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ABSTRACT
Effect of air pollution on two species of Cassia at three sampling sites of Indore city

(India) were studied. The parameters examined were (i) Size of leaves (ii) Fresh and dry
weight of leaves (iii) Number of stomata (iv) Stomatal index, (v) Dry weight and L/B ratio in
the plants growing in polluted habitats. Reduction in number of stomata and size were also
noted. The species growing in vehicular polluted area were found more affected in compari-
son to industrial area.
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INTRODUCTION
In last few decades, there has been a

sharp increase in air pollution all over the world.
Many fold increase in the number of
automobiles in urban areas and industrialization
along with expansion of cities, increase in
energy demands and rapid economic
development have been the major factor
influencing the level of air pollution. In Indian
cities, unplanned development of industrial and
residential areas has further added to this
problem. The total pollution stress of an area
affects the growth of various plants in non –
uniform manner. Therefore various plant
parameters can be used to measure the effect
of pollution. These in turn can be used as
indicators of pollution1,8,9.

OBJECTIVES
Indore is highly industrialized and densely

populated city of Madhya Pradesh (India) with

a heavy vehicular traffic supporting about 18
lakh people and more than 7 lakh registered
auto-vehicles [RTO, Indore (India)-2006] in
movement. Agra-Mumbai and Indore-
Ahmedabad national highways pass through the
city. As a result, there is heavy pollution load in
the air containing various pollutants like SO2,
NOx, hydrocarbons and particulates. Plants
growing along the road sides and in industrial
areas are constantly exposed to these
pollutants. Damaging effects of air pollutants
on plants have long been recognized2,3 and are
therefore used as indicators.7,18,14,24 The
present study was conducted on trees growing
along national highway as well as industrial
area. Two species of Cassia were studied viz.
Cassia siamea Lamk.  and Cassia glauca
Lamk.

Cassia siamea Lamk : It is evergreen
tree, 10-12 m. tall. Leaves pinnately compound
10-25 cm. long, rachis pubescent. Leaflets 6-
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14 pairs ovate–oblong. In Cassia siamea
Lamk. very few stomata are present on abaxial
surface and large no. of stomata are present
on adaxial surface. Trichomes are found along
the margin of abaxial surface and on adaxial
surface trichomes are present on midrib and
along the leaflets margin.

Cassia glauca Lamk : It is deciduous
tree 5-10m. tall. Leaves pinnately compound
10-25cm. long rachis thinly pubescent. Leaflets
4-9 pairs ovate to oblong and obovate, large
no. of stomata are present on abaxial surface
and adaxial surface. Trichomes are present in
large no. on the adaxial surface and few on
the abaxial surface.

MATERIAL AND METHODS
The study was conducted at 3 sampling

stations viz (i) Low pollution area (LPA)
scheme no. 78, (ii) Vehicular pollution area
(VPA) A.B. Road, and (iii) Industrial pollution
area (IPA) Pologround. These three sampling
stations were selected on the basis of population
density, traffic level and industries. Scheme no.
78 was considered as a Low polluted area due
to low traffic level and absence of industries in
this area. The selected plant species Cassia
siamea Lamk. and Cassia glauca Lamk

growing in large number in these areas.
Pollution load and data of ambient air quality
of the study areas were obtained from regional
office of M.P. Pollution Control Board, Indore
(Table 1).

Fresh and Dry weight : To find out
fresh and dry weight of leaves sampling was
done in control and both the three areas in the
month of March-April, 2006. Leaf samples
were collected from the sampling station
between 9-10 am. in polythene bags, kept in
ice box and brought to the laboratory. Fifty
leaves from each 5 sampling plants were
collected for fresh and dry weight. Fresh weight
and dry weight of the leaves were taken with
the help of Digital Pan Balance (Keroy, K-200)
and leaves were placed in oven at 800C for 24
hrs. in order to find out their dry weight.

Area of leaves : Area of leaves, was
measured with the help of mannual planimeter.

Number and size of Stomata : Mature
leaves of the plants from polluted as well as
Low polluted area were plucked and washed.
For stomatal studies, epidermal peels of mature
leaves were taken and were stained in 1%
aqueous solution of saffranin and mounted in
glycerin. The mounted peel was observed under

Table 1 : Ambient air quality in Indore city during study period (March-May 2006)

N.B.   All values in g m–3       SO2 Sulphur di oxide
SPM   Suspended particulate matter       NOx   Oxides of Nitrogen

Sampling Parameter March - 2006 April - 2006 May - 2006
station
SPM 203 344.61 92.77

LPM SO2 3.7 3.22 4.17
NOx 11.81 11.38 7.61

SPM 222 178.85 204.37

VPA SO2 5.36 6.64 4.51
NOx 17.78 20.21 12.19

SPM 248 338.24 193.31
IPA SO2 5.55 6.24 4.68

NOx 18.12 17.07 9.9
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(10 × 40x) microscope and total number of
stomata was counted. The size of stomata was
measured with the help of occular scale.

Stomatal Index - Stomatal index was
calculated as defined by Salisbury (1927, 1932)
viz.

Stomatal index = 100 S/E +S
Where,
    E = number of epidermal cells.
    S= number of stomatal cells per unit area.

Dust deposition - The dust deposition
on leaf surface was calculated by dry
technique5.

RESULTS AND DISCUSSION
The present study on two species of

Cassia growing at three different sites in Indore
city indicates that air pollution brought significant
changes in foliar morphology. Fresh weight and
dry weight of leaf in both the species is reduced

considerably at vehicular polluted area (VPA)
and industrial polluted area (IPA) as compared
to the Low polluted area (LPA) (Table 2). The
fresh weight of leaf in C. siamea showed more
reduction at VPA (26.31%) and IPA (15.78%)
as compared to that of C. glauca, which
showed reduction in fresh weight by 22.22%
and 16.66% at VPA and IPA respectively. But
the dry weight of leaf was greatly affected in
both the species at polluted sites. In case of C.
Siamea dry weight of leaf was reduced by
30.86% at VPA and 13.58% at IPA while in
case of C. glauca the dry weight of leaf was
reduced by 19.71% at VPA and 4.22% at IPA.
The leaf area in both the species showed more
reduction at VPA than at IPA, which was
16.96% and 15.53% respectively for C. siamea
and 18.99% and 15.06% respectively for
C. glauca. As a result the Leaf area / Dry
weight ratio (L/D) also reduced considerably.

S. 
No Parameters Cassia siamea  Cassia glauca  

  
 

Site-I (LPA) Site-II (VPA) Site-lll(IPA) Site-I (LPA) Site-II 
(VPA) 

Site-
lll(IPA) 

0.145±0.015 0.160±0.0148 0.14±0.013 0.15±0.0118 
1. Fresh wt. 

of leaves 0.190±0.0270 
26.31% 15.79% 

0.18±0.011 
22.22% 16.66% 

0.056±0.50 0.070±0.0063 0.057±0.016 0.068±0.009 

30.86% 13.58% 19.71% 4.22% 2. Dry weight 
of leaf 0.081±0.0134 

   

0.071±0.018 

    
9.84±2.32 10.01±1.52 9.68 ±0.74 10.15±1.28 

16.96% 15.53% 18.99% 15.06% 3. Area of 
Leaf 11.85±1.07 

    

11.95±2.25 

    

5588.6±35.80 4659±36.04 5557.8±34.7 4640.0±39.9 
4. L/D ratio 

of Leaf 4048.5±29.38 

38.04% 15.08% 

4039.3±27.65 

37.59% 14.87% 

0.0026 0.0024 0.0029 0.0026 
5. Dust 

deposition 0.00161 

62.50% 50% 

0.0014 

107.14% 85.71% 

 

Table 2 : Fresh and Dry weight (gm), Area (cm), L/D ratio and
Dust deposition (mg/cm2) of Leaves Cassia siamea and Cassia glauca

from different sampling sites of  Indore city

# Values in parenthesis represent reduction or increase (+).
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The  L/D ratio in case of C. siamea, reduced
by 38.04% and 15.08% while in C. glauca
there was a reduction by 37.59% and 14.87%
at VPA and LPA respectively.  Also, in both
the species, the dust deposition was more at
VPA than at IPA (Table 2). At VPA there
was 62% more dust deposition in C. siamea
and 107% more in C. glauca while it was 50%
and 85% more at IPA for C. siamea and C.
glauca respectively.

The L/B ratio of leaf was not much
affected in both species at both polluted sites.
Although the breadth of leaves in C. glauca
showed a considerable reduction (16.49%) at
IPA than at VPA (8.247%) as shown in
Table 3. The length of C. Siamea leaf at both
the site showed minor reduction, while the
breadth of leaves showed minor increase over
those of Low polluted area, at IPA.

The size of stomata was also found to
be little affected at both the polluted sites. In
C. siamea the average size of stomata was
101.05 m at LPA, while it was 97.34m at
VPA and 96.72 m at IPA, showing 3.67 %
and 4.87% reduction respectively (Table 4).
In case of C. glauca stomata size was
100.14m at LPA, 98.46 m at VPA and
97.86m at IPA, showing a reduction of 1.67
% and 2.27% respectively. But the stomatal

index of abaxial surface and adaxial surface
showed more reduction in C. siamea than in
C. glauca. Also in both the species more
reduction in stomata index was observed at
IPA than at VPA.

Significant reduction in all parameters
observed in both the species of Cassia clearly
indicates the damaging effect of air pollution
on the foliar morphology. More reduction in leaf
area and dry weight of leaves in C. siamea
than C.glauca indicated that C. siamea was
more sensitive to air pollution than C. glauca.
Also reduction in leaf area and weight at
vehicular polluted site might be due to more
amount of damaging pollutants like SO2 and
NOx in ambient air emitted by various
automobiles, which affect the cell elongation
mechanism and photosynthetic capacity of the
leaves3,15,18,21,24 Sodnik et al.20 reported
reduction in size of leaf blades in five tree
species in the vicinity of heavy dust and SO2
pollution. Gunmani et al.9 showed the
deleterious effect of dust on the morphology
of leaves as expressed by the reduction in size,
necrosis, damaged leaf margin and change of
colour. Jain and Sreelatha (2006) also reported
reduction in leaf area of C. siamea due to dust
pollution. It appears in present study that
the SPM along with air pollutants like SO2

Table 3 : Length and breadth (cm) and L/B ratio of leaf of Cassia siamea and
Cassia glauca collected from three sampling sites at Indore city

S.   Parameter Cassia siamea Cassia glauca

 No. Site-I Site-II Site-III Site-I Site-II Site-III
(LPA) (VPA) (IPA) (LPA) (VPA) (IPA)

1 Length of Leaf 6.730 0.40 6.41 1.15 6.45  1.10 6.47  1.10 6.22  0.94 6.19  0.95
(4.75%) (4.16%) (3.86%) (4.327%)

2 Breadth of Leaf 1.99 0.15 1.97 0.35 2.00  0.12 1.954 0.13 1.78  0.47 1.62  0.56
(1.00%) (0.50%) (8.24%) (16.49%)

3 L/B ratio of Leaf 86.4 0.295 80.2 0.25 79.4  0.03 87.5 0.31 80.2 0.30 80.0  0.19
(7.17%) (8.10%) (7.65%) (8.57%)
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and NOx have more damaging effect on
leaves, as a result there was more reduction
in leaf area and weight at VPA than at IPA.
There is a clear indications of the same in
L/D ratio. Also the difference in dust
deposition in two species might be due to
difference in leaf texture, phyllotaxy, leaf
orientation and sessile or semisessile nature
of leaves. Similar observations were made
by Agrawal  and Tiwari2 Somashekar et al.12,
Singh22 and Singh et al.16 in various tree
species.

In both the species, reduction in
stomatal size was more at IPA than at VPA
also the stomatal index of abaxial surface and
adaxial surface had more reduction in C.
siamea than C. glauca. Similar reduction in
stomatal pore size were observed in C. siamea
by Jain and Sreelatha13 growing in polluted
area. Kulshreshtha et al11,12 also reported
significant differences in stomatal features in
plants of Syzyqium cumini L., Lantana
camara L., Neruim indiums L. growing in
the area containing automobile exhaust
pollutants. In another study Mamta Rani et
al.13 reported reduction in stomatal index of
Calotropis procera R. Br, Croton
bonplanduim Baill. and Cannabis sativa
Linn. species growing near railway track.
Reduction in stomatal size and stomatal index

could be considered as a favorable adaptation
as it might help in reducing the absorption of
gaseous pollutants4.

The overall reduction in leaf area, weight
of leaf, L/D ratio, L/B ratio stomatal size and
stomatal index at two polluted sites clearly
indicates that automobile exhaust pollution was
more damaging to the two species of Cassia,
than the industrial pollution. It also appears from
the present study that C. siamea is more
sensitive to air pollution than C. glauca.
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