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The present paper deals with the evaluation of  Air Pollution Tolerance Index (APTI) of Withania somnifera growing 
along the roads  in Industrial town Ghaziabad. Three sites were selected for study purpose- HPA (Highly Polluted Area), 
MPA (Medium Polluted Area) and Fresh Area (FA). Four  parameter  i.e  leaf extract pH, Relative Water Content %, Total 
chlorophyll content and Ascorbic acid content were determined and they are computed together  to calculate APTI values. 
Reductions were noted in all the parameter , which resulted in reduced value of APTI . Reductions are more drastic at HPA 
site than at MPA site. Decline in value of APTI proves Withania somnifera as sensitive species  to auto exhaust pollution 
and hence could be considered as bio-indicator of exhaust pollution.

INTRODUCTION
India is a developing country and facing problem of  popu-
lation and pollution. Main sources of air pollution are- Indus-
trial, Domestic sources and Transportation . According to the 
data collected from of Central Pollution Control Board, in year 
1970 contribution of  Industrial sources was 56%,  Domestic 
sources was 21% and that of Transportation was 23%. But 
in the year 2000, contribution of Industrial, Domestic sourc-
es and Transportation were- 25%, 5% and 70% respective-
ly. World’s third biggest carbon dioxide emitter is now India 
(Khergamker, 2011). Pollution has become a serious problem 
in India country due to poorly maintained vehicles as well as 
roads. Most of the Indian cities are in grip of  pollution, ac-
cording to Agrawal (2005), in several large cities of India is 
amongst the highest in the world. There is large variety of 
plants growing along the road sides. Different plants react dif-
ferently to the stressed condition of  auto-exhaust pollution ( 
Pawar, 2015). Bio-monitoring of flora is effective tool to eval-
uate the effect of air pollution. Response of plants can be as-
sessed by determining the Air Pollution Tolerance Index (APTI). 
On the bases of APTI values plant can be categorized as toler-
ant or sensitive to air pollution. For present study Withania 
somnifera (Ashwagandha) is selected and  area of study is 
Ghaziabad. 

MATERIALS & METHODS
Proposed study was carried out in city Ghaziabad-One of the 
important industrial city of western Uttar Pradesh. For study 
purpose three sites were selected  depending  upon the traf-
fic load & pollution. Sites are designated as Highly Polluted 
Area (HPA) and Medium Polluted Area (MPA). Area away from 
roads is treated as control i.e. Fresh Area (FA). Leaf samples 
of Withania were collected from study sites and analyzed for 
the following parameters:-

Leaf  Extract  pH
A 5.0 gm of fresh leaves were homogenized with 25 ml of 
double distilled water and its pH is recorded with help of dig-
ital pH meter.

Relative Water Content %  (RWC)
Relative Water Content of leaf  was  measured by the method 
of Sivakumaran  & Hall (1978).

RWC % =Initial Wt.-Dry Wt./Saturated Wt. – Dry Wt. x 100.

Chlorophyll a, Chlorophyll b and Total Chlorophyll con-
tent was measured according to the method of Arnon (1949). 
Ascorbic acid content was estimated according to the meth-

od of Keller and Schwager (1977).

RESULTS  & DISCUSSION
Results are shown in Table 1 and graphically compared in fig-
ure 1. Relative Water Content in Withania somnifera leaves 
showed a decline by 14.88% at MPA site and 19.30% at HPA 
site. Such decrease in RWC % was also reported by Chauhan 
(2010). According to Dedio (1975), high Relative Water Con-
tent favors resistance in plants. The values of leaf extract pH 
recorded at FA, MPA & HPA sites were 5.32, 5.15 & 4.91 re-
spectively, which indicate increasing acidic nature of cell sap 
pH in the samples collected from polluted sites in comparison 
to the control area. Change in pH indicates that the pollut-
ants have entered the leaf directly through the stomata, as 
these are the main portals meant for the exchange of gaseous 
and they also provide passage for the entry of foreign parti-
cles. Swami et al. (2004) reported the presence of SO2 and  
NOx  in ambient air causes a change in pH of the cell sap to-
wards acidic range. Many workers reported change in pH of 
cell sap in the plants growing along the road side[ Chauhan, 
2010 and  Deepalakshmi et al, 2013]  A decline was record-
ed in chlorophyll a i.e. 6.08% at MPA and 9.29% at HPA 
site.  Chlorophyll b also reduced in samples polluted sites i.e. 
4.32% & 6.92% at MPA and HPA sites respectively. As there 
was reduction in content of Chlorophyll a and Chlorophyll b, 
total chlorophyll content also declined in polluted leaf sam-
ples to the tune of 5.34% and 8.28% at MPA and HPA sites, 
respectively. Such decrease was reported in various plants by 
many workers ( Kumari et al.,2005; Bafna et al. 2008 and 
Raina & Bala, 2011).Chlorophyll is basically index of produc-
tivity, reduced photosynthetic activity of chlorophyll is associ-
ated with the formation of toxic ions on dissolution of SO2 
in water and displacing Mg+² from the chlorophyll molecule 
and converting it into photosynthetically inactive brown pig-
ment phaeophytin (Rao & Le Blanc, 1966; Malhotra & Hock-
ing, 1976 and Saxe,1983).  Like other attributes reduction 
was also noted in ascorbic acid content in the polluted leaf 
samples i.e. 3.63% and 9.09% at MPA and HPA sites, respec-
tively. Ascorbic acid is an natural antioxidant in plants which 
play important role in pollution tolerance (Killer & Schwager, 
1977). Chaudhary and Rao (1977) related air pollution toler-
ance of the plants with their ascorbic acid level and concluded 
that higher is the level of ascorbic acid content greater will be 
the tolerance. Decreased level of A.acid in the leaf samples of 
Withania collected from polluted sites indicates its sensitivity 
to auto-exhaust pollution. APTI values calculated for Withania 
somnifera were 11.48, 9.94 and 9.33 for FA, MPA and HPA 
sites, respectively. Air Pollution Tolerance Index (APTI) reflect 
tolerance power of plant towards air pollution. Higher the val-
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ue of APTI more will be the capacity of the plant to combat 
air pollution , lower the value of APTI less tolerant will be the 
plant. Earlier work on Withania also proves its sensitivity to 
auto-exhaust pollution in terms of phenology (Pawar, 2013),  
its reducing number along the road sides (Pawar, 2015) and  
micromophology (Pawar, 2016). Present study also proves sen-
sitivity of  Withania  because all the parameter on the bases 
of which APTI values are calculated suffer decline in road side 
samples which  resulted in reduced value of APTI, hence this 
plant can be considered as bio-indicator of auto-exhaust pol-
lution.

TABLE-1: leaf pH, Relative water content, Chlorophyll a, 
Chlorophyll b & Total Chlorophyll content, Ascorbic acid 
content and APTI value of Withania leaf samples collect-
ed from FA, MPA & HPA sites. [Values are in mean (n= 10) 
with S.E.]

                     
SITES→
ATTRIBUTES↓   FA   MPA  HPA

Relative Water Content 
(%)

91.16
±2.68

77.59
±2.21

73.56
±2.10

Leaf Extract pH 5.32
±0.03

5.15
±0.02

4.91
±0.03

Chlorophyll a
(mg g-1 f.wt.)

3.12
±0.03

2.93
±0.03

2.83
±0.02

Chlorophyll b
(mg g-1 f.wt.)

2.31
±0.03

2.21
±0.02

2.15
±0.02

Total chlorophyll
(mg g-1 f.wt.)

5.43
±0.04

5.14
±0.03

4.98
±0.04

Ascorbic acid
(mg g-1 f.wt.)

2.20
±0.03

2.12
±0.02

2.00
±0.02

Air Pollution  Tolerance 
Index
(APTI)

11.48 09.94 09.33

 

Figure 1:  Chart Showing comparative values of all the 
parameters studied.
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