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ABSTRACT

This study was conducted to examine the intensity and effects of automobile related metal pollution (Pb** & Cd*") on soil and
physiological attributes of native plant species i.e., Calotropis procera, Cenchrus ciliaris and Parthenium hysterophorus. For
this purpose, soil and plant samples were collected from zero and 50 m distances on Motorway (M-3; five sites) and National
Highway (N-5; six sites), Pakistan. The samples were analyzed to assess the concentration of heavy metals (Pb?* & Cd*")
being absorbed by the selected plants from vehicular smoke, and their effect on some physiological attributes. Results revealed
that Pb*" and Cd** in soil were significantly higher (P<0.05) in samples took from 0 m compared with that at 50 m distance on
both M-3 and N-5. The leaves of C. ciliaris along M-3 trapped highest amount of Ph**and Cd** (P< 0.001) while along N-5,
leaves of Cal. procera and P. hyterophorus had maximum (P<0.05) deposition of Pb** and Cd**, respectively. The
photosynthetic rate, transpiration rate, stomatal conductance, internal CO, of plants were highly decreased (P<0.01); whereas,
inconsistent increase and decrease in water use efficiency was noticed in samples at 0 m compared with 50 m distance. The
decrease in gas exchange characteristics might be due to the deposition of Pb?* and Cd** which block stomata aperture causing
reduction in photosynthetic activity of plants along roadsides. These findings may have their application as bio-indicators to
detect the presence of atmospheric pollutants on plants to identify and predict the environmental hazards. © 2012 Friends
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INTRODUCTION

Elevated lead (Pb*) and cadmium (Cd*") levels in
urban areas are mainly ascribed to automobile exhaust and
traffic emission particularly from leaded gasoline, lubricant
oils and motor vehicle tires (Sharma & Prasad, 2010).
Furthermore, various interactions of metals from soil, air
and plants have been found to be a source of heavy metal
contamination in the environment (Kalavrouziotis et al.,
2008; Sharma & Prasad, 2010). The assessment of heavy
metals in soil is an index to determine the degree of metal
contamination in the plant tissues (Galiulin et al., 2002).

The automobiles are extensively used petrol in
Pakistan. The smoke releases the metallic oxides
particularly PbO, and dust. Although, use of leaded gasoline
has decreased in various countries of the world but increase
in automobile numbers compensated its effect on vehicles
based Pb** emission. Notwithstanding the fact that some
heavy metals at low concentration are essential
micronutrients for plants, their high concentrations cause
metabolic abnormalities and growth reduction in various

plant species particularly those growing along roadsides.
These emissions affect the physiological activities of plants.
The dust released from wear and tear of tires contains Cd**
that is deposited on leaves leading to blockage of stomatal
gas exchange; all this culminates in reduction of the
photosynthetic activity of plants (Heckathorn et al., 2004;
Kambhampati et al., 2005; Hedaya, 2008). The long term
exposure of dust containing metals causes serious problems
to living organisms and indirectly enters into the food chain.
The morphological features of plants like glabrous structure
(hairs) may act as a physical barrier and sentinel of metals
particularly Pb** (Azmat et al., 2009).

The past studies ensured that some metals are essential
for plant growth but at high concentration, emitted from
motor vehicles, slowly deposited on leaf surfaces and
accumulated in plant parts (Malkowski et al., 2002; Verma
& Dubey, 2003) and deposited on leafy vegetables like
cauliflower, cabbage, okra, radish, spinach and brinjal
(Ozturk & Turkan, 1993; Peralta et al., 2000; Screbo et al.,
2002) from motor vehicles and traffic emissions. Most of
these species have been extensively used for many years to
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detect the deposition, accumulation and distribution of
heavy metals in the atmosphere (Bingol et al., 2009; Bytyqi
& Sherifi, 2010; Aslan et al., 2011). Several studies
illustrated that Pb®* deposition in plants is positively
correlated with the traffic density (Amusan et al., 2003).
The present study was carried out to assess the
contamination of Pb®* and Cd** emitting from automobiles
and their effect on soil and physiological activities of plants
growing along and away from roads.

MATERIALS AND METHODS

Experimental sites and collection of plant and soil
samples: Five sampling sites were selected along two roads
having high traffic density i.e. Motorway Section (M-3) and
National Highway (N-5). The representative soil samples
along M-3 (Kamalpur Sargodha Road, M.C. Drain, Nahar
Barnala Jhang, Hojan town & Pindi Bhattian sites) and N-5
(Sitara Valley, ZIS-Textiles, Chak No0.60 Saudagarpur,
Balipur Bhara Panwa stop & Bikki sites) were collected and
analyzed for Pb®* and Cd*? contents. The same sampling
was done at 50 m away from both roads. Three common
wild plants species i.e. Calotropis procera, Cenchrus
ciliaris and Parthenium hysterophorus on both roads were
collected, identified by an expert botanist and subjected to
Pb?* and Cd*? determination. Same sampling was done 50m
away from these roads that served as control.
Pre-treatment of samples and metal detection: Soil
samples in triplicates from all five sites were collected by a
sampling auger and a representative sample (about 1 kg)
was taken after mixing thoroughly. Soil samples were air
dried (5 days) and digested (Florence & Batley, 1997). The
plant samples were washed with distilled water, oven dried
at 70°C (48 h) and digested (Zureru et al., 1987). The same
pre-treatment protocol was applied for unwashed leaves.
The concentration of Pb?* and Cd** in soil and plant samples
was measured by atomic absorption spectrophotometer
(Analyst 300, Perkin-Elmer, Germany).

Measurement of Physiological attributes of wild plant
species: The gas exchange attributes were measured in wild
plant species along both roads by a portable infrared gas
analyzer (Model CI-340; Analytical Development
Company, Hoddesdon, England). The measurements were
made from 10.00 am to 02.00 pm for a fully expanded
central leaf for each plant species. Data for these gas
exchange attributes were recorded with molar flow of air per
unit leaf area 403.3 mmol m2s™, atmospheric pressure 99.9
K Pa, water vapor pressure into chamber ranged from
6.0-8.9 m bar, PAR at leaf surface was maximum up to
1711 mol m? s*, temperature of leaf ranged from
28.4-32.40°C, ambient temperature ranged from
22.4-27.90°C and ambient CO, concentration was 352
mmol™. The Photosynthetic rate (A), transpiration rate (E),
stomatal conductance (gs), sub-stomatal CO, concentration
(C) and water use efficiency (WUE) were recorded in
triplicates. The data were statistically analyzed with SPSS,
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Version-6.1 with Least Significant Difference and Bartlet’s
test at level of significance (0.05).

RESULTS AND DISCUSSION

Metal profile of soil: The concentration of Pb®* in soil was
high (P<0.05) in all sites along M-3 as compared to control
(Fig. 1). Soil of Hojan town along M-3 contained maximum
concentration of Pb®* (0.44 mg kg™) and minimum (0.32 &
0.21 mg kg™) in soil of Sitara valley and Chak. No. 60
(Saudagarpur) compared to control (0.22 & 0.19 mg kg™).
The concentration of Cd?* was relatively higher (P<0.05) in
soil of roadside compared to control along M-3 and N-5. It
was higher (0.03 mg kg™) in the soil of Sitara valley and
lower (0.01 mg kg™) in Bikki site. Soil of Sitara Valley and
Chak. No. 60 (Saudagarpur) contained more (P<0.05) Cd*
(0.05 mg kg™) than control. All control soil samples
contained 0.01 mg kg of Cd*. The distance from the
roadside reduced the pollution (Fig. 2.). The industrial units
(ZIS & Sitara valley) discharge hazardous gases and
effluent containing metals, particularly Pb** and Cd*,
dissolved in water and entered into the adjacent soils of N-5.
Pirzada et al. (2009) documented that Pb*" concentration in
soil decreased with increasing distance from roadside.
Considerable increase in Pb?* (134 mg kg™) and Cd** (3.6
mg kg™) was reported in urban industrial areas of North
Central India (D’Souza et al., 2010). The same trend was
observed by Singh et al. (1996) that Pb*" concentration in
soil at different sites was inversely proportional to the
distance from the roadside. The high emission of both
metals might be due to large industrial unit of Sitara Valley
and most of the employees used motor vehicles. Heavy
traffic load and scattered infra structures of N-5 are adding
more heavy metals (Cd** & Zn®*) by wearing of tires and in
the form of dust produced by the friction of tires. Cd** and
Pb** (2-8 g kg™ & 1.5-3.0 g kg™) was induced in soil to
investigate their effect on Phaseolus vulgaris L. (Bhardwaj
et al, 2009). The pollution sources of heavy metal
accumulation in soils were road dust, industries and traffic
emission (Wei & Yang et al., 2010) and decreased with
increasing distance (Davis & Cornwel, 1991; Ghafoor et al.,
1995; Eick et al., 1999; Amusan et al., 2003; Ghaedi et al.,
2008).

Metal profile of wild plants: The leaves of collected plant
species growing along both roads had maximum amount of
Pb®* and Cd** (P<0.05) as compared to control (Fig. 3). The
unwashed leaves collected from both roads have high
accumulation of Pb* and Cd** (P<0.05) and this
accumulation varied from plant to plant on both roads
(Table 1). Along M-3, Pb* concentration was 2.4, 0.83 and
0.34 mg kg' in C. cilaris, Cal. procera and P.
hysterophorus, respectively. Pb®* in C. ciliaris along N-5
and M-3 was similar, while in Cal. procera and P.
hysterophorus its accumulation was significantly higher (P<
0.05) than M-3. This trend may be attributed to the emission
of gases from Sitara valley industrial unit located on N-5.
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Fig. 1: Concentration of Pb* and Cd* in
representative soil samples of Motorway, Section (M-3)
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Fig. 2: Concentration of Pb* and Cd** in

representative soil samples of National Highway (N-5)
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Fig. 3: Pb®* and Cd** concentration in plant species on
Motorway (M-3) and National Highway (N-5)
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Cd** concentration was higher (0.014 mg kg™) in C. ciliaris
of M-3, and minimum in P. hysterophorous (0.011 mg kg™)
growing along N-5. The literature study indicated that
higher Cd** concentration was observed in Platanus
orientalis L. and Nerium oleander L. in the urban and
roadside plant leaves as compared to control which were
collected from the city (Doganlar & Atmaca, 2011). The
plants have positive correlation with traffic density (Amusan
et al., 2003) and Pb** in N. oleander was 50.52 pg g~ at 1 m
distance and 1.18 ug g at 50 m distance. Plants away from
roads had less pollution level (Tong, 1991). The metal
profile of plants indicated that plants growing on roads
deposited more metals than those away from roadsides.

Cal. procera (Cd) C.ciliors (Cd)  P. hysterophorus

(cd)

B pPh2+ Control # Pb2+ Roaside ® Cd2+ Control ' Cd2+ Roaside

e
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Table 1: Comparison of Means for Pb* and Cd**
concentration in leaves of plants on Motorway (M-3)
and National Highway (N-5)

Block (Leaves) Leaves (Comparison of Means)

Motorway (M-3) National Highway (N-5)

Unwashed (Pb?) 0.556A 0.6198A
Washed (Pb%") 0.389B 0.2053B
Unwashed (Cd?") 0.0085A 0.0314A
Washed (Cd?") 0.0058 0.0163B

Values having different superscripts in columns differed significantly
(P<0.05)

Pb* Lead: Cd*" Cadmium

Leaves anatomical studies might be useful for accessing the
effect of vehicular pollution (Pal et al., 2002). Palmieri et al.
(2005) observed high Pb®* accumulation in Pyracantha
coccinea than Pinus sp. and Olea europaea when used as
bio-monitors for heavy metal pollution. Madejon et al.
(2006) used Populus sp. as ecological indicator for pollution
control. Pb®* concentration ranged up to 5.0 pg g* dry
weight in leaves. Pb?* concentration of unwashed Quercus
ilex and O. europaea was 4.7-20.5 and 1.63-24.2 pg g dry
weight. Also, Chicorium intybus was found to be a valuable
bio-monitor of heavy metals (Aksoy, 2008).Varied and
species specific accumulation mode of metals in plants was
also observed by Calzoni et al. (2007) and Chandra et al.
(2010). Pb** and Cd*" deposition on leaves varied from
plant to plant and degree of deposition and trapping is
triggered by underlying pathways and adaptability
mechanism in plants towards the stress environment
(Sharma et al., 2004).

Physiological Attributes

Photosynthetic activity (A): Plants growing away from M-
3 and N-5 revealed significantly higher (P<0.05)
photosynthetic activity (Fig. 4a) than growing on both
roads. Cal. procera comparatively less affected along M-3
and N-5 by Pb* and Cd** exposure, while C. ciliaris
affected more and consequently minimum rate of
photosynthesis was recorded in roadside plants as compare
to control. Photosynthetic activity was decreased at roadside
plants as compare to their control because metal pollution
emitting from automobiles significantly interact with the
plant metabolic process. Photosynthetic activity of P.
hysterophorus of N-5 was also more affected. Reduction in
growth and photosynthetic activity in Chlorella vulgaris
was documented by Awasthi and Das (2005). Air pollution
also reduced the plant pigments and photosynthetic activity
in wheat and mustard plants (Chauhan & Joshi, 2010). Our
results revealed that plants having the habitat of diverse
environments showed less reduction in rate of
photosynthesis in Cal. procera and C. ciliaris and these
plants have adaptive potential for adverse environment. It is
well documented that different plant species showed
different behavior to the same environmental conditions due
to their anatomical, physiological and genetic characteristics
however, during the present investigation, plants were
collected from roadsides and industrial areas where traffic
pollution cannot be eliminated. Deposition of smoke from
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Fig. 4a: Photosynthetic and transpiration rates of wild
plant species on Motorway (M-3) and National
Highway (N-5) exposed to metal pollution
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motor vehicles and industries retard the rate of

photosynthesis and reduced the growth in various plant
species (Gupta & Igbal, 2005; Maruthi et al., 2005 & 2007).
Low level of Pb* caused minimum increase in
photosynthetic rate and significantly reduction at higher
concentration (Kaznina et al., 2005). Pb** along with Cr
stress reduced the photosynthetic pigments in Mash bean
(Hussain et al. 2008), no change in pigment contents of
Pisum sativum, with Pb(NOs), levels (Parys et al., 1998).
Similar trend was observed in Paspalum distichum with Mn,
Pb and Zn stress (Bhattacharya et al., 2010). Rappe et al.
(2011) mentioned that leaf size and symmetry also reduced
in sea grass on long term exposure of Pb®* and Cu®*. Pb**
and Cd exhibited decrease in chlorophyll contents and
photosynthetic activity in two wheat varieties (Oencel et al.,
2000).

Transpiration rate (E): A decreasing trend (Fig. 4b) was
observed in transpiration rate in plant species growing on
roadside of M-3 and N-5 because these plants were seemed
to be affected with metal exposure as compared to control.
At M-3, maximum decrease (P<0.05) in Cal. Procera and
less in C.ciliaris was observed while a maximum decrease
was observed in Cal. procera at N-5. Pb(NOs), stress
induced reduction in photosynthetic rate and elevation of
transpiration rate in detached leaves of P. sativum (Parys et
al., 1998). Cadmium stress induced changes in gas
exchange characteristics, stomatal conductance and water
relations (Hasan et al., 2009). Low water potential and
reduction in transpiration rate was also observed in leaves of
Brassica oleracea var. Botrytis cv. Maghi with Co, Cr, and
Cu stress (Chatterjee & Chatterjee, 2000).

= P, hysterophorus
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Fig. 4b: Stomatal conductance and Internal CO,
concentration of wild plant species on Motorway (M-3)
and National Highway (N-5) exposed to metal pollution
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Fig. 4c: Water use efficiency (WUE) of wild plant
species on Motorway (M-3) and National Highway
(N-5)
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Stomatal conductance (gs): P. hysterophorus on M-3 and
away from roadside reflected significant variation (P<0.05)
in gs (1.59 & 1.53 mmol m?s™) (Fig. 4c). Cenchrus.ciliaris
and Cal. procera on roadside possessed the lowest value of
gs (0.922 & 1.51 mmol m? s*) while at N-5 maximum
decrease in Cal. procera was recorded. No change in
control and roadside plants was observed in C. ciliaris. C.
ciliaris has more potential to maintain the physiological
activities under metal stress. Reduction in stomatal
conductance decreased photosynthetic activity of plants
(Taiz & Zeiger, 2010) add available CO, was limited by
stomatal closure under high Pb*" and Cd** levels (Seregin &
Ivanov, 2001). Jing et al. (2005) documented significant
reduction in photosynthetic activity but intracellular CO,
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concentration was increased in tomato cultivars under Cd**
stress. Zinc cause decrease in transpiration rate and stomatal
conductance in peanut leaves partially contributed to the
restriction in photosynthesis (Shi & Cai, 2009). However,
toxic effects of metals particularly nickel exhibited no
change in transpiration rate and stomatal conductance
(Llamas et al., 2008).

Sub-stomatal carbon dioxide concentration (C;): A
significantly decreasing trend (P<0.05) in internal carbon
dioxide concentration (Fig. 4d) was observed in plants on
M-3 and N-5, however the highest decrease (182.1 mmol
m?s?) in C; was found in C. ciliaris. Decreased C; was
observed in Cal. procera as compared to control (234.54 &
71.14 mmol m?s™). Plants on N-5 exhibited inconsistency
in internal carbondioxide concentration. C. ciliaris showed
similar values on roadside and away from roadside;
however prominent influence was seen in Cal. procera
(309.7 mmol m?s™). Due to closure of stomata plants try to
utilize the already stored water for their metabolic activities.
Stomatal closing also inhibited uptake of more CO,
concentration from the atmosphere; as a result
photosynthesis decreased, which indirectly affect plant
growth. Cd** and Cr at 20 and 50 puM concentrations
decreased the net photosynthetic rate and the stomatal
conductance, but internal CO, concentration increased
under metal stress (Burzynski & Zurek, 2007).

Water use efficiency (WUE): Water use efficiency in
plants was influenced by the change in environmental
conditions on both M-3 and N-5 (Fig. 4c). The maximum
water use efficiency (P<0.05) was observed in Cal. procera
and P. hysterophorus (8.97 & 5.23) on roadside as
compared to control (9.4 & 10.45), however minimum
WUE (P<0.05) was reported in C. ciliaris. Inconsistent
increase and decrease in WUE was noted in most of the
plants growing on N-5. The control plants depicted higher
values of WUE compared to roadside plants. The trend in
WUE for different plant species was in order of C. ciliaris <
Cal. procera < P. hysterophorus (3.74, 1.59 & 1.02). Metal
stress reduced water use efficiency in plants. A significant
decrease in relative contents and water use efficiency was
observed in two wheat varieties subjected under heavy
metal stress (Alsokari & Aldesuquy, 2011) and in pea and
barley at 2 mM Cd? stress (Januskaitiene, 2010). In
contrast, WUE of four Datura species was increased under
zinc stress (Vaillant et al., 2005).

CONCLUSION

In conclusion, soil along roadsides is being
contaminated with automobile emission in the form of metal
containing dust and other exhaust gases also contaminate
environment. The plant diversity is directly exposed to these
traffic related emissions, especially their gas exchange
characteristics, which ultimately reduce the plant
productivity. Although metal pollution is in permissive
limits at Motorway (M-3) and National Highway (N-5), but
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these metals are slowly adding in food chain. In couple of
years if their concentration is not properly monitored, it can
be a serious health hazard for all living beings. Findings
may have their application as bio-indicators to detect the
presence of atmospheric pollutants on plants for
identification and prediction of environmental hazards.
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