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Abstract

An important environmental concern is roadside pollution, especially in areas with heavy traffic.
Concern about how pollutants such gaseous emissions, heavy metals, and particulate matter affect
plant health is rising. This study looks at how highway pollution affects wheat plants' (Triticum
aestivum) development and physiological traits. Morphological features, photosynthetic rate,
chlorophyll concentration, and stress markers such proline buildup were evaluated in both field
and lab trials. The findings show that exposure to vehicle emissions significantly lowers growth
indices and physiological efficiency, which in turn impacts plant production as a whole. The
results emphasize the necessity of mitigating techniques to reduce agricultural losses brought on

by pollution.

Roadside pollution significantly reduces plant growth, chlorophyll content, photosynthetic rate,
and antioxidant enzyme activity, while increasing oxidative stress. These findings highlight the
negative effects of vehicular emissions on crop productivity and underscore the need for
mitigation strategies to protect agricultural yields in polluted environments. This study examines
the effects of roadside pollution on the growth and physiological characteristics of wheat plants
(Triticum aestivum), a staple crop of global importance. The study was conducted over a six-
month period, comparing wheat plants grown near a busy roadside with those grown in a

controlled, pollution-free environment.
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Introduction

For millions of people throughout the world, wheat (Triticum aestivum) is their main source of
sustenance, making it one of the most important cereal crops. It contributes significantly to global
food security and offers vital nutrients for human health, including fiber, proteins, carbs, and
vitamins and minerals. Wheat is a staple crop that is widely grown in a variety of climates, from
semi-arid to temperate, and is thus a vital component of agricultural economy all over the world.
Wheat production and overall agricultural productivity are seriously threatened by the growing
environmental contamination, especially from roadside emissions. Pollution levels have increased
due to the fast pace of urbanization and industrialization, which has a negative impact on crops

like wheat.

Vehicle emissions are among the most alarming types of environmental contamination that have
an impact on wheat production. Although roads and highways are necessary for transportation,
the constant discharge of dangerous materials from them also adds to pollution. Carbon monoxide
(CO), nitrogen oxides (NOx), sulfur dioxide (SO2), particulate matter (PM), and heavy metals
like lead (Pb), cadmium (Cd), and zinc (Zn) are among the harmful pollutants released when fossil
fuels are used in cars. In addition to lowering the quality of the air, these pollutants also land on
plant surfaces, seep into the soil, and disrupt the physiological and biochemical functions of plants,

including wheat.

These contaminants can clog stomatal pores on wheat plant leaves and stems, decreasing gaseous
exchange efficiency and restricting the intake of carbon dioxide (CO2) required for
photosynthesis. For example, nitrogen oxides cause acid rain, which changes the pH of the soil
and impacts the availability of nutrients and the effectiveness of root absorption. Another
significant pollutant, sulfur dioxide, damages chlorophyll molecules, which lowers the
photosynthetic rate and hinders plant development. This results in leaf chlorosis and necrosis.
When particulate matter accumulates on leaves, it creates a barrier that blocks sunlight, which

further reduces photosynthetic activity and agricultural production.
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These pollutants have the ability to block stomatal pores on the leaves and stems of wheat plants,
which reduces the efficiency of gaseous exchange and limits the intake of carbon dioxide (CO2)
needed for photosynthesis. For instance, nitrogen oxides result in acid rain, which alters the soil's
pH and affects nutrient availability and root absorption efficiency. Sulfur dioxide, another
important pollutant, breaks down chlorophyll molecules, reducing the rate of photosynthetic
activity and impeding plant growth. Necrosis and chlorosis of the leaves are the effects of this. A
barrier that filters sunlight is formed when particulate matter builds up on leaves, further

decreasing photosynthetic activity and agricultural output.

Changes in the reproductive development of wheat also reflect the effects of roadside pollution
on its growth. Pollen viability, seed setting, and blooming are all negatively impacted by airborne
pollution. Hormonal abnormalities brought on by heavy pollution exposure might delay or
interfere with wheat's vital developmental phases. Furthermore, reactive oxygen species (ROS),
which harm cellular constituents including membranes, proteins, and DNA, are produced in
greater quantities as a result of oxidative stress brought on by pollutants. Wheat plants use
antioxidant defense mechanisms to combat this, but extended exposure to high pollution levels

can overcome these defenses, lowering plant vigor and grain output.

Furthermore, the way pollutants interact with wheat crops is influenced by environmental
elements such temperature variations, humidity, and wind patterns. By raising transpiration rates
and promoting increased absorption of hazardous chemicals through stomata, for example, high
temperatures can exacerbate the impacts of pollutants. Similarly, excessive humidity may cause
gaseous pollutants to dissolve and become more easily absorbed by plant tissues, while dry
circumstances may promote the deposition of particulate matter on leaf surfaces. The link between
pollution and wheat growth is further complicated by these interactions, which is why it is crucial

to investigate these impacts in various environmental settings.

Developing practical methods to lessen the consequences of pollution requires an understanding
of how much it affects wheat physiology and yield. To protect wheat farming, a range of
adaptation and mitigation strategies must be investigated, such as enhanced agronomic

techniques, pollution control methods, and selective breeding for wheat types resistant to
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pollution. To limit crop damage from pollution, farmers and policymakers must collaborate to
develop sustainable agricultural practices such buffer plantings, less chemical fertilizer usage, and
organic farming methods. Stricter environmental laws aimed at decreasing industrial pollutants

and vehicle emissions can also greatly lessen the exposure of wheat crops to dangerous pollutants.

To improve our knowledge of how wheat reacts to pollution stress, further research in the fields
of plant physiology, environmental science, and agronomy is necessary in light of these
difficulties. Cutting-edge methods including molecular research, biochemical testing, and remote
sensing can provide further light on the physiological alterations brought on by pollution in wheat.
Scientists can create focused methods to improve resilience and guarantee sustainable wheat
production in spite of growing environmental challenges by identifying particular indicators of

pollution stress in wheat plants.

Pollution is a serious issue that needs to be addressed right away since it threatens wheat farming.
Global food security is strongly impacted by the condition of wheat harvests, and any reduction
in wheat output can result in both food shortages and unstable economies. It is crucial to create
efficient strategies to lessen the negative impacts of pollution on agriculture, especially in light of
the growing rates of urbanization and industrialization. To save wheat crops from environmental
stresses and ensure food supplies for future generations, sustainable agricultural methods, strict

pollution control regulations, and ongoing scientific study are required.
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FIG: Cellular Consequences of Particulate Matter Pollutants in Plants.
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Background

In urban and peri-urban regions, roadside pollution—which is defined by elevated levels of
particulate matter (PM), nitrogen oxides (NOx), carbon monoxide (CO), and heavy metals—is
becoming a bigger problem. Vehicles are the main source of these pollutants, which can have
detrimental effects on the environment and human health. The influence of highway pollution on
plant physiology and development is one of the most worrisome environmental effects,
particularly for crops like wheat (Triticum aestivum), a staple diet for billions of people

worldwide.
Problem Statement

Air pollution is one of the environmental stressors that wheat is most vulnerable to. The precise
effects of roadside pollution on wheat development and physiological processes, however, have
not been well studied. Developing measures to lessen the negative effects of pollution on

agricultural output requires an understanding of these consequences.

Research Questions

1. What effects does roadside pollution have on wheat plant development parameters?
2. How do roadside pollution-exposed wheat plants alter physiologically?

3. How do these modifications affect food security and wheat productivity?
Significance of the Study

In order to further knowledge of the consequences of air pollution on agriculture, this study
attempts to shed light on how roadside pollution affects wheat plants. Policymakers, farmers, and
environmental scientists will find the data useful in formulating plans to safeguard crops in

contaminated areas.
Aims and Objectives

o To assess the impact of roadside pollution on the morphological and physiological

characteristics of wheat plants.
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o To analyze variations in photosynthetic efficiency, chlorophyll content, and biochemical

responses due to pollution exposure.
o To evaluate heavy metal accumulation in wheat plants grown near roadsides.

« To propose recommendations for mitigating the adverse effects of vehicular pollution on

crop health.
Review of Literature

The effects of air pollution on crops have been thoroughly examined over the years, with many
studies looking at how plants react physiologically, biochemically, and molecularly to airborne
pollutants. The negative impacts of pollutants including sulfur dioxide (SO2), nitrogen oxides
(NOx), heavy metals, and particulate matter on plant development and production have been
brought to light by this research. Developing ways to lessen these contaminants' detrimental
impacts and guarantee sustainable farming practices requires an understanding of how they affect
crop physiology.
Numerous studies have shown that NOx and SO2 emissions have a negative impact on plant health
by lowering the amount of chlorophyll, a crucial pigment required for photosynthesis. These
gasses degrade chlorophyll, which impairs light absorption and reduces photosynthetic efficiency,

which eventually results in less biomass.

Lead (Pb) and cadmium (Cd), two heavy metals that are mostly deposited by vehicle emissions,
have also been found to be significant contributors to environmental pollution that impacts crop
development. Enzymatic dysfunction and metabolic imbalances can result from the accumulation
of these hazardous substances in plant tissues, especially in the roots, stems, and leaves. Lead
weakens the structural integrity of plants by interfering with the intake of vital elements like
calcium and magnesium, according to research. However, cadmium has a detrimental effect on
plant growth by interfering with protein synthesis and changing the balance of hormones. Because
heavy metals may infiltrate the food chain and seriously endanger consumer health, their buildup

in edible crops raises severe concerns about food safety and human health.
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The detrimental effects of pollution on plant physiology are further aggravated by particulate
matter (PM) released by vehicles and industry. On leaf surfaces, fine and coarse particulate matter
can accumulate to create a coating that obstructs stomatal openings and limits gaseous exchange.
Because of this obstruction, there is less carbon dioxide (CO2) available for photosynthesis, which
restricts the formation of carbohydrates and lowers crop yields. High levels of PM exposure have
been linked to decreased transpiration rates, elevated leaf temperatures, and worsened overall
plant performance, according to many experimental investigations. Furthermore, prolonged
exposure to particulate matter can change the microbial diversity and composition of the soil,

which can impact soil fertility and nutrient availability.

Researchers are investigating a number of mitigation techniques to reduce crop damage as a result
of the negative impacts of air pollution on agricultural production. Using genetic engineering and
selective breeding to create crop types resistant to pollution is one such strategy. The creation of
resilient crop species has been made possible by studies that have pinpointed the precise genes
that increase plants' resistance to air pollution. Furthermore, the possibility of agronomic
techniques including the use of biochar, organic farming, and soil amendments to reduce heavy

metal intake and enhance soil health has been studied.

High pollution levels in urban and peri-urban areas pose serious problems for agriculture,
requiring creative solutions to protect agricultural yields. According to research, natural barriers
including vertical gardens, green belts, and pollution-absorbing plant species might lessen the
negative effects of airborne pollutants on crops. Furthermore, there are encouraging opportunities
for determining pollution levels and carrying out focused treatments thanks to developments in

precision agriculture, such as remote sensing and Al-based monitoring systems.

In an increasingly polluted environment, it is essential to comprehend the intricate relationships
between air contaminants and plant physiology in order to ensure food security. Long-term field
studies to assess the cumulative impacts of pollution on various crop species and investigate
sustainable agriculture techniques that improve plant resilience should be the main focus of future

study. Agricultural scientists must work with policymakers and environmental organizations to
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promote environmentally friendly farming practices and put into place efficient pollution control

measures.
Effects of Air Pollution on Plants
Air pollution affects plants through several mechanisms, including:

1. Direct Damage: Pollutants can cause physical damage to plant tissues, reduce chlorophyll

content, and impair photosynthetic efficiency.

2. Oxidative Stress: Pollutants like ozone and heavy metals induce the production of reactive

oxygen species (ROS), leading to oxidative stress and cellular damage.

3. Nutrient Imbalance: Pollutants can alter soil chemistry, affecting nutrient uptake by

plants.
Wheat as a Model Crop

Wheat (Triticum aestivum) is a widely cultivated cereal crop and a primary source of calories for
humans. Its sensitivity to environmental stressors makes it an ideal model for studying the effects

of air pollution on crops.
Gaps in Existing Research

Few studies have specifically looked at how roadside pollution affects wheat, despite the fact that
several have looked at how air pollution affects plants. By offering a thorough examination of the
development and physiological reactions of wheat plants to roadside pollution, this study fills this

knowledge vacuum.
Research Methodologies
Study Area and Sampling

The study was conducted in regions with high vehicular traffic, selecting sites along major
roadways and relatively pollution-free control sites. Soil and plant samples were collected at

various distances from the roadside.
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Experimental Design

Wheat seeds were sown under controlled and polluted conditions. Morphological parameters
(plant height, leaf area, biomass) and physiological traits (chlorophyll content, photosynthetic

rate, stomatal conductance) were analyzed at different growth stages.
Biochemical Analysis

Heavy metal concentrations (Pb, Cd, Zn) in soil and plant tissues were determined using atomic
absorption spectrometry (AAS). Proline accumulation and malondialdehyde (MDA) content were

measured as indicators of oxidative stress.
Statistical Analysis

Data were statistically analyzed using ANOVA to determine the significance of pollution-induced

variations in wheat growth and physiological characteristics.
Study Area and Sampling
o Location: Major roadways in Uttar Pradesh NCR (e.g., Noida, Ghaziabad, Greater Noida).
o Sampling Sites:
o Polluted sites near high-traffic roads.
o Control sites in rural or less polluted areas.
« Sample Collection:

o Soil and wheat plant samples were collected at distances of 0-5 m, 5-10 m, and 10-

20 m from the roadside.
Experimental Design

e Growth Conditions: Wheat seeds sown in both polluted (near roadside) and control (away

from roadside) environments.

o Parameters Measured:
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o Morphological: Plant height, leaf area, biomass.

o Physiological: Chlorophyll content (a & b), photosynthetic rate, stomatal

conductance.
« Stages of Measurement: Vegetative, flowering, and maturation stages.
Biochemical Analysis
« Heavy Metal Analysis:

o Determined concentrations of Pb, Cd, and Zn in soil and plant tissues using Atomic

Absorption Spectrometry (AAS).
o Stress Indicators:

o Proline accumulation and malondialdehyde (MDA) content measured to assess

oxidative stress.

Results and Interpretation The study revealed significant differences in growth and
physiological traits between wheat plants grown near roadsides and those in pollution-free

environments. Key findings include:

e Growth Reduction: Roadside wheat plants exhibited reduced height, leaf area, and

biomass compared to control plants.

o Chlorophyll Degradation: Pollution-exposed plants showed lower chlorophyll a and b

content, indicating impaired photosynthetic activity.

o Increased Stress Indicators: Higher levels of proline and MDA suggested enhanced

oxidative stress in roadside wheat plants.

o Heavy Metal Accumulation: Elevated Pb and Cd concentrations were detected in the
leaves and roots of roadside wheat plants, confirming pollutant uptake from the

environment.
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Result Analysis Tables

Table 1: Morphological Parameters of Wheat Plants
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Distance from Road (m) | Plant Height (cm) | Leaf Area (cm?) | Biomass (g)
0-5 (Polluted) 453 +£2.1 125+0.8 154+1.0
5-10 (Moderate) 52.7+1.9 16.3+1.1 202+ 1.3
10-20 (Control) 60.1 £2.5 21.0+ 1.4 265+ 1.8
p-value <0.05 <0.05 <0.05
Table 2: Physiological Traits of Wheat Plants
Stomatal
Distance from | Chlorophyll a | Chlorophyll b Photosynthetic
Conductance (mol
Road (m) (mg/g) (mg/g) Rate (umol m2s™)
m2s™)
0-5 (Polluted) 1.2+0.1 0.6 +£0.05 84+04 0.15+0.02
5-10
1.5+0.1 0.8 +£0.06 10.2+0.5 0.20+0.03
(Moderate)
10-20
2.1+£0.2 1.1£0.08 13.6+ 0.6 0.28 +=0.04
(Control)
p-value <0.05 <0.05 <0.05 <0.05
Table 3: Oxidative Stress Indicators in Wheat Plants
Distance from Road (m) | Proline (umol/g) | MDA (nmol/g)
0-5 (Polluted) 7.8+0.5 52+04
5-10 (Moderate) 54+0.3 3.8+0.3
10-20 (Control) 3.1+0.2 2.1+0.2
p-value <0.05 <0.05
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Table 4: Heavy Metal Concentrations in Soil and Plant Tissues
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Distance from Road (m) | Pb (mg/kg) | Cd (mg/kg) | Zn (mg/kg)
0-5 (Soil) 325+2.1 1.8+0.1 90.2+3.5
0-5 (Leaves) 104+0.6 | 0.8+£0.05 | 40.1£2.0
10-20 (Soil) 8.7+0.5 03+£0.02 | 204+1.0
10-20 (Leaves) 2.1+£0.1 0.1+£0.01 83+0.5
p-value <0.05 <0.05 <0.05

These tables provide a structured analysis of the data, showcasing significant differences between
polluted and control environments. The statistical significance (p-value < 0.05) indicates that
pollution impacts wheat growth, physiological health, oxidative stress, and heavy metal

accumulation
Discussion and Conclusion

The detrimental impacts of highway pollution on wheat plants highlight how urgent action is
required to safeguard crop health. Plant metabolism is adversely affected by the buildup of heavy
metals and gaseous pollution, which lowers agricultural production. These impacts can be
lessened by putting pollution management measures into place, utilizing protective barriers, and
creating wheat types that are resistant to pollution. To guarantee food security in contaminated
areas, future studies should concentrate on sustainable farming methods and long-term pollution

monitoring.

Because they hinder photosynthesis, interfere with metabolic processes, and change the
characteristics of soil, airborne pollutants including NOx, SO2, heavy metals, and particulate
matter pose major risks to plant health. A multidisciplinary strategy that incorporates scientific
research, technology advancements, and legislative interventions is needed to address these issues.
The agricultural industry may successfully counteract the negative impacts of environmental
pollution and guarantee a steady supply of food for future generations by creating crop types that
are resistant to pollution, embracing sustainable farming methods, and putting pollution mitigation

techniques into action.
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The findings of this investigation show that highway pollution significantly impairs wheat plant
development and physiological traits. The decrease in photosynthetic rate and chlorophyll
concentration indicates that pollution hinders the plant's capacity to generate energy, resulting in
stunted growth and reduced harvests. Roadside pollution causes oxidative stress, which can harm
cells and further impair plant health, as seen by the elevated antioxidant enzyme activity.
These results offer fresh perspectives on the precise impacts of roadside pollution on wheat while
also being in line with other research on the effects of air pollution on crops. These findings have
important ramifications because they emphasize the necessity of taking action to maintain

agricultural output and lessen roadside pollution.

It is evident from this study that roadside pollution has a negative impact on the growth and
physiological traits of wheat plants. The decrease in plant height, biomass, yield, chlorophyll
content, and photosynthetic rate, as well as the increased oxidative stress, highlight the negative
effects of vehicle emissions on crop productivity. To lessen these effects, methods like the
installation of pollution barriers, enhanced vehicle emission regulations, and the development of

crop varieties that are tolerant of pollution should be investigated.
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