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ABSTRACT 

Urbanization and human activities have contributed maximally to climate changes, which in turn 
is affecting bio-resources. The present study was conducted to explore the effects of air pollution 
on roadside plants due to vehicular emission at Dehradun-Delhi highway, Dehradun, Uttrakhand, 
India. Fifteen leaves from upper, middle and lower of canopy were randomly collected of each 
roadside tree namely, Eucalyptus hybrid, Mangifera indica, Pinus roxiburghii, Delbergia sissoo 
and Grevillea robusta. The sampled leaves were used for the analysis of total Chlorophyll ‘a’ 
and ‘b’, ascorbic acid, carotenoids, pH and relative moisture content. From the study, it was 
found that air pollution has direct impact on the studied parameters. 
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INTRODUCTION 
The different climatologically change in our 
environment is due to different human 
activities. As long as humankind worked in 
harmony with nature and used the resources 
to the limited extent, damage to the system 
was minimal. However, the expansion of 
cities, increases in traffic, rapid economic 
development and higher level of energy 
consumption are the four major reasons of 
air pollution. In most developing countries, 
the growths of both industrial and residential 
areas are unplanned, unstructured and un-
zoned that result in increased problem of air 
pollution. Urban air pollution has become a 
serious environmental problem to trees and 
crops1. Most of Indian cities are affected 
with the presence of high concentration of 
gaseous and particulate pollutants due to 
industrialization, badly maintained roads, 
poor environment performance and lack of 
awareness.1 Ambient air pollution in several 
large cities of India is the amongst the 
highest in the world.2 It is well known fact  

that plants (trees, shrubs and herbs) play 
very important role in environmental 
protection and cycling of different materials. 
Many trees have been found to remove HF, 
sulphur dioxide and some components of 
photochemical smog from the air thus 
purifying the environment, particularly 
during their growing seasons. Plant response 
to air pollution can be used to assess the 
quality of air that may provide early warning 
signals of air pollution trends.3 Several 
studies have shown the impact of automobile 
exhaust on roadside vegetation throughout 
their visible and non visible effects.4 
Removal of pollutants by plant from air by 
the three processes, namely deposition of 
particulates, absorption by leaves and 
aerosols over leaf surface has been well 
documented.5,6 

AIMS  AND  OBJECTIVES 
The present study deals with the evaluation of 
road side pollution on some of the 
biochemical parameters like chlorophyll a, 
chlorophyll b, carotenoids, ascorbic acid and 
relative moisture content of few plant species. 
This will be beneficial to assess the tolerance 
of air pollutants. *Author for correspondence 
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MATERIAL AND METHODS 
Study area 
Dehradun, capital of Uttarakhand state is 
located about 270 km North of Indian capital 
New Delhi, Indian. Geographically, 
Dehradun valley is located at a latitudes of 
approximately 29º55’30º30’N and longitudes 
of 77º35’78º     24 E stretching in NW-SE 
direction along the main Himalayan trend. 
Its maximum length and width is about 100 
km and 35 km (but the average width comes 
around 20-25 km) respectively, thus 
occupying an area of approximately 2250 m2. 

It is situated at an altitude of 640m above 
mean sea level. The valley is bounded by the 
Himalayas in the North and the Shiwalik 
ranges in the southern part. It has a 
temperate climate. Winter season is confined 
mainly from mid November to February, 
while summer continues up to the end of 
June and monsoon from July to September. 
Temperature ranges from 3.6ºC in January to 
35.4ºC in May. The average annual rainfall 
in the valley is about 2150 mm. Relative 
humidity is high during the monsoon season; 
it is exceeds 70% on an average. During 
summer season, the relative humidity 
becomes even less than 45%. The natural 
vegetation is of tropical moist deciduous and 
Himalayan moist temperate type. The main 
tree species are Sal and Chir. Among other 
species deodar, Jamun, Khair, Shisham, 
Semul, Tun, Baboo and Eucaluptus are most 
common. Edible fruit yielding species like 
mango, litchi and citrus are also available on 
the roadside. 
Analysis of plant samples 

Fifteen leaves of each plant (Eucalyptus 
hybrid, Mangifera indica, Pinus roxiburghii, 
Delbergia sissoo, Grevillea robusta) from 
upper, middle and lower of canopy was 
randomly collected from the two study sites, 
one taken as controlled and the other as 
polluted area. The study sites were selected 
according to the minimum and maximum 
threshold level of pollution. Sampled plant  

leaves were used for the analysis of total 
Chlorophyll ‘a’ and ‘b’, Ascorbic acid, 
carotenoids content, pH and relative moisture. 
The material was collected from the lower 
part in the crown to minimize the error. The 
constituents in plant material also change 
during the day, because of differential the 
comparability in the data samples were 
always taken at a particular time. The most 
suitable time for collection of the samples 
was mid-day. Plant samples were transported 
as early as possible to the laboratory for 
further processing. Chlorophyll and 
carotenoids was estimated using the method 
of spectrophotometer. Ascorbic acid was 
estimated using the titration method.7 
Relative Moisture was estimated by oven dry 
weight method. Ambient air monitoring was 
done by high volume sampler by using 
standard methods. Air Pollution Tolerance 
Index (APTI) of plants was evaluated by the 
using method.8 APTI is given by 
APTI = {[a (t + p) + r] / 100} 
Where  
a = Ascorbic acid, mg/g  
t= Total chlorophyll, mg/g  
p= pH of leaf sample  
r= Relative moisture content of leaf 
APTI index range 
 0 to 10 =>most sensitive 
1 to 16 => sensitive 
17 to 29 => intermediate 
30 to 100 => tolerant 

RESULTS AND DISCUSSION 
In the controlled site, the amount of 
Chlorophyll ‘a’ was found to be highest in 
Mangifera indica (2.68 mg/g-1 fresh weight) 
and lowest in case of Gravilla robusta (0.11 
mg/g fresh weight).While in polluted site the 
highest amount of chlorophyll ‘a’ was found 
in Dalbergia sissoo (1.60 mg/ g-1 fresh 
weight) as revealed from the (Table 2). 
Higher plant exposed to different SO2 
concentration show decreases in chlorophyll 
content.9 The amount of chlorophyll ‘b’ was 
found highest in Dalbergia sissoo (0.48 
mg/g-1 fresh weight) at polluted site and 
lowest in Pinus roxburghii (0.20 mg /g-1 
fresh weight) at polluted site.  
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Table 1 : Impact of air pollutant on the plant responses 

Whereas in the control site the amount of 
chlorophyll ‘b’ was found highest in 
Mangifera indica (1.40 mg/g-1 weight) and 
lowest in Grevillia robusta (0.29 mg/g-1 

weight). The depletion in chlorophyll content 
of the plant species is in support of earlier 
findings.9 Pollutants have been shown to 
reduce the synthesis of chlorophyll  and 
enhance degradation of chlorophyll.10 The 
amount of carotenoids was found to be highest  

in  Dalbergia sissoo ( 0.70 mg/g fresh wt.) and 
lowest in Mangifera indica (0.18 mg/g fresh 
wt. ) at pollution site. While at control site 
highest amount of carotonoids was found to be 
in Dalbergia sissoo (2.25 mg/g fresh wt.) and 
lowest in case of Gravilla robusta (0.21 mg/g 
fresh wt.) at pollution site. Most of the plant 
species show large decrease in carotenoids 
content than chlorophyll indicating greater 
sensitivity of carotenoids to air pollutants. 

Table 2 : Air Pollution Tolerance index (APTI) of different plant species 
collected from polluted site 

 
S/N 

 
Plant  species 

Total 
chlorophyll 

(mg/g) 

 
pH 

Ascorbic 
acid 

(mg/g) 

 
RWC 
(%) 

 
APTI 

1. Eucalyptus 0.38 5.21 2.12 71.2 8.31 
 

2. Mangifera indica 0.43 5.68 1.13 68.2 7.51 
 

3. Pinus roxburghii 1.00 5.40 1.45 70.32 7.96 
 

4. Dalbergia sissoo 2.00 4.75 0.49 83.90 8.72 
 

5. Grevillia robusta 0.83 5.97 5.96 60.1 10.06 
 

 
 

S/N 

 
 

Parameter 

Plant species 
Eucalyptus Mangifera 

indica 
Pinus 

roxburghii 
Dalbergia 

sissoo 
Grevillia 
robusta 

C.S P.S C.S P.S C.S P.S C.S P.S C.S P.S 
1. Totalchlorophyll 

(mg/g) 
1.42 0.38 3.25 0.43 3.10 1.0 2.35 2.0 0.78 0.83 

2. Chlorophyll 
‘a’(mg/g) 

0.98 0.64 2.68 0.42 1.42 1.20 1.70 1.60 0.11 0.62 

3. Chlorophyll 
‘b’(mg/g) 

0.49 0.22 1.40 0.22 0.55 0.20 0.58 0.48 0.29 0.30 

4. Carotenoids 
(mg/g) 

0.50 0.31 1.13 0.18 0.96 0.50 2.25 0.70 0.21 0.32 

5. Ascorbic acid    
(mg/g) 

3.43 2.12 4.01 1.13 1.90 1.45 0.60 0.49 1.21 5.96 

6. pH 4.63 5.21 5.45 5.68 5.85 5.40 5.20 4.75 5.68 5.97 

7. Relative 
Moisture 
Content(mg/g) 

81.6 71.2 77.7 68.2 78.20 70.32 85.80 83.90 46.25 60.1 
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Significant reduction in carotenoid content was 
observed in different plants grown at polluted 
sites.5 Ascorbic acid, natural antioxidants 
plants play important role in pollution 
tolerance12. Highest amount of ascorbic acid 
was found in Mangifera indica (4.01 mg/g 
fresh wt.) and lowest in Dalbergia sissoo (0.60 
mg/g fresh wt.) at controlled site whereas at 
polluted site highest amount of ascorbic acid 
was found in Grevill robusta (5.96 mg /g fresh 
wt.) and lowest in Dalbergia sissoo (0.49 mg/g 
fresh wt.). High pH of soil generally can affect 
plant growth and nutrient                  
availability.13 Observations is well supported 
by the earlier findings.14 At polluted site the 
level of pH was highest in Grevilla robusta 
(5.97) and lowest in Dalbergia sissoo (4.75) 
and at controlled site the highest level of pH 
was found in Pinus  roxurghii (5.85) and 
lowest level of pH found in Eucalyptus (4.63). 
It is commonly recognized that at pH 6.5, 
nutrient availability to plants is at highest and 
toxicity at the lowest.15-17 Reduction in 
moisture content was observed in all the plant 
species collected from the affected sites, which 
may be due to the higher solubility of SO2 in 
the aqueous medium of leaf sample. Impact of 
pollutants of transpiration may also be the 
cause of reduced moisture content. Plant 
species show (Table 2) striking variation in 
their sensitivity to air pollution. Air Pollution 
Tolerance Index (APTI) value represents the 
tolerance levels of plants to air pollution. APTI 
value helps in the selection of the plant species 
for plantation at the pollution areas where in 
the plants with lower of APTI value can be 
used in bio-monitoring works. In the present 
investigation, APTI value was calculated for 
all the plant species. Maximum APTI value 
was observed in case of Grevillia robusta and 
minimum value was exhibited by Mangifera 
indica. On the basis of APTI values, species 
can be categorized from tolerant to sensitive as 
Grevillia robusta > Dalbergia sissoo > 
Eucaluptus > Pinus roxburghii > Mangifera 
indica. The tolerant species of plants function 
as pollution sink and therefore a number of 
environment benefits can be derived by 
planting tolerant species plants in polluted 

areas. Plantation of suitable tolerant species is 
one of the ways to reduce the pollution load in 
the environment. 

CONCLUSION 
Population, pollution and poverty (3P’s) are 
the main problems for any developing country 
like India. Up to some extent these 3P’s are 
interrelated. Observed that controlled site, the 
amount of chlorophyll ‘a’ was found to be 
highest in Mangifera  indica (2.68 mg/g-1 fresh 
weight) and lowest in case of Gravilla robusta 
(0.11 mg/g fresh weight).While in polluted site 
the highest amount of chlorophyll ‘a’ was 
found in Dalbergia sissoo (1.60 mg/ g-1 fresh 
weight). In the present investigation, APTI 
value was calculated for all the plant species. 
Maximum APTI value was observed in case of 
Grevillia robusta and minimum value was 
exhibited by Mangifera indica. 
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