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Atmospheric pollution is considered the world’s most serious environmental health
hazard by the World Health Organization (WHO). A polluted environment was
estimated to be responsible for over 6 million causalities worldwide in 2016, twice as
many as AIDS, tuberculosis, and malaria combined. Particulate matter (PM) is one of
the major atmospheric pollutants from various sources; however, it mainly consists of
suspended roadside dust particles. The size of PM depends on its sources and also on
elemental composition. To reduce disease incidents worldwide, it becomes necessary to
lower the levels of atmospheric pollutants. Great efforts are being made to evaluate
and reduce atmospheric pollutants in urban areas. Since the late 19" century, many
researchers have been ambitious to understand the nature of atmospheric pollutants
and to invent tools and techniques for their mitigation. Urban vegetation acts as a
good bio-monitor technique because of its capacity to intercept dust particles and
absorb or retain them over time. Urban vegetation also efficiently reduces gaseous air
pollutants primarily by their uptake via leaf stomata. This paper discusses the quality
of air in urban areas and the significance of urban trees in reducing air pollutants,
particularly particulate matter, around the globe. The mineralogical and elemental
profiling of urban dust particles concerning their distribution and size have been
thoroughly reviewed. Furthermore, the two-way interactions of PM with urban trees in
terms of the capacity of urban vegetation to intercept PM and changes in vegetation’s
physiology in reaction to PM load have been described.

Introduction

The earth’s atmosphere consists of various layers extending
from the troposphere to the exosphere. However, biologists
and environmentalists are more concerned with the quality
of the lower part of the troposphere because it contains most
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of the atmosphere’s mass and serves as a direct interface
among the lithosphere, hydrosphere, and stratosphere
(Harikumar et al., 2020). The composition of the
troposphere’s air includes various gases; among them, some
are dominant (nitrogen and oxygen), while others are
present in minute (argon, water vapors, carbon dioxide) or
trace amounts (hydrogen, helium, ozone, etc.) (Sharp,
2017). Along with the gases, depending upon the extent of
natural events and anthropogenic activities, this air can also
contain variable amounts of pollutants that can be hazardous
to life on Earth (Barbulescu et al., 2021). These pollutants
include hazardous gases (methane, sulfur oxides, ammonia,
nitrogen oxides, etc.), particulate matter (PMgs - PM1g), and
dust particles. About 90% of ammonia and 80% of methane
emissions globally come from agricultural activities, while
60% of sulfur oxides come from energy production and
distribution (Li et al., 2021).

Ambient air quality standards (AAQS) have been set
by the world health organization (WHO) and are accepted
globally. As air-borne evaluation factors vary at different
levels, several countries have developed air quality
standards through environmental organizations and
departments (Faridi et al., 2023). Optimum concentration
levels of those parameters that are not harmful to living
organisms are set in AAQS. When concentrations of these
parameters go beyond AAQS, breathing issues are very
common due to polluted air. Most AAQS-exceeding
occurrences are reported globally, which can result in
breathing problems and other health issues (Nazarenko et
al., 2021).

Urban forestry is the management of vegetation,
particularly trees, in urban and suburban areas (Ligtermoet
et al., 2022). Urban forests include all trees within these
areas and are often found among the high residential density
of people and within an intricate fabric of natural and
human-made structures and processes. Urban foresters work
to sustain a healthy tree population to meet the increasingly
diverse needs of urban society. Now a days, urban
vegetation is famous due to the provision of micro-scale
services and products such as temperature moderation,
carbon sequestration, noise reduction, pollution alleviation,
wood, fruit, and medicines, etc. (Nowak et al., 2010; Nawaz
etal., 2018; Yasin et al., 2019). Urban trees positively affect
air quality through filtration of polluted air, so several
countries are enhancing urban trees in their plans (Zia ur
Rehman et al., 2017; Yasin et al., 2020; Yousaf et al.,
2021a). Several reviews have been published in related
location sites, directing on, e.g., dust particles captured
through urban trees (Chaudhary and Rathore.,2018). dry
deposition on tree canopies (Nguyen et al., 2015), green
belts, and social justice (Ramsey et al., 2019). Several
studies have attempted in the past to calculate and estimate
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the socioeconomic benefits of improving atmospheric
quality. However, the role of urban trees on urban
atmospheric quality is not yet fully understood (Sabir et al.,
2020).

This review paper aims to give new insights into air quality
and particulate matter. Secondly, it presents the current
literature on the interaction of air quality and trees in urban
environments. Moreover, this paper addresses the positive
relation of urban vegetation with the urban environment
from two perspectives: vegetation services to remove
particulate matter (PM) load and the effect of PM on urban
vegetation’s health.

Air particulate matter

There are four main types of air pollution sources: mobile
pollution sources, such as cars, buses, airplanes, trucks, and
trains. Stationary sources include power plants, oil
refineries, industrial facilities, and factories. Regional
sources include agricultural areas, cities, and wood-burning
fireplaces (Maione et al., 2021), and these air pollutants can
be directly released into the atmosphere (main emissions) or
can be formed through the chemical interaction of precursor
substances (Sicard et al., 2021). The pollutants generated
from the emissions of automobiles normally involve
suspended roadside dust, wear and tear of tires and brakes,
and tailpipe exhausts (Adamiec et al., 2016). Many natural
phenomena, including volcanic eruptions and sandstorms,
release air pollutants into the atmosphere (Barbulescu et al.,
2021). Waste, coal mining, and long-distance natural gas
transportation are all sources of methane (Maione et al.,
2021). Suspended particles, spores, ash, ocean salt, and the
earth's surface are sources of particulate matter (PM) in the
atmosphere (Mandal et al., 2023). Although they are
synonyms, there is a difference between dust and particulate
matter. Dust is made up of fine particles from various
sources, i.e., plant pollens, fibers, and outdoor soil minerals,
which can be seen with the naked eye, while particulate
matter (PM) is made up of very minute solid particles,
including dust or liquid droplets invisible from the naked
eye (Syahmi et al., 2022) Moreover, PM is distinguished
into different types, such as PMig, PM2s PM;, and PMgs,
having less than 10, 2.5, and 1.0 um diameters (Hu et al.,
2023). Among them, PM2s majorly comes from roadside
dust (Anand et al., 2022).

Many modern methods to configure atmospheric dust
are being practiced. Evaluation of structural characteristics
of air-borne dust particles has been performed by
microscopic means using automated S.E.M., scanning
electron microscope (S.E.M.), and optical microscope
(Hildebrandt et al., 2022). S.E.M. attached with an energy-
dispersive X-ray spectrometer (SEM-EDX) is mostly used
to observe the relation of elements with particulates of

https://journals.pagepal.org/index.php/PlantandEnvironement

© PagePal. All Rights Reserved.

36



Plant and Environment

different structures and particulate morphology (Ram et al.,
2014b; Niazi et al., 2018). Structural determination of dust
particulates on abaxial and adaxial leaf surfaces has shown
the occurrence of particular little molecules, different
hygroscopic particles forming little particles, and
agglomerates attached to relatively bigger individual
particles (Tomasevic and Anicic, 2010). The particulate size
of air-borne dust varies due to elemental contamination
(Fujiwara et al., 2011a; Niazi et al., 2016b). The airborne
dust particulate can contain toxic substances and heavy
metals like Pb, Zn, Cr, and soot (Tomasevic and Anicic,
2010) However, the adsorption of Zn, Cr, Pb, Cu, Ni, Co, or
other metals with atmospheric particulate depends on their
size and elemental composition (Shakoor et al., 2018).
Studies of toxicology showed that the potential health risks
of different pollutants rely on those particles’ chemical
properties (Fussell et al., 2022). Dust particles in the air can
be polluted with different heavy metals, which can harm
humans. These elements (aluminum, lead, zinc, arsenic,
cadmium, nickel, or chromium) can cause the deterioration
of the environment in several ways (Fang et al., 2006).
Ratha and Sahu (1993) analyzed the composition of
minerals by X-ray diffraction. They described the existence
of iolite, kaolinite, and montmorillonite kinds of clay
minerals in the urban soil of Mumbai, India. Avila et al.
(1997) also reported the spread and origin of mineral
elements of African dust particulates in the Montesano
Mountain region in Spain. Ma et al. (2016) reported that the
composition of minerals in urban dust changed with the
proportion of particles and the origin. Erichsen et al. (2006)
reported many clay minerals in the dust by investigating the
composition of minerals of the dust from the pavement in
Norway. The profiling of minerals of surface and air-borne
deposited dust showed the existence of several clay minerals
dominated by muscovite, quartz, and calcite, along with iron
oxides (Engelbrecht et al., 2016). Fujiwara et al. (2011b)
studied the occurrence of minerals in size classified as street
dust in the capital city of Argentina and reported the
existence of clay minerals. Evaluation of dust from roadside
and plant canopies about the composition of minerals is
considered a complementary tool to atmospheric pollution
and the profiling of heavy metals. Various factors are vital
in reducing the dust load and its distribution. These factors
include soil topography, plant diversity and density, and
physiographic and climatic factors (Kimsey et al., 2019).

Many incidents of exceeding levels of particulate matter
(PM) from the standards of air quality have been recorded in
several cities across the globe. Among Asian countries, it
was discovered that only two cities have average annual
concentrations of PMjyo within limits set by WHO (20
ug/m?), whereas other 58% of these cities have PMyg levels
above from level of WHO Interim Target-1 of 70 pg/m3
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(CAl-Asia, 2010). Different European cities have been
reported to have exceeded air quality standards such as
PM2s, total suspended particulates (T.S.P.), black smoke
(B.S.), and PMyy (EEA-ETC/AQ, 2001). The Ministry of
Environment in New Zealand recorded high levels of PM1
along roads due to heavy transport in Auckland (Ministry
for the Environment, 2010). Furthermore, increased
pollution levels and lower air quality standards in Serbia
have been identified (Serbula et al., 2013; Lazovi¢ et al.,
2016). In central London, about 80% of PMi was
reportedly produced from vehicular emissions (Miller,
2010). Many cities in India have surpassed the suspended
particulate matter (S.P.M.) concentrations more than the
recommendations (CAI-Asia, 2010; CPCB, 1999; 2010).
Laird et al. (2010) reported that the per annum early death
rate in India is 40000 persons due to air pollution. Kolkata is
also considered top of the most notorious world cities
regarding air pollution (D.O.E., 2002). In a recently
published report, keeping in view the dust and PM status,
“Gurugram” city in the southwest of New Delhi, India, was
termed as the most polluted city, whereas “Bangladesh” was
the worst polluted country, followed by Pakistan, India,
Afghanistan, and Mongolia (Sivalingam, 2019).

Air quality and human health

Generally, air pollutants and dust particulates linked with
several contaminants like organic pollutants, heavy metals,
and other harmful substances are suspected of causing
harmful effects on human health (Beelen et al., 2008;
Katanoda et al., 2011; Raaschou et al., 2011; Yousaf et al.,
2019). Many investigations were made from 1980 to 1990
to estimate the health problems from air contaminants
(Dockery and Pope, 1997; Lepeule et al., 2012; Masindi and
Muedi, 2018). According to the United Nations report,
almost six hundred million urban dwellers are directly in
contact with high-pressure air pollutants (Cacciola et al.,
2002; Yakubu, 2017). Air pollution and daily mortality
show a strong correlation among them, and these facts were
observed when different hospitals and emergency rooms
were visited around the world (Yorifuji et al., 2010;
Raaschou et al., 2011; Katanoda et al., 2011; Cesaroni et
al., 2013; Heinrich et al., 2013; DeVries et al., 2017). The
higher concentration of atmospheric dust and particulate
PMio and PMzs enhances the health issues in urban area
manifolds (Hoque et al., 2020). Some diseases like lung
cancer, chronic obstructive pulmonary disease, and
respiratory diseases are increasing exponentially (Cox et al.,
2000; Miron et al., 2020). The most common type of cancer
is lung cancer; about 1.8 million people worldwide are
currently affected by it. It is also reported that 19.4% of
cancer-caused deaths are due to atmospheric pollution
(Ferlay et al., 2013; Cheng et al., 2022).
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According to a global survey of disease occurrence (IPCC,
2003), air pollution is the deadliest among the top 10 causes
of human death (IHME, 2013). Asia is at great risk of air
pollution, and about seventy percent of the deaths can be
attributed to atmospheric pollution. The three hundred
percent increase in the death toll as reported by the Institutes
for Health Metrics and Evaluation (IHME), i.e., 74 million
more casualties than in 2000 (IHME, 2013). IHME reported
that in 2010, in India, about 620000 before-time deaths
occurred due to air pollution-related diseases, which is six
times more than in 2000 (Institute for Health Metrics and
Evaluation, 2013). Premature deaths are caused by air-
related diseases like chronic obstructive pulmonary disease
(17.32%), stroke (25.48%), lower respiratory infections
(6.4%), bronchus ischemic heart disease (48.6%), and
trachea (2.02%) (IHME, 2013).

Urban forestry and air quality

These trees provide uncountable and significant services to
the community and provide habitat to urban wildlife (Sabir
et al., 2021). They fight toxic wastes, dust, and noise
pollution and are a source of fodder for grazing. Reducing
atmospheric dust particles through urban tree interception
from atmospheric enhancing quality in an urban
environment (Isaifan et al., 2020) near roadways (Adedeji et
al 2022). The nature of these particles and urban vegetation
is important in deciding their relations and particle removal
efficiency from the urban environment. Trees canopies,
susceptible and highly exposed parts of trees, may act as
persistent absorbers in a polluted environment (Piracha et al.
2022). Shrubs are more effective in reducing minute
particles from an urban environment than large trees. Trees
act as pollutant scouting and pollution receptors in an urban
environment. The capacity of tree canopies as a pollutant
receptor is normally dependent upon their surface geometry,
epidermal and cuticle features, leaf pubescence, and height
of trees (Nowak, 2013; Corada Perez., 2023).

Reductions in emission amounts of air particulate can be
made by improving technologies but keeping in view the
urban development, and it isn't easy to control the numbers
of emitters. In such situations, tree canopies are the best
local sinks for absorbing hazardous atmospheric pollutants
(Mandal et al., 2023). Trees can eliminate huge amounts of
pollutants from the atmosphere, so they should be included
in every plan and step taken to mitigate atmospheric
pollution. Many previous studies affirm that urban
vegetation, especially perennials, is good for the removal of
particulate matter along with pollen, dust, trace elements,
spores, salt, and particles (Artaxo et al., 2022). Using urban
vegetation to diminish air-borne particle concentration is a
good alternative to road cleaning or reducing automobiles to
improve air quality. Air-borne trace elements are
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accumulated in various plant parts and have been reported in
previous studies (Ram et al., 2014b; Diener and Mudu,
2021). Urban vegetation minimizes atmospheric pollution in
several ways, i.e., leaf absorption, deposition on leaves, and
settling of particulate matter on the windward side of plants
when air moves slowly (Wang et al., 2022). Indoor studies
have also reported improving air quality by removing air
particulates from plant surfaces (Han et al., 2022).
Improvement in urban air quality has been seen by planting
extra trees in cities and towns (Khan et al., 2022). The
deposition of dust on vegetation cover showed that plant
parts above the ground surface, i.e., leaves, barks, and other
parts which are exposed to air, are generally good suckers in
a contaminated atmosphere (Rahman & Husen 2022).

Similarly, Klugmann-Radziemska (2020), checked the dirt's
ability to be deposited on tree surfaces near highways. They
suggested that dust accumulation was increasing with
increasing numbers of vehicles and decreasing with
increased distance from that road. Bougainvillea sp. is one
of the most grown shrubs in India, and it was examined to
explore its capacity to deposit dirt and to be used as a bio
aesthetic and dust filter on the roadside (Sharma et al.,
2005). The Central Pollution Control Board (CPCB) also
started an investigation to study the dirt-retaining ability of
plants, i.e., plants, trees, and shrubs in several cities in India.
There was observed variation in the dust-capturing capacity
of each plant (CPCB, 2007). Kulshreshtha et al. (2009),
investigated the pollution-controlling ability of plants
regarding dirt refining and found that dust material from
vehicle emissions accumulated on the leaves of roadside
plants (Heikkinen, 2016). Dust absorbing capacity of plants
planted along roadsides has been shown by (Ram et al.
2014b; Intan et al., 2023). Ornamental plants can help
control atmospheric pollution and be bio-indicators (Latwal
et al., 2023). The absorption of air pollutants by plats is a
cost-effective alternative to high-end technologies (Naveen
et al., 2023). Trees are also used as bio-monitor and bio-
indicator in urban and industrial places to calculate pollution
levels and indicate the environment's quality (Kapoor and
Chittora, 2017).

Quantification of particulate matter removal

The particulate matter and dust removal capacity of trees
and their quantification are gaining popularity today.
Several studies were designed to evaluate the reduction of
atmospheric pollutants like dust and particulate matter
through the canopies of the urban plantation. Urban
vegetation can lower the concentrations of atmospheric NO,
and PMyo, and several scientists report it (Yang et al., 2005;
Escobedo et al., 2009; Rawat et al 2023). It was estimated
that perennial woody vegetation (trees, shrubs, and bushes)
in Beijing, Republic of China, reduces 1,261.4 tons of
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atmospheric pollutants and about 772 tons of PMio removal
per annum. Similarly, the reduction in atmospheric
pollutants through vegetation in certain cities of the U.S.
was estimated to be approximately 711000 metric tons
(Anamika and Pradeep, 2016; Mandal et al., 2023). Three to
four percent of the removal of annual PMj, by plant
canopies was observed in West Midlands and Glasgow
(Steinhubel and Hala, 1967). Cavanagh, (2008) reported the
annual 300-ton removal of atmospheric pollutants through
plants in New Zealand. So, improvement of our
surroundings through ornamental plants and urban
plantation is an easy and cost-effective way (Petrova et al.,
2022). Cavanagh et al. (2009) designed a study to check the
potential of trees in sub-urban areas of Christchurch. They
found the trees which are planted on the edge of the
plantation absorbed more atmospheric pollutants as
compared to those trees which are planted on the inner side
of the plantation.

The evaluation of the reduction in the concentration of
atmospheric pollutants through urban plantations in Chicago
suggested that these plantations removed 888 tons of
atmospheric pollutants and sequestered 25200 tons of
carbon per year (Nowak et al., 2010; Ram et al., 2015).
Studies by Pugh et al. (2012) showed the significance of
urban plantations in eliminating atmospheric pollutants in
different cities worldwide. Also, they reported that urban
trees play a vital role in efficiently filtering urban
surroundings and improving air quality on street levels.
Nowak et al. (2013) reported an annual 4.7 tones removal of
PM2s by trees in various cities in the United States. These
atmospheric pollutants can be deposited on the surfaces of
canopies laterally and vertically.

Factors affecting particulate removal

Chaudhary and Rathore, (2018) suggested that growing
trees side by side on roads can reduce particulate matter.
The structure of a plant's leaves and canopies affect
particulates greatly, while the roughness of the leaves'
surface and the size of the stomata affect the efficiency of
the plant in trapping pollutants. Leaf surface and plant fresh
portion were proved to be more effective in trapping dust
particles. Removal of dust particles through the leaf surface
also depends on the particle's shape and size (Han et al.,
2020). The role of the leaf surface and foliage of plants in
capturing dust particles was also studied by (Weerakkody et
al., 2017). Positioning of the leaf on the main axis, shape,
size, and wax deposition play a vital role in the capturing of
air-borne dust particles through plants. Plants' foliage can
filter many solid particles because of the presence of
structures like trichrome and stomata. Meravi et al. (2021)
observed many variations in plant species according to dust
interception capacity. They reported that it depends on
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canopy size, shape, leaf structures, and leaf surface
characteristics like hair and cuticles. When winds blow,
some leaves with long petioles easily move to and fro and
hence cannot stick to dust for longer. On the other hand,
several leaves with short petioles withstand air movements
and hold more dust particles for a long time (Ram et al.,
2015).

Maity et al., (2023) assessed the role of the shape of the
canopy for dust filtration and categorized thick and thin
belts. Lyu et al., (2023). categorized different species of
trees according to their dust retention capacity under the
same environmental conditions. Kwak et al., (2023).
reported that the dust absorption ability of roadside plants
varies seasonally and found that dust absorption is a
cumulative process that can become lesser when washed in
the rain, and further deposition increases dust concentration.
Fine particles are easily buried in the surfaces of leaves; the
probability of their suspension was rejected by Liu et al.
(2012). The configuration and structure of wax on leaves are
determining factors, along with the morphology of leaves.
The Epicuticle wax layer and its thickness can affect the
quantity of dust deposition (Kubasek et al., 2023). Contrasts
in the aggregation of dust particles were seen among plant
species generally planted in Poland, and the alterations were
applied to the differences in wax qualities of several tree
species (Kwak et al., 2023). However, several other factors,
like ambient temperature, light, relative humidity, nutrient
availability, and water status, also significantly affect
pollution reduction.

Effect of atmospheric pollutants on plant ecophysiology

Plants become ultimate absorbers of air pollutants when
exposed to air directly. However, air pollution poses stress
on plants in many ways because it contains certain gaseous
pollutants, such as VOCs, SO, and NO, along with
particulates. Plants exhibit great diversity in modifications
of physiological functioning when they encounter some
extra atmospheric pollution load (Table 1). These changes
include a change in antioxidant enzyme activities, damage
to membrane structure, discoloration of pigments, and
produced antioxidant metabolites (Table 2). However, all
these changes depend upon the quantum of the particulates
to which they are exposed. Vegetation acts as a bio-
indicator, showing the pollution load in our surroundings.
There can be two categories according to their abilities, i.e.,
sensitive plants (can be used as indicators) and tolerant
plants (can be used as filters for air pollutants). Previous
studies show that in the last three decades, a lot of work has
been done on the ability of plants to bear air pollution and
the effect of atmospheric pollution on plants' physiology.
The role of air pollutants in damaging plant growth and
productivity was greatly discussed by (Chen et al., 2023).
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Generally, the physical and chemical properties of
atmospheric pollution significantly affect plant morphology
and physiology.

Farmer (1993) and Latwal et al., (2023) reported that
vegetation with more foliage is more susceptible to air-
borne particles. Although (Bukola et al., 2023) showed that
the high concentration of heavy metals is more toxic for
vegetation than cement dust particulates, it is well reported
that atmospheric pollution causes damage in plants like
epinasty, chlorosis, and necrosis ((Bousbih et al., 2023).
The results of exposure of plants to high air pollutants can
be devastating and reduce yields to greater extents (Dong &
Wang, 2023). It is also reported that atmospheric pollutants
negatively affect plant physiology regarding metabolic
function, enzyme activity, discoloration of leaves, and
reduced photosynthesis (Singh et al., 2023). Nihar et al.,
(2023), showed adverse effects like stunted growth and
reduced crop yields by air pollutants. About 60% of
atmospheric pollutants in metropolitan cities are due to auto
vehicle emissions. Mandal et al., (2023) investigated the
cuticle changes in tree leaves planted along the road and
found that particulate pollution can change the foliar
morphology of leaves and induce stress which can identify
the impacts of pollution on trees. Mandal et al., (2023)
reported that particulate matter from vehicular emissions
could cause stomata closure, changes in epidermal cells,
changes in trichrome, and alterations in was on leaf
surfaces. Several experiments show that different
physiological, morphological, and anatomical changes
occurred in plants due to a polluted environment (Yin et al.,
2023). Many research groups established that numerous
biochemical changes take place in plants like less
chlorophyll and carotenoid contents while increased
malondialdehyde contents as a response to abiotic stress
(Azeem et al., 2023).

Liu et al. (2023). analyzed that a few biochemical
reactions, like reversible bleaching, reduction, and
oxidation, significantly affect the number of green pigments
in plants. Ebrahimi et al., (2023) reported that the reduction
in amounts of chlorophyll a was due to its conversion into
pheophytin and losses of phytol from chlorophyll b. Also
reported decreased amounts of chlorophyll in plants due to
chloroplast damage.  Carotenoids  protect  plants
photochemically and chlorophyll from light damage (Han et
al., 2023). Air pollution can also affect carotenoids; their
protective function will ultimately be lost, and plants will
suffer (Kumar et al., 2023). Air pollution causes degradation
in chlorophyll levels and discoloration of leaves, while
chlorophyll levels indicate photosynthetic activity occurring
in plants (Zoufan et al., 2023; Singh et al., 2023). With the
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reduction in chlorophyll content, plants having direct
contact with air pollutants were seen to have increased lipid
peroxidation (Pheomphun et al., 2019). When air is full of
reactive oxygen species (R.0.S.), the most damaging
process is lipid peroxidation, which can affect cells and
organelles. Such huge amounts of ROS influence normal
physiological and cellular functioning and increase
oxidative stress by producing lipid-derived radicals (Umeno
et al., 2017). A study showed that elements like ascorbic
acid, chlorophyll, peroxidase, protein, and nitrate reductase
depend on air pollution loads. Neinhuis and Barthlott (2009)
observed a reduction in chlorophyll a and b of Ficus
benghalensis and Dalbergia sissoo near higher pollution
sites. Industrial pollution decreased 35% and 60% in
chlorophyll a and b, respectively, in Shorea robusta,
Alstonia scholaris, Peltophorum pterocarpum, Albizia
lebbeck, Tectona grandis, Lagerstroemia speciosa, and
Delonix regia. So, it is well documented that heavy
dust/particulate load can result in leaf injury and stomata
blocking, resulting in reduced photosynthesis and stunted
growth, as described in Figure 1.

Atmospheric Dust

Blocking of Leaf injury

stomata

Reduced
diffusion
resistance

Reduced
respiration

Reduced
transpiration

Leaf necrosis

Increase in leaf temperature

Reduced Photosyntheticrate
Limited cell division Cell destruction

Reduced vegetative and
reproductive growth

Stunted growth

Fig. 1. A conceptual diagram of plant growth against
atmospheric dust.

Air pollution tolerance index of urban vegetation

The air pollution tolerance index (APTI) is a tool to evaluate
the tree's response to atmospheric pollution. APTI indicates
plant species' tolerance rate when exposed to atmospheric
pollution (Molnér et al., 2020). The same plants having
resistance to some parameters of pollution in the atmosphere
can be sensitive to other parameters in the same atmospheric
conditions (Bera et al., 2021). Simply, only one factor
cannot make a clear judgment about the tolerance rates of
trees against atmospheric pollutants. To evaluate APTI,
several important factors, such as total chlorophyll content,
pH of leaf extract, ascorbic acid (AA), and relative water
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content, are equally important. These parameters have been
used to calculate the APTI in previous studies (Uka et al.,
2017). Evaluation of APTI in trees wvulnerable to
atmospheric pollutants has been studied, and several plants
were classified as sensitive and tolerant to a certain type of
pollution (Sahu et al., 2020). So, vulnerable trees can be
grown as bio-indicators of atmospheric pollution, while
other tolerant species can be grown for greenery in cities
(Irshad et al., 2020). Many other studies suggested that the
most tolerant species, such as C. procera and A. pungens
could be grown in the locality of pollution sources as a sink
for pollution (Chowdhury et al., 2007).

Recommendations for establishing particulate targeting
green belts

Previous studies suggest that several trees (Eucalyptus
camaldulensis, Pinus halepensis, and Ceratonia siliqua) can
play a significant role in ameliorating the urban
environment while creating buffer zones. Various poisons,
such as weedicides, herbicides, pesticides, nematicides,
insecticides, and fungicides, applied in agricultural fields
adjacent to urban areas, were found in farm and forest crops,
signifying an important service of the urban trees. Including
trees on farmland with crops, gardens, and orchids linked
with residential areas in the form of a compact wall would
be better for reducing atmospheric particulates like air-borne
dust and toxic substances. Furthermore, these trees will play
a vital role in removing leaching fertilizer and pesticides
which can cause important health issues (Zaady et al.,
2018).

To lower atmospheric pollution, efforts have not yet started,
and these strategies must include reducing emission levels
and installing absorbers like trees in close vicinities of the
contaminated regions. Instead of focusing on the capacity of
urban trees to overcome atmospheric pollution, street trees
should also be the main priority to reduce air pollution. Tree
species with good genetic makeup needed for effective dirt
adsorption should be preferred for vegetation in green belts
of urban areas. It is recommended that regions of greenery
must be situated at high altitude zones and should not be
randomized (Morani et al., 2011; Cuiyun and Chazhong,
2020). The planting location can be determined using index
values considering three main factors: little canopy cover,
pollution concentration, and population (Morani et al.,
2011). The septic mixture of wind velocity, plant species,
wind direction, canyon geometry, and canopy volume
should be considered scientifically through model-based
studies (Pugh et al., 2012). Using urban vegetation as
pollution control and monitoring sources is effective and
eco-friendly. In the future, the Air pollution tolerance index
(APTI) tool can be used for planning and managing urban
vegetation (Molndr et al., 2020). Several tree species having
high dirt accumulation ratio are Koelreuteriapaniculata,
Ulmuspumila, Syringaaoblata, Malusmicromalu,
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Weigelaflorida, Magnolia denudate, Ailanthus altissima,
Salix babylonica, Robiniapseudoacacia, Ligustrum victory,
Euonymus japonicus, Prunuscerasifera f. atropurpurea,
recommended to be used in future green belt planning (Liu
etal., 2017).

CONCLUSION

Atmospheric pollution is one of the major causes of
deterioration of air quality in urban areas of the world,
ultimately, posing a great health threat to urban dwellers.
Recent reports highlight a great correlation between high
levels of air-borne pollutants and early mortality in humans,
especially in South Asian countries. Air pollutants,
particularly particulate matter termed PM;, PMa5, and dust
particles, are very injurious to health and are largely
involved in respiratory diseases, including lung cancer.
Urban vegetation plays a vital role in purifying the
environment by removing dust particulates, absorbing
different toxic gases, and reducing carbon dioxide
sequestration. It is the most efficient and cost-effective way
of controlling atmospheric pollutants in the modern world.
Several vegetation structural factors such as leaf surface
area, leaf size, leaf arrangements, etc., and air pollution
tolerance capability of different vegetation species are
important factors in determining urban vegetation's
particulate matter removal potential. Heavy air-borne
pollutant load can hinder urban vegetation's physiological
functioning and growth, so it is important to consider the air
pollution tolerance index (APTI) of different plant species
before devising re-vegetation plans for urban areas.
Acknowledgment: We highly acknowledge the funds
provided by the Higher Education Commission (HEC),
Pakistan, under the NRPU program with project reference
number 3897.

Conflict of Interest: All authors express no conflict of
interest in any part of the research.

Funding: The funds are provided by the Higher Education
Commission (HEC), Pakistan.

Authors Contributions:  Conceptualization, M.A.S.,
M.F.N., and U.Z; methodology, B.M.B, and G.Y.; software,
T.HK., and M.T.B.Y., validation and formal analysis,
M.H.R., T.H.K,, JN., and S.H.; resources, M.F.N.; data
curation, M.A.S, G.Y., and U.Z.; writing original draft
preparation, M.A.S., and U.Z., writing review and editing,
M.F.N., S.H., T.H.K,, supervision, B.M.B All authors have
read and agreed to the published version of the manuscript.

Sabir et al. | DECEMBER 2023 | VOLUME 4 | ISSUE 2

© PagePal. All Rights Reserved.

41



Assessing the heavy metal contamination in ground water

References

Acheampong, K., Daymond, A. J.,, Adu-Yeboah, P., &
Hadley, P. (2019). Improving field establishment of
cacao (Theobroma cacao) through mulching, irrigation
and shading. Experimental Agriculture, 55(6), 898-912.

Adamiec, E., Jarosz-Krzemifnska, E., & Wieszala, R.
(2016). Heavy metals from non-exhaust vehicle
emissions in urban and  motorway  road
dusts. Environmental monitoring and assessment, 188,
1-11.

Adedeji, O. J., & Aladesanmi, A. D. (2022). Air and non-air
ecosystem services of urban trees in EKkiti State, South
West Nigeria. Am J Environ Protect, 11(2), 19-27.

Anamika, A., & Pradeep, C. (2016). Urban vegetation and
air  pollution mitigation: Some issues from
India. Chinese Journal of Urban and Environmental
Studies, 4(01), 1650001.

Anand, A., Yadav, S., & Phuleria, H. C. (2022). Chemical
characteristics and oxidative potential of indoor and

outdoor PM2. 5 in densely populated urban
slums. Environmental Research, 212, 113562.
Kesselmeier, J. (2022). Tropical and Boreal Forest—

Atmosphere Interactions: A Review.

Avila, A., Queralt-Mitjans, I., & Alarcon, M. (1997).
Mineralogical composition of African dust delivered by
red rains over northeastern Spain. Journal of
Geophysical Research: Atmospheres, 102(D18), 21977-
21996.

Azeem, M., Pirjan, K., Qasim, M., Mahmood, A., Javed, T.,
Muhammad, H., ... & Rahimi, M. (2023). Salinity stress
improves antioxidant potential by modulating physio-
biochemical ~ responses in  Moringa oleifera
Lam. Scientific Reports, 13(1), 2895.

Barbulescu, A., & Postolache, F. (2021). New approaches
for modeling the regional pollution in Europe. Science
of the Total Environment, 753, 141993.

Beelen, R., Hoek, G., van den Brandt, P. A., Goldbohm, R.
A., Fischer, P., Schouten, L. J., ... & Brunekreef, B.
(2008). Long-term exposure to traffic-related air
pollution and lung cancer risk. Epidemiology, 702-710.

Bera, B., Bhattacharjee, S., Shit, P. K., Sengupta, N., &
Saha, S. (2021). Significant impacts of COVID-19
lockdown on urban air pollution in Kolkata (India) and
amelioration of environmental health. Environment,
development and sustainability, 23(5), 6913-6940.

Bohne, H. (1963). Schéadlichkeit wvon Staub aus
Zementwerken fur Waldbestande. Allg. Forst, 18, 107-
111.

Bousbih, M., Lamhamedi, M. S., Abassi, M., Khasa, D. P.,
& Béjaoui, Z. (2023). Potential Use of Two Forest
Species (Salix alba and Casuarina glauca) in the

Rhizofiltration of Heavy-Metal-Contaminated
Industrial Wastewater. Forests, 14(3), 654.
Bukola, R. W., Omowunmi, F. O., Omowumi, I. O,

Olalekan, R. M., & lyingiala, A. A. (2023). The
Application of Biomaterials in Ecological Remediation
of Land Pollution: Bioremediation of Heavy Metals in
Cement Contaminated Soil Using White-Rot Fungus
Pleurotus sajor-caju.

Cacciola, R. R., Sarva, M., & Polosa, R. (2002). Adverse
respiratory effects and allergic susceptibility in relation
to  particulate air  pollution:  flirting  with
disaster. Allergy, 57(4), 281-286.

Asia, C. A. (2010). Air Quality in Asia, Status and Trends,
2013 Update. Pasig City, Philippines.

Calatayud, A., & Barreno, E. (2004). Response to ozone in
two lettuce varieties on chlorophyll a fluorescence,
photosynthetic pigments and lipid peroxidation. Plant
Physiology and Biochemistry, 42(6), 549-555.

CAMPBELL, C. W. (1957). Modification of light control in
plant development (Doctoral dissertation, Purdue
University).

Cavanagh, J. A. E., Zawar-Reza, P., & Wilson, J. G. (2009).
Spatial attenuation of ambient particulate matter air
pollution within an urbanised native forest patch. Urban
Forestry & Urban Greening, 8(1), 21-30.

Cavanagh, J. (2008). Influence of urban trees on air quality
in Christchurch; preliminary estimates
LC0708/097. Landcare Research, Lincoln, NZ.

CPCB, F. (2010). Air quality monitoring, emission
inventory and source apportionment study for Indian
cities. Central Pollution Control Board.

Cesaroni, G., Badaloni, C., Gariazzo, C., Stafoggia, M.,
Sozzi, R., Davoli, M., & Forastiere, F. (2013). Long-
term exposure to urban air pollution and mortality in a
cohort of more than a million adults in
Rome. Environmental health perspectives, 121(3), 324-
331.

Chaudhary, 1. J.,, & Rathore, D. (2018). Suspended
particulate matter deposition and its impact on urban
trees. Atmospheric  Pollution Research, 9(6), 1072-
1082.

Chen, H., Zhou, J., Liang, J., Zang, D., Ankrah Twumasi,
M., & Shen, Q. (2023). Study on the Impact of Air
Pollution on Agricultural Export
Trade. Sustainability, 15(3), 1775.

Cheng, E. S., Chan, K. H., Weber, M., Steinberg, J., Young,
J.,, Canfell, K., & Yu, X. Q. (2022). Solid fuel,
secondhand smoke, and lung cancer mortality: a
prospective cohort of 323,794 Chinese never-
smokers. American Journal of Respiratory and Critical
Care Medicine, 206(9), 1153-1162.

Chowdhury, Z., Zheng, M., Schauer, J. J., Sheesley, R. J.,
Salmon, L. G., Cass, G. R., & Russell, A. G. (2007).

Contact: Muhammad Azeem Sabir @ azeem.sabir@iub.edu.pk

© 2023, PagePal (Pvt.) Ltd. (https://journals.pagepal.org/index.php/PlantandEnvironement)

36



Plant and Environment

Speciation of ambient fine organic carbon particles and

source apportionment of PM2. 5 in Indian
cities. Journal of Geophysical Research:
Atmospheres, 112(D15).

Corada Perez, K. A. (2023). Towards a holistic

understanding of the role of green infrastructure in
improving urban air quality.

Cox, P. M., Betts, R. A,, Jones, C. D., Spall, S. A, &
Totterdell, 1. J. (2000). Acceleration of global warming
due to carbon-cycle feedbacks in a coupled climate
model. Nature, 408(6809), 184-187.

Cuiyun, C., & Chazhong, G. (2020). Green development
assessment for countries along the belt and
road. Journal of environmental management, 263,
110344.

Czaja, AT (1960). The effect of dusted lime and cement on
plants. Qualitas Plantarum et Materiae Vegetabiles , 7,
184-212.

Czaja, A. T. (1962). Uber das problem der
zementstaubwirkungen auf pflanzen. Staub, 22, 228-
232.

De Almeida, J., Tezara, W., & Herrera, A. (2016).
Physiological responses to drought and experimental
water deficit and waterlogging of four clones of cacao
(Theobroma cacao L.) selected for cultivation in
Venezuela. Agricultural Water Management, 171, 80-
88.

Deshmukh, D. K., Deb, M. K., & Mkoma, S. L. (2013). Size
distribution and seasonal variation of size-segregated
particulate matter in the ambient air of Raipur city,
India. Air Quality, Atmosphere & Health, 6, 259-276.

Deshmukh, D. K., Deb, M. K., & Verma, S. K. (2010).
Distribution patterns of coarse, fine and ultrafine
atmospheric aerosol particulate matters in major cities
of Chhattisgarh. Indian J. Environ. Prot, 30, 184-197.

DeVries, R., Kriebel, D., & Sama, S. (2017). Outdoor air
pollution and COPD-related emergency department
visits, hospital admissions, and mortality: a meta-
analysis. COPD: Journal of Chronic Obstructive
Pulmonary Disease, 14(1), 113-121.

Diener, A., & Mudu, P. (2021). How can vegetation protect
us from air pollution? A critical review on green spaces'
mitigation abilities for air-borne particles from a public
health  perspective-with  implications for urban
planning. Science of the Total Environment, 796,
148605.

Dockery, D. W. (1997). Outdoor Air I: Particles. Topics in
environmental epidemiology, 119-166.

Dong, D., & Wang, J. (2023). Air pollution as a substantial
threat to the improvement of agricultural total factor
productivity: Global evidence. Environment
International, 173, 107842.

Plant and Environment

Review Article

Ebrahimi, P., Shokramraji, Z., Tavakkoli, S., Mihaylova, D.,
& Lante, A. (2023). Chlorophylls as Natural Bioactive
Compounds Existing in Food By-Products: A Critical
Review. Plants, 12(7), 1533.

Engelbrecht, J. P., Moosmdiller, H., Pincock, S., Jayanty, R.
K. M., Lersch, T. & Casuccio, G. (2016).
Mineralogical, chemical, morphological, and optical
interrelationships of mineral dust re-
suspensions. Atmospheric Chemistry and
Physics, 16(17), 10809-10830.

Erichsen, E., H. Schiellerup and A. Grimstvedt. 2006.
Analysis of the mineral content in dust samples from
asphalt cores. NGU report.

Escobedo, F.J., JA. Seitz and W. Zipperer. 2009. Air
pollution removal and temperature reduction by
Gainesvilles urban forest. Gainesville, FL: School of
Forest Resources and Conservation, Florida
Cooperative Extension Service, Institute of Food and
Agricultural Sciences, University of Florida.

Fang, G.C., Y.S. Wu, S.Y. Chang, S.H. Huang and J.Y.
Rau. 2006. Size distributions of ambient air particles
and enrichment factor analyses of metallic elements at
Taichung Harbor near the Taiwan Strait. Atmos. Res.
81:320-333.

Faridi, S., Krzyzanowski, M., Cohen, A. J., Malkawi, M.,
Moh’d Safi, H. A., Yousefian, F., ... & Hassanvand, M.
S. (2023). Ambient Air Quality Standards and Policies
in Eastern Mediterranean Countries: A Review.
International Journal of Public Health, 68, 1605352.

Farmer, A.M .1993. The effects of dust on vegetation a
review. Environ. Pollut. 79:63-75.

Farrell, A.D., K. Rhiney, A. Eitzinger and P. Umaharan
.2018. Climate adaptation in amino crop species: is the
cocoa breeding network prepared for climate change?
Agroecolo. Sustain. Food. Sys. 42:812-833.

Ferlay, J., I. Soerjomataram, M. Ervik, R. Dikshit, S. Eser,
C. Mathers, M. Rebelo, D.M. Parkin, D. Forman and F.
Bray. 2013. Cancer incidence and mortality worldwide.
IARC CancerBase No. 11. Lyon, France: Int. Agency.
Res. Cancer.

Fluckiger, W., JJ. OQertli and H. Fluckiger. 1987.
Relationship between stomatal diffusive resistance and
various applied particle sizes on leaf surfaces. Z.
Pflanzenphysiol. 91:173-5.

Fujiwara, F., R.J. Rebagliati, L. Dawidowski,D D. Gomez,
G. Polla, V. Pereyra and P. Smichowski. 2011a. Spatial
and chemical patterns of size fractionated road dust
collected in a megacitiy. Atmos. Environ. 45:1497-
1505.

Fujiwara, F.G., D.R. Gomez, L. Dawidowski, P. Perelman
and A. Faggi. 2011b. Metals associated with air-borne
particulate matter in road dust and tree bark collected in

Sabir et al. | DECEMBER 2023 | VOLUME 4 | ISSUE 2

© PagePal. All Rights Reserved.

37



Urban Plants: Reducing Particulate Matter and Enhancing Environment

a megacity (Buenos Aires, Argentina). Ecol. Indic.
11:240-247.

Fussell, J. C., Franklin, M., Green, D. C., Gustafsson, M.,
Harrison, R. M., Hicks, W., ... & Zhu, Y. (2022). A
Review of road traffic-derived non-exhaust particles:
emissions, physicochemical characteristics, health risks,
and mitigation measures. Environmental Science &
Technology, 56(11), 6813-6835.

Gateau-Rey, L., E.V.J. Tanner, B. Rapidel, J.P. Marelli and
S. Royaert. 2018. Climate change could threaten cocoa
production: effects of 2015, 2016 EI Nifio-related
drought on cocoa agroforests in Bahia, Brazil. Plos
One. 13:1-17.

Generating evidence, guiding policy GBD-2010 Seattle,
WA: IHME. lowa Department of Natural Resources.
2012. Exceedances of theNationalAmbient Air Quality
Standards. Ambient Air Monitoring Group.

Gupta, A.K., K. Karar and A. Srivastava. 2007. Chemical
mass balance source apportionment of PMi and TSP in
residential and industrial sites of an urban region of
Kolkata, India. J Hazard. Mat. 142:279-287.

Han, D., Shen, H., Duan, W., & Chen, L. (2020). A review
on particulate matter removal capacity by urban forests
at different scales. Urban Forestry & Urban
Greening, 48, 126565.

Han, S., Wang, Y., Zhang, Q., Wang, W., & Pei, D. (2023).
Chrysanthemum morifolium [-carotene hydroxylase
overexpression promotes Arabidopsis thaliana tolerance
to high light stress. Journal of Plant Physiology,
153962.

Han, Y., Lee, J., Haiping, G., Kim, K. H., Wanxi, P.,
Bhardwaj, N., ... & Brown, R. J. (2022). Plant-based
remediation of air pollution: A review. Journal of
Environmental Management, 301, 113860.

Han, Y., Q.Y. Wang and G.X. Han. 1995. The analysis
about SOD activities in leaves of plants and resistance
classification of them. J. Natural. Sci. 22:71-74.

Harikumar, A. and V. Vibhute, 2020. Aerodynamic
Principles for Aircraft: A Study. Inte. J. Res. Appli. Sci.
Eng. Technol. 8:45-98.

Harrison, R.M. and J. Yin. 2000. Particulate matter in the
atmosphere: which particle properties are important for
its effects on health? Sci. Total. Environ. 249:85-101.

Singh, A. D., Khanna, K., Kour, J., Dhiman, S., Bhardwaj,
T., Devi, K., ... & Bhardwaj, R. (2023). Critical review
on biogeochemical dynamics of mercury (Hg) and its
abatement strategies. Chemosphere, 137917.

Heikkinen, S. (2016). Effect of Material Recycling on the
Feasibility of Solid Recovered Fuel Fired Power Plant.

Heinrich J., E. Thierin, P. Rzehak, U. Kramer, M. Hochadel,
K.M. Rauchfuss, U. Gehring and H.E. Wichmann.
2013. Long-term exposure to NO, and PMy, and all-

Sabir et al. | DECEMBER 2023 | VOLUME 4 | ISSUE 2

cause and cause-specific mortality in a prospective
cohort of women. Occup. Environ. Med. 70:179-186.

Hien, P.D., V.T. Bac, H.C. Tham, D.D. Nhan and L.D.
Vinh. 2002. Influence of meteorological conditions on
PMas and PM2s—10 concentrations during the monsoon
season in Hanoi, Vietham. Atmos. Environ. 36:3473-
3484,

Hildebrandt, R., Skubacz, K., Chmielewska, 1., Dyduch, Z.,
Zgorska, A., & Smolinski, A. (2022). Implementing
Silica Nanoparticles in the Study of the Airborne
Transmission of SARS-CoV-2. Molecules, 27(12),
3896.

Hoque, M. M., Ashraf, Z., Kabir, H., Sarker, E. and Nasrin,
S. (2020). Meteorological influences on seasonal
variations of air pollutants (SO2, NO2, 03, CO, PM2. 5
and PM10) in the Dhaka megacity. Am. J. Pure Appl.
Biosci, 2(2), 15-23.

Horaginamani, S.M. and M. Ravichandran. 2010.
Ambient air quality in an urban area and its effects
on plants and human beings: a case study of
Tiruchirappalli, India. Kathmandu Univ. J Sci
Engin. Technol. 6:13-19.

Institute for Health Metrics and Evaluation. 2013. The
Global Burden of Disease: Generating Evidence,
Guiding Policy. Seattle, WA, IHME, 2013
http://mww.healthmetricsandevaluation.org/gbd/pub
lications/policy-report/global-burden-
diseasegenerating-evidence-guiding-policy
(accessed 23 Jul 2013).

Intan, D. Z., Yuniati, R.,, & Lestari, R. (2023).
Comparative study on Pb absorption ability of five
shade plant species in industrial estate and urban
forests of Bekasi, Indonesia. Biodiversitas Journal
of Biological Diversity, 24(2).

IPCC 2003. International panel on climate change: good
practice guidance for land use land-use change and
forestry Wagner Eds. Institute for Global
Environmental Strategies, Kanagawa, Japan.

Irshad, M. A., Nawaz, R., Ahmad, S., Arshad, M.,
Rizwan, M., Ahmad, N., ... & Ahmed, T. (2020).
Evaluation of anticipated performance index of tree
species for air pollution mitigation in Islamabad,
Pakistan. Journal of Environmental Science and
Management, 23(1).

Isaifan, R. J., & Baldauf, R. W. (2020). Estimating
economic and environmental benefits of urban trees
in desert regions. Frontiers in Ecology and
Evolution, 8, 16.

Janhall, S. 2015. Review on urban vegetation and
particle air pollution deposition and dispersion.
Atmos. Environ. 105: 130-137.

Kapoor, C.S. and A.K. Chittora. 2017. Efficient Control
of Air Pollution through Plants a Cost-Effective

https://journals.pagepal.org/index.php/PlantandEnvironement

© PagePal. All Rights Reserved.

38



Plant and Environment

Alternatives. J. Climatology. Weather. Forecast.
4:1-5.

Katanoda, K., T. Sobue, H. Satoh, K. Tajima, T. Suzuki,
H. Nakatsuka, T. Takezaki, T. Nakayama, H. Nitta,
K. Tanabe and S. Tominaga S .2011. An association
between long-term exposure to ambient air
pollution and mortality from lung cancer and
respiratory diseases in Japan. J. Epidemiol. 21:132-
143.

Khan, M. K., Naeem, K., Huo, C., & Hussain, Z. (2022).
The nexus between vegetation, urban air quality,
and public health: an empirical study of Lahore.
Frontiers in Public Health, 10, 842125.

Kimsey Jr, M. J., Shaw, T. M., & Coleman, M. D.
(2019). Site sensitive maximum stand density index
models for mixed conifer stands across the Inland
Northwest, USA. Forest Ecology and Management,
433, 396-404.

Klugmann-Radziemska, E. (2020). Shading, dusting and
incorrect positioning of photovoltaic modules as
important  factors in performance reduction.
Energies, 13(8), 1992. Puckett, K.J., E. Nieboer,
W.P. Flora and D.H.S. Richardson. 1973.

Kubések, J., Kalistova, T., Janova, J., Askanbayeva, B.,
Bednat, J., & Santricek, J. (2023). 13CO2 labelling
as a tool for elucidating the mechanism of cuticle
development A case of Clusia rosea. New
Phytologist.

Kulshreshtha, K., A. Rai, C.S, Mohanty, R.K. Roy and
S.C. Sharma. 2009. Particulate pollution mitigating
ability of some plant species. Int. J. Environ. Res.
3:137-142.

Kumar, P., Singh, A. B., Arora, T., Singh, S., & Singh,
R. (2023). Critical review on emerging health
effects associated with the indoor air quality and its
sustainable management. Science of The Total
Environment, 872, 162163.

Kwak, M. J., Lee, J., Park, S., Lim, Y. J, Kim, H,,
Jeong, S. G, & Woo, S. Y. (2023).
Understanding Particulate Matter Retention and
Wash-Off during Rainfall in Relation to Leaf Traits
of Urban Forest Tree Species. Horticulturae, 9(2),
165.

Laird, D., P. Fleming, B. Wang, R, Horton and D.
Karlen. 2010. Biochar impacts on nutrient leaching
from a Midwestern agricultural soil. Geoderma.
158:436-442.

Latwal, M., Sharma, S., Kaur, I., & Nagpal, A. K.
(2023). Global Assessment of Air Pollution Indices
of Trees and Shrubs for Biomonitoring and Green
Belt Development-A Tabulated Review. Water,
Air, & Soil Pollution, 234(3), 205.

Plant and Environment

Review Article

Lazovi¢, I. M., Stevanovié, Z. M., Jovasevié-Stojanovié,
M. V., Zivkovié, M. M., & Banjac, M. J. (2016).
Impact of CO, concentration on indoor air quality
and correlation with relative humidity and indoor
air  temperature in  school buildings in
Serbia. Thermal Science, 20(suppl. 1), 297-307.

Legge, A.H. and S.V. Krupa. 2002. Effects of sulphur
dioxide. In Bell, JN.B., Treshow, M., eds, Air
Pollution and Plant Life. John Wiley & Sons, West
Sussex, England pp 130- 162.

Lepeule, J, F. Laden, D. Dockery and J. Schwartz. 2012.
Chronic exposure to fine particles and mortality: an
extended follow-up of the Harvard Six Cities study
from 1974 to 2009. Environ. Health. Persp.

120:965-970.
Li, T.K,, Y.C. Feng, J.H. Wu, X.H. Bi, and Y.F. Zhang.
2021.  Emission  Performance  Quantitative

Evaluation and Application of Industrial Air
Pollution Sources. Huan Jing ke Xue= Huanjing
Kexue. 42:2740-2747.

Ligtermoet, E., Ramalho, C. E., Foellmer, J., & Pauli, N.
(2022). Greening urban road verges highlights
diverse views of multiple stakeholders on
ecosystem service provision, challenges and
preferred form. Urban Forestry & Urban Greening,
74, 127625.

Liu, J., Wu, Y., Dong, G., Zhu, G., & Zhou, G. (2023).
Progress of Research on the Physiology and
Molecular Regulation of Sorghum Growth under
Salt Stress by Gibberellin. International Journal of
Molecular Sciences, 24(7), 6777.

Liu, L, D. Guan and M.R. Pear. 2012. The
morphological structure of leaves and the dust-
retaining capability of afforested plants in urban
Guangzhou, South China. Environ Sci. Pollut. Res.
19 :3440-3449.

Liu, Y, Z. Yang, M. Zhu and J. Yin. 2017. Role of plant
leaves in removing air-borne dust and associated
metals on Beijing Roadsides. Aerosol. Air. Qual.
Res. 17: 2566-2584.

Lyu, J., Chen, D., Zhang, X., Yan, J., Shen, G., & Yin,
S. (2023). Coagulation effect of atmospheric
submicron particles on plant leaves: Key functional
characteristics and a comparison with dry
deposition. Science of The Total Environment,
161582.

Ma, L., Li, M., Zhang, H., Li, L., Huang, Z., Gao, W., ...
& Zhou, Z. (2016). Comparative analysis of
chemical composition and sources of aerosol
particles in urban Beijing during clear, hazy, and
dusty days using single particle aerosol mass
spectrometry. Journal of Cleaner Production, 112,
1319-1329.

Sabir et al. | DECEMBER 2023 | VOLUME 4 | ISSUE 2

© PagePal. All Rights Reserved.

39



Urban Plants: Reducing Particulate Matter and Enhancing Environment

Maione, M., E. Mocca, K. Eisfeld, Y. Kazepov and S.
Fuzzi. 2021. Public perception of air pollution
sources across Europe. Ambio. 50:1150-1158.

Maity, S., Singha, K., & Pandit, P. (2023). Introduction
to functional and technical textiles. In Functional
and Technical Textiles (pp. 1-30). Woodhead
Publishing.

Mandal, M., Popek, R., Przybysz, A., Roy, A., Das, S.,
& Sarkar, A. (2023). Breathing Fresh Air in the
City: Implementing Avenue Trees as a Sustainable
Solution to Reduce Particulate Pollution in Urban
Agglomerations. Plants, 12(7), 1545.

Manes, F., F. Marando, G. Capotorti, C. Blasi, E
Salvatori and L Fusaro. 2016. Regulating ecosystem
services of forests in ten Italian metropolitan cities:
air quality improvement by PM10 and O3 removal.
Ecol. Indic. 67: 425-440.

Masindi, V., & Muedi, K. L. (2018). Environmental
contamination by heavy metals. Heavy metals, 10,
115-132.

Means, M.M., C. Ahn, AR. Koroland and L.D.
Williams. 2016. Carbon storage potential by four
macrophytes as affected by planting diversity in a
created wetland. J. Environ. Manag. 165: 133-139

Meravi, N., Singh, P. K., & Prajapati, S. K. (2021).
Seasonal variation of dust deposition on plant
leaves and its impact on various photochemical
yields of plants. Environmental Challenges, 4,
100166.

Meusel, 1., C. Neinhuis, C. Markstadter and W.
Barthlott. 2013. Ultrastructure, chemical
composition, and recrystallization of epicuticular
waxes: Transverselyridged roadles. Can. J. Bot.
77:706-720.

Miller, B.G. 2010. Report on estimation of mortality
impacts of particulate air pollution in London.
Retrieved from http://www.london.gov.
uk/sites/default/files/Health Study Report.pdf

Ministry for the Environment. 2010. Environmental
report card February 2009 - air quality (particulate
matter - PM10). Wellington, New Zealand:

Ministry of Environment and Forests, Govt. of India.
Central  Pollution  Control  Board.  2007.
Phytoremediation of particulate matter from
ambient environment through dust capturing plant
species. Ministry of Environment and Forests, Govt.
of India.

Miron, O., Afrasanie, V. A., Paduraru, M. I., Trandafir,
L. M., & Miron, L. (2020). The relationship
between chronic lung diseases and lung cancer-a
narrative review. Journal of BUON: Official Journal
of the Balkan Union of Oncology, 25(4), 1687-
1692,

Sabir et al. | DECEMBER 2023 | VOLUME 4 | ISSUE 2

Molnar, V. E., Simon, E., Téthmérész, B., Ninsawat, S.,
& Szabd, S. (2020). Air pollution induced
vegetation stress—the air pollution tolerance index
as a quick tool for city health evaluation. Ecological
Indicators, 113, 106234.

Molnar, V. E., Simon, E., Téthmérész, B., Ninsawat, S.,
& Szab6, S. (2020). Air pollution induced
vegetation stress—the air pollution tolerance index
as a quick tool for city health evaluation. Ecological
Indicators, 113, 106234.

Morani, A., D.J. Nowak, S. Hirabayashi and C.
Calfapietra. 2011. How to select the best tree
planting locations to enhance air pollution removal
in the Million Trees NYC initiative. Environ.
Pollut. 159:1040-1047.

Natori, T. and T. Tgtsuko. 1984. Effects of mixed gas on
transpiration rate of several woody plants. |I.
Interspecific differences in the effects of mixed gas
on transpiration rate. Research Report No. 15,
National Institute for Environmental Studies,
Ibaraki, Japan.

Naveen, S., Aravind, S., Yamini, B., Vasudhareni, R.,
Gopinath, K. P., Arun, J., & Pugazhendhi, A.
(2023). A review on solar energy intensified
biomass valorization and value-added products
production:  Practicability, challenges, techno
economic and lifecycle assessment. Journal of
Cleaner Production, 137028.

Nawaz, M.F., M.T.B. Yousaf, G. Yasin, S. Gul, I.
Ahmad, M.R. Abdullah, A.S. Tanvir and M. Asif.
2018. Agroforestry status and its role to sequester
atmospheric  CO2 under semi-arid climatic
conditions in Pakistan. Appl. Ecol Env. Res.
16:645-661.

Nazarenko, Y., Pal, D., & Ariya, P. A. (2021). Air
quality standards for the concentration of particulate
matter 2.5, global descriptive analysis. Bulletin of
the World Health Organization, 99(2), 125.

Neinhuis, C. and W. Barthlott. 2009. Seasonal changes
of leaf surface contamination in beech, oak, and
ginkgo in relation to leaf micromorphology and
wettability. New. Phytol. 138:91-98.

Nguyen, T., Yu, X., Zhang, Z., Liu, M., & Liu, X.
(2015). Relationship between types of urban forest
and PM2. 5 capture at three growth stages of
leaves. Journal of Environmental Sciences, 27, 33-
41.

Niazi, N.K., B. Murtaza, I. Bibi, M. Shahid, J.C. White,
M.F. Nawaz, S. Bashir, M.B. Shakoor, G.
Choppala, G. Murtaza and H. Wang. 2016b.
Removal and recovery of metals by biosorbents and
biochars derived from biowastes. Enviro. Mat. Was.
149-177.

https://journals.pagepal.org/index.php/PlantandEnvironement

© PagePal. All Rights Reserved.

40



Plant and Environment

Niazi, N.K., I. Bibi, M. Shahid, Y.S. Ok, S.M. Shaheen,
J. Rinklebe, H. Wang, B. Murtaza, E. Islam, M.F.
Nawaz and A. Luttge. 2018. Arsenic removal by
Japanese oak wood biochar in aqueous solutions
and well water: Investigating arsenic fate using
integrated ~ spectroscopic  and  microscopic
techniques. Sci. Total. Environ. 621: 1642-1651.

Niazi, N.K., S. Bashir, I. Bibi, B. Murtaza, M. Shahid,
M.T. Javed, M.B. Shakoor, Z.A. Sagib, M.F.
Nawaz, Z. Aslam, H. Wang and G. Murtaza. 2016a.
Phytoremediation of arsenic-contaminated soils
using  arsenic  hyper accumulating  ferns.
Phytoremediation. 521-545.

Nihar, K., Nutkiewicz, A., & Jain, R. K. (2023). Natural
ventilation versus air pollution: assessing the impact
of outdoor pollution on natural ventilation potential
in informal settlements in India. Environmental
Research: Infrastructure and Sustainability.

Nowak, D.J., R.E. Hoehn, D.E. Crane, J.C. Stevens and
C. LeBlanc. 2010. Assessing urban forest effects
and values: Chicago’s urban forest. Northern
Resource Bulletin, NRS-37. Newtown Square, PA:
USDA Forest Service.

Nowak, D.J., S. Hirabayashi, A. Bodine and R. Hoehn.
2013. Modeled PM2.5 removals by trees in ten U.S.
cities and associated health effects. Environ. Pollut.
178:395-402.

Parish, S.B. 1910. The effect of cement dust on citrus
trees. Plant. World. 13:288-91.

Petrova, S., Nikolov, B., Velcheva, I., Angelov, N.,
Valcheva, E., Katova, A, ... & Marinov-Serafimov,
P. (2022). Buffer Green Patches around Urban Road
Network as a Tool for Sustainable Soil
Management. Land, 11(3), 343.

Pheomphun, P., Treesubsuntorn, C., & Thiravetyan, P.
(2019). Effect of exogenous catechin on alleviating
O3 stress: the role of catechin-quinone in lipid
peroxidation, salicylic acid, chlorophyll content,
and antioxidant enzymes of Zamioculcas
zamiifolia. Ecotoxicology and  Environmental
Safety, 180, 374-383.

Piracha, A., & Chaudhary, M. T. (2022). Urban air
pollution, urban heat island and human health: a
review of the literature. Sustainability, 14(15),
9234.

Pugh, T.AM., A.R. MacKenzie, J.D. Whyatt and C.N.
Hewitt. 2012. Effectiveness of green infrastructure
for improvement of air quality in urban street
canyons. Environ. Sci. Technol. 46: 7692-7699.

Rahman, S., & Husen, A. (2022). Impact of Sulphur
Dioxide Deposition on Medicinal Plants’ Growth
and Production of Active Constituents. In

Plant and Environment

Review Article

Environmental pollution and medicinal plants (pp.
65-88). CRC Press.

Ram, S. S., Majumder, S., Chaudhuri, P., Chanda, S.,
Santra, S. C., Chakraborty, A., & Sudarshan, M.
(2015). A review on air pollution monitoring and
management using plants with special reference to
foliar dust adsorption and physiological stress
responses. Critical Reviews in  Environmental
Science and Technology, 45(23), 2489-2522.

Ram, S.S., R.VV. Kumar, P. Chaudhuri, S. Chanda, S.C.
Santra, M. Deary, M. Sudarshan and A.
Chakraborty. 2014a. Nuclear microscopy for air-
pollutant characterization and its advantages over
traditional techniques. J. App. Spectrosc. 81:145-
150.

Ram, S.S., R.\V. Kumar, P. Chaudhuri, S. Chanda, S.C.
Santra, M. Sudarshan and A. Chakraborty. 2014b.
Physico-chemical characterization of street dust and
re-suspended dust on plant canopies: An approach
for finger printing the urban environment. Ecol.
Indic. 36:334-338.

Ratha, D.S. and B.K. Sahu. 1993. Source and
distribution of metals in urban soil of Bombay,
India, using multivariate statistical techniques.
Environ. Geol. 22:276-285.

Rawat, J.S. and S.P. Banerjee. 1996. Urban forestry for
improvement of environment. J. Energy. Environ.
Monit. 12:109-116.

Rawat, N., & Kumar, P. (2023). Interventions for
improving indoor and outdoor air quality in and
around schools. Science of The Total Environment,
858, 159813.

Sabir, M.A., F. Rasheed, Z. Zafar, I. Khan, M.F. Nawaz,
I. Hag and M. Bilal. 2020. A consistent CO2
assimilation rate and an enhanced root development
drives the tolerance mechanism in Ziziphus jujuba
under soil water deficit. Arid. Land. Res.
Manag, 34(4), 392-404.

Sabir, M.A., M.F. Nawaz, F. Rasheed, M.S. Naeem, and
M.J. Jaskani, 2021. Opinion of urban dwellers
varies to manage the urban spaces for urban
forestry: a case study of Faisalabad city. Pak. J.
Agric. Sci. 58:105-113.

Sahu, C., Basti, S., & Sahu, S. K. (2020). Air pollution
tolerance index (APTI) and expected performance
index (EPI) of trees in sambalpur town of India. SN
Applied Sciences, 2, 1-14.

Sahu, S.K., G.G. Pandit and S. Sadasivan. 2004.
Precipitation scavenging of polycyclic aromatic
hydrocarbons in Mumbai, India. Sci. Total.
Environ. 318:245-249.

Serbula, S., T. Kalinovic, J. Kalinovic and A. llic. 2013.
Exceedance of air quality standards resulting from

Sabir et al. | DECEMBER 2023 | VOLUME 4 | ISSUE 2

© PagePal. All Rights Reserved.

41



Urban Plants: Reducing Particulate Matter and Enhancing Environment

pyro-metallurgical production of copper: a case
study, Bor (Eastern Serbia). Environ. Earth. Sci.
68:1989-1998.

Shakoor, M.B., I. Bibi, N.K. Niazi, M. Shahid, M.F.
Nawaz, A. Faroogi, R. Naidu, M.M. Rahman, G.
Murtaza and A. Luttge. 2018. The evaluation of
arsenic contamination potential, speciation and
hydro geochemical behavior in aquifers of Punjab,
Pakistan. Chemosphere. 199:737-746.

Sharma, S.C., R. Srivastava and R.K. Roy. 2005. Role
of bougainvilleas in mitigation of environmental
pollution. J. Environ. Sci. Eng. 47:131-134.

Sharp, T. 2017. Earth's Atmosphere: Composition,
Climate & Weather. Space. Main.

Sicard, P., E. Agathokleous, A. De Marco, E. Paoletti,
and V. Calatayud, 2021. Urban population exposure
to air pollution in Europe over the last
decades. Environ. Sci. Euro. 33:1-12.

Singh, H., Singh, P., Agrawal, S. B., & Agrawal, M.
(2023). Assessment of the Reverberations Caused
by Predominant Air Pollutants on Urban
Vegetation: A Multi-Site Study in Varanasi Located
in Indo-Gangetic Plains. Gases, 3(2), 57-76.

Singh, R., B. Sharma and S. Chalka. 2010. Seasonal air
quality profile of inorganic ionic composition of
PM10 near Taj Mahal in Agra, India. Environ.
Monit. Assess. 168:195-203.

Singh, S.K., D.N. Rao, M. Agrawal, J. Pandey and D.
Naryan. 1991. Air pollution tolerance index of
plants. J. Environ. Manag. 32:45-55.

Sivalingam, N. 2019. Latest air pollution data ranks
world’s cities worst to best. Greenpeace
International.
https://www.greenpeace.org/international/press-
release/21193/latest-air-pollution-data-ranks-
worlds-cities-worst-to-best/. Assessed May 28,
2019.

Steinhubel, G. and L. Hala. 1967. Poruchy v tvorbe
susiny pri zvysenych teplotach vyvolanych v listoch
drevin prasnou imisiou. Lesnicky. Casopis. 13:365-
83.

Sulfur dioxide: its effect on photo-synthetic 14c¢ fixation
in lichens and suggested mechanisms of
phytotoxicity. New. Phytol. 72:141-154.

Taylor, H.J., M.R. Ashmore and J.N.B. Bell. 1987. Air
Pollution Injury to Vegetation. London: Institute of
Environmental Health Officers.

Tomasevic, M. and M. Anicic. 2010. Trace element
content in urban tree leaves and SEM-EDAX
characterization of deposited particles. Phys. Chem.
Technol. 8:1-13.

U.S. Environmental Protection Agency. 2010. Analysis
of particulate matter exceedances of the National

Sabir et al. | DECEMBER 2023 | VOLUME 4 | ISSUE 2

Ambient Air Quality Standard during low wind
winter air inversions in Sunland Park, New Mexico,
El Paso, Texas, and Ciudad Ju ~ arez, Chihuahua,
Mexico. Retrieved  from http://www.epa.
gov/region9//border/success/tx-nm-
chihuahua/NmedAnalysis-LowWind Winter
Final.pdf

Uka, U. N., Hogarh, J., & Belford, E. J. D. (2017).
Morpho-anatomical and biochemical responses of
plants to air pollution. Int J Mod Bot, 7(1), 1-11.

Umeno, A., Biju, V., & Yoshida, Y. (2017). In vivo
ROS production and use of oxidative stress-derived
biomarkers to detect the onset of diseases such as
Alzheimer’s disease, Parkinson’s disease, and
diabetes. Free radical research, 51(4), 413-427.

Wang, F., Sun, B., Zheng, X., & Ji, X. (2022). Impact of
Block Spatial Optimization and Vegetation
Configuration on the Reduction of PM2. 5
Concentrations: A Roadmap towards Green
Transformation and Sustainable Development.
Sustainability, 14(18), 11622.

Weerakkody, U., Dover, J. W., Mitchell, P., & Reiling,
K. (2017). Particulate matter pollution capture by
leaves of seventeen living wall species with special
reference to rail-traffic at a metropolitan
station. Urban forestry & urban greening, 27, 173-
186.

Williams, R.J.H.1974. Effects of atmospheric pollution
on deciduous woodland part 2: Effects of particulate
matter upon stomatal diffusion resistance in leaves
of Quercus petraea (Mattuschka) Leibl. Environ.
Poll. 6:87-109.

Yakubu, O. H. (2017). Particle (soot) pollution in Port
Harcourt Rivers State, Nigeria—double air
pollution burden? Understanding and tackling
potential environmental public health
impacts. Environments, 5(1), 2.

Yang, J., J. McBride, J. Zhou and Z. Sun. 2005. The
urban forest in Beijing and its role in air pollution
reduction. Urban. For. Urban. Gree. 3:65-78. 2

Yasin, G., M.F. Nawaz, T.A. Martin, N.K. Niazi, S. Gul
and M.T. Yousaf. 2019. Evaluation of agroforestry
carbon storage status and potential in irrigated
plains of pakistan. Forests 10:640.

Yasin, G., S.U. Rahman, M.T.B. Yousaf, M.F. Azhar,
D.M. Zahid, M. Imtiaz and B. Hussain, 2021.
Phytoremediation potential of E. camaldulensis and
M. alba for copper, cadmium, and lead absorption
in urban areas of Faisalabad city, Pakistan. Int.J.
Environ. Res. 15:597-612.

Yin, D., Luo, W., Yang, Z., Qi, S, Chen, K., & Gou, A.
(2023). Morphological and biochemical studies of
Salvia guaranitica St. Hil. under simulated

https://journals.pagepal.org/index.php/PlantandEnvironement

© PagePal. All Rights Reserved.

42


https://www.greenpeace.org/international/press-release/21193/latest-air-pollution-data-ranks-worlds-cities-worst-to-best/
https://www.greenpeace.org/international/press-release/21193/latest-air-pollution-data-ranks-worlds-cities-worst-to-best/
https://www.greenpeace.org/international/press-release/21193/latest-air-pollution-data-ranks-worlds-cities-worst-to-best/

Plant and Environment

Review Article

deposition with different amounts of dust. Zaady, E., . Katra, S. Shuker, Y. Knoll and S. Shlomo.
Ecotoxicology and Environmental Safety, 249, 2018. Tree Belts for Decreasing Aeolian Dust-
114404, Carried Pesticides from Cultivated Areas. Geosci.
Yorifuji, T., S. Kashima, T. Tsuda, S. Takao, E. Suzuki, 286:1-14.
H. Doi, M. Sugiyama, K. Ishikawa-Takata and T. Zia ur rehman, M., M. Rizwan, S. Ali, Y.S. Ok, W.
Ohta. 2010. Long-term exposure to traffic-related Ishaque, M.F. Nawaz, F. Akmal and M. Waqar.
air pollution and mortality in Shizuoka, Japan. 2017. Remediation of heavy metal contaminated
Occup Environ. Med. 67:111-117. soils by wusing Solanum nigrum: a review.
Yousaf, M.T. Bin, M.F. Nawaz, H.F. Khawaja, S. Gul, Ecotoxicol. Environ. Saf. 143:236-248.
S. Ali, I. Ahmad, F. Rasul and M. Rizwan. 2019. Zoufan, P., Zare Bavani, M. R., Tousi, S., & Rahnama,
Ecophysiological response of early stage Albizia A. (2023). Effect of exogenous melatonin on
lebbeck to cadmium toxicity and biochar addition. improvement  of  chlorophyll  content and
Arab. J. Geosci. 12:134. photochemical efficiency of PSII in mallow plants
Yousaf, M.T.B., M.F. Nawaz, M. Zia ur Rehman, S. (Malva parviflora L.) treated with cadmium.
Gul, G. Yasin, M. Rizwan and S. Ali, 2021a. Effect Physiology and Molecular Biology of Plants, 29(1),
of three different types of biochars on eco- 145-157.

physiological response of important agroforestry
tree  species under salt stress. Int. J.
Phytoremediation. .1-11.

Yousaf, M.T.B., M.F. Nawaz, M.Z. ur Rehman, F. Rasul
and M.A. Tanvir. 2021b. Ecophysiological response
of early stage Eucalyptus camaldulensis to biochar
and other organic amendments under salt stress.
Pak. J. Agri. Sci. 58:999-1006.

Plant and Environment Sabir et al. | DECEMBER 2023 | VOLUME 4 | ISSUE 2

© PagePal. All Rights Reserved.

43
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Table 1. The effect of dust on the growth response of vegetation (grasses, shrubs, and trees).

Species Effect Source

Beta vulgaris No starch production Czaja (1961)

Zea mays Reduced vegetative and Farrell et al. (2018)
reproductive growth

Mangifera indica Fruit set and leaf lesions Rao (1971)

Pisum sativum Increased water loss Manes et al. (2016)

Ficus religiosa Reduced leaf area index Meusel et al. (2013)

Quercus petraea Chlorophyll degradation Williams (1974); Janhall (2015)

Abies alba Reduced growth Fluckiger (1987);

Populous nigra Increased leaf temperature Gateau-Rey et al. (2018)

Pinus sylvestris Leaf injury Bohne (1963)

Taxus baccata Cell destruction Czaja (1962); Acheampong et al. (2019)

Citrus authantium Increased necrosis Parish (1910)

Table 2. The effect of atmospheric gas pollutants on plant functioning

Gases Vegetation type Effect Source

SO, Broad-leaved plants  Destruction of epidermal Legge and Krupa (2002)
cells and interveinal
necrosis

NO> Camphor tree Increase stomatal Natori and Totsuka (1984)
conductance De Almeida et al. (2016)

SOz and NO,  Broad bean Chronic injury and vyield Taylor etal. (1987)
reduction

O3 Soybean Necrotic lesions and Nowak et al. (2014)
chlorosis
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