ph 
(Klumpp et al., 2000), Chlorophyll content (Flowers                  
et al., 2007), Ascorbic acid content (Hoque et al., 2007). 
Categorization of plants as sensitive or tolerant is determined 
by the level of these parameters in plants, and thus plants 
show different susceptibility to different pollutants. The   
selection  of  plant  species  which  is   commonly   growing  
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around Virudhunagar in Tamilnadu,differ considerably with 
reference to their response towards pollutants .  Air pollution 
tolerance index is an index denotes capability of plants to 
combat against air pollution. In this study changes in 
parameters such as ascorbic acid, total chlorophyll, relative 
water content, and pH of leaf extract were used in the degree 
of tolerance of air pollution by the plant species. Also the 
work aims to predict the % variation of biochemical 
parameters for different plant species growing in residential, 
heavy traffic and industrial area of this town. 
 
MATERIALS AND METHODS 
 
Site selection 
 
The present research work was mainly confined in 
Virudhunagar  which is in southern part  of  Tamil Nadu, 
India. Virudhunagar  is a selection grade Municipality, spread 
over an area of 6.39 sq.km holding a population of  72,081 as 
of 2001 (adopting population projection, it is interpolated the 
population of this town was 77449 in 2009).  It is located at 
9o35’ North latitude,  77o57’ East longitude and 101.3m above 
mean sea level. The climate of the town is hot and dry 
throughout the year with April and May being the hottest 
months. The maximum temperature is above 38.5oC, the 
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minimum temperature is below 34.2oC.  The town receives 
rainfall mostly during Northeast monsoon, and the average 
rainfall is 780mm per annum.  For this study three sampling 
stations were selected and these stations were Madura coats 
colony (Site-1),  Pavaly (Site 2), Perali (Site 3).  The selected 
locations categorized as Residential area, Heavy traffic area, 
Industrial area respectively. 
 
Species selection  
 
Fifteen species of evergreen and deciduous dicotyledonous 
trees, which are common in all the three stations in the study 
area, were selected for this purpose. 
 
1:Delonix regia, 2:Tarmarindus indica, 3:Moringa olifera,               
4: Azardiracta indica, 5 :Mangifera indica, 6:Millingtonia hortensis, 
7:Pongamia glabra, 8:Polyalthia longifolia, 9:Eugenia jambolana, 
10:Pithecellobium dulce, 11:Ficus religiosa, 2:Ficus benghalensis, 
13:Tectona grandis, 14:Eucalyptus globulus, 15:Ficus benjamina. 
 
Sample collection and analysis 
 
Fully matured leaves of plants collected from all side branches 
of trees, and mixed to get a homogeneous sample. Then plant 
leaves were kept in polythene bags preserved in refrigerator 
for further analysis.  Estimation of Total chlorophyll content 
(TCl)  was done according to the method described by Arnon 
(1949).3 g of fresh leaves were blended and then extracted 
with 10 ml of 80% acetone and left for 15 min. The liquid 
portion was decanted into another test-tube and centrifuged at 
2,500 rpm for 3 min.  The supernatant was then collected and 
the absorbance was then taken at 645 nm and 663 nm using a 
spectrophotometer.  Calculations were made using the formula 
given below: 
 
Chlorophyll a = 12.7DX663 – 2.69DX645 x V/1000W mg/g 
 
Chlorophyll b = 22.9DX645 – 4.68DX663 x V/1000W mg/g 
 
TCh = chlorophyll, a + b mg/g,  
  Dx = Absorbance of the extract at the Wavelength Xnm,  
    V = total volume of the chlorophyll solution (ml). 
 
Ascorbic acid is determined  by Agarwal  (1985). 10 gm  of 
the leaf samples were transferred into a glass pestle mortar and 
macerated well with 4% oxalic acid. The contents were 
transferred to a 100ml volumetric flask by filtering through a 
muslin cloth. And repeated the extractions with 4%                    
oxalic acid. Titrated against 0.02% of a selective reagent 2, 6 
dichlorophenol indophenol dye solution taken in the burette, a 
permanent pale pink color is obtained.  RWC is determined by 
using the method described by Barrs and Weatherly (1962). 
Each sample is placed in a pre-weighed airtight vial.  Leaf 
sample should be placed in a vial slightly longer than the 
sample, with its basal part to the bottom. Samples should 
reach the lab as soon as possible.  In the Lab vials are weighed 
to obtain leaf sample weight (W), after which the sample is 
immediately hydrated to full turgidity for 3-4h under normal 
room light and temperature.  After hydration the samples are 
taken out of water and are well dried of any surface moisture 
quickly and lightly with filter/tissue paper and immediately 
weighed to obtain fully turgid weight (TW).  Samples are then 
oven dried at 80oC for 24h and weighed (after being cooled 
down in a desiccator) to determine dry weight (DW). 

Calculation 
  

RWC (%) = [(W-DW) / (TW-DW)] x 100, 
Where, 

  W – Sample fresh weight 
TW – Sample turgid weight 

             DW – Sample dry weight. 
 

For the measurement of leaf extract pH,  2g of the sample was 
homogenized with 20 ml of deionised water and the pH of the 
suspension was measured with a digital pH meter with a glass 
combined electrode. 

 
Computation of APTI 
 
The air pollution tolerance index was commuted by the 
method suggested by Singh and Rao (1983) using the 
equation. 
 
 APTI = [A (T+P) + R]/10  
 
Where  
 
A = Ascorbic acid content (mg/g),  
T = total chlorophyll (mg/g),   
P = pH of leaf extract, and  
R = relative water content of leaf (%).   
 
The period of study ranges from May2009 to May 2011. 
Results were statistically analyzed and interpreted for drawing 
conclusions using SPSS and MAT-LAB soft wares. 

 

RESULTS AND DISCUSSION 
 
The values obtained for the monthly analysis                        
(May 2009-May 2011)  of  selected  bio chemical parameters 
of plants were analyzed statistically. All the bio chemical 
parameters exhibited significant  variation from species to 
species and station to station were shown in table 1 at 0.08% 
(p<0.05).  Selected plant species showed considerable 
variation of biochemical parameters  in their response to air 
pollutants. However plants maintained a balance between the 
injury caused by the pollutants and the homeostatic process 
governing repair. Analysis of four parameters such as 
Ascorbic acid content, total chlorophyll content, and leaf 
extracts  pH  and Relative Water Content which are 
considered as bio indicators of pollutants.  The air pollutants 
from various sources include Oxides of Nitrogen, Oxides of 
Sulphur and particulates. Oxides of Nitrogen  damages the 
leaves of plants, retard the photosynthetic activity.  Sulphur 
dioxide causes bleaching of leaf pigments due to conversion of 
chlorophyll pigment-a in to phycophyllin–a,  reducing the 
plant productivity. Particulate pollutants emitted from the 
sources deposited on the leaves blocks the stomata and thus 
inhibiting the rate of transpiration and also restrict the 
absorption of carbon dioxide, there by reducing the rate of 
photosynthesis. (D. Sarala thambavani  and  C. Kamala, 
2010). 
 

Change in ascorbic acid content 
 

Ascorbate reduced glutathione and peroxidase are important 
superoxide scavengers in the chloroplast .The significance of 
each of these scavengers is dependent on their concentration 
and   rate   constant   for   the   conversion   of   superoxide  
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Table 2: Variation of Bio chemical parameters with control area 

 

Plant species Sampling Site Ascorbic acid Total chlorophyll Leaf extract pH Relative water content 
V %V V %V V %V V %V 

D. regia 
 

S2 
S3 

√ 
 >100 √ 

√ 
57 

>100 
 
  √ 

 30 

T.indica 
 

S2 
S3 

 
√ 

 
40 

√ 
√ 

28 
33 

 
√ 

 
21 

√ 
√ 

21 
20 

M. olifera 
 

S2 
S3 

√ 
√ 

>100 
60 

√ 
√ 

>100 
>100    

√ 
 

26 
A. indica 
 

S2 
S3 

  √ 21     

M.indica 
 

S2 
S3 

 
√ 

 
46 

 
√ 

 
42 

 
√ 

 
27 

 
√ 

 
20 

M. hortensis 
 

S2 
S3 

√ 
 37  

√ 
 

100     

P. glabra 
 

S2 
S3 

√ 
√ 

28 
26 

 
√ 

 
28     

P.longifolia 
 

S2 
S3 

 
√ 

 
33 

 
√ 

 
31   √ 

√ 
33 
47 

E.jambolana 
 

S2 
S3 

√ 
√ 

68 
>100 

 
  √ 

√ 
20 
23   

P. dulce  
 

S2 
S3 

 
√ 

 
40 

 
√ 

 
63     

F.religiosa 
 

S2 
S3 

√ 
√ 

50 
>100 

 
√ 

 
82     

F.benghalensis 
 

S2 
S3 

 
√ 

 
>100 

√ 
√ 

21 
>100     

T.grandis 
 

S2 
S3 

√ 
√ 

28 
39 

 
√ 

 
20 

 
√ 

 
37   

E. globulus 
 

S2 
S3 

 
√ 

 
>100 

 
√ 

 
45     

F. benjamina 
 
 

S2 
S3 

 
√ 

 
>100 

 
√ 

 
39   √ 

√ 
31 
79 

          √- presence variation of biochemical parameter with control station (site 1) 
 



 
 
radicals.Freebairn and Taylor (1960) made tissue analysis of 
smog sensitive plants sprayed with ascorbic acid .They found 
that concentrations of ascorbic acid in the leave increased and 
resulted in partial to complete protection from air-pollution 
injury. An increasing trend of ascorbic acid content was 
observed in site2and site 3 compared to site 1(control station)  
 
 
 

 

Table 4. Categarization of plants according to its APTI values 
 

Index value category 
<10 Sensitive 
>10<16 Intermediate 
>17 Tolerant 

 
Table 5.Categorization of selected plant species in Virudhunagar 

town 
 

Plant species                   Categorization of plant species 
Residential Heavy traffic Industrial 

 

D. regia 
 

Sensitive Sensitive Tolerant 

T.indica 
 

Intermediate Tolerant Tolerant 

M. olifera 
 

Intermediate Tolerant Tolerant 

A. indica 
 

Tolerant Tolerant Tolerant 

M.indica 
 

Intermediate Tolerant Tolerant 

M. hortensis 
 

Sensitive Intermediate Intermediate 

P. glabra 
 

Intermediate Tolerant Tolerant 

P.longifolia 
 

Intermediate Tolerant Tolerant 

E.jambolana 
 

Intermediate Tolerant Tolerant 

P. dulce  
 

Intermediate Tolerant Tolerant 

F.religiosa 
 

Intermediate Tolerant Tolerant 

F.benghalensis 
 

Sensitive Sensitive Sensitive 

T.grandis 
 

Sensitive Sensitive Sensitive 

E. globulus 
 

Sensitive Sensitive Sensitive 

F. benjamina 
 

Sensitive Sensitive Sensitive 

 
(Table1). Varshney and Varshney (1984) of the opinion that 
higher ascorbic acid content of the plant is a sign of its 
tolerance against sulphur dioxide pollution. In the control 
station highest value is observed in A.indica (2.68 mgg-1) 
followed by M.indica  (2.25 mgg-1).   In site 1 and 2 the lowest 
base value is observed in Ficus benjamina (0.12 mgg-1). At 
site 2 species like  D.regia, M.olifera shows higher percentage 
variation (>100%) and at site 3 species like E.jambolana, 
F.religiosa, F.benghalensis, E.globulus, F.benjamina shows 
higher variation (>100%)  (Table 2).  Pollution load dependant 
increase of ascorbic acid content of plant species may be due 
to the increased rate of production of reactive oxygen species 
(ROS) during photo oxidation of SO2 to SO3 where sulphites 
are generated from SO2 absorbed (S. Jissy jyothi and                  
D. S. Daya, 2010).  
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Change in total chlorophyll content 
 
One of the most common impacts of air pollution is the 
gradual disappearance of chlorophyll. The decrease in 
chlorophyll content  was depending upon the increasing 
pollution load in high traffic areas.  The level of toxicity may 
be responsible for lowering the levels of total chlorophyll 
(Joshi and Swami 2007).  On contrary several researchers 
have exhibited increase in chlorophyll content under  air 
pollution, such as Tripathi and Gautam reported  that 
Mangifera indica leaves subjected to air pollution showed an 
increase 12.8% in chlorophyll content (Tripathi and Gautam, 
2007).  In a study by pandey and Agarwal (1994) the 
chlorophyll concentration into tomato plants increased initially 
but declined after longer period of exposure of SO2 and NO2. 
Agbaire and Esienfarienrhe in a study have demonstrated the 
plants from experimental site contain more chlorophyll 
compared with those from the control site (Agbaire and 
Esienfarienrhe, 2009).   The highest base value of  chlorophyll 
content is observed in A.indica (13.96 mgg-1) at Site1, 
M.olifera  (14.57 mgg-1)  at site2  and  D.regia (17.70 mgg-1) 
at site 3.  Higher level of chlorophyll content observed may be 
its tolerant nature.  And the lowest value was observed in 
D.regia (2.30 mgg-1)  at site1, D.regia (3.64 mgg-1) at site2 
and  P.glabra  (3.60 mgg-1 ) at site3  respectively.  
Degradation of photosynthetic pigment has been widely used 
as an indicator of air pollution (Ninave et al., 2001).   The 
total chlorophyll ranged between (3.64 mgg-1to 14.67 mgg-1) 
in  site2  and   (3.60 mgg-1 to 28.70 mgg-1) in site 3.Species 
like D.regia, M.olifera shows higher % variation at                        
site 2 (>100%) (Table 2).  Tree species like M. olifera and              
F. benhalensis shows higher variation at site3 (>100%).  
 
Change in leaf extract pH 
 
The high pH may increase the efficiency of the conversion 
from hexose sugar to ascorbic acid (Escobedo et al., 2008) 
while low leaf pH extract showed good correlation with 
sensitivity to air pollution and also reduces photosynthesis in 
plants.   The   photosynthetic efficiency strongly dependant on 
leaf  pH  (Yan-ju liu  and  Hui  ding , 2008) the  
photosynthesis was reduced in plants with low  pH                                             
(Turk and Wirth, 1975).  The leaf  extract pH in plants 
increased due to basic pollutants present at the polluted site. 
The  leaf  extract  Ph value ranges between 4.41 to 7.47 at 
site1, 3.58 to 7.65 at site 2 and 3.48 to 7.68 at site3.  Leaf                
ph does not show more variation.   E.jambolana shows 20% 
variation at site2 . At site 3 T.indica, M.indica, E.jambolana 
and Tectona grandis show 21%, 27%, 23%, 37% variations 
respectively (Table 2). 
 
 
 
 

Table 3. Mean APTI value of the leaf samples of selected plant species 
 

Plant species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Site 1 4.17 

 
12.92 
 

14.87 
 

17.60 
 

10.54 
 

4.92 
 

13.70 
 

12.75 
 

14.93 
 

14.60 
 

13.31 
 

3.66 
 

4.10 
 

4.12 2.73 

Site 2 6.92 
 

16.53 
 

20.52 
 

19.64 
 

21.73 
 

8.80 
 

16.18 
 

17.04 
 

19.87 
 

17.41 
 

16.14 
 

6.82 
 

6.75 
 

7.37 5.29 
 

Site 3 18.77 16.04 
 

16.70 21.67 
 

18.66 
 

14.80 
 

16.16 
 

17.56 
 

21.44 
 

17.04 
 

19.67 
 

9.14 6.74 
 

8.41 9.39 
 

1:Delonix regia, 2:Tarmarindus indica, 3:Moringa olifera, 4: Azardiracta indica, 5:Mangifera indica, 6:Millingtonia hortensis, 7:Pongamia glabra, 
8:Polyalthia longifolia, 9:Eugenia jambolana, 10:Pithecellobium dulce, 11:Ficus religiosa, 12:Ficus benghalensis, 13:Tectona grandis, 14:Eucalyptus 
globulus, 15:Ficus benjamina. 
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Change in leaf’s Relative Water Content 
 

The  relative  water content (RWC)  of  leaves is an indicator 
of the plants water status with respect to physiological 
consequences of cellular water.  RWC is a useful indicator of 
the state of the water balance of the plant.   The  large  
quantity of water in plant body helps in maintaining its 
physiological balance under stress conditions (Gonalez and 
Gonalez vilar, 2001) the value ranges from 85.42% to 37.18% 
at  site 1, 74.49% to 35.97% at  site2 and 70.73% to 41.48 % 
at  site 3.  The  higher value observed in M.olifera, and  the 
lower value shown by M.hortensis at  site 2. And M.indica, 
M.hortensis showed the maximum and minimum values at 
site3.Higher variation of RWC is observed in F.bengamina at 
site 3(79%) and P.longifolia at site3 (33%) (Table 2) 

 

Air Pollution Tolerance Index 
 

The plants with high and low APTI values serve as tolerant 
and sensitive species respectively. Also the sensitivity levels 
of pollution differ for different plants(Singh and Rao,1983).   
APTI of  15 plant species at residential, heavy traffic and 
industrial sites  of the study area are given in table-3.  Plants 
are categorized in to  three categories according to the 
calculated APTI values (Table-4).  Thus on the basis of the 
above study 15 common growing trees are categorized into 
tolerant, intermediate and sensitive (Table-5).  Out of 15 
species studied  4 species served as indicators of air pollution 
namely Ficus benghalensis, Tectona grandis, Eucalyptus 
globulus, Ficus benjamina. Eventhough D.regia  is a sensitive 
species it becomes tolerant in industrial area. 
 

Conclusion 
 

Phytomonitoring is an important tool to evaluate the impact of 
air pollution on vegetation. Plants provide an enormous leaf 
area for impingement, absorption and accumulation of air 
pollutants to reduce the pollutant level in the air environment, 
with the various extents for different species (Liu and Ding, 
2008). The use of plants as monitors of air pollution has long 
been established as plants are the initial acceptors of air 
pollution. They act as scavengers for many air borne 
particulates in the atmosphere  (Joshi and Swami, 2009).  
Plant adaptation to changing environmental factors involves 
both short term physiological responses and long term 
physiological responses, structural and morphological 
modifications.  These changes help plants minimize stress and 
maximize use of internal and external resources                    
(Dineva, 2004).  In general, in all these studies indicate that 
tolerant species have assimilated the emitted pollutants 
.Research needs to be expanded to encompass a greater variety 
of plant response to air pollutants in Virudhunagar. And this 
study is useful for the better understanding and management 
of air quality as well as in selection of suitable plant species 
with high APTI. 
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