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Abstract: The leaf blades of white ash Fraxinus americana L. and London plane tree Platanus acerifolia Willd.
growing in heavy polluted industrial areas were studied for morphological and anatomical changes developed
under the influence of industrial contamination. The aim of the investigation was to determine and compare
the influences of air polluted with SO2, NxOx, Pb, As, Zn, Cu etc. on the morphology and the structure of the
leaves of these deciduous trees. Both species are tolerant to environmental changes but with different envi-
ronmental characteristics and tolerances and they are widely used for planting. Under polluted conditions,
the trees strengthened the anatomic xeromorphic characteristics of their leaf structures, which gave them the
opportunity to mitigate the stressful conditions of the environment. The observed responses are regarded as
adaptive and compensative to the adverse effects of air pollution.
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Introduction
Environmental conditions, including polluted air,

water, soil etc., place trees under numerous stresses
and contribute to their decline. Wood species are uti-
lized to mitigate air pollution in highly polluted areas.
It has been observed that plants growing in heavily
polluted industrial areas are affected particularly by
varieties of pollutants (oxides of nitrogen and sul-
phur, hydrocarbon, ozone, particulate matters
(MP10), hydrogen fluoride, peroxyacyl nitrates
(PAN) etc.). Studies show that under polluted condi-
tions, plants develop different morphological and an-
atomical changes (Inamdar and Chaudahri 1984;
Iqbal 1985; Karenlampi 1986; Gupta and Ghouse

1988; Bhatti and Iqbal 1988; Veselkin 2004). Plant
adaptation to changing environmental factors in-
volves both short-term physiological responses and
long-term physiological, structural, and morphologi-
cal modifications (Gravano et al. 2003; Novak et al.
2003; Vander et al. 2001). These changes help plants
minimize stress and maximize use of internal and ex-
ternal resources.

This work was designed to investigate and com-
pare the effects of heavily polluted air on the mor-
phology and the anatomy of the leaves of two tree
species, Fraxinus americana L. and Platanus acerifolia
Willd., growing in the industrial region of the metal-
lurgical plant, Kremikovtzi.
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London plane tree Platanus acerifolia Willd. is a de-
ciduous tree, 21–30 m long, spreading with age. The
name acerifolia comes from Greek and means leaves
like those of Acer. The tree was first found in London
in 1663 as a cross between Platanus orientalis (Oriental
plane tree) and Platanus occidentalis (American
sycamore). The tree grows in full sunlight or light
shade. It prefers deep, rich, moist, well-drained soil,
but it will grow in most soils. The London plane tree
can withstand the high pH, pollution, and grime of
cities. The tree is widely planted in London. It with-
stands heavy pruning and is frequently pollarded.

The currently accepted scientific name of white ash
is Fraxinus americana L. (Oleaceae). Fraxinus americana L.
is a tree up to 18 m tall and 50 cm in diameter, with a
conical or rounded dense crown. Although it is native
to moist locations and prefers a sunny exposure, it is
resistant to heat. The tree grows rapidly and is almost
pyramidal when young, but gradually its growth
slows down and it develops a more spreading round
or oval shape. White ash is tolerant to the ozone, soil
salt and drought.

Both, London plane tree and white ash are orna-
mental deciduous trees widely used for planting but
with different environmental features and tolerances.
London plane tree is strongly recommended as a
street plant suitable for urban areas, while ash tree
has better net effect on air quality. However, white
ash is not suitable for urban areas and is mostly rec-
ommended for planting in large landscape areas.

In order to understand how the anatomy of leaf
blades associate with the different ecological recom-
mends of the trees, we measured the most common
anatomic characteristics of leaf blades, expecting that
the diverse tolerances will correlate with the dissimi-
lar changes in the structure of blades developed under
the influence of air contamination.

Materials and methods

Characteristic of the region
The study examined leaf blades from Fraxinus

americana L. and Platanus acerifolia Willd. The plant ma-
terial was collected from two fields – the heavily pol-
luted area of metallurgical factory “Kremikovtzi”
(42°47’ N; 23°30’ E) and, as a control, from the Na-
tional Park Vitosha (42°30’ N; 23°15’ E, Bulgaria).
Both places are located in the Sofia valley with temper-
ate continental climate.

The region of the metallurgical plant, Kremikovtzi,
is heavily polluted with SO2, NxOx, Pb, As, Zn, Cu etc.
Major industrial processes in the region generate dust
particles. Particulates are not extremely damaging, but
they can inhibit or reduce photosynthesis by plugging
stomates. Particles are usually washed from leaves by
rain or irrigation, and are therefore more harmful dur-

ing dry periods. The main air pollutant is sulfur diox-
ide. During the investigation period the amount of sul-
fur dioxide in the observed area was 0.5 mg/m3.

Plant material and methods
Samples were taken randomly (30 leaf blades from

species) from the south side of the crown at 160–200
cm of the trees (10–15 trees of species) from both re-
gions. The trees were of a similar age (15 years), sun
exposure and had uniform height and growth form.
The surface area of the leaves was measured. The
middle parts of the leaf blades were cut and fixed in
90% ethanol – 90 cm3, ice acetic acids – 5 cm3 and for-
malin – 5 cm3. Standard histological techniques and
light microscopy were used to examine the anatomi-
cal characteristics of the leaf blades. The cross-sec-
tions of the leaf blades were prepared and observed
under light microscopy, measured, drawn and photo-
graphs were taken. The measurements were repeated
30 times per one parameter. Cell size and thickness of
the layers were assessed statistically with t-test.

Results
The study revealed that the leaf blades from both

species showed a decrease in their surfaces (Table 1).
The average leaf area from the National Park Vitosha
for Platanus acerifolia Willd. (204.66 cm2 ; = 50.00;
n =30) is approximately twice the size of that from
the plants growing in the polluted region (117.66 cm2;

= 48.49; n = 30).
On the surfaces of the leaves of London plane tree

there were no visible injuries (chlorosis or necrosis),
while on the surface of the blades of white ash, col-
lected in September, were many small spots of necro-
sis. Sulfur dioxide is classified as a point-source pol-
lutant. Acute sulfur dioxide damage causes severe
leaf scorching, usually on upper interveinal leaf sur-
faces. Younger leaves are generally more sensitive.
Chronic sulfur dioxide damage results in leaf
chlorosis (colors of the chlorosis ranging from white
to red). Moisture in the air or on leaf surfaces may
combine with sulfur dioxide to form sulphur acid.
Sulphur acid causes leaf scorch; spotting, defoliation,
and can also cause tree death over a large geographic
area with many affected species. Whether or not a
pollutant causes acute or chronic damage depends
upon tree species. Even individual trees within a spe-
cies often display varying degrees of tolerance to the
same pollutant. In most of the tolerant plants,
changes can be observed in the leaf structure as a re-
sponse to the air contamination. If the plant species
develops under the stresses of air pollution, morpho-
logical or anatomical changes depend on its genetic
ability to tolerate different limitations of the environ-
ment.
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Both tree species have completely different thick-
ness of their leaf blades (Fig. 3). The common thick-
ness of the leaf and the width of the mesophyll layer
of Fraxinus americana L. is twice that of Platanus
acerifolia Willd. Fraxinus americana L. have leaf width of
about 529.48 µm (529.48; = 6.88), while Platanus
acerifolia Willd is 298.36 µm (298.36; = 6.38) for
the control and 399.17 µm (399.17; = 4.82) for the
polluted region. In the same way, the mesophyll layer

of Fraxinus americana L. is about 444.85 µm (444.85;
= 13.76) for the control and 435.24 µm (435.24; =
14.28) for polluted, while the size of the mesophyll
from the control area for the London plane tree is
about 214.54 µm (214.54; = 12.89) and from the
polluted 289.2 µm (289.2; = 5.68). We can assume
that these main differences in the leaf structures con-
tribute to the poles apart net effects of these plant
trees on air quality.

Table 1. Differences of morphological and anatomical measurements between means of polluted and control samples

Morphological and anatomical
measurements

Difference of means between polluted
and control for Fraxinus americana L. (µm)

Difference of means between polluted and
control for Platanus acerifolia Willd (µm)

Leaf surface (cm2) –44.1** –87***

Common thickness of the leaf (S) –9.39* 100.81***

Thickness of the upper cuticle (a) 0.49 5.15*

Thickness of the upper epidermis (b) –3.41 11.78*

Thickness of the palisade mesophyll (c) 2.79 31***

Thickness of the spongy mesophyll (d) –12.4 43.71***

Thickness of the lower epidermis (e) 1.9 8.99***

Thickness of the lower cuticle (f) 1.24 0.18

* p<0.05; ** p<0.001; *** p<0.0001

Fig. 1. Fraxinus americana L. Control (July)
a – upper cuticle; b – upper epidermis; c – palisade mesophyll;
d – spongy mesophyll; e – lower epidermis; f – lower cuticle;
g – intercellular air space; bar = 30 µm

Fig. 2. Fraxinus americana L. – Polluted (July)
bar = 30 µm
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Under polluted conditions, Fraxinus americana L.
shows insignificant changes in the anatomy of its leaf
blades (Table 1, Figs 1, 2).

The palisade mesophyll of Fraxinus americana L. con-
sists of two layers of long-shaped flat cells, situated
next to each other, as is shown in both photos (Fig. 1
and 2). The upper part of the spongy mesophyll of the
leaves from Kremikovtzi (Fig. 2) is formed from small,
flat cells without empty spaces of air chambers. Even

though there are no significant differences between
the obtained measurements of the structures of the
blades for the control and polluted trees of Fraxinus
americana L. (Table 1, Fig. 3), the rearrangement of the
cells suggested an adaptation response of the plant to
the polluted environment.

Platanus acerifolia Willd. strengthen the anatomic
xeromorphic characteristics of their leaf structures
under these polluted conditions (Table 1, Fig. 3). The

Fig. 3. Anatomical measurements of the cross sections of leaf blades (July). (a) Fraxinus americana L.; (b) Platanus acerifolia
Willd.

a – upper cuticle; b – upper epidermis; c – palisade mesophyll; d – spongy mesophyll; e – lower epidermis; f – lower cuticle

Fig. 4. Platanus acerifolia Willd – Control (July)
a – upper cuticle; b – upper epidermis; c – palisade mesophyll; d –
spongy mesophyll; e – lower epidermis; f – lower cuticle; g –
intercellular air space; bar = 30 µm

Fig. 5. Platanus acerifolia Willd – Polluted (July)
a – upper cuticle; b – upper epidermis; c – palisade mesophyll; d –
spongy mesophyll; e – lower epidermis; f – lower cuticle; g –
intercellular air space; bar = 30 µm
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leaves from the polluted area have thicker upper cuti-
cle (15.19 µm; = 3.41) and larger width of the pali-
sade mesophyll (150.68 µm; = 14.57), and all
changes in the leaf blades are significant (Table 1;
Figs 3, 4, 5).

Both species have high coefficient of palisadeness;
47% – 49% for control and polluted sample of
Fraxinus americana L., and 56% – 52% for Platanus
acerifolia Willd. control and polluted respectively.

Discussion
Many authors have obtained similar results for the

morphological parameters of the leaves among plants
that are developed in air-contaminated regions. Jahan
and Iqbal (1992) reported reduction of leaf length,
breadth and area of leaves and length of petiole for
Ficus bengalenis, Guaiacum officinale, Eucalyptus sp.,
growing in polluted urban territories. Euphorbia hirta
growing in a coal smoked environment showed a de-
crease in leaf area (Gupta and Ghouse 1988).

The structure of the leaf blades is important place
in determines the response of the tree to the air con-
tamination. Gaseous pollutants, such as ozone and
sulfur dioxide, enter plants through natural openings,
usually stomates. After passing through the stomates
of the lower epidermis, the toxic gas meets the
spongy mesophyll (Nikolaevski 1963; Ilkun 1971;
Ilkun 1978). The wide intercellular spaces provide
faster penetration and absorption of the
phytotoxicant toward the palisade cells. That is why
Nikolaevski (Nikolaevski 1963) believe one of the
main criteria for resistance to air pollution is higher
Rp/Rs ratio (coefficient of palisadeness), where Rp –
is the thickness of the palisade mesophyll and Rs – is
the thickness of the spongy mesophyll.

Ferdinand et al. (2000) found in two black cherry
families that the O3-sensitive genotype had signifi-
cantly more stomata, a thinner palisade mesophyll
layer and a thicker spongy mesophyll layer, lower ra-
tio of palisade to spongy mesophyll, and greater leaf
weight and area. In addition, total leaf thickness,
guard cells, and specific leaf mass were also slightly
greater for the ozone sensitive genotype. The repre-
sentative cross-sections of the leaf blades of ozone
sensitive genotype note shorter palisade mesophyll
cells and large intercellular air space. Ferdinand dem-
onstrated longer palisade mesophyll cells and little
intercellular air space, on the representative
cross-sections of the leaves of O3-tolerant genotype
(MO-7).

The thickness of the upper cuticle, the width of
palisade mesophyll, and the greatest number of pali-
sade coefficient are the main properties that distin-
guish the tolerant and resistant plant species from the
sensitive ones to atmospheric pollution (Kulagin

1968; Nikolaevski 1963; Ninova 1970; Ferdinand,
2000).

Conclusion
The comparative analysis of the results from the

cross-sections of the leaves of the London plane tree
and white ash explains the different recommendation
for their practical uses. The great breadth of the
mesophyll and bi-layer of palisade mesophyll of
Fraxinus americana L. correlated with the positive net
effect on air quality. Both trees species have high pali-
sade coefficient and are tolerant to the air contamina-
tion. Ash tree has better net effect on air quality
against ozone, sulfur dioxide, nitrogen oxides, partic-
ulate matter, carbon monoxide, but it is not suitable
for urban areas and it is mostly recommended for
planting in large landscape areas.

London plane tree is strongly recommended as a
street plant and it is suitable for planting in urban ar-
eas. The representative cross-section shows visible
changes in the structure of the leaves from trees
growing under polluted conditions. The plant devel-
ops adaptive reactions, which causes strengthened
anatomic xeromorphic characteristics of the leaf.

The observed changes in the morphology and anat-
omy of leaves of both species are regarded as adaptive
responses, aimed at combating the adverse effects of
pollution.
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