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 Abstract 

The study was conducted in three different sites i.e. Bhatti chowk, vicinity of 
University of Sargodha and Bhagtawala to evaluate the effect of urban pollution 
on three plant species i.e. Azadirachta indica (Neem), Aloe barbadensis miller 
(Aloe vera) and Vachellia nilotica (Kikar). Biochemical parameters e.g. proline 
contents, lipid peroxidation and Anti-oxidants such as CAT, SOD and POD 
along with physiological attributes e.g. chlorophyll contents and relative water 
contents (RWC) of plant species were studied and compared with each other and 
also with control site to analyze the impact of pollution. The variations in the 
properties of selected plants were also compared to find the impact of pollution. 
Three replicates were selected from each site and were statistically analyzed by one-
way ANOVA. Analyses such as Correlation and regression were also performed to 
assess the relationship between pollution level and plant responses. It was 
concluded that all plant species showed negative correlation between pollution 
level and chlorophyll contents/RWC while showed positive correlation between 
pollution level and Proline, MDA, SOD, CAT and POD. Vachellia nilotica was 
found to be the most sensitive to pollution and showed elevated levels of Proline 
and MDA. Azadirachta indica was resilient plant specie as it maintained 
comparative amount of chlorophyll and water contents. Aloe barbadensis miller 
was having good water retention ability suggesting it moderate tolerant plant 
species. 
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1. Introduction 
An environment is a naturally occurring 
geographical region which supports all life forms 
because it provides clean air, rich soil and fresh 
water to all kinds of creatures (Emina KA, 2021). 
The industries and urban developments have 
made the environment unsustainable. The 
disposal of trash polluted with metals, gasoline, 
mining operations and fertilizer applications are 
some of the factors which are responsible for the 
accumulation of toxic metals in the environment 
(Mishra & De, 2024). Plants are adversely 
affected by the deterioration of the chemical 
composition of soil and water which might cause 

stress in plants (Msimbira LA & Smith DL, 
2020).  
Although some metals are very essential such as 
copper, iron and Zinc for physiological functions 
but their excess concentrations can be toxic and 
thus harmful. The toxic nature of heavy metals 
can limit the metabolism and also causes 
oxidative stress and nutrition stress in plants 
(Shah MP, Bharadvaja N & Kumar L 2024). 
Plants have defense mechanisms against these 
stresses such as vacuole sequestration, metal 
chelation, transporter-regulated metal intake, and 
improved antioxidant systems (Khatiwada B et al., 
2020).Enzymatic anti-oxidants such as catalase, 
superoxide dismutase and ascorbate are produced 
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by plant cells (AL-Aloosy YA et al., 2019). The 
ROS species produced under stress are scavenged 
and neutralized by these anti-oxidants (Ozougwu, 
2016). 
There are also some other adaptive mechanisms 
in plants to endure the environmental challenges 
(Raza A et al., 2020). Abscisic acid is a non-
enzymatic anti-oxidant produced under stress 
condition and is significant in managing plant’s 
stress reactions. The elevated levels of stress 
increase the abscisic acid contents which bring 
changes in the morphology of plants (Singh A & 
Roychoudhury A, 2023). The morphological 
changes include growing smaller sized leaves 
which limit the metabolic expenditure and 
reduced water loss under stress condition in 
polluted areas (Carlson JE et al., 2016). 
Plants also show some anatomical responses 
which indicate cytological changes in the tissues 
under unfavorable conditions. The organization 
of xylem and phloem rings is declined under 
chemical stress as compared to control (Jyske T & 
Hölttä T, 2015). The decline in the tissue size is 
the result of the pollutants which limit the cell 
growth and also decreases the size of stomata in 
epidermal cells (Chen Z et al., 2023). 
The photosynthetic pigments such as chlorophyll 
and carotenoids are decreased by the impact of 
pollutants. The capacity of plants to absorb 
sunlight is also diminished after the breakdown 
of photosynthetic pigments (Simkin AJ et al., 
2022). Nitrogen oxides (NOₓ), ozone (O3), and 
sulphur dioxide (SO2) are some of the pollutants 
which damage the chlorophyll molecules by 
causing oxidative stress which ultimately reduce 
photosynthetic rates (Awaad HA, 2021). 
 
2. Material and Method 
2.1 Study Area 
The research study was conducted in the urban 
and semi-urban regions of Sargodha. Sargodha 
has a semi-arid climate and it is also subjected to 
increasing levels of air and soil pollution due 
high traffic density, construction work and 
industrial activity. Three different sites were 
selected based upon pollution intensity: Bhatti 
Chowk (Site A) which is a high pollution zone 
due to high traffic density, University of 

Sargodha vicinity (Site B) which is moderate 
pollution zone due to residential area with 
moderate human activity and Bhagtawala (Site C) 
which is a control site having rural areas away 
from major roads. 
 
2.2 Plant Species Selection 
Three medicinal plants i.e. Aloe Vera (Aloe 
barbadensis miller), Kikar (Vachellia nilotica) and 
Neem (Azadirachta indica) were selected from each 
site for the study. 
 
2.3 Experimental Design 
The experiment was plotted by using Completely 
Randomized Design (CRD) with three 
treatments (pollution levels: high, moderate, low) 
and three replications per species per location. A 
total 90 plant samples were collected. Fresh fully 
expanded healthy plant leaves were collected in 
the morning for analysis. 
 
2.4 Physiological Parameters 
2.4.1 Chlorophyll Contents 
Arnon’s method (1949) was used to estimate the 
chlorophyll contents in the leaves. Fresh leaf 
sample was grinded with 80% acetone and then 
centrifuged for 10 minutes at 10,000 revolution 
per minute. The supernatant layer was discarded 
and used to check the absorbance at different 
wavelengths (663nm, 645nm, and 480nm) by 
using spectrophotometer. 
 
The below mentioned formulae were used for 
measuring the chlorophyll contents: 
 
Cℎ𝑙 𝑎 = [12.7(𝑂𝐷663) − 2.69(𝑂𝐷645)] 𝑥𝑉/1000 

𝑥𝑊] 
𝐶ℎ𝑙 𝑏 = [22.9(𝑂𝐷645) − 4.68(𝑂𝐷663)] 𝑥𝑉/1000 

𝑥𝑊] 
 

2.4.2 Leaf Relative Water Content (RWC) 
Mullan D & Pietragalla JJ (2012) approach was 
used to measure the RWC. 
 

RWC (%) = [(FW - DW) / (TW - DW)] * 100 
 
Whereas FW is a fresh weight, TW is a turgid 
weight measured after soaking in distilled water 
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for 04 hours and DW is a dry weight measured 
after drying at 70°C for 48 hours 
 
2.5 Biochemical Parameters 
2.5.1 Proline Content 
Bates et al. (1973) method was used to estimate 
the proline contents. Leaf samples were 
homogenized in 3% sulfosalicylic acid, filtered, 
and reacted with acid ninhydrin. The absorbance 
was read at 520 nm using a spectrophotometer. 
Proline concentration (μmol/g FW) = [µg 
proline/ml] x [ml toluene] / [115.5 µg/µmole] / 
[(g sample)/5] = µmoles proline/g of fresh weight 
material 
 
2.5.2 Lipid Peroxidation (MDA Content) 
Malondialdehyde (MDA) contents were 
determined by using the method of Ghani MA et 
al., (2017). Leaf samples were homogenized in 
trichloroacetic acid (TCA) and then heated with 
TBA reagent. The absorbance was read at 
wavelengths of 532 nm and 600 nm to correct for 
turbidity. MDA content was calculated using the 
extinction coefficient of 155 mM⁻¹cm⁻¹. 
MDA concentration (mM) = (A532 - A600) / 155 
Whereas A532 is the absorbance at 532 nm, 
A600 is the absorbance at 600 nm and155 is the 
molar extinction coefficient of the MDA-TBA 
adduct at 532 nm. 
 
2.5.3 Antioxidant Enzyme Activity 
Superoxide Dismutase (SOD) 
Activity was determined based on its ability to 
inhibit the photochemical reduction of nitroblue 
tetrazolium (NBT). Absorbance was recorded at 
560 nm. 
 
Catalase (CAT) 
CAT activity was measured by monitoring the 
decomposition of hydrogen peroxide (H₂O₂) at 
240 nm. 
 
Peroxidase (POD) 
POD activity was assessed using guaiacol as a 
substrate. Absorbance was recorded at 470 nm. 
Enzyme activities were expressed as units per mg 
of protein, with protein concentrations 

determined using the Bradford method 
(Bradford, 1976). 
 
2.5.4 Pollution Monitoring 
To correlate plant responses with pollution levels, 
basic environmental parameters such as air 
quality and soil analysis were monitored. Data on 
PM2.5, SO2 and NOx was obtained using 
portable air quality monitoring devices while soil 
samples were collected from site to estimate the 
EC, pH and heavy metals concentrations by 
atomic absorption spectroscopy (AAS). 
 
2.6 Statistical Analysis 
All data were subjected to Analysis of Variance 
(ANOVA) using SPSS. Significant differences 
among treatments were determined using 
Duncan’s Multiple Range Test (DMRT) at p ≤ 
0.05. Correlation and regression analyses were 
performed to assess relationships between 
pollution levels and plant responses. 
 
3. Results and Discussions 
3.1. Chlorophyll contents 
Figure 3.1 shows the values of chlorophyll ‘a’, ‘b’ 
and total chlorophyll contents in Aloe Vera (Aloe 
barbadensis miller), Kikar (Vachellia nilotica) and 
Neem (Azadirachta indica) collected from three 
different sites. 
Neem leaves had highest value of chlorophyll 
contents from Site A which indicated a healthy 
photosynthetic capacity despite of urban 
pollution (Gyang, 2020). Chlorophyll ‘a’ was 
more abundant (0.95 mg/g) as compared to 
chlorophyll ‘b’ (0.56 mg/g). The total chlorophyll 
contents were about 1.42 mg/g which suggested 
that Neem was constructively retaining its 
photosynthetic functions and demonstrating 
resilience to adverse environmental conditions in 
the urban setting (Chauhan A & Singh H, 2024). 
At Site B, Neem had lower levels of chlorophyll, 
with chlorophyll ‘a’ (0.65 mg/g) and chlorophyll 
‘b’ (0.435 mg/g) which resulted a total 
chlorophyll content of about 1.085 mg/g. The 
decline in the values of photosynthetic pigments 
points towards a reduced plant’s photosynthetic 
potential (Nouck AE, 2024). Compared to Site 
A, the reduced chlorophyll contents at Site B 
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infers that Neem experienced high 
environmental stress potentially due to elevated 
level of pollution (Prasad R & Prasad S, 2018). 
The lowest levels of chlorophyll were found in 
the Neem leaves from Site C, with chlorophyll 
‘a’, ‘b’ and total chlorophyll contents about 0.635 
mg/g, 0.3175 mg/g and 0.9 mg/g respectively. 
This decline suggested that Neem plants at Site C 
were under higher levels of environmental stress 
as compared to plants at Site A and B. The 
decrease in the pigment levels indicated that Site 
C was most polluted and unfavorable 
environment for Neem (Bessonova VP, 
Chongova AS & Sklyarenko AV, 2020). 
At Site A, Kikar had a high value of chlorophyll 
contents, with chlorophyll ‘a’ and chlorophyll ‘b’ 
about 0.94 mg/g and 0.49 mg/g respectively. The 
high ratio of chlorophyll ‘a’ to ‘b’ indicated a 
healthy photosynthetic activity. The Kikar at Site 
A was non-significantly affected by environmental 
pollution and site provided favorable conditions 
for the physiological functioning of plants 
(Rehman G et al., 2024). 
At Site B, Kikar exhibited more chlorophyll ‘a’ 
(0.615 mg/g) than chlorophyll ‘b’ (0.285 mg/g) 
with total chlorophyll contents (0.9 mg/g) while 
at Site C, Kikar had total chlorophyll contents 
about 0.86 mg/g, with chlorophyll ‘a’ and 
chlorophyll ‘b’ at 0.555 mg/g and 0.305 mg/g 
respectively. The level of photosynthetic pigment 

was found to be lower as compared to other sites. 
The decline in the pigments might be due to 
some factors such as nutrient availability, 
temperature and pollution causing damaging 
effects on chloroplast due to effects of SO2 and 
NOx (Dhir B, 2016). 
At Site A, Aloe vera had chlorophyll ‘a’, ‘b’ and 
total chlorophyll contents about 0.93 mg/g, 0.47 
mg/g and 1.316 mg/g respectively. These values 
are considered to be reasonable while the 
declined value might be the results of chlorophyll 
degradation by some air pollutants such as SO2 
and NOx, which suggested that plants were facing 
environmental stress (Hariram M et al., 2018). 
At Site B, Aloe vera exhibited chlorophyll ‘a’ of 
0.59 mg/g and chlorophyll ‘b’ of 0.26 mg/g, 
which resulted the total chlorophyll about 0.84 
mg/g. It was found that chlorophyll ‘a’ was a 
dominant pigment as compared to chlorophyll ‘b’ 
while the overall value of chlorophyll indicated 
moderate photosynthetic capacity (Gu J et al., 
2017).  
At Site C, the chlorophyll ‘a’, ‘b’ and total 
chlorophyll were found to be approximately 
0.555 mg/g, o.285 mg/g and 0.845 mg/g. These 
values suggested that Aloe vera had moderate 
photosynthetic capacity at Site C (Khajeeyan R et 
al., 2019). 

 

 
Figure 3.1 Chlorophyll contents 
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3.2. Relative Water Content (RWC %) 
Figure 3.2 shows the values of relative water 
contents (RWC) in Aloe Vera (Aloe barbadensis 
miller), Kikar (Vachellia nilotica) and Neem 
(Azadirachta indica) collected from three different 
sites. 
Neem from Site C exhibited the highest value of 
RWC (81.17%), followed by Site B (70.73%) and 
Site A (61.13%). As Relative water contents refer 
to the status of water in plant tissues, it suggests 
that Neem was fully hydrated under least water 
stress while plants of Site A were found to be 

under high level of water stress among the three 
sites (Khajeeyan R et al., 2019). 
Aloe vera plants of Site C had highest RWC 
(89.5%), followed by Site B (79.5%) and Site A 
(69.5%). It suggested that Aloe vera at Site C was 
the best hydrated and experienced least water 
stress while Site A plants were facing higher water 
stress (Delatorre-Castillo et al., 2022). 
In case of Kikar, the trend of RWC increased 
from Site A (60.5%) to Site B (70.5%) and was 
highest at Site C (80.5%). This pattern indictaed 
that Kikar from Site C was best hydrated while 
Kikar at Site A, experienced the highest level of 
water stress (Kisambo BK et al., 2024). 

 

 
Figure 3.2 Relative water contents (RWC) 
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that plants were experiencing greater 
environmental stress since proline accumulation 
always increases under stress such as drought or 
pollution (Spormann S et al., 2023). 
Aloe vera also followed the same trend like Neem 
and Kikar and had highest level of proline at Site 

A (3.16 µmol/g), followed by Site B (2.605 
µmol/g) and Site C (1.54 µmol/g). It suggested 
that Aloe vera at Site A was found under highest 
environmental stress due to high proline 
accumulation, while the plants at Site C were 
least affected (Spormann S et al., 2023). 

 
Figure 3.3 Proline contents 
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at Site A, were under highest oxidative stress, 
most probably because of polluted environment, 

while plants at Site C experienced the least stress 
(Kumar J et al., 2017). 

 

 
Figure 3.4 Lipid Peroxidation 

 
3.5 Superoxide dismutase (SOD) 
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protein). The decreasing trend suggested that 
Kikar at Site A, was experiencing highest level of 
oxidative stress induced by elevated 
environmental stress as compared to other Kikar 
plants at Site B, and Site C (Sarma B et al., 2023). 
Aloe vera also exhibited the highest SOD activity 
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B (26 U/mg protein) and lowest at Site C (20.5 
U/mg protein). This trend suggested that Aloe 
vera at Site A was under highest oxidative stress 
which triggered greater enzyme activity as 
compared to plants at Site B, and Site C (Kavian 
S et al., 2022). 

 

 
Figure 3.5 Superoxide dismutase (SOD) 
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3.6 Catalase (CAT) 
Figure 3.6 shows the values of Catalase (CAT) in 
Aloe Vera (Aloe barbadensis miller), Kikar (Vachellia 
nilotica) and Neem (Azadirachta indica) collected 
from three different sites. 
Neem exhibited the highest value of CAT at Site 
A (5.045 U/mg protein), followed by Site B (4.35 
U/mg protein) and Site C (3.625 U/mg protein). 
Highest CAT values at Site A suggested that 
Neem trees were exposed to elevated levels of 
oxidative stress most probably due to unfavorable 
polluted environment which triggered 

antioxidant defense to breakdown the hydrogen 
peroxide (Hossain MA et al., 2015). 
The average values of CAT in Aloe vera at Sites 
A, B and C exhibiting the highest level at Site A 
(4.625 U/mg protein), Site B (4.205 U/mg 
protein) and Site C (3.03 U/mg protein). It 
suggested that Aloe vera at Site A was 
experiencing highest environmental stress which 
triggered elevated physiological responses as 
compared to plants at other sites (Delatorre-
Castillo JP et al., 2022). 

 

 
Figure 3.6 Catalase (CAT) 
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Figure 3.7 Peroxidase (POD) 

 
Conclusion 
A distinct pattern of plant response to differing 
degrees of urban environmental stress is shown 
by comparing physiological and biochemical 
characteristics across the three sites. At Site A, 
neem, kikar, and aloe vera showed greater 
amounts of proline, antioxidant enzyme activity 
(SOD, CAT, and POD), and chlorophyll content, 
suggesting that this site imposed the most 
environmental stress, most likely as a result of 
higher pollution levels. At Site C, these stress 
markers were continuously lower, indicating 
better circumstances and less oxidative stress. The 
stress gradient between the sites was further 
supported by the matching lipid peroxidation 
levels (MDA), which likewise followed this 
pattern, with Site A exhibiting the most oxidative 
damage and Site C the lowest. 
Together with biochemical markers like proline 
accumulation and antioxidant enzyme activity, 
the physiological reactions of the plants—
particularly the variations in chlorophyll 
concentration and relative water content—
highlight the adaptive strategies used by these 
species when they are under stress from 
pollution. The results indicate that aloe vera, 
kikar, and neem can tolerate different levels of 
environmental stress, with Site C providing 
relatively ideal growth conditions. Given that 

these species not only survive urban pollution but 
also exhibit quantifiable physiological changes, 
these findings highlight their potential for 
application in urban greening and 
phytoremediation. 
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