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Air Pollution Effects in Some Plant Leaves
Morphological and Anatomical Characteristics
within Baghdad City. Iraq

Abstract- The present study examined the air pollutants effects in seven plant
species leaves, Olea europea L., Zizphus spina-christi L. Desf., Conocarpus
lancifolius Engl., Albizia lebbeck L. Benth., Eucalyptus camaldulensis Dehnh.,
Clerodendron inermis L. Graeth and Dodonaea viscasa Jacq., distribute within
Baghdad city. The leaves sample were collected from May (2016) to April (2017)
in five regions within Baghdad city, which are Karrada, Sadr City, Shoula and
Mansur, as well as Baghdad tourist island as a control region. The Sulfur
dioxide (SO,), Nitrogen dioxide (NO;), Carbone monoxide (CO), Volatile
organic compounds (VOC,) and Suspended particulate matter (PM) were
measured in all study regions. The present study results showed an increase in
concentration of all air pollutants in the four study regions compared to
Baghdad tourist island, (SO2) average was (0.56) ppm, while (NO,) average was
(0.80) ppm, (CO) average was (27.69) ppm, (VOC,) average was (5.99) ppm,
while (PM) average was (480.80) ug /m3. The morphological and anatomical
characteristics include length, width, area, number of stomata; the number of
epidermis cells, and stomatal index were measured in plant leaves. E.
camaldulensis leaves were recorded highest length rate (11.03) cm, while
highest width rate (5.51) cm and leaf area rate (49.63) cm2 were recorded in A.
lebbeck leaves. The highest number of stomata and epidermal cells were also
recorded in A. lebbeck leaves (101.25 and 738.85) in respectively. But highest
stomatal index value was recorded in D. viscasa leaves (14.21).
Keywords- Air pollution, Plant leaves, Morphological
Anatomical characteristics.

characteristics,

How to cite this article: A.H.M.J. Al-Obaidy, I.M. Jasim and A.R.A. Al-kubaisi, “Air Pollution Effects in Some Plant Leave Morphological and

Anatomical Characteristics within Baghdad City, Iraq,” Engineering and Technology Journal, Vol. 37, Part C, No. 1, pp. 84-89, 2019.

1. Introduction

Air pollution is a major problem in modern
society. It is also a bigger problem in cities, as air
pollutants spread everywhere. These pollutants
include different gases and particulate matter that
can harm human health and the environment. The
relationship between plants and different types of
contaminants has been investigated by many
researchers [1-6]. Emissions from cars, buses,
minibusses, wagons, motorcycles, and trucks may
be a major source of urban air pollution. These
sources produce different types of pollutants in
the environment such as (nitrogen oxides, sulfur
oxides, hydrocarbons, ozone, particulate matter,
etc.). These pollutants not only affect human and
animal health but also threaten plant life in any
areas [7]. Emissions from automobiles can
directly affect the plant by entering the leaf,
destroying its cells, and thereby limiting the
ability of the plant to produce food. Urban air
pollution is a major environmental problem,
especially in developing countries [8]. The leaf is
the most sensitive part of the plant that is affected
by air pollutants compared to other parts such as
stem and roots. This sensitivity is due to the fact
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that the most important physiological processes
of the plant occur in leaves [9].

Pollutants from automobile have long-term
effects on plants by affecting the content of
carbon dioxide, light intensity, temperature and
precipitation. Therefore, plants need special
protection because they are not only a source of
food but also play a role in purifying and
softening environment [10,11].

The air pollutants effects in plants are studied in
many types of research as one of plant
environmental interference. This may be due to
fact that plants are most living organisms that
suffer from the effect of air pollution due to their
stability within their environments and their long
exposure to air pollutants when compared with
other organisms [12]. The basic plants role in
research related to air pollution was in several
directions, including giving early pollution
presence signal or warning in a given area and
thus help in assessing air quality, and through the
plants diversity can determine geographical
distribution of air pollutants, and helps to
concentrations estimate of those contaminants, if
accumulated in plant tissues, and facilitate direct
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diagnosis of different pollutants depending on
plant response types to contaminants [13].

Materials and Methods
1. Air pollutants concentration

Air pollutants were measured and plant's samples
were collected for five regions within Baghdad
City Karada, Sadr City, Shula and Mansour as
well as the control region (Baghdad tourist
island), during one year from May 2016 to April
2017. The air pollutants were measured by using
specialized digital devices GFG — Quality control
G460MICROTECTOR I Germany for gaseous
pollutants (SO, and NO,) and Particle mass
counter Met One Instrument. USA for particulate
pollutants.

II. Plants indicators

The plant samples included O. europea L., Z.
spina-christi L. Desf., C. lancifolius Engl., A.
lebbeck L. Benth., E. camaldulensis Dehnh., C.
inermis L. Graeth and D. viscasa Jacq., were
selected due to their abundance and dispersal in all
study regions within Baghdad City and also
exposed to air pollutants continually. In addition,
plant leaf morphological characteristics, which
included length, width and area, were measured
according to [14], [15]. While plant Ieaf
anatomical  characteristics, = which  included
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epidermal cells number, stomata number and
stomatal index were measured and calculated
according to [16].

111. Statistical analysis

Statistical Analysis System (SAS) was used to
analyze data and study location and plant type
effect on studied plant characteristics [17].

2. Results

Table 1 shows the concentrations average of
examined air pollutants, namely (SO;), (NO,) and
(TSP). The seasonal differences in these pollutants
values were observed in all studied regions, sulfur
dioxide highest concentrations were recorded in
spring in p, region and reached (1.23) ppm, but
lowest concentration was recorded in C region in
autumn (0.03) ppm, while sulfur dioxide value in
proposal Central Pollution Control Board,
Baghdad, Iraq is (0.1) ppm, but nitrogen dioxide
highest concentration recorded in winter and
reached (1.47) ppm in p; and p, regions, while C
region recorded low concentration in spring and
autumn reached (0.04) ppm, nitrogen dioxide
value in proposal Central Pollution Control Board,
Baghdad, Iraq is (0.25) ppm. The highest
suspended particulate matter concentration
recorded in autumn was (235.3) pgm-3 in p;
region, but C region had lowest value in autumn
(45) pgm-3.

Table 1: Ambient air pollutants recorded from polluted and control sites during the study period

pollutants SO, (ppm) NO, (ppm) TSP (ugm™)

Site S A W SP S W SP S A W SP
P, 0.63 050 040 0.80 1.20 070 0.73 097 972 86.6 1123 183.6
P, 0.67 060 070 1.23 0.60 0.80 147 0.11 221.9 2353 2245 2214
P; 047 043 033 0.63 020 063 123 0.53 1539 140.5 167 233.1
P, 0.60 043 0.20 037 0.73 0.60 147 0.77 106.7 121.5 116.7 142
C 0.04 0.03 0.04 0.05 0.04 004 0.05 0.07 489 45 50 58.75
CPCB 0.1 0.25 150

standard

Where: P = polluted sites (P;=Karda region, P, = Al-Sader city region, P; = Al-Shula region, P, = Mansour region),

C = Control site (Baghdad tourist island), S = summer, A = autumn, W = winter, SP = spring,

CPCB = Central

Pollution Control Board, Baghdad, Iraq, TSP = Total Suspended Particulate Matter.

Table 2 shows that the highest leaf length rate in
O. europea was recorded in p4 region (5.27) cm
and lowest rate record in C region (4.27) cm. the
highest rate in Z. spini-christi reached (5.46) cm
in p; region and lowest in p, region (4.87) cm,
while the highest rate of C. lancifolius reached
(8.62) cm in p, region and lowest rate (7.52) cm
in ps region, highest rate in A. lebbeck was
(11.41) cm in p; and lowest rate (8.75) cm in p,,
While the highest rate in E. camaldulensis in C

region (15.59) cm and lowest rate (10.35) cm was
recorded in ps;, while C. inermis and D. viscasa
reached highest rate (8.83 and 8.49) cm
respectively in C region and lowest rate (5.84 and
5.03) cm respectively in the ps.

Table 3 shows that the highest width leaves rate
in O. europea recorded in p4 region (1.49) cm and
lowest in p; region (1.32) cm. Z. spini-christi and
C. lancifolius reached the highest rate (5.08 and
3.44) cm respectively in C region and the lowest



Engineering and Technology Journal

rate (3.12 and 1.85) cm respectively in p4 region,
highest rate A. lebbeck in p, region (5.91) cm and
lowest rate (5.29) cm in p; region, and highest
rate of E. camaldulensis in C region (3.55) lowest
rate (2.53) cm was recorded in p, region, while C.
inermis reached the highest rate (4.52) cm and D.
viscasa reached the highest rate (1.64) cm in p,
region and lowest rate of both species (2.99 and
1.32) cm recorded in p; region.

Table 4 shows that the highest leaf area rate in O.
europea recorded in p, region (4.81) cm” and the
lowest rate (4.22) cm” in ps. In Z. spini-christi and
C. lancifolius highest rate was (24.02 and 25.31)
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cm’ respectively in C region, but lowest rate was
(9.66 and 8.69) cm’ respectively in p, region.
Highest rate of 4. [lebbeck was in p; region
(50.81) cm” and lowest rate was (44.57) cm”® in C
region, while the highest rate of E. camaldulensis
in C region was (30.68) cm’ and lowest rate
(16.46) cm > recorded in p, region, while C.
inermis and D. viscasa reached the highest rate
(25.05and 7.92) cm” respectively in C region, but
lowest rate for both plants (10.79 and 4.33) cm’
respectively in p; region.

Table 2: Comparison of annual rates of leaf length (¢cm) in plants during the study period

Plant species

site 0. Z C. A. E. C. D. LSD

europea  spini-christi  lancifolius  lebbeck camaldulensis  inermis  viscasa  value
P, 5.14 5.46 8.51 11.41 11.37 7.72 7.15 2.35*
P, 4.92 5.01 8.62 8.75 10.85 5.99 6.92 2.81 *
P 4.58 5.19 8.35 10.54 10.35 5.84 5.03 3.07 *
P, 5.27 4.87 7.52 11.06 11.55 7.69 6.52 3.47 *
C 4.27 7.38 11.03 8.86 15.59 8.83 8.49 2.94 *
LSD 1.86 NS  2.08 * 271 % 2.15* 3.08 * 2.44 * 261 * -
value

) *P<0.05 ¢«(NS :Non-Significant

Table 3: Comparison between the annual rates of leaf width (¢cm) in plants during the study period

Plant species

site 0. Z C. A. E. C. D. LSD

europea  spini-christi  lancifolius  lebbeck camaldulensis  inermis  viscasa  value
P, 1.41 3.81 2.26 5.46 3.31 3.44 1.64 2.09 *
P, 1.47 3.21 2.04 591 2.53 3.17 1.54 1.76 *
P 1.32 3.69 2.13 5.29 2.95 2.99 1.32 217 %
P, 1.49 3.12 1.85 5.39 3.33 3.19 1.51 2.08 *
C 1.46 5.08 3.44 5.34 3.55 4.52 1.48 217 *
LSD 0.52NS 186 * 131 * 0.74 NS 1.29 NS 206 NS 081NS -
value

) *P<0.05 ¢(NS :Non-Significant

Table 4: Comparison between the annual rates of leaf area (cm 2) in plants during the study period

Plant species

site 0. Z C. A. E. C. D. LSD

europea  spini-christi  lancifolius  lebbeck camaldulensis  inermis  viscasa  value
P, 4.47 14.76 11.58 50.81 22.45 16.53 7.74 7.51 %
P, 4.81 10.69 10.49 49.11 16.46 11.29 6.53 6.84 *
P 4.34 12.76 10.66 48.37 19.17 10.79 433 6.39 %
P, 4.22 9.66 8.69 50.24 22.65 13.17 6.24 7.09 *
C 4.12 24.02 25.31 44.57 30.68 25.05 7.92 6.22 %
LSD L.5S7TNS 473 * 461 * 5.96 * 583 * 6.13 * 329 * -
value

Non-Significant :NS «(P<0.05) *

We observe from Table 5 highest plant leaf
stomata number rate in O. europea recorded in p,
region (91.42) and the lowest rate (53.01) in C
region, while in Z. spini-christi highest rate was
(51.11) in C region and the lowest rate (37.83) in
p1 region. Highest rate in C. lancifolius
was(40.25) in p; region and lowest rate (30.58) in
p2 region, while highest rate in A. lebbeck in C

region (115.02) and lowest (92.5) in p; region,
but highest rate in E. camaldulensis was (53.92) )
in p; region and lowest rate (34.25) was recorded
in p, region, while C. inermis reached highest rate
(36.92) p4 region and D. viscasa reached highest
rate (46.22) in C region, while lowest C. inermis
rate (23.67) in p3 and D. viscasa (31.33) in p,
region.

A1
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Table 6 shows that highest epidermal cell number
rate in O. europea was recorded in p, region
(700.51) and recorded lowest rate (420.02) in C
region, while Z. spini-christi reached the highest
rate (332.42) in p4 and lowest rate was (233.42) in
p:1 region, but the highest rate of C. lancifolius
was (569.42) in p; and the lowest rate was
(422.17) in p, region. highest rate in C region
(848.33) and lowest (662.00) in p; region in A.
lebbeck leaves, while the highest rate in F.
camaldulensis (357.33) in p; and lowest rate
(220.42) recorded in p,, C. inermis reached
highest rate (511.67) in ps and lowest rate
(351.42) in p3;, and D. viscasa it reached the
highest rate (291.01) in C region and lowest rate
(196.83) in p,.

Vol. 37, Part C. No. 1, 2019

Table 7 shows the highest stomatal index rate of
O. europea leaf recorded in p; region (11.71) and
lowest (11.47) in p;. And highest rate reached in
Z. spini-christi leaf (14.21) in p; and lowest
record rate (13.34) in p;, While highest rate of C.
lancifolius recorded in p, (6.82) and lowest (5.63)
in C region. A. lebbeck recorded highest rate in
ps (12.59) and lowest (12.15) in p;, but the
highest rate of E. camaldulensis (14.19) in p4 and
the lowest rate (12.69) recorded in C region,
while C. inermis reached highest rate (6.81) in p,
and the lowest rate (5.78) in C region. The D.
viscasa reached the highest rate (14.61) in p4 and
the lowest rate (13.52) in C region.

Table 5: Comparison between the annual rates of the number of stomata in plant leaves during the study
period

Plant species

site 0. Z C. A. E. C. D. LSD

europea  Spini- lancifolius  lebbeck camaldulensis  inermis viscasa value
christi

P, 70.67 37.83 32.83 100.25 53.92 32.92 35.08 9.54 *

P, 91.42 39.92 30.58 99.58 34.25 26.00 31.33 893 *

P 83.67 41.33 40.25 92.5 43.42 23.67 35.5 9.28 *

P, 73.33 50.75 30.75 112.67 44.67 36.92 35.67 9.96 *

C 53.01 51.11 37.21 115.02 46.01 27.12 46.22 835*

LSD 6.82* 6.51* 593 % 10.75 * 6.83 * 6.05 * 747 * ---

value

) *P<0.05.(

Table 6: Comparison of annual rates of epidermal cell number in plant leaves during the study period

Plant species

site 0. Z. C. A. E. C. D. LSD
europea  spini-christi  lancifolius  lebbeck camaldulensis  inermis  viscasa  value
P, 542.17 233.42 464.08 775.25 357.33 486.58 221.51 127.46
sk
P, 700.51 257.33 422.17 707.08 220.42 367.17 196.83 97.33 *
P; 628.42 267.25 569.42 662.00 272.00 351.42 227.42 162.84
sk
P, 567.58 332.42 443.75 811.08 286.00 511.67 217.42 136.92
sk
C 420.02 327.22 503.03 848.33 310.12 453.31 291.01 149.22
sk
LSD 109.52 % 86.41 * 116.79 * 127.50 * 108.56 * 13892 *  85.06 * ---
value
.(P<0.05) *

AY
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Table 7: Comparison between the annual rates of the leaf stomatal index in plant leaves during the study
period

Plant species

site 0. Z C. A. E. C. D. LSD

europea  Spini- lancifolius  lebbeck camaldulensis  inermis viscasa value
christi

P, 11.47 14.21 6.58 12.15 13.56 6.49 13.97 3.62 *

P, 11.62 13.59 6.82 12.44 13.43 6.81 14.11 3.51 %

P 11.71 13.34 6.56 12.47 14.15 6.21 14.14 4.09 *

P, 11.52 13.91 6.57 12.59 14.19 6.73 14.61 3.78 *

C 11.48 13.62 5.63 12.18 12.69 5.78 13.52 3.96 *

LSD 247NS 2.62NS 1.96 NS 1.75NS 2.36 NS 1.86 NS 2.07 NS ---

value

3. Discussion The present study results show a decrease in the

Plants are exposed in their environments to many
external stress factors. These stresses may occur
either simultaneously or sequentially within
varying intensity and frequencies. The leaves are
first parts of the plant that exhibit usually
symptoms of these stresses including air
pollution, so the evaluation of morphological
characteristics such as length, width and area are
the most important steps in monitoring
programs[18],[19]. The present study results
show variation in length, width and area studied
plant leaves values through comparing polluted
regions with less polluted region. These results
have been interpreted as one of the plants
morphological characteristics response form to
exhaust pollution as external stress [18]. And also
explained the reduction of plant leaves
characteristics length, width and area as one of
plant adaptation mechanisms to survive under
severe environmental stress as exhausts air
pollution[20]. As well as this reduction in leaf
size may be due to the air pollution effect on leaf
growth and elongation[21]. This decrease in
morphological properties is explained as one of
plant leaves resistance ways to air pollutants and
maintain the water balance of plant leaf tissues by
reducing leaf area; plant leaves area decreases
with more plant leaves the stress and little water
leaves loss and increases plant resistance [22].
Leaves area, length and width reducing may lead
to reduced contact between air pollutants and
plant leaves and thus protect the plant from
pollution [23]. In another study, the reason for
leaf area reducing in Albizia lebbeck growing in
high-polluted industrial areas in Khuzestan, Iran,
was attributed to plant's suffering from some
physiological disturbances resulting from its
exposure to pollution, so plant leaf area is
described as an important feature that reflects of
plant response degree to external stresses [24].
This effect was attributed to the level of dust
rising from the intensity of traffic in city streets
[25].

number of stomata and epidermal cells in most
plant leaves when compared between polluted
and less polluted regions. While stomatal index
values of majority plant leaves showed an
increase in polluted regions compared with less
polluted region. This variation in results may be
due to plant response degree to air pollutants and
also their differences between studied species.
The decrease in stomata and epidermal cells
number in plant leaves may be due to reduced
leaf area [26]. These changes explained that
urban environmental conditions have an effect on
plant leaf morphological and anatomical
characteristics. And also considered as a plant
resisting means to drought or air pollutants
because of low leaf area low stomata number and
low water loss rate by transpiration and low plant
leaf gas exchange rate and thus reduced polluting
gases penetration rate into leaf [21]. Stomatal
index can be considered as one of good
anatomical adaptations shown by the plant to air
pollution [27]. Low stomata number has been
considered to be a sign of plant adaptation to air
pollution, because of lower stomata number,
lower of gaseous pollutants absorption from the
air [28].

4. Conclusion

From current study can conclude the important
effect of air pollutants on morphological and
anatomical characteristics of leaves more than
physiological characteristics. Thus, the study of
leaves morphological and anatomical
characteristics gives a more credible description
of environmental effects on the plant. The plant's
response to air pollution is different, so it is
possible to count plants as quantitative and
qualitative indices for air pollution.

References

[1] K.S. Chukwuka, and UN. Uka, “Effects of Air
Pollution on Physiological and Morphology Characteristics
of Manihot esculenta Crantz,” Poll. Res., Vol. 3, No 4, pp.
13-18,2014.

AA



Engineering and Technology Journal

[2] ZF. Tra-Bi, D.M. Angaman, Y.S.S. Barima, and B.K.
Dongui, “Evaluation of air pollution tolerance indices of
four ornamental plants arranged along roadsides in Abidjan
(Cote d'Ivoire),” In. J. Environ. Mon. Ana., Vol.3, Nol, pp.
22-27,2015.

[3] S. Mahajan, “Biological Monitoring of Roadside Plant
(Mangifera indica, L) Exposed to Vehicular Pollution in
Indore City with Special Reference to M .L. B. College,
Kilabhavan Indore (M.P.) India,” In. J. Res. Gran., Vol. 3,
No 9, pp.14, 2015.

[4] Z.S. Ahmed and A.W. Raof, “Impact of air pollution
on some morphological and physiological characteristics in
some evergreen plants in Baghdad city, Irag,” Iraq. J.
Biotech., Vol.14, No 2, pp. 429-443, 2015.

[S] P. Zhang, Y. Liu, X. Chen, Z. Yang, M. Zhu, and Y.
Li, “Pollution resistance assessment of existing landscape
plants on Beijing streets based on air pollution tolerance
index method,” Eco. Toxic. Environ. Safe. Vol. 132, pp.
212-223,2016.

[6] D. G. Ogunrotimi, F. K. Adereti, A. O. Eludoyin, and
0. O. Awotoye, “Urban air pollution control: selection of
trees for ecological monitoring using anticipated
performance indices in a medium-size urban area in
Southwest Nigeria,” In. Environ. Rev., Vol.18, No 1, pp.
40-57,2017.

[7] P.O. Uaboi-Egbenni, P.N. Okolie, O.E. Adejuyitan,
A.O. Sobande, and O. Akinyemi,” Effect of industrial
effluents on the growth and anatomical structures of
Abelmoschus esculentus (Okra),” Afr. J. Biotech., Vol. 8,
pp. 3251-3260, 2009.

[8] A. Preeti, “Study of leaf area damage of urban and rural
environment in Agra,” Act. Ecol., Vol. 22, pp. 96-100,
2000.

[9] N. Keskin, and P. Ili,” Investigation of Particular
Matters on the Leaves of Pinus nigra Arn. Subsp,”
Pallasiana (Lamb.) Holmboe in Denizli (Turkey), Pak. J.
Bot., Vol. 44, pp. 1369-1374, 2012.

[10] J. Reig-Armifana, V. Calatayud, J. Cerver6, F.J.
Garcia- Breijo, A. Ibars, and M.J. Sanz, “Effects of ozone
on the foliar histology of the mastic plant (Pistacia lentiscus
L.),” Environ. Poll. No.132, pp.321-331, 2004.

[11] L.C. Silva, M.A. Oliva, A.A. Azevedo, J. M. Araujo,
and R. Aguiar, “Micromorphological and anatomical
alterations caused by simulated acid rain in Restinga
plants: Eugenia uniflora and Clusia hilariana,” Water Air
and Soil Poll., No.168, pp. 129-143, 2005.

[12] S. A. Abbasi, K.B. Chari, R. Gajalakshmi, and E.B.
Ramasamy, “Approaches to greenbelt design,” J. Inst. Pub.
Hith. Engi., Vol.3, pp.42-49, 2004.

[13] N.D. Wagh, P.V. Shukla, S.B. Tambe, and S.T. Ingle,
“Biological monitoring of roadside plants exposed to
vehicular pollution in Jalgaon city,” J. Environ. Bio., Vol.
27, No2, pp. 419-421, 2006.

[14] A. Wood, and J. Roper, “A simple and
Nondestructive Technique for Measuring Plant Growth

and Development “Amer. Bio. Teach. Vol. 62, No. 3, pp.
15-17, 2000.

Vol. 37, Part C. No. 1, 2019

[15] S.K. Pandey and H. A .Singh,” Simple, Cost-Effective
Method for Leaf Area Estimation,” J. Bot., Vol.1, No.2,
pp.1-6,2011.

[16] A. Redha, N. Al-Mansour, P. Suleman, M. Afzal, and
R. Al-Hasan,” Leaf Traits and Histochemistry of
Trichomes of Conocarpus lancifolius a Combretaceae in
Semi-Arid Conditions,” Amer. J. Pl Sci., Vol. 2, pp. 165-
174,2011.

[17] SAS, Statistical Analysis System, User's Guide.
Statistical. Version 9.1st edi. SAS. Inst. Inc. Cary. N.C.
USA. 2012.

[18] S. Lata, D. Shah, and M. Poonam,” Comparative Eco-
morphological Studies on Datura alba linn,” Plants
Growing along Roadsides and Railway Tracks. Environ.
In. J. Sci. Tech., Vol.5, pp.155-162, 2010.

[19] J.E. Otoide, “Study of the Activity of Air Pollution on
the Leaves of Urena lobata Growing along Busy Roads,”
Donnish. J. Agri. Res., Vol.2, No.8, pp. 71-76, 2015.

[20] N. Efe, and O. Ozbay, “Effect of air pollutant
sulphurdioxide on the morphology and anatomy of some
plants (Maize and soybeans),” Doga Turk Botanik Dergisi,
Vol.17, No. 4, pp. 207-214, 2000.

[21] A. Pourkhabbaz, and N. Rastin,” Influence of
Environmental Pollution on Leaf Properties of Urban Plane
Trees, Platanus orientalis L.,” Bull. Environ. Cont. Toxic.,
Vol. 85, pp.251-255, 2010.

[22] S. M. Seyyednejad, M. Niknejad, and M. Yusefi,
“The Effect of Air Pollution on Some Morphology and
Biochemical Factors of Callistemon citrinus in
Petrochemical Zone in South of Iran,” Asian J.
P1.Sci.,Vol.7, No.1, pp.1-4, 2009.

[23] A. Assadi, G. P. Abdollah, M. Fatemeh, T. Nasrin,
and A. Leila, “Impact of air pollution on physiological and
morphological characteristics of Eucalyptus camaldulensis
Den.,” J. Food Agri. Environ., Vol.9, No. 2, pp. 676-679,
2011.

[24] SM. Seyyednejad, M. Niknejad, and M. Yusefi,
“Study of air pollution effects on some physiology and
morphology factors of Albizia lebbeck in high temperature
condition in Khuzestan,” J. P1. Sci., Vol4, pp. 122-126,
2009b.

[25] A.A. Hegazi, and A.F.Y. Kady, “Effect of Road Dust
on Vegetative Characters and Leaves Heavy Metal
Contents of Zizyphus spina-christi (L.) Willd., Syzygium
cumini (L.) Skeels and Olea europea L. Seedlings,” J. Hort.
Sci., Vol. 2, No.3, pp. 98-107, 2010.

[26] M.A.S. Abdulmoniem, “Effects of Auto-exhaust
Pollution on the Micro-Morphology and Leaf Epidermal
Features of Ornamental Plants in Khartoum, Sudan,” J.
App. Sci. Res., Vol.7, NO.3, PP. 270-273, 2011.

[27] C. O. Ogunkunle, A.A. Abdulrahaman, and P.O.
Fatoba, “Influence of cement dust pollution on leaf
epidermal features of Pennisetum purpureum and Sida
acuta,” Environ. Exp. Bio., Vol.11, pp. 73-79, 2013.

[28] R.B. Verma, U. Mahmood, T.O. Siddiqui , and M.
Igbal, “Foliar repsponse of Ipomea pes-tigridis L. to coal-
smoke pollution,” Tur. J. Bot., Vol. 30, pp.413-417, 2006

A4



