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Abstract

Metal pollutants released from motor vehicles are deposited in roadside environments. Metals are non-biodegradable and
biomagnify in the food chain causing significant health hazards at all levels of the ecosystem. Hence, management of con-
taminated roadside verges is critically important and should be kept in mind while planning specific management strategies
of such areas. Native vegetation could help to decontaminate heavy metal polluted soils in the best sustainable way. There-
fore, this study was designed to assess the potential of Nerium oleander to accumulate heavy metals commonly released by
automobiles such as Pb, Cd, Ni, and Zn along with various C and N compounds from five different locations along a busy
road in Punjab, Pakistan, during summer and winter seasons. N. oleander showed the ability to absorb C, N, and heavy metals
Pb and Cd; the maximum concentration of Pb and Cd was 8.991 mg kg~! and 0.599 mg kg~", respectively. These pollutants
negatively affected photosynthetic pigments, gas exchange attributes, soluble proteins, and free amino acids. But antioxidant
activity of N. oleander was found to be increased in both seasons. The metal accumulation in the plant was higher in the
summer though. We highly recommend that by growing N. oleander at roadside verges for decontamination of vehicular
pollutants could lead to sustainable management of these corridors.
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Introduction

Responsible Editor: Elena Maestri

Vehicles have become a major source of heavy metal pol-
lutants in areas with high anthropogenic pressure making
roadside metal hotspots (Khalid et al. 2018b; Soleimani et al.
2018). This is particularly true in urban areas with high road
traffic (Hong et al. 2020). Environmental and public health
could be adversely affected if the roadways pass though
farmlands, and metals could possibly enter the food chain
via uptake by edible roadside plants (Khalid et al. 2019a;
Willmert et al. 2018). The concentration of such vehicular
origin metals in soils and plants tends to decay rapidly with
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distance from the road (Khalid et al. 2019b).

The most common metals released by vehicles and
found in high quantities in roadside soils are lead (Pb),
cadmium (Cd), zinc (Zn), nickel (Ni), and iron (Fe)
(Khalid et al. 2018a; Malunguja et al. 2022). Gasolines,
tires, lubricating and break oils, batteries, and automo-
bile galvanized parts add significant metal impurities
along roadside environments (Naeem et al. 2021). High
concentrations of these metal elements in soil adversely
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impact the plants such as reduced growth and photosyn-
thetic activity, chlorosis, necrosis, and poor yield (Ageel
et al. 2022; Chen et al. 2022; Khalid et al. 2021). As these
metals tend to biomagnify, thus humans could have cyto-
toxicity, hypertension, anemia, cancers, and death of brain
cells (Darwish et al. 2018). The bioavailability of metals to
plants depends upon environmental conditions of the area,
pH, and plant species (Wang et al. 2021). Seasonal and
spatial variations may also influence on the concentration
of metals in soil (§krbic’ et al. 2018); higher concentrations
of many metals have been reported in hotter times of the
year (Noman et al. 2017; Skrbi¢ et al. 2018).

Despite using various technologies to remove metals
from contaminated soil and water, recently there has
been a push to use “green” phytoremedial systems. Phy-
toremediation, where plants uptake, extract, and accu-
mulate heavy metals in their aboveground parts, has
become the cheapest and most reliable natural method
for decontamination of the soil (Patra et al. 2020; Shah
and Daverey 2020). Some wild and cultivated native
plants can remove soil contamination efficiently by
amassing high metal concentrations in their above-
ground parts in polluted areas (Khalid et al. 2021).
These plants are suitable for sustaining soil equilibrium
balance because of their good metal extraction capacity
(Zhou et al. 2020). Additionally, in developing countries
like Pakistan, cost-effective techniques are necessary
due to constraints in both funds and expertise. Nerium
oleander L. is an exemplary ornamental hardy plant
used by researchers in environmental studies because
of its easy cultivation and cosmopolitan nature (Ibra-
him and El Afandi 2020). We selected this plant in our
roadside monitoring study because it tended to absorb
metal elements and its esthetic beauty, which could be
attractively employed in managing the roadside belts.

Sargodha and Faisalabad are the most populated cities
in Punjab, a province of Pakistan. Both cities are con-
nected by a single road known as the Grand Trunk Road
(GT Road). The traffic load is very high and consists of
cars, public transportation busses, oil tankers, trucks, load-
ers with multi-wheels, and carts driven by animals, which
often use worn-out tires and may emit metals in high
quantities. This wear and tear may be elevated due to high
temperature during the summer season. Being very busy,
crushed stone is transported through this road to almost
all over the province to construct buildings and roads. No
research study previously used N. oleander for the bio-
monitoring of this busiest road of the area. Therefore, this
research aims to investigate the effect of transportation
activities on the spatiotemporal variation of metal contents
in soil and N. oleander across five different sites in order
to determine the physiological responses of N. oleander
and its phytoremediation potential.
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Materials and methods
Experimental design

Phytomonitoring by N. oleander, five sites were selected
at almost uniform distance from each other on GT Road
(Fig. 1). The survey was replicated during summer and win-
ter seasons of the year. The seasonal detail of the area is
presented in Table 1. Traffic volume data (no. of vehicles/
day) was also obtained for each site in summer and winter
seasons.

Description of sites

To check spatial variation in metal contents at the selected
five sites on GT Road, an average distance of 10 km was
kept between the consecutive sites from each other. The sites
were named Pull Dingro, Chiniot, Chenab Nagar, Pull-111,
and Adda-46. The Pull Dingro site was near cultivated crops.
The Chiniot site was selected on the road near the bridge of
Chenab River. A large town was situated along the road at
Chenab Nagar site. Adda-46 site, a local market, is situated
on the road’s edge. Pull-111 site was situated near to a stone
crushing industry, where trucks and multi-wheeler loaders
frequently run around the clock. The control soil and plant
samples were also collected at a distance of 100 m away
from the road (Jian-Hua et al. 2009; Khalid et al. 2019b).

Collection of plant and soil samples

Three leaves, selected at random from the middle of the N.
oleander plant, were removed from the plant at each site
during summers and winters. No young or senescence leaves
were taken. Three soil samples were collected near the road
edge at each site at a depth of 0-10 cm. Samples were stored
in an iced cooler and brought to the laboratory in zip locked
polythene bags. Leaf samples were washed with distilled
water thoroughly before further processing.

Determination of metal elements, nutrient ions,
carbon, and nitrogen

Plant leaves and soil samples were oven dried at 65 °C for
72 h, and the method of Arsenic et al. (1996) was used
for their digestion. An inductively coupled plasma-atomic
emission spectrometer (ICP-AES) was used for the deter-
mination of Pb, Cd, Ni, Zn, and Fe using a Thermo iCAP
Model 6300. Standard solutions of high purity standards
were used for the calibration. A standard reference mate-
rial was run after every 10 samples. The C and N in both
dried soil and plant samples were analyzed through NC
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Fig. 1 Map of the study area showing locations of different sites

Table 1 Concentration of heavy metals Pb, Cd, Zn, Ni, and Fe (mg kg’l); nutrient ions Na*, K*, and Ca*? (mg g’l); and C and N contents (%)
in plant and soil samples in summer and winter seasons

2 § Control Pull-Dingro Chiniot Chenab Nagar Adda-46 Pull-111
° <
SEREAR BRAR BRZAR BRAR BR'AN BRAn
b Summer | 0.001£0.001 | 0.011+0.000 | 5.440+0.334 | 4.05£0.042 | 5.277+0.279 | 4.14440.032 | 5.435+0.259 | 4.39140.073 | 7.411+0.366 | 6.760+0.077 | 8.481+0.444 | 7.610+0.289
Winter | 0.000+0.000 | 0.007+0.005 | 4.477+0.123 | 4.03440.041 | 4.39240.310 | 4.059+0.026 | 5.269+0.246 | 4.5+0.204 6.375+0.633 | 5.256+0.029 | 7.699+0.358 | 6.594+0.232
cd Summer | 0.000£0.000 | 0.004+0.005 | 0.430£0.013 | 0.415+0.003 | 0.444£0.030 | 0.42+0.002 | 0.492+0.033 | 0.443+0.004 | 0.577+0.018 | 0.506+0.005 | 0.576+0.032 | 0.56+0.008
Winter | 0.000+0.000 | 0.001+0.000 | 0.370+0.058 | 0.370+0.058 | 0.369+0.066 | 0.369+0.066 | 0.256+0.028 | 0.256+0.028 | 0.511+0.065 | 0.501+0.065 | 0.527+0.025 | 0.528+0.025
In Summer | 9.325+0.054 | 20.61+0.106 | 81.08+£0.265 | 124.3+0.907 | 81.58+0.289 | 127.7+1.001 | 81.92+0.361 | 131.8+0.9 90.77+0.827 | 135.4+1.242 | 94.98+0.687 | 144.1£1.101
Winter | 8.67440.290 | 20.25+0.429 | 80.25+0.532 | 120.5+0.1 79.78+1.156 | 122.9£0.781 | 77.66+2.005 | 127.4+0.472 | 87.9+1.155 130.1£0.608 | 90.68+0.494 | 131.2+0.907
Ni Summer | 0.814+0.018 | 1.7+0.157 7.630+0.388 | 10.84+0.245 | 8.064+0.282 | 11.62+0.058 | 9.672+0.263 | 11.97+£0.043 | 10.46+0.445 | 13.48+0.5 11.90+0.494 | 17.83+0.16
Winter | 0.77240.060 | 1.443+0.100 | 6.444+0.483 | 9.696+0.165 | 6.933+0.711 | 9.86+0.269 | 6.788+0.295 | 10.37+0.234 | 8.820+0.076 | 11.62+0.258 | 10.42+0.680 | 15.70+0.138
Fe Summer | 2.22540.117 | 4.036+0.037 | 4.376£0.180 | 6.506+0.160 | 4.608+0.147 | 6.88+0.1 5.156+0.165 | 7.713£0.235 | 10.11+0.621 | 10.83£0.076 | 10.13+0.809 | 12.75+0.172
Winter | 2.070+0.068 | 4.013+£0.015 | 4.411+0.163 | 5.758+0.081 | 6.145+0.702 | 6.69+0.321 6.973£0.074 | 7.72940.246 | 9.449+0.448 | 10.50+0.418 | 10.28+0.777 | 10.88+0.1
Na* Summer | 242.5+33.84 | 301.3+1.159 | 580.3£9.279 | 725.6+40.42 | 594.2+8.750 | 756.1+32.70 | 772.6423.15 | 856.7+21.06 | 883.5£10.03 | 909.5+4.416 | 987.3+7.724 | 1000.4+0.1
Winter | 201.240.901 | 199.04£0.608 | 470.9429.21 | 701.6+1.664 | 561.3£7.077 | 786.2+15.87 | 641.7+18.68 | 903.942.324 | 697.9+4.650 | 928.2+20.64 | 819.4+9.254 | 987.5+8.563
K+ Summer | 29.59+0.256 | 30.82+0.134 | 20.62+0.260 | 23.63+1.106 | 19.95£0.653 | 22.64+0.265 | 13.84+5.096 | 22.23+0.083 | 16.07+0.185 | 20.6+0.144 14.78+0.520 | 17.40+0.156
Winter | 27.2440.228 | 32.78+0.790 | 20.7240.615 | 21.15+0.410 | 19.7£0.403 | 21.48+0.165 | 17.35£0.952 | 20.5+0.147 16.51£0.194 | 19.59+0.162 | 14.73+£0.321 | 18.34+0.105
Ca®? Summer | 56.30£0.563 | 60.40+0.141 | 41.55£0.375 | 45.39+0.721 | 42.51+0.273 | 42.58+1.200 | 41.96£1.143 | 43.82+1.009 | 44.24+0.809 | 42.58+0.550 | 45.71+0.230 | 47.15£1.041
Winter | 55.66+0.603 | 60.42+0.229 | 40.46+0.539 | 43.68+0.175 | 41.88+0.785 | 43.80+1.276 | 40.72+1.237 | 42.60+1.536 | 40.09+0.542 | 41.54£1.229 | 39.52+1.047 | 40.42+0.303
Summer | 41.25£0.575 | 1.629+0.005 | 42.94+0.748 | 3.023+0.051 | 44.96£1.058 | 3.42+0.407 | 45.96+0.711 | 3.82610.041 | 47.43+0.395 | 4.153£0.151 | 48.22+0.618 | 4.743£0.127
¢ Winter | 40.56+0.312 | 1.64+0.036 | 41.36+0.118 | 3.483+0.281 | 41.67+0.399 | 3.706+0.155 | 43.48+0.346 | 3.946+0.145 | 45.12+0.677 | 4.094+0.103 | 46.28+0.425 | 4.286+0.083
N Summer | 2.22620.113 | 0.117+0.006 | 4.233£0.032 | 0.945+0.020 | 4.447£0.030 | 0.974+0.021 | 4.704+0.048 | 1.218+0.305 | 4.892+0.008 | 1.551£0.010 | 4.967+0.031 | 1.730+0.008
Winter | 2.296+0.031 | 0.116+0.005 | 3.229+0.115 | 0.563+0.015 | 3.359+0.026 | 0.741+0.018 | 3.513£0.059 | 0.846+0.032 | 3.651+0.012 | 0.856+0.017 | 3.727+0.058 | 0.891+0.006

soil analyzer, Thermo Scientific model Flash 2000. Nutri-

V Leaves - Soil

ent ions, i.e., Na*, K*, and Ca*?, were also determined in

plant and soil samples using the solution obtained after

digestion from the previous step in a flame photometer.

Bioconcentration factor (BCF)

The bioconcentration factor (BCF) has been applied to eval-

uate the plants’ ability to absorb metals from the soil and to
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study the relationship between the metal contents of soils
and plants. BCF is defined as the ratio of metal concentration
in plants to that in soil. Many researchers have calculated
the BCF for various elements (Khalid et al. 2019a, 2021;
Khan et al. 2016). BCF was determined by employing the
following formula:

metal concentration in plant leaves

BCF = — ;
metal concentration in the soil

Road traffic data

Traffic volume data (number of vehicles per day) was also
obtained for each site in summer and winter seasons. The
number of vehicles was manually counted at each study site
for a specific time, and then, data was calculated for 24 h
(Supplementary Table 1).

Determination of soil physicochemical
characteristics

Soil samples were passed through a sieve mesh and stored
in refrigerator in ziplock plastic bags before the analysis.
pH, EC, and TDS of the soil samples were determined using
a pH and EC meter in the lab. Organic carbon in the soil
was determined following the method of Bakr and El-Ashry
(2018) and Heiri et al. (2001).

Determination of chlorophyll content

Chlorophyll and carotenoid contents in the leaves of N. ole-
ander were analyzed following the formulae given by Akhter
et al. (2022b) and Arnon (1949). For that, plant extract was
prepared by crushing the leaves with 80% acetone at —4 °C
and left overnight. It was then centrifuged using a centrifuge
machine and supernatant was collected. Optical density of
the supernatant was measured for carotenoids and chloro-
phyll a and b at 480, 645, and 663 nm wavelength, respec-
tively, on a spectrophotometer (IRMECO U2020).

Determination of gas exchange characteristics

A portable IRGA (Infrared Gas Analyzer) Model C1-340
was taken to the field in a bright sunny day for at the spot
measurement of photosynthetic rate, transpiration rate, sto-
matal conductance, and internal CO, concentration from
healthy leaves of N. oleander. Ambient concentration of CO,
in the air was 348 pmol mol™'. Leaf chamber temperature
was in a range of 27-37 °C. Water vapor pressure inside the
chamber was 7—-10mbars.
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Determination of total free amino acids and total
soluble proteins

Fresh leaves of N. oleander were extracted with sodium
phosphate buffer of pH 7. The supernatant was collected
after centrifugation and utilized for the determination of
total free amino acids and total soluble proteins following
the methods established by Bradford (1976) and Kielkopf
et al. (2020), respectively.

Determination of total antioxidant activity

For the estimation of total antioxidant activity, oven dried
grounded leaves of N. oleander were heated at 40 °C in
a water bath for 20 min. Then, supernatant was collected
after centrifugation to determine total antioxidant activity
following the Rahmat et al. (2003) study. For this purpose,
a 1: 1 mixture of plant extract and absolute alcohol was
taken and 2.52% linoleic acid was added and incubated
the mixture in an incubator for 1 day. At small intervals,
0.1 ml of this solution was mixed with ammonium thiocy-
anate and ferrous chloride and absorbance of the solution
was measured at 500 nm wavelength on a spectrophotom-
eter (Hitachi 220, Japan).

Statistical analysis

We tested two factorial analysis of variance (ANOVA) and
comparison between different sites and seasons were done
by least significant difference (LSD) in “SPSS (Version: 23)”
(SPSS12015). Pearson’s correlation (2-tailed test) and prin-
cipal component analysis were executed to test the relation-
ship between different attributes and factors using the “ggbi-
plot,” “factoextra,” “ggplot2,” “corrplot,” and “tidyverse”
packages in “R (v 4.0.5)” (R Development Core Team 2021).

Results
Metal contents in soil

The statistical analysis of the data for soil contents of
the studied sites exhibited highly significant differences
(P <0.001) in metal contents in both seasons (Tables 1 and
2). The sites with high road traffic were more contaminated
by metals. The Pull-111 contained a maximum concentra-
tion of the different elements such as Pb, Cd, Zn, Ni, Fe,
Na*, C, and N. The soil sample of Adda-46 also contained
a high amount of metals than the other mentioned sites but
lesser than the Pull-111 (Table 1).
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Table 2 Analysis of variance
for soils collected from various

sites for Pb, Cd, Zn, Ni, Fe,
Na*, K*, Ca*?, C, and N
contents

. Significant at p<0.001

Heavy metals and nutrient contents in the plant

N. oleander leaves showed statistically significant differ-
ences for various parameters among sites and for seasons
(Table 3). The highest Pb, Cd, and N concentration was pre-
sent in plants collected from Pull-111 compared to the other
sites (Table 1). The concentration of the aforementioned ele-
ments was higher in the plant even compared to the soil at
this site. The samples from other sites exhibited an increase
in these metals in the following trend as Adda-46 > Chenab
Nagar > Chiniot > Pull-Dingro. The concentration of Ni, Fe,
and C was enhanced in plant shoots by the increase of these

Source Seasons Sites Interactloq SCasons Error
and sites

Degree of freedom 5 5 24
Soil Pb content 0.016
Soil Cd content 0.001
Soil Zn content 0.635
Soil Ni content 0.051
Soil Fe content 0.040
Soil Na* content 327.4
Soil K* content 0.187
Soil Ca™ content 0.839
Soil C content 0.029
Soil N content 0.008

.l Significant at p<0.01 I:I Significant at p<0.05 . Non-significant

elements in the soil. The Pull-Dingro site with a smaller
number of vehicles has shown less amount of Ni, Fe, and C
in the plant after the control plants compared to other sites.
The maximum values of these metals were noted at Pull-111
site followed by Adda-46, Chenab Nagar, and Chiniot in
winter as well as in summer. The Ni and Fe concentrations
were lesser in leaves than in the soil samples collected from
the same sites, while C contents were greater in the plant
compared to its concentration in the soils at all the sites.
The higher concentration of heavy metals contents in the
soil hindered the absorption of essential elements from the
soil. The Na*, K*, and Ca®* contents in plant samples in

Table 3 Analysis of variance Source Seasons Sites Interaction between Error

for N. oleander collected from seasons and sites

various sites for Pb, Cd, Zn,

Ni, Fe, Na*, K*, Ca*2, C, N, Degree of freedom 1 5 5 24

chlorophyll a, chlorophyll b, and Shoot Pb content 0.292 0.107

carotenoid contents Shoot Cd content 0.001
Shoot Zn content 0.729
Shoot Ni content 0.177
Shoot Fe content 0.206
Shoot Na* content 299.1
Shoot K* content 2.373
Shoot Ca*? content 0.561
Shoot C content 0.340
Shoot N content 0.003
Chlorophyll a 0.003
Chlorophyll b 0.000
Carotenoids 0.000
Photosynthetic rate 0.135
Transpiration rate 0.001
Stomatal conductance 4.768
Leaf internal CO> conc. 27.75
Total soluble proteins 0.115
Total free amino acids 0.121
Total antioxidant activity 0.163

B significant at p<0.001 [ ] Significant at p<0.01 [_] Significant at p<0.05

. Non-significant
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summer were in the order as Pull-111> Adda-46 > Chenab
Nagar > Chiniot > Pull-Dingro. However, during winter, gen-
erally, we got the trend for K+ and Ca®" in plants as Pull-
Dingroo > Chiniot > Chenab Nagar > Adda-46 > Pull-111.
The comparison of seasons exhibited less accumulation of
all the studied metals in soil and plant samples in the winter
season compared to the summer (Tables 1 and 2).

Leaf photosynthetic pigments

The addition of harmful metals in soil severely influenced
the photosynthetic rate of the plant by declining the chloro-
phyll contents. The data of photosynthetic pigments exhib-
ited significant differences between the factors such as sites
(P<0.001) and seasons (P <0.05). The interaction differ-
ences of these two factors were non-significant (P> 0.05)
except for carotenoids which showed highly significant
differences for sites (P < 0.001) while non-significant dif-
ferences in data of seasons as well as in their interaction
(Table 3). The deterioration of Chl-a contents was calculated
maximum in N. oleander leaves collected from Pull-111
compared to the control plants. The collected plant sam-
ples from areas situated away from the industry and having
fewer vehicle numbers exhibited less decline in this pig-
ment such as the plants in Pull Dingro seemed to have more
Chl-a contents compared to the other studied areas excluding
control plants. The decline in Chl-b contents were recorded
in the order as Pull-111 > Adda-46 > Chenab Nagar > Chi-
niot > Pull Dingro > control. The carotenoid contents were

enhanced in plants present near the more polluted areas such
as Pull-111 < Adda-46 < Chenab Nagar < Chiniot < Pull Din-
gro < control because these chemicals act as antioxidants and
increased the resilience level of plants under stress condi-
tions. The comparison of seasons indicated that Chl-a con-
tents of plant collected from studied areas were decreased by
48.5% in winter and 51.5% in summer. The Chl-b contents
were more deteriorated in summer (47.5%) than in winter
(52.5%) while this difference for carotenoids was recorded
at 51.2% in winter and 48.8% in summer (Fig. 2a—c).

Gas exchange characteristics

The gas exchange attributes of plants collected from vari-
ous locations near the stone grinding factory in the winter
and summer seasons showed a significant (P <0.01) wan-
ing (Table 3 and Fig. 3). The comparison of plants (col-
lected from various areas) with control demonstrated nota-
ble perturbation in these parameters. In the winter season,
the extremely reduced photosynthetic rate was recorded in
plants located near the Pull-111, while in summer, Pull-111
and Adda-46 exhibited a maximum decline in the rate of this
attribute. The N. oleander samples taken from the sites with
low traffic volume showed a slight decrease in this parameter
due to less pollution. The transpiration rate of plants was
highly reduced by the pollutants than the control in win-
ter and summer. The rate of transpiration was calculated in
collected samples from different sites in the order as Pull
Dingro > Chiniot > Chenab Nagar > Adda-46 > Pull-111. The
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Fig.3 Gas exchange charac- a) Photosynthetic Rate b) Transpiration Rate
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reduction in stomatal conductance was recorded in both sea-
sons. The maximum deterioration in this characteristic was
in plants taken from Pull-111 and then from Adda-46. In
the winter season, higher reduction in this parameter was
observed. In case of internal CO,, the samples picked from
Pull-111 exhibited the highest values for CO, than the con-
trol. In summer, greater amount of CO, was measured than
during the winter in plants collected from various sites.

Total soluble proteins, free amino acids,
and antioxidant activity

The pollutants in soil significantly (P <0.05) reduced the
total soluble proteins in plants at all the sites compared to the
control (Table 3). Pull Dingro, Chiniot, and Chenab Nagar
sites could be considered less polluted sites because the
protein contents of plants were less affected at these loca-
tions compared to the other sites (Fig. 4). The maximum
deterioration in this biomolecule was determined in samples
taken from Pull-111 followed by Adda-46. The more decline
in this attribute was calculated in summer (50.4%) than in
winter (49.6%). The total amino acids and antioxidants were
significantly (P <0.01) enhanced with the increase in the
concentration of heavy metals in samples collected from all
the sites in winter and summer seasons. Both phytochemi-
cals are involved in the defensive mechanism of plants that
is why the prominent increase in these parameters was
recorded in samples collected from areas with high pollut-
ant concentrations (Batista-Silva et al. 2019). In summer,

d) Internal CO, Concentration

5 A\
00“‘ 9\“‘3 \\\“‘°\\a9 Fe “\\4\" 00““ 0\(\9 “\“‘°“a93 % ou \\A\
v oo

52% elevation in amino acids was recorded and 48% in win-
ter. The maximum values of this attribute were determined
in samples collected from Pull-111 followed by Adda-46,
Chenab Nagar, Chiniot, and Pull Dingro in both seasons
compared to the control. In both seasons, the minimum value
for antioxidant activity was noted in control plants. The sites
with heavy traffic load exhibited higher values of antioxidant
activity in N. oleander such as Pull-111> Adda-46 > Chenab
Nagar > Chiniot > Pull Dingro.

Bioconcentration factor (BCF)

An examination of the BCF revealed that N. oleander has
quite an ability to absorb heavy metal ions from the soil and
accumulate in its leaves (Table 4), especially for Pb and Cd
at all sites in both seasons. The highest value (1.343) of BCF
was noted for Pb at Pull-Dingro site and for Cd; the highest
value, i.e., 1.140, was recorded at Adda-46 site in summer.
However, the BCF values for Zn, Ni, and Fe remained below
1.00 in both seasons.

Correlation

The significantly negative correlations were noted in the
samples of various polluted sites collected in both seasons
concerning the stomatal conductance, photosynthetic and
transpiration rate, soluble proteins, Chl-a, Chl-b, K*, and
Ca”" demonstrated in Pearson’s correlation (Fig. 5a, b). This
test also exposed a positive correlation of plants taken from
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Table 4 Bioconcentration factor Summer
(BCF) of N. oleander for Pb, -
Cd, Zn, Ni, and Fe at various Pb Cd Zn Ni Fe
sites Control 0.09 0.00 0.452 0.478 0.551
Pull-Dingro 0.652 0.703 0.672
Chiniot 0.638 0.693 0.669
Chenab Nagar 0.621 0.808 0.668
Adda-46 0.670 0.775 0.933
Pull-111 0.659 0.757 0.794
Winter
Control 0.00 0.00 0.428 0.534 0.515
Pull-Dingro 0.665 0.664 0.909
Chiniot 0.649 0.703 0.918
Chenab Nagar 0.609 0.654 0.902
Adda-46 0.675 0.759 0.899
Pull-111 0.691 0.663 0.944

. Values of BCFs above 1 orequals to 1.

various polluted sites in winter and summer with cellular
CO,, total free amino acids and antioxidant activity, C, and
other ionic and heavy metal contents (like C, N, Na*, Fe,
Ni, Zn, Cd, and Pb). To confirm the results of this test, fur-
ther statistical tests were also run such as PCA-biplot (Fig. 6
and Supplementary Table 2). The results obtained from the
biplot revealed a trend of calculated attributes in winter and
summer seasons due to the differences in the sites, shown
by dim1 and dim2. The variance by dim1 was 88.4% com-
pared to dim2 (5.5%). The PC analysis displayed a very clear
dissociation of the determined parameter according to the
seasons (winter and summer).

@ Springer

Discussion

In this study, N. oleander leaves showed higher concentra-
tion of Pb, Cd, N, and C compared to the soil samples show-
ing the great ability of this plant to absorb and accumulate
these elements to its aboveground part and thus rendering
itself a plant suitable for phytoremediation. Like many other
plants, it can store a larger amount of toxic metals in its body
without causing any noticeable harm to itself. By continued
cultivation of this plant in contaminated roadsides, eradica-
tion of vehicular heavy metal pollutants could be possible
(Ibrahim and El Afandi 2020; Mahar et al. 2016).
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Fig.5 Pearson’s correlation between traffic volume and seasons (a)
and autocorrelation among various measured variables (b) of the data
collected from various sites in two seasons. Pb, lead; Cd, cadmium;
Zn, zinc; Ni, nickel; Fe, iron; Na, sodium; K, potassium; Ca, calcium;
C, carbon; N, nitrogen; Chl_a, chlorophyll a; Chl_b, chlorophyll b;
Car, carotenoid; SP, soluble proteins; TFAA, total free amino acids;
TAA, total antioxidant activity; Pn, photosynthetic rate; E, transpira-
tion rate; gs, stomatal conductance; Int_CQO2, internal carbon dioxide

The heavy metals and other pollutants released by the
vehicles also influence the plant growth by affecting the
physiological machinery of plants (Nasir et al. 2022; Neelab
et al. 2022; Noman and Agqeel 2017), such as a reduction
in photosynthesis due to a decline in chlorophyll contents.
The absorption of heavy metals through the soil generates
oxidative stress which disrupts the structure of chlorophyll
contents (Chl-a and Chl-b), while the pollutants in the air
especially dust particles are deposited on the surface of the
leaf and block the light required to run the photosynthesis
cycles (Ageel et al. 2021; Bamagoos et al. 2022). That is
why the plants collected from Pull-111 and Adda-46 exhib-
ited a waning in chlorophyll contents and photosynthetic
rate than the control due to high vehicle exhaust pollution
in the air and soil because of high traffic load there. While in
these sites, the increase in the concentration of carotenoids
is due to the activity of this pigment under stress condi-
tions. This chemical acts as an antioxidant and enhances the

resilience of plants to environmental stresses (Khilji et al.
2021; Naheed et al. 2022; Noman et al. 2017; Tahaei et al.
2022). Among the sites, Pull-Dingro is the least polluted; the
minimum carotenoid contents have been estimated in plants
collected from this site because the generation of reactive
oxygen species (ROS) is lesser in these samples that is why
large numbers of antioxidants are not needed.

The reduction in stomatal conductance, photosynthetic,
and transpiration rate in the sample was also high. The metal
stress stimulates the overproduction of ROS which disin-
tegrates the membranous structures of the cell, especially
the electron transport chain. The decrease in chlorophyll
contents and disturbance in PSII are the main causes of the
fall in the photosynthetic rate (Bamagoos et al. 2022; Hus-
sain et al. 2022; Ma et al. 2022). The ROS also disrupts cell
homeostasis and generates water scarcity leading to a reduc-
tion in transpiration rate and stomatal conductance (gs). The
reduction in photosynthesis also enhances the internal CO,,
which causes a reduction in stomatal conductivity (Akhter
et al. 2021; Awan et al. 2022; Naheed et al. 2021).

In metal stress, the concentration of antioxidant activity
is enhanced to quench the activity of ROS. Amino acids are
directly involved in the synthesis of proteins. Under metal
toxicity, their number gets increased to protect the plant from
damage. Increased free amino acids could also be attributed
to degradation in total protein content which could directly
be caused by metal toxicity (Akhter et al. 2022a; Khalid et al.
2019a). The amino acids and other antioxidants control the
stomatal regulation and maintain the cell’s water level by
preventing ROS formation. In plants at various growth stages,
the increase in the activity of antioxidants is noted under
metal toxicity. Same observations have been made by study-
ing the various polluted sites. The plants from highly pol-
luted sites (Pull-111 and Adda-46) exhibited an increase in
amino acid contents and antioxidants activity, while there is
a decline in protein contents compared to less polluted sites
such as Pull-Dingro (AbdElgawad et al. 2020; Mahmud et al.
2019; Shekari and Javanmardi 2017; Tripathi et al. 2018).

Although the photosynthetic rate and gas exchange
attributes have been affected by the adverse effects of heavy
metals and other pollutants, N. oleander’s defense system
seemed to be boosted to cope with the adverse effects of
these pollutants. Also, an increased concentration of met-
als in the soil restricted the absorption of essential mineral
nutrients. An examination of the BCF values of N. oleander
for Pb and Cd metals also indicated that it could accumu-
late these toxic metals in its body. Previous investigations
have also used BCF values to appraise the phytoremediation
potential of different plant species (Sajad et al. 2020). BCF
varies between different plants and metal types (Khan et al.
2016; Li et al. 2021). A difference in BCF of metals among
various plant species could be due to different soil properties
or due to physiological phenomenon of plants, i.e., growth
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Fig.6 PCA-biplot of the data
of N. oleander for various vari-
ables in summer and winter. Pb,
lead; Cd, cadmium; Zn, zinc;
Ni, nickel; Fe, iron; Na, sodium;
K, potassium; Ca, calcium; C,
carbon; N, nitrogen; Chl_a,
chlorophyll a; Chl_b, chloro-
phyll b; Car, carotenoid; SP,
soluble proteins; TFAA, total
free amino acids; TAA, total
antioxidant activity; Pn, photo-
synthetic rate; E, transpiration
rate; gs, stomatal conduct-
ance; Int_CO2, internal carbon
dioxide

Dim2 (5.5%)

factor dynamics and metal uptake efficiency of the plant spe-
cies (Hasan et al. 2021).

Conclusion

N. oleander leaves collected from various sites along the
road depicted high concentrations of Pb, Cd, Ni, Zn, and Fe
metals and C and N compounds. The concentration of these
elements was also high in the soil samples taken from these
sites. Interestingly, the concentration of Pb and Cd metals
was higher in the plant compared to the soil in both sea-
sons. These two heavy metals are the ones which are most
commonly found along the roads because they are mainly
released by the automobiles especially in developing coun-
tries like Pakistan. And N. oleander has shown a great poten-
tial to extract them from the contaminated roadside soils. In
that case, it could be the best solution for decontamination
and sustainably managing these areas. We also recommend
studying this plant for a broad spectrum of pollutants at
diverse environmental locations.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11356-023-25160-z.

Acknowledgements The authors are highly thankful to Dr. Atifa
Masood and Dr. Samreen Anjum for helping in the data collection.

Author contribution NK and MA: conceived the idea and designed the

experiment; NK, MA, AN, and AN: writing, review, and editing; NK
and MA: methodology and visualization; NK, AT, NH, SI, and NA:

@ Springer

Seasons

E‘ Summer
|Z| Winter

Dim1 (88.4%)

gathered literature, resources, and experimentation; FMA and MH:
help in the interpretation of the results; NK and MA: critically revised
the MS. All authors approved the final version of the manuscript.

Data availability Not applicable.

Declarations

Ethics approval Not applicable.
Consent to participate Not applicable.
Consent for publication Not applicable.

Competing interests The authors declare no competing interests.

References

AbdElgawad H, Zinta G, Hamed BA et al (2020) Maize roots and
shoots show distinct profiles of oxidative stress and antioxidant
defense under heavy metal toxicity. Environ Pollut 258:113705

Akhter N, Ageel M, Magsood MF et al (2022) Comparative assess-
ment of remediation potential of Xanthium strumarium ecotypes
in NaCl-affected root zone. Water Air Soil Pollut 233:1-18

Akhter N, Ageel M, Shahnaz MM et al (2021) Physiological homeo-
stasis for ecological success of Typha (Typha domingensis Pers.)
populations in saline soils. Physiol Mol Biol Plants 27:687-701

Akhter N, Habiba O, Hina M et al (2022) Structural, biochemical, and
physiological adjustments for toxicity management, accumulation,
and remediation of cadmium in wetland ecosystems by Typha
domingensis Pers. Water Air Soil Pollut 233:1-23

Ageel M, Khalid N, Nazir A et al (2022) Foliar application of silver
nanoparticles mitigated nutritional and biochemical perturbations


https://doi.org/10.1007/s11356-023-25160-z

Environmental Science and Pollution Research

in chilli pepper fertigated with domestic wastewater. Plant Physiol
Biochem 194:470-479. https://doi.org/10.1016/j.plaphy.2022.12.
005

Ageel M, Khalid N, Tufail A et al (2021) Elucidating the distinct inter-
active impact of cadmium and nickel on growth, photosynthesis,
metal-homeostasis, and yield responses of mung bean (Vigna
radiata L.) varieties. Environ Sci Pollut Res 28:27376-27390.
https://doi.org/10.1007/s11356-021-12579-5

Arnon DI (1949) Copper enzymes in isolated chloroplasts Polyphe-
noloxidase. in Beta Vulgaris. Plant Physiol 24:1-15

Arsenic AM, Beryllium AM, Cobalt CP et al (1996) Method 3050B
acid digestion of sediments, sludges, and soils 1.0 scope and appli-
cation. Washington, DC, USA

Awan SA, Khan I, Rizwan M et al (2022) A new technique for reducing
accumulation, transport, and toxicity of heavy metals in wheat
(Triticum aestivum L.) by bio-filtration of river wastewater. Che-
mosphere 294:133642

Bakr N, El-Ashry SM (2018) Organic matter determination in arid
region soils: loss-on-ignition versus wet oxidation. Commun Soil
Sci Plant Anal 49:2587-2601

Bamagoos AA, Alharby HF, Abbas G (2022) Differential uptake and trans-
location of cadmium and lead by quinoa: a multivariate comparison
of physiological and oxidative stress responses. Toxics 10:68

Batista-Silva W, Heinemann B, Rugen N, Nunes-Nesi A, Aratjo
WL, Braun HP, Hildebrandt TM (2019) The role of amino acid
metabolism during abiotic stress release. Plant Cell Environ
42:1630-1644

Bradford MM (1976) A rapid and sensitive method for the quantita-
tion of microgram quantities of protein utilizing the principle of
protein-dye binding. Anal Biochem 72:248-254

Chen F, Aqeel M, Magsood MF et al (2022) Mitigation of lead toxic-
ity in Vigna radiata genotypes by silver nanoparticles. Environ
Pollut 308:119606

Darwish WS, Atia AS, Khedr MH, Eldin WFS (2018) Metal con-
tamination in quail meat: residues, sources, molecular biomark-
ers, and human health risk assessment. Environ Sci Pollut Res
25:20106-20115

Hasan SM, Akber M, Bahar M, Islam M, Akbor M, Siddique M, Bakar
A (2021) Chromium contamination from tanning industries and
phytoremediation potential of native plants: a study of savar tan-
nery industrial estate in Dhaka, Bangladesh. Bull Environ Contam
Toxicol 106:1024-1032

Heiri O, Lotter AF, Lemcke G (2001) Loss on ignition as a method for
estimating organic and carbonate content in sediments: reproduc-
ibility and comparability of results. J Paleolimnol 25:101-110

Hong N, Guan Y, Yang B et al (2020) Quantitative source tracking
of heavy metals contained in urban road deposited sediments. J
Hazard Mater 393:122362

Hussain S, Hassan A, Arshad P, Anjum MA (2022) Different sources of
irrigation water affect heavy metal accumulation in soils and some
properties of guava fruits. Environ Sci Pollut Res 29:35986-35995

Ibrahim N, El Afandi G (2020) Phytoremediation uptake model of
heavy metals (Pb, Cd and Zn) in soil using Nerium oleander.
Heliyon 6:¢04445

Jian-Hua M, Chun-Jie C, Jian L, Bo S (2009) Heavy metal pollution
in soils on railroad side of Zhengzhou-Putian section of Longxi-
Haizhou railroad, China. Pedosphere 19:121-128

Khalid N, Hussain M, Ashraf M, Masood A, Akhtar Y (2018) Spatio-
temporal variation in cadmium released by automobiles along two
roads in Pakistan. Pak J Bot 50:529-536

Khalid N, Masood A, Noman A, Ageel M, Qasim M (2019a) Study
of the responses of two biomonitor plant species (Datura alba
& Ricinus communis) to roadside air pollution. Chemosphere
235:832-841

Khalid N, Noman A, Ageel M, Masood A, Tufail A (2019) Phytore-
mediation potential of Xanthium strumarium for heavy metals

contaminated soils at roadsides. Int J Envrion Sci Technol
16:2091-2100

Khalid N, Noman A, Sanaullah T, Akram MA, Aqeel M (2018) Vehi-
cle pollution toxicity induced changes in physiology, defence
system and biochemical characteristics of Calotropis procera
L. Chem Ecol 34:565-581

Khalid N, Rizvi ZF, Yousaf N et al (2021) Rising metals concentra-
tion in the environment: a response to effluents of leather indus-
tries in sialkot. Bull Environ Contam Toxicol 106:493-500.
https://doi.org/10.1007/s00128-021-03111-z

Khan ZI, Ahmad K, Ashraf M et al (2016) Assessment of toxicologi-
cal health risk of trace metals in vegetables mostly consumed in
Punjab, Pakistan. Environ Earth Sci 75:1-5

Khilji SA, Aqeel M, Maqsood MF et al (2021) Hemarthria com-
pressa—Aspergillus niger—Trichoderma pseudokoningii medi-
ated trilateral perspective for bioremediation and detoxification
of industrial paper sludge. Sustainability 13:12266

Kielkopf CL, Bauer W, Urbatsch IL (2020) Bradford assay for deter-
mining protein concentration. Cold Spring Harbor Protocols
2020:pdb. prot102269

Li X, Xiao J, Salam MMA, Ma C, Chen G (2021) Impacts of bamboo bio-
char on the phytoremediation potential of Salix psammophila grown
in multi-metals contaminated soil. Int J Phytoremediation 23:387-399

Mal, Ageel M, Khalid N et al (2022) Effects of microplastics on growth
and metabolism of rice (Oryza sativa L.). Chemosphere 307:135749

Mahar A, Wang P, Ali A et al (2016) Challenges and opportunities
in the phytoremediation of heavy metals contaminated soils: a
review. Ecotoxicol Environ Saf 126:111-121

Mahmud JA, Bhuyan M, Anee TI, Nahar K, Fujita M, Hasanuzzaman
M (2019) Reactive oxygen species metabolism and antioxidant
defense in plants under metal/metalloid stress. In: Plant abiotic
stress tolerance. Springer, pp 221-257

Malunguja GK, Thakur B, Devi A (2022) Heavy metal contamina-
tion of forest soils by vehicular emissions: ecological risks and
effects on tree productivity. Environ Process 9:1-33

Naeem N, Khalid N, Sarfraz W, Ejaz U, Yousaf A, Rizvi ZF, Ikram
S (2021) Assessment of lead and cadmium pollution in soil and
wild plants at different functional areas of sialkot. Bull Environ
Contam Toxicol 107:336-342

Naheed R, Aslam H, Kanwal H et al (2021) Growth attributes, bio-
chemical modulations, antioxidant enzymatic metabolism and
yield in Brassica napus varieties for salinity tolerance. Saudi J
Biol Sci 28:5469-5479

Naheed R, Zahid M, Ageel M et al (2022) Mediation of growth and
metabolism of Pisum sativum in salt stress potentially be cred-
ited to thiamine. J Soil Sci Plant Nutr 22:2897-2910. https://
doi.org/10.1007/s42729-022-00854-4

Nasir AH, Nawaz R, Haider R, Irshad MA (2022) Modeling air pol-
lution health risk for environmental management of an interna-
tionally important site: the salt range (Kallar Kahar), Pakistan.
Atmosphere 13:100

Neelab SU, Faiz P, Rashid S et al (2022) Effects of marble indus-
try effluents on soil quality, growth and productivity of tomato
(Lycopersicon esculentum) in District Swat, Khyber Pakh-
tunkhwa, Pakistan. Pol J Environ Stud 31:1-8

Noman A, Ageel M (2017) miRNA-based heavy metal homeostasis
and plant growth. Environ Sci Pollut Res 24:10068—10082

Noman A, Aqeel M, Javed M et al (2017) Histological changes in
Hibiscus rosa-sinensis endorse acclimation and phytoremediation
of industrially polluted sites. ] Animal Plant Sci 27:1637-1648

Patra DK, Pradhan C, Patra HK (2020) Toxic metal decontamination
by phytoremediation approach: concept, challenges, opportunities
and future perspectives. Environ Technol Innov 18:100672

@ Springer


https://doi.org/10.1016/j.plaphy.2022.12.005
https://doi.org/10.1016/j.plaphy.2022.12.005
https://doi.org/10.1007/s11356-021-12579-5
https://doi.org/10.1007/s00128-021-03111-z
https://doi.org/10.1007/s42729-022-00854-4
https://doi.org/10.1007/s42729-022-00854-4

Environmental Science and Pollution Research

R Development Core Team (2021) R: a language and environment for sta-
tistical computing. R Foundation for Statistical Computing, Vienna,
Austria. http://www.R-project.org. Retrieved 13 February, 2022

Rahmat A, Kumar V, Fong LM, Endrini S, Sani HA (2003) Determina-
tion of total antioxidant activity in three types of local vegetables
shoots and the cytotoxic effect of their ethanolic extracts against
different cancer cell lines. Asia Pac J Clin Nutr 12:292-295

Sajad MA, Khan MS, Bahadur S et al (2020) Evaluation of chromium
phytoremediation potential of some plant species of Dir Lower,
Khyber Pakhtunkhwa, Pakistan. Acta Ecol Sin 40:158-165

Shah V, Daverey A (2020) Phytoremediation: a multidisciplinary
approach to clean up heavy metal contaminated soil. Environ
Technol Innov 18:100774

Shekari G, Javanmardi J (2017) Effects of foliar application pure amino
acid and amino acid containing fertilizer on broccoli (Brassica
oleracea L. var. italica) transplants. Adv Crop Sci Technol 5:1-4

Skrbi¢ BD, Buljov¢ié¢ M, Jovanovié G, Anti¢ I (2018) Seasonal, spatial
variations and risk assessment of heavy elements in street dust
from Novi Sad, Serbia. Chemosphere 205:452-462

Soleimani M, Amini N, Sadeghian B, Wang D, Fang L (2018) Heavy
metals and their source identification in particulate matter (PM2.
5) in Isfahan City. Iran J Environ Sci 72:166-175

SPSS1(2015) IBM SPSS statistics for windows, version 23.0. Armonk IBM Corp

Tahaei SA, Nasri M, Soleymani A, Ghooshchi F, Oveysi M (2022)
Plant growth regulators affecting corn (Zea mays L.) physiology
and rab17 expression under drought conditions. Biocatal Agric
Biotechnol 41:102288. https://doi.org/10.1016/j.bcab.2022.
102288

@ Springer

Tripathi DK, Singh S, Gaur S et al (2018) Acquisition and homeostasis
of iron in higher plants and their probable role in abiotic stress
tolerance. Front Envrion Sci 5:86

Wang J, Shi L, Zhai L et al (2021) Analysis of the long-term effec-
tiveness of biochar immobilization remediation on heavy metal
contaminated soil and the potential environmental factors weak-
ening the remediation effect: a review. Ecotoxicol Environ Saf
207:111261

Willmert HM, Osso JD Jr, Twiss MR, Langen TA (2018) Winter road
management effects on roadside soil and vegetation along a moun-
tain pass in the Adirondack Park, New York, USA. J Environ
Manage 225:215-223

Zhou J-W, Li Z, Liu M-S et al (2020) Cadmium isotopic fractionation
in the soil-plant system during repeated phytoextraction with a
cadmium hyperaccumulating plant species. Environ Sci Technol
54:13598-13609

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


http://www.R-project.org
https://doi.org/10.1016/j.bcab.2022.102288
https://doi.org/10.1016/j.bcab.2022.102288

	Nerium oleander could be used for sustainable management of traffic-borne elemental-enriched roadside soils
	Abstract
	Introduction
	Materials and methods
	Experimental design
	Description of sites
	Collection of plant and soil samples
	Determination of metal elements, nutrient ions, carbon, and nitrogen
	Bioconcentration factor (BCF)
	Road traffic data
	Determination of soil physicochemical characteristics
	Determination of chlorophyll content
	Determination of gas exchange characteristics
	Determination of total free amino acids and total soluble proteins
	Determination of total antioxidant activity
	Statistical analysis

	Results
	Metal contents in soil
	Heavy metals and nutrient contents in the plant
	Leaf photosynthetic pigments
	Gas exchange characteristics
	Total soluble proteins, free amino acids, and antioxidant activity
	Bioconcentration factor (BCF)
	Correlation

	Discussion
	Conclusion
	Acknowledgements 
	References


