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were collected from two different locations:
The North Oil Company, an area
contaminated with petroleum derivatives,
and Kirkuk University, an uncontaminated
area, for the period from November to
December 2024. the results showed some
anatomical characteristics of leaves of plants
that were taken from an area with polluted
soil, North Oil Company, where it is noted
that the thickness of the leaf was the highest
in eucalyptus, reaching 680 mm, while the
minimum thickness was 200 mm in the
mulberry plant. As for the vascular cylinder,
it reached 600 mm in the eucalyptus plant,
while the minimum size was in La Nina,
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the highest thickness of 50 mm in the
mulberry plant and the minimum thickness
in the eucalyptus plant. As for the cortex,
the highest thickness was 160 mm in the La
Nina plant and the minimum thickness in
the eucalyptus, reaching 28 mm. Figures (1-
10) also show the anatomical characteristics
of each plant. These results were different
from those of plant leaves taken from
healthy soil. On the other hand, it is noted
that in the La Nifa leaves collected from
polluted soil, the number of pores was 12,
while it was 15 in the La Nina leaves
collected from healthy soil. Likewise, for
eucalyptus, the number of pores in the
leaves of polluted soil was 22, while it was
50 in the leaves collected from healthy soil.
In the mulberry leaves collected from
polluted soil, the number of pores was 20,
while it was 40 in the leaves collected from
healthy soil. In the Citrus aurantium leaves
collected from polluted soil, the number of
pores was 20, while it was 32 in the leaves
collected from healthy soil. Based on the
results of the current study, it appears that
soil  contamination, especially = with
phytochemical derivatives, led to changes in
the anatomical characteristics of the leaves
of the study plants compared to leaves
collected from plants growing in healthy
soil.
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Introduction

A high level of agricultural productivity depends on productive soils [1]. Anything that
contaminates soil and lowers its quality is referred to as soil pollution [2, 3]. It happens when
pollutants lower soil quality and make the soil uninhabitable for macroorganisms and
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microorganisms [4,5]. Any unwanted changes to the environment, whether partial or complete,
brought on by various human activities are collectively referred to as environmental pollution. It is
sometimes referred to as the atmosphere that arises from human-induced modifications to the
ecological environment. One could argue that environmental contamination is the root cause of
illness, death, damage, or inconvenience [6,7]. When foreign objects enter the soil and alter its
chemical and physical makeup, this is known as soil pollution. This is frequently caused by
fertilizer and pesticide application, acid rain that alters soil pH, radioactive radiation, and other
factors [8,9]. Tree defense mechanisms against the effects of industrial pollution are poorly
understood. Compared to conifers, deciduous trees are less vulnerable to environmental pollutants,
according to numerous studies [10]. However, several broad-leaved trees, like birch, which were
once thought to be reasonably tolerant, have been shown to show a drop in growth in industrial
areas. Reducing industrial air pollution is the best way to prevent the harmful effects of metal ions
on plants. The hazardous substances that have accumulated in the soil, however, may have a
detrimental effect on the growth of the root system for many years, even if emissions are
significantly decreased [11]. The overall health of plants has a significant impact on how sensitive
they are to pollution. The condition of birch trees growing in poor soils at industrial sites has
significantly improved by fertilization (e.g., with nitrogen and phosphorus compounds) [12]. Soil
microbes, mycorrhizal fungi, and fungi hostile to pathogens may all contribute positively to plants'
defense against the impacts of toxic metals [13]. Microbial activity declines and the makeup of the
soil microflora varies in deteriorated soils [14,15]. There is typically a negative correlation
between mycorrhizal colonization and high amounts of harmful metal ions, such as aluminum
[16]. Therefore, the current study aims to study the characteristics of the leaves of some plants
growing in polluted and unpolluted soils.

Materials & Methods
The study samples

The samples were collected from two different locations, North Oil Company, an area
contaminated with petroleum derivatives, and Kirkuk University, an uncontaminated area, for the
period from November to December 2024. The leaves were collected and the following
characteristics were taken for the purpose of the study:

Anatomical study

A table microtome (Ranvier type) was used to create cross-sections. Acid dissociation was used to
create paradermal portions [17]. Slides were created using traditional plant anatomy techniques
[18]. Each person utilized at least four samples. An Optica microscope was used to examine the
slices, and a Leica photomicroscope was used to capture the photos.

Results & Discussion

Table (1) shows some anatomical characteristics of leaves of some plants that were taken from an
area with polluted soil, North Oil Company, where it is noted that the thickness of the leaf was the
highest in eucalyptus, reaching 680 mm, while the minimum thickness was 200 mm in the
mulberry plant. As for the vascular cylinder, it reached 600 mm in the eucalyptus plant, while the
minimum size was in La Nifia, reaching 250 mm. The epidermis reached the highest thickness of
50 mm in the mulberry plant and the minimum thickness in the eucalyptus plant. As for the cortex,
the highest thickness was 160 mm in the La Nifia plant and the minimum thickness in the
eucalyptus, reaching 28 mm. Figures (1-10) also show the anatomical characteristics of each plant.

Table (1) Measures of anatomical characteristics of leaves in a polluted area - North Oil Company

Measures La Nifia Eucalyptus Mulberry C'm.JS
aurantium

Leaf thickness 300mm 680mm 200mm 300mm

Vascular cylinder 250mm 600mm 300mm 350mm
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Epidermis 50mm 10mm 50mm 10mm
Cortex 160mm 28mm 150mm 100mm

o

Figure (2): contaminated mulberry leaf.

Figure (3): contaminated La Nifa leaf.

b

Figure (4): contaminated Citrus aurantium leaf.

Table (2) shows some anatomical characteristics of leaves of some plants that were taken from an
area with normal soil, Kirkuk University, where it is noted that the thickness of the leaf was the
highest in eucalyptus, reaching 350 mm, while the minimum thickness was 200 mm in the
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mulberry plant. As for the vascular cylinder, it reached 450 mm in the Citrus aurantium, while the
minimum size was in La Nifia, reaching 300 mm. The epidermis reached the highest thickness of
30 mm in the Citrus aurantium and the minimum thickness in the eucalyptus plant. As for the
cortex, the highest thickness was 160 mm in the Citrus aurantium and the minimum thickness in
the eucalyptus, reaching 15 mm. Figures (5-8) also show the anatomical characteristics of each
plant.

Table (2) Measures of anatomical characteristics of leaves in unpolluted area — Kirkuk University

Measures La Nifa Eucalyptus Mulberry Citrus aurantium
Leaf thickness 320mm 350mm 200mm 300mm
Vascular cylinder 300mm 400mm 350mm 450mm
Epidermis 10mm 10mm 10mm 30mm
Cortex 150mm 15mm 80mm 150mm

Figure (7): normal La Nifia leaf.
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Figure (8): normal Citrus aurantium leaf.

Some of the species under study exhibited notable differences in leaf thickness between
contaminated and non-polluted areas. For example, the thickness of eucalyptus was 350 mm in the
unpolluted area and 680 mm2 in the polluted area. In contrast to 320mm in the non-polluted site,
La Nifa displayed the smallest leaf area of 300mm in the polluted site. This is in line with Shi et
al. [19] and [20], who found that air pollution caused changes in leaf venation and vein
characteristics, as well as alterations in leaf thickness and shape in addition to stomatal features.
According to leaf micromorphological studies, the epidermis and vascular cylinder in particular
are adaptive traits for environmental stressors [21]. These morphological changes are explained as
one of the ways that plant leaves resist air pollutants and preserve the water balance of their
tissues by thickening their leaves; the more stressed a plant is, the less water it loses, and the more
resilient it is [22].

Table (3) shows the distribution of pores on the leaves of the plants under study according to the
polluted and unpolluted areas. It is noted that in the La Nifia leaves collected from polluted soil,
the number of pores was 12, while it was 15 in the La Nifia leaves collected from healthy soil.
Likewise, for eucalyptus, the number of pores in the leaves of polluted soil was 22, while it was
50 in the leaves collected from healthy soil. In the mulberry leaves collected from polluted soil,
the number of pores was 20, while it was 40 in the leaves collected from healthy soil. In the Citrus
aurantium leaves collected from polluted soil, the number of pores was 20, while it was 32 in the
leaves collected from healthy soil.

Table (3) Distribution of stomata on the leaves of the plants under study according to polluted and
unpolluted areas

Measures Polluted area unpolluted area
La Nifa 12 15
Eucalyptus 22 50
Mulberry 20 40
Citrus aurantium 20 32

According to the current study's findings, most plant leaves have more epidermal cells when
compared to areas that are less contaminated. In contrast, the majority of plant leaves' stomatal
index values decreased in polluted areas as compared to less contaminated areas. This discrepancy
in outcomes could be caused by the degree to which plants react to air pollution as well as the
variations among the species under study. One possible explanation for the decline in stomata and
epidermal cells in plant leaves is a decrease in leaf area [23]. These modifications clarified how
environmental factors impact the morphological and anatomical traits of plant leaves. Because of
its small leaf area, tiny stomata, low transpiration rate, low plant gas exchange rate, and
consequently lower rate of polluting gas penetration into the leaf, it is also thought to be a plant
that can withstand drought or air pollutants [24]. One of the better anatomical responses that plants
have to air pollution is the stomatal index [25]. Because fewer stomata result in less absorption of
air pollutants, a low stomata number has been interpreted as an indication of plant tolerance to air
pollution [26].
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Conclusions

Based on the results of the current study, it appears that soil pollution, especially with
phytochemical derivatives, led to changes in the anatomical characteristics of the leaves of the
study plants in terms of the thickness of the cortex and epidermis of the leaves and even the
vascular cylinder. Pollution also directly affected the distribution and number of stomata in the
leaves compared to leaves collected from plants growing in healthy soil. This demonstrates the
extent of the direct impact of pollution on the structural characteristics of plants.
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