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ABSTRACT
Air pollution in our surrounding is increasing day-to-day due to urbanization and
industrialization. In this report the effect of air pollution on vegetation was investigated. Polluted and
non-polluted sites were chosen and comparative study was done on the climatic factors, level of
pollution and their effects on vegetation of these areas. Plants found in the polluted area showed
stunted growth, chlorosis and scars on stem and leaves. These were the effect of obnoxious gaseous
elements which were found in elevated level in the polluted area. Pollen viability of the plants growing
in the polluted area was lower than that of non-polluted site. This study portrays a clear view of
adverse effects of air-pollution on plants.
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1. INTRODUCTION
Air pollution is one of the most dangerous problems in today’s world. Due to extensive
urbanization and industrialization plant population in our surrounding is diminishing causing
a major threat for mankind. In addition to deforestation, increasing air pollution is one of the
major causes for destruction of indigenous vegetation. Air pollution not only contributes to
respiratory diseases in humans and damages buildings, it can also affect plants [1, 2].
Chemicals such as sulfur dioxide, ozone, fluorides and nitrate damage the leaves of plants [3].
If enough leaves are damaged, the entire plant will die. In addition to several obnoxious gases,
dusts pollution also blocks stomata and lowers their conductance to CO2, simultaneously
interfering with photosystem II [4]. Although there are some plants which can withstand
much higher level of pollution, but too much pollution affect them also. So increase in
pollution level is a major threat, which can abolish entire vegetation of an area.
The aim of the present study is to assess the effect of air pollution on the vegetation,
plant growth, external morphology, pollen viability and soluble protein content. This will help
to know the adverse reactions of pollutants on plant species.

2. MATERIALS & METHODS
2. 1. Study area

Fig. 1. Map of Hooghly district showing site I and II.
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A densely populated road side area of Serampore (Site I) and a village area of Haripal
(Site II), of Hooghly district of West Bengal, were selected for the study (Fig. 1). Serampore
is a metropolitan city of Hooghly district, situated in the bank of river Hooghly with an
elevation of 17 m from sea level. It is a densely populated city with 1.82 lakhs [Census 2011]
of population within 11.60 Km2 areas. It is the head quarter of Serampore sub-division. Due
to urbanization, the vegetation of this city was greatly affected. This study was conducted
along the sides of G.T. Road where different types of vehicles move everyday and emits
different obnoxious gases. Haripal is a village of Haripal CD block in Chandannagore
subdivision of Hooghly district. Haripal has a total population of 3,395 [Census 2011] within
184 Km2 area. Pollution level is also very low in Haripal as compared to Serampore due to
presence of natural vegetation.
2. 2. Climatic condition
The study was conducted during spring season (15th February to 15th March, 2018). The
data on average temperature, rainfall, humidity of these 2 sites were collected from
meteorological office, Kolkata.
2. 3. Air quality assessment
Data on air quality of both the sites were collected from air quality assessment centre,
Chinsura.
2. 4. Botanical field exploration
Areas of 2 km radius of the selected sites were botanically explored. The dominant
weeds and trees from both the locations were identified. Common plant species present in
both Site I & II were selected for further study. Leaves, flowers and fruit of common taxa
were collected and a comparative study was done to see the effect of air pollution on plant
species.
2. 5. Morphological studies
Collected plant parts were examined for any morphological changes. The size, shape,
texture and colour of collected leaves, flowers, and fruit of common plant sp. from both
polluted and non-polluted sites were scrutinized.
2. 6. Study on polliniferous material
Polliniferous materials of common taxa were collected and microscopically examined to
observe the effect of air pollution on pollen morphology.
2. 7. Study on pollen viability by in vitro pollen germination
Freshly collected pollen grains from common species found in both the sites were
incubated in a medium containing 0.8M sucrose, 0.7M boric acid and 1.3M calcium nitrate at
25 °C for 1hr following the protocol described elsewhere [5]. The no. of pollen germination
was viewed under microscope and percentage of germination was calculated.
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2. 8. Soluble protein content
Total protein was extracted from different parts (pollen, leaf, and seed) of commonly
found plant species using 0.1 M Phosphate buffer (PB), pH 7.2 [6]. The tissue (1 gm) was
ground in presence of liquid nitrogen; 4 ml of PB was added and incubated overnight at 4 °C.
After centrifugation at 12,000×g the supernatant was taken and protein content was measured
by Bradford method at 535 nm. The protein content at different plant parts under polluted and
non-polluted condition was compared.
2. 9. Statistical analysis
All data are expressed as the mean ± S.D and standard error was calculated accordingly.
Error bar with standard error was added.

3. RESULT
3. 1. Comparative meteorological and air quality data of site I & II
During the study period the climatic condition of site I and II were more or less similar
(Fig. 2A). Slight difference was found in average humidity, which was little higher in site I.
As site I was a riverside area, it was more humid than site II. However, there was a marked
difference in the air quality of both the sites. As depicted in Fig. 2B, all the parameters for the
assessment of air quality, i.e., the carbon monoxide (CO), sulphur dioxide (SO2), nitrogen
dioxide (NO2), ozone (O3) content was much higher in site I than site II. The amount of
particulate matters (PM 2.5 and PM 10) was also higher in site I. Therefore, the overall level
of air pollution was found to be higher in site I to a great extent.
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Fig. 2(A,B). Comparative account of meteorological parameters and air quality of site I and II

3. 2. Comparative vegetation study of site I & II
Great variation in the vegetation was found between site I and II, although the
environmental condition was almost similar in these areas. Few weed species are prevalent in
site I, whereas various weeds, trees and aquatic species are present in site II. Presence of
lichens on the tree bark of site II indicates low level of air pollution (Fig. 3). The list of plants
which are prevalent in site I & II are given in Table 1. This difference in vegetation might be
due to air pollution.
Table 1. Comparative vegetation study of site I and II
Site I
PICTURE

Site II
NAME

PICTURE

Amaranthus viridis

NAME
Amaranthus viridis
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Argemone
maxicana

Alternanthera sp.

Eclipta alba

Cleodendrum
viscosa

Heliotropium
indicum

Lantana camara

Blumea sp.

Blumea sp.

Nicotiana
plumbaginifolia

Nicotiana
plumbaginifolia

Oldenlandia sp.

Saraca asoca
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Parthenium sp.

Sida sp

Rorippa indica

Solanum nigruma

Lindenbergia
indica

Spyllanthes sp.

Tridax procumbens

Tridax procumbens

Vernonia cinerea

Vernonia cinerea

Solanum nigrum

Vanda tessellate
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Acalypha indica

Bambusoideae

Mangifera indica
(Stem)

Member of
Poaceae

Thevetia sp.

Nymphaea sp.

Member of
Poaceae

Fig. 3. Lichens growing on the plant surface of site II
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3. 3. Morphological changes of common plant species due to air pollution
Only 5 plant species were found to be common between the study areas, which were
listed in Table 2. A great variation in external morphology was found among them. Most of
the plant showed stunted growth, changes in leaf colour, scars on shoot etc. in the polluted
area. On the contrary healthy plants were found in non-polluted area. No marked difference
was found only in case of Vernonia sp. the details of morphological changes due to air
pollution were described in Table 2.
Table 2. External morphological changes of plants due to air pollution.
Sl.
No.

Species

Morphological changes due to pollution

1.

Nicotinia plumbaginifloia

Significant morphological differences were observed
when compared. Leaves were short and narrow. Leaf
colour was pale green. Fruits smaller, flowers short.

2.

Solanum nigrum

Leaves were quite long. Fruits and flowers were
somewhat similar in size. The whole plant was low on
vigour in polluted area.

3.

Vernonia cinerea

No significant differences were observed.

4.

Amaranthus viridis

The plants were shorter, inflorescence short and
narrow.

5.

Tridax procumbens

Plant shorter and pale green. Inflorescence less
compact.

3. 4. Effect of air pollution on pollen morphology
No significant change in the size and shape of the pollen grains were found, however
black deposition on the surface of the pollen grains were observed when freshly viewed under
microscope.
3. 5. Effect of pollution on pollen germination
There was a marked difference of pollen germination in the same species found in
polluted and non-polluted sites (Fig. 4). Except Vernonia, all other plants showed 80-90%
pollens germination under non-polluted condition whereas rate of germination was reduced to
50-60% under pollution. Therefore, pollution greatly affected pollen viability in these species.
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Fig. 4. Effect of air pollution on pollen germination

3. 6. Changes in soluble protein content
Total protein content in the pollen grains is greatly reduced in all species except
Vernonia. Slight reduction in the pollen content of leaves and seeds are also observed in all
species except Vernonia (Fig. 5).
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Fig. 5. Effect of air pollution on soluble protein content
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4. DISCUSSION
The sites chosen in the study are similar in their climatic condition. So presumably the
vegetation of these areas should be more or less similar. However, during the study it was
found that there was a marked difference between the vegetation of these sites. Air pollution
in site I was much higher than site II. Site I was a busy roadside area. Very few plants are
found here and there was less variation within the vegetation of site I. Vegetation of site I was
mainly dominated by several weed species. On the contrary, site II was a countryside, where
different plant species were found. Few plants were found to be common among these sites.
These plants showed marked difference in their external morphology, showing stunted
growth, chlorosis, scars etc. These differences were assumed to be due to high level of air
pollution in site I. SO2 content was found to higher in site I which is a major cause of
chlorosis [7]. Ozone damage on leaves appears as mottled spots, which may be yellow, black
or brown. If the damage by ozone is severe enough, the plant will drop its leaves altogether
[8].Dr. Kent reports that nitrogen dioxide, a byproduct of combustion from car engines or
open fires, can slow the growth of plants [9]. Carbon monoxide, a component of car exhaust
is poisonous to humans and will stunt the growth of plants [10]. Although there was no
significant changes were found in pollen morphology, pollen viability was greatly affected by
air pollution. The total protein content was also diminished under polluted condition
indicating tissue damage. Therefore, air pollution not only destroys the native vegetation of an
area, but also affect the plant species which can withstand air pollution up to certain level.
Loss of pollen viability is also a major threat for survival of these plant species and if the
condition persists then these plants will also get extinct. Only Vernonia cinerea was found to
grow in polluted condition with almost no changes in morphology, pollen viability or protein
content. This is a unique feature; detail investigation on which may lead to generation of
pollution resistant varieties in future.

5. CONCLUSION
This study gives a clear picture on the gross effect of air pollution on vegetation of an
area. This should be taken as a warning for mankind to stop pollution and save greenery for
their own existence.
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