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ABSTRACT
The aim of biomonitoring study was to detect morphological deformities in leaf and pollen
micro-morphology of Cassia sophera Linn. after exposure to vehicular air pollution. The study areas
were selected based on three different roadsides such as control area designated as “C” at Serampore
college campus as low vehicular movement area, Bi-lane roadside away 1.5 Km from Durgapur
expressway as moderate vehicular movement designated as “M” and roadside near Durgapur
Expressway designated as “H” because of continuous vehicular movements. Present studies attempted
on Cassia sophera exposed to different levels of roadside air pollution were used to detect varying
degrees of damage produced in its morphological characters with special reference to leaf shape and
visible injuries as well as micro-morphological features of pollens at wet and dry conditions. In
results, the damages were observed noticeable with chlorotic spots, necrosis, etc. It was not only
showed morphological damage in leaf but also huge differences in the production of viable pollens
with plants exposed to high levels of air pollution showed pollen production with no material content
inside as well as with significantly (P<0.001 and P<0.01) reduced sizes compared to the plants
exposed to low levels of air pollution. It is concluded that varying degrees of air pollution produces a
huge impact at sub cellular, cellular and tissue levels. This biomonitoring study helps to know the
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alarming condition of roadside air pollution. Moreover, it can not be identified the effect of an
individual or combination of air pollutant(s) such as particulates or CO or CO2 or SO2 or NOx or PAN
or O3, etc. It is suggesting to further study with instruments to detect the load of air pollutants with
special reference to particulates and gaseous pollutants.
Keywords: Cassia sophera, Biomonitoring, Leaf morphology, Pollen micro-morphology, Visible
injuries on leaf, Bioindicator, Air pollution

1. INTRODUCTION
Air pollution causes due to particulates and gaseous pollutants. Excess vehicular
movements may lead to air pollution. Air pollution measurement by instrument is costly and
time consuming as well as estimating in all places at a time cannot be possible. In this
context, biomonitoring is a suitable and established technique developed by the several
researchers. In general, automobile exhausts generate particulates and gaseous pollutants,
which are hazardous for human health (Atkinson et al., 2012). The load of vehicular air
pollution can easily be known after in situ observation in the roadside plants, which is costeffective and less time-consuming technique (Nandi et al., 2014; Kaur et al., 2016; Kaur and
Nagpal, 2017). According to different researchers, morphological features like its height, leaf
per area or leaflets, floral morphologies, characters of leaf lamina, margin, apex, petiole, etc.
helps to indicate a lot of features about the plant exposed to air pollution. Pollution not only
affects the plants but also changes the properties of the developing pollens (Savolainenj et al.,
1997; Kalkar and Jaiswal, 2014); therefore, pollen morphology gives us an account for better
understanding the impact of air pollution.
Cassia sophera being the most widely distributed and common variety growing in the
tropical region (Singh, 2001) and can be used as an indicator species because of its relative
abundance and the effect imposed on it by reduction in viable pollen formation (Iannotti et al.
2000, Verma et al. 2006; Shafiqeet al., 2009; Nandy et al., 2014; Senechal et al., 2015; Kaur
et al., 2016; Kaur and Nagpal, 2017; Jha, 2017). Moreover, this herb has been selected for its
wide use, ready availability under controlled and environmentally stressed condition and their
height are below the exhaust pipe of vehicles.
The objective of the present biomonitoring study was to detect morphological
deformities in leaf such as numbers, shape, visible injuries and pollen micromorphology of
Cassia sophera when exposed to vehicular air pollution.

2. MATERIALS AND METHODS
2. 1. Selection of study area
The study areas were selected based on three different roadsides such as control area
designated as “C” at Serampore (Latitude = 22.7483°N and Longitude = 88.3385°E) college
campus as low vehicular movement area, Bilane roadside away 1.5 Km from Durgapur
Expressway (National Highway-2) as moderate vehicular movement designated as “M” and
roadside near Durgapur Expressway (National Highway-2) (Latitude = 22.8150°N and
Longitude = 88.2345°E) designated as “H” because of continuous vehicular movements.
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2. 2. Plant sample collection for morphology study
All the plant parts viz. leaves, anthers and pollen of Cassia sophera from three abovementioned areas were collected and kept separately in ziplock plastic packet, marked properly
mentioning the dates and the place of collection and stored in freezer (-20 degrees). Few of
the anthers were taken in butter paper pouches for dried purpose and later were dried in
sunlight and stored.
2. 3. Study of morphological features
2. 3. 1. Study of leaf sample
The leaves of C. sophera were studied based on shape deformities and visible injuries
from “H” and “M” areas compared to “C” area. 10 leaves were collected per plant from 5 nos.
randomly selected plant for all the study area. For the study of leaf, all the leaves were washed
properly to remove the dust present on it. Measurements were taken using a scale. All the
morphological characters were recorded in the respective parameters of in both “H” and “M”
areas compared to “C” area.
2. 3. 2. Study of pollen sample from anther
For studying the pollen morphology, on field slide preparation from fresh anther was
done for analysing the characters in wet condition. The study methodology describes that the
immature flowers were taken, and the anthers were dissected out in a clean grease free slide
and anther lobes were split open to get the pollen. Mounted in glycerine and the debris were
removed carefully. It was then covered with clean cover slip and sealed and viewed under
light microscope the following day while for dried pollen analysis, the anthers were collected
and dried and subjected to slide preparation. The slides were mounted by using glycerine and
sealed by wax. All the slides were visualized under compound microscope in 100x oil
immersion. The measurement of each anther was done by using stage micrometer and ocular
scale for both areas compared to control area. The readings were noted.
2. 4. Statistical analysis
Statistical analyses were performed by Student’s t test by using GraphPad online
software for T test calculator (www.graphpad.com/quickcalcs/ttest1.cfm). All data are
expressed as the mean ± S.D for control area and experimental areas. The value at P<0.05
considered as statistically significant.

3. RESULTS AND DISCUSSION
The present study was carried out to know air pollution load through biomonitoring
with special reference to morphology of leaves and micromorphology of pollen grains in C.
sophera. The selection of study area was based on high vehicular movement at highway (NH2) and moderate vehicular movement 1.5 Km away from NH-2 as experimental area (“H” and
“M”) and very low vehicular movement as control area (“C”). The results indicated some
abnormal features in leaves, anthers and pollens in both the areas like “M” and “H” in
comparison with area “C”.
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Leaf morphology study with special reference to number of leaves in each leaflet of
individual plant of two experimental areas compared to control area did not observe much
variations (Figure 1 and Table 1).

(a)

(b)

(c)

Figure 1. Leaf numbers per leaflet of C. sophera grown in different study areas
(a = “C”, b = “M” and c = “H”)
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Table 1. Leaf numbers per leaflet in different study areas
Sl. No.

Study area

Leaf nos. per leaflet area
14
14

1.

“C”

14
14
14
14
16

2.

“M”

16
15
15
14
14

3.

“H”

16
15
16

In Table 2 and Figure 2, the leaf area with special reference to length and breadth (in
cm) measurement (M ± SD) determined significantly (P<0.001 and P<0.01) lower value in
the experimental area such as “H” (3.06 ± 0.27 and 1.06 ± 0.05 cm) followed by “M” (4.12 ±
0.08 and 1.18 ± 0.04 cm) without significant changes in comparison with control area as
designated “C” (4.24 ± 0.11 and 1.28 ± 0.11 cm). Table 3 showed different visible injuries
and shape deformities of leaf at different study areas. In the area “H”, the petiole colour
observed brown but normal in “M” when compared to “C”. In case of apex, hyponasty was
observed in both experimental area in comparison with control area. The margin of leaves
showed wavy with deep invagination at few areas at “H” while only wavy without
invagination at “M” when compared to “C”. The leaf blade showed bleached and perforated
regions with burnt edges at “H” but bleached and perforated regions without burnt edges at
“M” in comparison with “C”. Three types of visible injuries such as chlorosis, pigmentation
and necrosis were recorded. Highest visible injuries were observed at “H” followed by “M”
when compared to “C” (Figure 2a – f).
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Table 2. Measurements of leaf shape in different study areas
Sl.
No.

Study
area

1.

Leaf shape
(in cm) M ± SD
Length

Breadth

“H”

3.06 ± 0.27*

1.06 ± 0.05**

2.

“M”

4.12 ± 0.08

1.18 ± 0.04

3.

“C”

4.24 ± 0.11

1.28 ± 0.11

n = 5; M ± SD = Mean ± Standard deviation; *P<0.001; **P<0.01

The leaf area reduction due to vehicular air pollution in different plant species reported
by researchers (Jahanand Iqbal, 1992; Shafiqe et al., 2009; Assadi et al., 2011; Nandy et al.,
2014; Talukdar et al., 2016; Ishtiaq et al., 2017).The visible injuries such as chlorosis,
pigmentation, necrosis etc. were observed in the present study, which supported that
automobile exhaust damage the leaf surface due to particulates and gaseous pollutants
(Thomas, 1951; 1961; Nandy et al., 2014; Talukdar et al., 2016; Ishtiaq et al., 2017).
Table 3. Study of visible injuries and shape deformities of leaf at different study areas

Study areas
Plant parts
“C”

“M”

Petiole

Normal, simple

Normal

Apex

Acute with no
constriction

Acute with no
constriction but bent
apex (hyponasty)

Margin

Entire

Entire but wavy margin

Leaf blade

With no change

Bleached and perforated
regions

Dorsal side

Green with no
marks

Green but small spots of
chlorosis

Ventral side

Green in colour

Chlorosis with
yellowing of the regions

Chlorosis

None

Spots of chlorosis
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“H”
Structure normal but change in
colour(brownish)
Acute, in few leaves
constriction and bent apex
(hyponasty)
Wavy margin with deep
invagination at few areas
Burned edges
Faded colour with innumerable
dots of chlorosis with burnt
edges.
Complete browning of the
ventral side with burnt edges,
in some cholorosiswith
necrosis
Chlorotic spots or large burnt
area
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Pigmentation

None

Rare

Pigmentation with yellow spots

Necrosis

None

Few dots of necrosis at
ventral side

Necrotic spots on both the side
and large in size.

a

b

c

d

e

f
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g

h

Figure 2. Visible injuries and deformities of leaves of study area
(a and b = “C”, c and d = “M” and e, f, g and h = “H”)

In Table 4, the results of pollen morphology with special reference to the size
(micrometer) and shape in wet condition revealed that ocular reading (M ± SD) on top view
was significantly (P<0.001) reduced (26.37 ± 0.38) at “H” followed by 28.43 ± 2.17 at “M” in
comparison with “C” (32.95 ± 0.49) while ocular reading (M ± SD) on side view as length
and breadth values were also recorded significantly (P<0.001) reduced as 26.37 ± 0.38 and
19.64 ± 0.47 at “H” followed by 29.12 ± 3.50 and 19.96 ± 0.02 at “M” in comparison with
“C” (33.1 ± 0.28 and 23.25 ± 0.08). The shape revealed that deformed pollen structure with
blackish hue on the sides of the aperture along with highly reduced at “H” while some
reduced size with round shape was observed at “M” when compared to “C” as normal round
shape (Figure 3 a – c).
In Table 5, the results of pollen morphology with special reference to the size
(micrometer) and shape in dry condition revealed that ocular reading (M ± SD) on top view
was much lower (24.14 ± 1.17) at “H” followed by 28.30 ± 2.35 at “M” in comparison with
“C” (30.95 ± 0.92) while ocular reading (M ± SD) on side view as length and breadth values
were recorded as 25.80 ± 1.18 and 16.65 ± 0.007 at “H” followed by 28.30 ± 2.35 and 19.96 ±
0.02 at “M” in comparison with “C” (30.13 ± 0.23 and 22.97 ± 0.47).
The shape revealed that shrinkage with vanishing pollen materials at “H” while
shrinkage with intact pollen materials was observed at “M” when compared to “C” as normal
shape with intact pollen materials (Figure 4 a – c).
Moreover, air pollutants from automobiles have already been known environmental
stressors, which have influenced the deformity in pollens in relation to viability and size of
different plant species and the present observations have evidenced with other reports
(Gottardini et al., 2004, Higashitani, 2013, Rezanejad, 2013, Paupière et al., 2014; Kaur et al.,
2016; Kaur and Nagpal, 2017). Senechal et al. (2015) have reviewed that air pollution
especially particulates, gaseous and heavy metals altered the pollen structure during study in
field and laboratory conditions.
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Table 4. Pollen morphology in wet condition in different study areas

Sl.
No.

Study
areas

Ocular
Reading
(Top view) (in
micro-meter)

33.30a
“C”

1.

32.60b

Ocular Reading
(Side view)
Average
Reading
(Top view)

32.95 ±
0.49

26.90a

33.3

23.31

32.9

23.20

26.64

19.98

31.6

19.95

26.64a

26.64

19.98

26.37 ±
0.38*
26.10b

a and b

Remarks
Length

Breadth

33.10 ±
0.28

23.25 ±
0.08

Rounded and
healthy shape
and size

19.96 ±
0.02

Rounded
structure with
proper
aperture but
reduced in size

19.64 ±
0.47

Deformed
pollen
structure with
blackish hue
on the sides of
the aperture
and highly
reduced in size

29.12 ±
3.50*

29.97b

“H”

3.

Breadth
(in micrometer)

28.43 ±
2.17*

“M”

2.

Length
(in micrometer)

Average
(Side view)

26.37 ±
0.38*
26.1

19.31

n = 50; M ± SD = Mean ± Standard deviation; *P<0.001; **P<0.01; ***P<0.05

a

b

Fig. 3. Microphotographs of pollen shape (a = “C”, b = “M” and c = “H”)
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Table 5. Pollen morphology in dry condition in different study areas

Sl.
No.

Study
areas

Ocular
Reading
(Top view) (in
micro-meter)

Average
Reading
(Top view)

31.60a
1.

“C”
30.30b

30.95
± 0.92

3.

Length
(in micrometer)

Breadth
(in micrometer)

29.97

23.31

30.30

22.64

26.64

19.98

29.97b

29.97

19.95

24.97a

26.64

16.65

26.64a
2.

Ocular Reading
(Side view)

28.30
±2.35

“M”

24.14
± 1.17

“H”
23.31b

24.97
a and b

16.64

Average
(Side view)
Remarks
Length

Breadth

30.13
± 0.23

22.97
± 0.47

Pollen
material
intact with
proper size
and aperture,
no shrinkage

28.30
± 2.35

19.96
± 0.02

Pollen
material
intact but
shrinkage

16.65
±0.007

Shrinkage
with
vanishing
pollen
materials

25.80
± 1.18

n = 50; M ± SD = Mean ± Standard deviation

b

a
Fig. 4. Microphotographs of pollen shape in dry condition
(a = “C”, b = “M” and c and d = “H”)
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d

c
Fig. 4(continue). Microphotographs of pollen shape in dry condition
(a = “C”, b = “M” and c and d = “H”)

It was observed in Table 6 that highest loss of pollen materials within the pollen of C.
sophera about 36% in “H” area followed by 18% in “M” area and least in “C” area of about
6%. The photomicrographs are depicted in Figure 5 (a-c).
Table 6. Comparative study of loss pollen materials within pollen
Sl.
No.

Conditions

Total cells scored

No. of cells found

Percentage (%)

1.

“C”

100

6

6.0

2.

“M”

100

18

18.0

3.

“H”

100

36

36.0

a

b

-178-

World Scientific News 105 (2018) 168-181

c

Fig. 5. Microscopic picture of pollen shape (a = “C”, b = “M” and c and d = “H”)

4. CONCLUSIONS
It is concluded from the present study that C. sophera is suitable indicator herb species
sensitive to vehicular air pollution. The morphological damages especially leaf and pollens by
vehicular air pollution were observed in the experimental areas as high vehicular movement
(“H”) area followed by moderate vehicular movement (“M”) when compared to low vehicular
movement areas control (“C”), which have an evidence of other reports (Gottardini et al.,
2004, Higashitani, 2013, Rezanejad, 2013, Paupière et al., 2014; Senchal et al., 2015; Kaur et
al., 2016; Kaur and Nagpal, 2017). This biomonitoring study is low cost and providing
alarming indication of automobile exhausts. Moreover, it cannot be identified the effect of an
individual or combination of air pollutant(s) such as particulates or CO or CO2 or SO2 or NOx
or PAN or O3, etc. It is suggesting to further study with respirable dust sampler and other
instruments to detect the load of air pollutants with special reference to particulates and
gaseous pollutants. This study is suggesting further cytogenotoxicity to confirm load of air
pollutants in the experimental area mainly nearby highways on C. sophera.
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