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ABSTRACT 
When we study about the natural menace and its effect on the vegetation, automotive exhaust is 
always posing a serious problem of increasing dimensions. Bio monitoring of the environment 
has been recognized to play a vital role in the assessment of environmental impact analysis. Bio 
monitoring can be employed to detect and evaluate the toxic substances in the environment. 
Pollen grains are the major allergens in the environment. Pollen production per flower, pollen 
viability and pollen tube growth are among the sensitive indicators of adverse factors in 
botanical environment. This led to the idea that inhibited development and growth potential of 
pollen in response to various toxic atmospheric contaminants can be exploited as a good index of 
air purity. The present research work was conducted to understand the severity of automobile 
pollution at Byculla (Mumbai, India) on the pollen physiology of some road side plants and 
provides few affordable suggestions to reduce auto exhaust pollution. The study was carried on 
Thespesia populnea Soland, through various parameters of pollen grains. 

Key Words : Auto exhaust pollution, Botanical environment, Bio monitors, Thespesia 
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INTRODUCTION 

Transportation is the largest single source of air 
pollution in the universe. Fortunately, clean 
vehicle and fuel technologies can significantly 
reduce air pollution from cars and trucks. 
Today’s on-road vehicles produce over a third of 
the carbon monoxide and nitrogen oxides in our 
atmosphere and over twenty percent of the global 
warming. This air pollution carries significant 
risks for human health and the environment. 
Through clean vehicle and fuel technologies, we 
can significantly reduce air pollution from our 
cars and trucks, while U.S. oil use in half within 
the next 20 years. Cars and trucks produce air 
pollution throughout their life, including 
pollution emitted during vehicle operation, 
refueling, manufacturing and disposal. 
Additional emissions are associated with the 
refining and distribution of vehicle fuel1. Air 
pollution from cars and trucks is split into 

primary and secondary pollution. Primary 
pollution is emitted directly into the atmosphere 
secondary pollution results from chemical 
reactions between pollutants in the atmosphere. 
Vehicle emissions can affect the environment in 
several ways. Cars emit greenhouse gasses, such 
as carbon dioxide, which contribute to global 
warming2. Some air pollutants and particulate 
matter from cars can be deposited on soil and 
surface waters where they enter the food chain, 
these substances can affect the reproductive, 
respiratory, immune and neurological systems of 
animals.3 Nitrogen oxides and sulfur oxides are 
major contributors to acid rain, which changes 
the pH of waterways and soils and can harm the 
organisms that rely on these resources.4  
The pollution from vehicles is due to discharge 
like CO, unburnt HC, Pb.NO2, SO2 and SPM 
mainly from tail pipes5. According to data out of 
total 3,000 metric tons of pollutants belched out 
every day, close to two-third (66%) is from 
vehicles in Delhi. Similarly, the contribution of  *Author for correspondence 
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vehicles to urban air pollution is 52% in Bombay 
and close to one-third (33%) in Calcutta.6 In the 
last decade, the vehicle population growth in 
Delhi is sharply increased by an average annual 
rate 7.40% for private vehicles and 9.15% for 
commercial vehicles causing severe transporta-
tion and environmental problems7. 
It is interesting to note that in some areas of 
Mumbai children have very high levels of lead in 
their blood. At Byculla it is 14.6 πg/m.SO2 and 
oxides of nitrogen corrode and damage lungs. In 
Byculla almost 25% to 30% of the children 
suffer from emphysema and asthma. Several 
doctors in Byculla pointed out that each year they 
receive larger number of cases of chronic 
bronchitis and cardiovascular illness8. 
Traffic related noise pollution is about two third 
of the total noise pollution in urban area. Traffic 
noise of interrupted flow lowers the quality of  
life and property value for community residing  
in vicinity of such locations.9  Prolonged 
exposure to certain noise levels can have adverse 
impact on human health, including decrease in 
concentration, increased stress, diminishing 
sleeping ability and decrease in hearing activity 
leading to partial or total deafness. More than 
70% of total noise in our environment is due to 
vehicular noise10.  The noise generated by traffic 
under interrupted flow condition may also be 
regarded as the aggregation of individual vehicle 
noise.11 The environmental quality of Indian 
cities is gradually degrading by an incessant 
growth in the number of vehicles, resulting in the 
increase in traffic noise.12  
The present study provides flood gates of 
information about the drastic effects of auto-
exhaust pollution on the vegetation and provides 
affordable suggestions to control the vehicular 
pollution. Since plants are far more sensitive than 
animals they are used as indicators of vehicular 
pollution.  

AIMS AND OBJECTIVES 
To develop some plant strains this can be 
specially used for indicating particular 
pollutants at a particular region.  

MATERIAL AND METHODS 
On the basis of their responses to vehicular 
pollutants,   plants   have   been   classified into  

sensitive and tolerant ones. Maximum attention 
was given to collect the plants closer to the 
traffic pathway at Byculla. Comparatively less 
polluted area (Vasai village) was selected as a 
control. The collection of flowers was done on 
the same day at fixed times from both polluted 
and control sites.  For each data mean and 
standard deviation was calculated. For finding 
out the significance of each observation 
Student’s t-test was done. Over the course of the 
past two decades, there has been an explosive 
growth in Asian countries motor vehicle 
populations. As a result, serious air pollution 
exposure problems caused by vehicle emissions 
are emerging and increased in the number of 
motor vehicles has led to a severe air pollution 
problem. Diesel trucks and three wheel vehicles 
contribute significantly to air pollution because 
the vehicle populations in most of the cities 
continue to grow often at rates exceeding 10 
percent per year future air pollution problems 
will be even more serious unless aggressive air 
control efforts are undertaken13.  A significant 
reduction in length and area of leaflets and 
length of petiole of G. officindis of polluted 
plants has also been reported14. In a study, it 
was observed that the effect of road transport 
pollutants on various plant species directly 
affected macro and micro-morphological 
parameters of leaf 15.  The present work deals 
with the evaluation of toxicity of auto-exhaust 
pollution at Byculla, Mumbai, India through the 
pollen physiology of Thespesia populnea 
Soland. Palynology is the branch of botany 
which deals with the study of pollen grains. 
Pollen is a fine to coarse powder containing the 
micro-gametophytes of seed plants, which 
produce the male gametes (sperm cells). Pollen 
grains have a hard coat that protects the sperm 
cells during the process of their movement 
between the stamens to the pistil of flowering 
plants or from the male cone to the female cone 
of coniferous plants. When pollen lands on a 
compatible pistil of flowering plants, it 
germinates and produces a pollen tube that 
transfers the sperm to the ovule of a receptive 
ovary. The individual pollen grains are small 
enough to require magnification to see detail in 
(Fig. 1). 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol.10 No. 01, July-September 2015 

101 
 

 
Fig. 1 : Pollen grains showing pollen tube growth 

Under pollen physiology the following 
parameters were examined : 
Pollen production  
Pollen grains of ten flowers per species were 
counted. Ten random fields all over the slide 
were counted, making a total of 500 pollen 
grains 
Pollen viability  
Pollen viability was tested by 2,3,5 – triphenyl 
tetrazolium choride16. Ten random fields all 
over the slide were counted, making a total of 
500 pollen grains. Pollen viability was also 
determined by germination potential of the 
pollen grains. 
Pollen size 
Length and breadth of pollen grains were 
measured by the micrometer and the mean of 
25 observations was expressed in µm. Rate of 
germination and tube growth, to find out the 
germination potential of pollen grains, flower 
buds of various sizes marking the various 
stages of development and the open flowers 
were plucked at the same time. Series of 
successive flowers marked were, 
F – Open flowers (at the stage of dehiscence of 
anthers). 
F – 24   Flower buds which require 24 hours to 
open. 
F – 48   Flower buds which require 48 hours to 
open.    
F – 72   Flower buds which require 72 hours to 
open.  
Germination of pollen grains was studies         
by standing drop technique in Brewbaker and  

Kwack’s culture medium.17 The experiment 
was conducted in winter to maintain the 
suitable relative humidity. The experiments 
were run in triplicates and the average results 
were recorded. The rate of pollen germination 
and tube growth were determined by fixing the 
cultures at one hour intervals which was 
continued for ten hours. 
The study of response of plants to auto-exhaust 
pollution was carried out at Byculla in               
Mumbai for the present work.  The flowers of 
plants growing near to the roadside of            
Jijabai Udyan were collected and taken to 
laboratory for the study. The soil samples were 
also collected and analyzed to understand the soil 
pH, specific conductance, organic matter content 
and soil texture. The plants were collected from 
the road side of Dr. Babasaheb Ambedkar Marg 
outside of Jijabai udyan. Vasai village was 
selected as control site because it was full of 
greenery and situated near the ocean where there 
is very less vehicles lying on the roads. 
Three air quality monitoring stations under 
National Air Monitoring Program (NAMP) at 
Thane, Maharashtra, India are operated by 
Thane Municipal Corporation (TMC). 
Maharashtra Pollution Control Board (MPCB) 
is assisting TMC to regularly display air 
quality data for public awareness. The NAMP 
data for Thane is presented in Table 1. It 
shows that the ambient air quality is generally 
within the standards.  
The soil samples were also collected and 
analyzed to understand the soil pH, specific 
conductance, organic matter content  and soil 
texture which was found similar in both 
polluted and control sites as shown under. 
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       Table 1 : Ambient air quality at Thane City under national air monitoring program 

Year Monitoring station SPM SO2 NOx 
 Vasai - 12.6 16.6 

2011-2012 Shahu Market - 14.4 18.6 
 Balkum/Kolshet 149.4 19 24.5 
 Vasai - 8.16 14.54 

2013-2014 Shahu Market - 9.76 18.11 
 Balkum/Kolshet 107.46 10.55 18.2 

Courtesy  : Maharastra Pollution Control Board , Maharashtra , India (http://mpcb.mah.nic.in)

pH- (control site-7.5 and polluted site 7.7), 
specific conductance (C-5.01x10-4 and P- 
5.32x10-4) organic matter (C-1.1%, P-0.8%) 
and soli texture sandy loam in both polluted 
and control sites. 

RESULTS AND DISCUSSION 
Air pollution due to vehicular emission mostly 
arises from cars, buses, minibuses, wagons, 
rickshaws, motorcycles and trucks could 
threaten the health of human beings, trees, 
crops and animals. Heavy metals make up to 
an important class of pollutants in the 
environment. For they do not degrade, heavy 
metals undergo accumulation and bio-
magnifications in the environment and often 
regarded as chemical time-bomb. Once 
introduced into the environment, metallic 
pollutants affect biological systems at various 
levels - enzyme systems through cells, organs, 
single organisms, population and to entire 
ecosystem.18–22 Therefore, monitoring of these 
metals in various matrices of the environment 
is imminent especially around sensitive areas. 
Metallic pollutants are addressed well by 
researchers world over in most environmental 
matrices viz. road dust, soil, tree bark, leaves, 
lichens, moss, epiphytes, etc.23 Metallic 
pollutants around the road-side often originate 
from road traffic, wear and tear of the 
vehicles, road constructed materials, atmos-
pheric deposition from various stationary and 
diffuse sources. Available literature on 
roadside pollution studies from India.24 
Indicates that most of those studies were 
conducted in major cities. Such studies 
missed rural and forest areas which receive 
loads of metallic pollutants from highways 
and deposition through long range atmo-
spheric transport from far off places. Air 
pollution at   Byculla city of Mumbai is rising  

to an alarming state rapidly since the last few 
decades due to heavy automobile activities. 
Rapid increase in automobile activities and 
traffic congestion contributes most of air 
pollution problems, resulting in damage to the 
plants growth. The following observations 
show that the plants growing adjacent to 
roadsides of the city exhibited considerable 
damage in response to automobile exhaust 
emission. 
A study showed that vehicular pollution causes 
significant changes in leaf micro-morphology 
in four plant species - Mangifera indica, 
Azadirachta indica, Polyalythia longifolia and 
Cassia siamea growing at polluted site in 
Indore when compared with same species 
growing at non polluted site.25 
The accumulation of xeno-biotics, having 
toxigenic properties in absence of a 
mechanism of their metabolism and 
elimination in higher organisms, especially 
animals, including human beings may results 
in various harmful complications.26 As a result 
of long lasting or regularly recurring impacts 
of automobiles, vegetation shows retarded 
growth and plants will have fewer leaves with 
smaller size and decreased rate of plant 
metabolism. According to a study27 there was a 
considerable reduction in the growth of plants 
from the polluted area. He observed reduction 
in stem growth, leaf, flower and fruit sizes, 
pollen physiology and quality in Commelina 
bengalensis. In another study, it was observed 
decreased growth of lettuce sheet as well as 
root due to industrial pollution.28 All these 
observations give support to find out the 
deleterious effects of automobile exhaust in the 
roadside plants. 
Table 2 to Table 5 reveal that the species 
studied showed inhibition in its pollen 
production, pollen viability and pollen size. 
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Thus it can be used as an indicator of auto-
exhaust pollution. Inhibition in the pollen 

fertility by automobile pollution was supported 
by a study.29     

Table 2 : Severity of auto-exhaust pollution at Byculla on the pollen production / flower, 
pollen size and pollen viability  of  Thespesia populnea Soland 

Parameters 
Thespesia populnea 

C P 

Pollen Production / Flower 024609.60 + 177.93 023816.76 + 112.28 

Pollen Size 98.15 + 5.61 X 44.12 + 7.08 95.03 + 1.24 X 41.26 + 3.18 
The Pollen Viability                     
BY T.T.C. 

91.41 + 0.37 87.32 + 0.31 

The pollen viability          by  
germination  

86.32 + 0.43 82.56 + 0.26 

C, control; P, polluted ;  Values given are mean + S. D. of 500 

Table 3 : Effect of auto-exhaust pollution at Byculla on the rate of decrease in pollen 
germination of successive flowers of  Thespesia populnea 

Time in h. 
Successive flowers 

F F-24 
C P C P 

00 96.85 + 0.63 66.82 + 0.66 NG NG 

02 83.14 +  0.72 63.70 + 0.33 NG NG 

04 80.36 + 0.44 60.20 + 0.57 NG NG 

06 72.46 + 0.31 54.86 + 0.45 NG NG 

08 69.84 + 1.06 48.41 + 0.28 NG NG 

10 62.20 + 1.14 44.72 + 0.64 NG NG 

C, control; P, polluted; NG, Non-germinated; Values given are mean + S. D. of 500 

Table 4 : Effect of auto-exhaust pollution at Byculla on the rate of pollen tube length (µm) 
of successive flowers of Thespesia populnea 

Time in h. 
Successive flowers 

F F-24 
C P C P 

01 178.16 + 114..32 NG NG NG 
02 286.80 + 082.46 NG NG NG 
03 340.36 + 126.31 NG NG NG 
04 445.21 + 180.43 NG NG NG 
05 620.43 + 216.38 NG NG NG 
06 684.28 + 186.57 341.35 + 165.40 NG NG 
07 695.42 + 221.48 356.11 + 216.35 NG NG 
08 716.80 + 175.43 622.86 + 120.75 NG NG 
09 780.00 + 083.71 654.35 + 096.31 NG NG 
10 820.65 + 135.26 689.74 + 130.12 NG NG 

 C, control; P, polluted; NG, Non-germinated; Values given are mean + S. D. of 500 
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Table 5 : Effect of auto exhaust pollution at Byculla on the rate of decrease in pollen tube 
length (µm) of successive flowers of   Thespesia populnea 

Time in h. 
Successive flowers 

F F-24 
C P C P 

00 841.32 + 130.84 751.62 + 134.11 NG NG 
02 756.83 +  145.32 662.18 + 083.16 NG NG 
04 682.75 + 216.43 581.20 + 056.25 NG NG 
06 568.82 + 185.14 526.62 + 141.73 NG NG 
08 545.32 + 078.31 475.85 + 125.46 NG NG 
10 316.65 + 081.54 278.22 + 216.64 NG NG 

C, control; P, polluted; NG, Non-germinated; Values given are mean + S. D. of 500 

Pollen germination plays a supreme role in 
reproductive biology and genetics improve-
ment of plants. Inhibition in pollen tube length 
by automobile pollution was supported by a 
research study30. Low pollen germination and 
inhibition length of pollen tubes as affected by 
automobile pollution may considerably affect 
the yield. 
The automobile pollution at Byculla causes the 
prolongation of the resting period of pollen 
grain of F – series by 2, 3 or 5 hours in the 
species studied. This proves that these pollen 
grains are sensitive to auto-exhaust pollution. 
Thespesia populnea was affected due to the 
prolongation of the resting period of F- series 
to 5 Hrs. Thespesia populnea showed 
potentiality of pollen germination in F – series 
only. F – 24 series of flowers in Thespesia 
populnea showed no germination at all.  
However, it was reported that pollen 
germination in Citrullus colocynthis as early 
as in the microspore tetrad stage31. The rate 
of pollen germination showed inverse 
proportion to the storage period. The rate of 
decrease in pollen germination in the species 
studied was stimulated by the ambient air at 
Byculla. 
Auto-exhaust pollution at Byculla inhibited the 
pollen tube length of Thespesia populnea. 
Growth of pollen tube also was found inversely 
proportionate to the storage time (Fig. 2 to Fig. 
7). Some of the control methods at the four 
deferent sources of automobiles are dealt in a 
study 32. Formaldehyde gas is also created from 
the combustion of organic material and can be 
produced secondarily in air from photochemical  

reactions involving virtually all classes of 
hydrocarbon pollutants which effects the pollen 
production and  pollen germination potential 
33.The effect of auto exhaust is also supported 
by many a research work  on the  feature of 
pollen grain34. According to another study 
pollen grains of timothy grass are good 
indicators of pollutants.35 The Kyoto Protocol to 
the United Nations Framework Convention on 
Climate Change (UNFCCC) is a 1997 
International Treaty adopted by Conference of 
Parties (COP) that came into force in 2005. In 
this treaty, most developed and industrialised 
nations agreed to legally binding targets for 
their emissions of the six major greenhouse 
gases in two commitment periods.36.Thus, as it 
is evident from the above facts that the 
implementation of Emissions Trading Scheme 
for Particulate Matter in India has lot of 
challenges and issues to be addressed right from 
baseline inventory to market trading and crimes 
related to it. But considering the success of such 
schemes in other parts of the world especially 
their role in reducing ambient pollution and thus 
improving overall ambient air quality at an 
optimal cost of pollution abatement, the scheme 
should be surely welcomed in India and it 
would be a step forward for betterment of 
environment for the days and generations to 
come.37 The U.S. EPA has assigned a specific 
colour to each AQI category to make it easier 
for people to understand quickly whether air 
pollution is reaching unhealthy levels in their 
communities. For example, the colour orange 
means that conditions are unhealthy for 
sensitive groups, while red means that 
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conditions may be unhealthy for everyone, and 
so on 38. It has been found that substitution of 
liquefied petroleum gas (LPG) and compressed 
natural gas (CNG) as fuels reduce moisture of 
the exhaust pollutants, and mixing of Hydrogen  

in gasoline appears to be the most promising 
engine39-42.  LPG has been introduced as an auto 
fuel and the oil industry has drawn up plans 
setting up auto LPG dispensing stations in 
major cities 43. 

                    

 

 

 

 

 

 

 

 
Fig. 2 : Severity of auto-exhaust pollution at Byculla on the pollen production / flower,   of  

Thespesia populnea Soland 

 

 

 

 

 

 

 

 

 
Fig. 3 : Severity of auto-exhaust pollution at Byculla on the  pollen size  of  Thespesia populnea 

Soland 

 
 

 

 

 

 

 

 

 

Fig. 4 : Severity of auto-exhaust pollution at Byculla on the pollen viability  of  Thespesia 
populnea Soland 
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Fig. 5 : Effect of auto-exhaust pollution at Byculla on the rate of decrease in pollen germination 
of successive flowers of  Thespesia populnea 

 

 

 

 

 

 

 

 

 

 
Fig. 6 : Effect of auto-exhaust pollution at Byculla on the rate of pollen tube length (µm) of 

successive flowers of Thespesia populnea 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 : Effect of auto exhaust pollution at Byculla on the rate of decrease in pollen tube length 
(µm) of successive flowers of   Thespesia populnea 
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CONCLUSION 
The present research work concludes that as 
per the tolerant capacity, the plants can be 
classified as resistant verities and tolerant ones. 
The automobile pollution at Byculla causes the 
prolongation of the resting period of pollen 
grain of F – series by 2, 3 or 5 hours in the 
species studied. This proves that these pollen 
grains are sensitive to auto-exhaust pollution. 
Thespesia populnea was shown affected more 
due to the prolongation of the resting period of 
F- series to 5 Hrs. Thespesia populnea showed 
potentiality of pollen germination in F – series 
only. Thespesia populnea showed no 
germination at all in F-24 series. Auto-exhaust 
pollution at Byculla inhibited the pollen tube 
length also. Growth of pollen tube also was 
found inversely proportionate to the storage 
time.  
To conclude, it should be mentioned that the 
current trend of environmental degradation, if 
allowed to go unchecked, would reach a stage 
of upsetting and disrupting the life supporting 
capabilities and processes of earth before the 
turn of this century. It must be remembered 
that there have always been and will always be 
solutions to the problems we face. 
Environmental problems are among the hardest 
for human societies to solve because 
individuals seldom have to pay directly for 
their contribution to these problems. 
Individuals act in ways that promote their own 
short- term welfare, which often conflicts 
directly with the long-term environmental 
interests of the present and future generations. 
This tragedy of the comments is the main 
factor that limits the effectiveness of social 
solutions to environmental problems. 
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