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ABSTRACT: Anatomical changes induced by air pollutants (cement and chemical factories of Gabes, 
Tunisia) in Lygeum spartum Loelf., Erodium glaucophyllum L. and Reaumuria vermiculata L. were 
evaluated. Significant increase in root cortex thickness of L. spartum and E. glaucophyllum was recorded 
under pollution. Also, a proliferation of cortical parenchyma cells area and thickening of cortical cell 
walls from polluted sites was noticed. The stem cortex and pith thickness was reduced in E. 
glaucophyllum and R. vermiculata under pollution. Furthermore, the size of xylem elements increased in 
the roots of L. spartum and E. glaucophyllum growing near cement factory while decreased significantly 
in E. glaucophyllum and R. vermiculata stems. Leaf lamina and mesophyll thickness increased in E. 
glaucophyllum and decreased in L. spartum and R. vermiculata in polluted areas. Leaf vascular tissue area 
increased in E. glaucophyllum submitted to pollution and reduced in R. vermiculata leaves exposed to 
cement dust. The effects of pollutants could also be observed in the stomata size (decrease) and density 
(increase). Dark deposits were observed in root cortical cells, stem cambium area and in mesophyll cell 
wall of R. vermiculata. The dark deposits are present in cortical cells and stem vascular system of E. 
glaucophyllum and only in root cortex of L. spartum. These anatomical changes resulted from cumulative 
environmental conditions especially under the effects of cement dust. The tolerance degree is indirectly 
correlated with the intensity of injuries which occur in plant structure. Our experiments identified L. 
spartum and E. glaucophyllum as more tolerant to pollutants.  

Keywords: Lygeum spartum, Erodium glaucophyllum, Reaumuria vermiculata, gases pollution, cement dust, 
anatomical changes.  

1. Introduction 

Air pollution is a major problem in many populated and industrialized areas around the world [1]. 
Intensive industrialization is usually accompanied with the emission of various toxic substances and gases that 
harm human health and natural ecosystems [2]. Industrial polluting agents, gas or solid, are considered 
permanent aggression factors for air, soil and water quality. Spontaneous plants often respond to atmospheric 
contamination in the same way as they respond to other abiotic stresses which, most often materialize through 
an ecological misbalance [3]. Theses created environmental conditions in combination with resource availability 
appear as key factor of the distribution and functional characteristics of plant species in polluted region. Gaseous 
air pollutants and heavy metal caused injury and damage to plants and their organs in different ways [4-5]. The 
extent of injury depends on gases concentration, fumigation frequency, duration of exposure and the local 
environmental conditions [6]. The cement industry plays a major role to imbalances the environment by 
producing air pollutants [7].  The impact of cement dust on plants has never received the same level of attention 
as phytotoxic pollutants.  

Plant species usually possesses morphological and anatomical adaptations face to unfavourable 
environmental conditions [8]. Industrial pollutants affected the plant function, structure and anatomy [9-10].  
According to Gomes et al. [11], anatomical changes of an adaptive nature are detected: an increase in the 
thickness of the epidermis and endoderm and increased cell walls of the xylem and cortical parenchyma as 
contamination by heavy metals increased. When penetrating the roots, heavy metals are predominantly 
accumulated and translocated in the cell wall system [12]. In addition, the vessel walls were thickened and their 
width was reduced in both the stems and roots of Amaranthus hybridus subjected to pharmaceutical effluents 
[10]. Studying changes in leaf tissues also helps to understand the process of plant adaptation and tolerance to 
pollutants. Leaves become thin, contain less palisade parenchyma, abridged upper and lower epidermises in 
plants occupying polluted habitats [13]. Under adverse environments, leaf palisade and spongy parenchyma 
decrease significantly [14]. However, recent work showed that leaf structure was stable under the effect of 
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effluents and in plants growing around a cement factory [10]. Reduction in stomata size and increase in stomatal 
density in leaves of Trifolium spp and Amaranthus hybridus exposed to air pollution has been reported probably 
as a surviving strategy in polluted environments [9-10].  

This study has been designed to investigate anatomical adaptations of Z. album to air pollution caused by 
chemical gases and cement factory in Gabes, one of the most industrial cities of Tunisia. This species was 
chosen based on its high adaptation to various environmental stresses 

2. Material and Methods 

2.1. Site description 

The study was carried in the governorate of Gabes (southern Tunisia). The surroundings of the industrial 
complex of the chemical group (33°55'55.68"N 10°4'42.44"E) and those of the cement factory (33°52'27.81N 
9°59'24.77E) are considered as polluted sites (10 km from each other). The control site (33°36'17.45"N 
10°22'16.40"E), considered as non-polluted, is located at 40 km south of Gabes city. The three sites have the 
same soil substratum and common spontaneous plant species. Plant organs (leaf, stem and root) were randomly 
collected from these sites during the spring 2014. 

2.2. Anatomical study  

Mature leaves, stem and roots of the studied plant species were randomly collected. Small pieces of leaf 
tissue (approx. 5×5 mm), from the midportion of laminate leaves, stem and roots tissue pieces (approx. 5 mm) 
were excised. Cut tissues were fixed in freshly prepared FAA (formaldehyde: glacial acetic acid: 70% ethanol 
5:5:90 by volume) overnight at room temperature. After washing with a 0.1 M phosphate buffer (pH 7.4), they 
were dehydrated by passage through a tertiary butyl alcohol series (15–100%), and embedded with warm (56–
58 °C) paraffin. The resulting blocks were then cut in 10 µm sections with rotary microtome and stained with 2 
% safranine O and fastgreen 0.2 %. Observations were performed under a light microscope (Leitz, Germany), 
and photographed with a digital camera (Cannon, USA). Measurements of various cells and tissues were taken 
with an ocular micrometer and exact values were calculated with a factor derived by comparing ocular with 
stage micrometers.  

2.3. Statistical analysis 

The data were subjected to analysis of variance (ANOVA), and comparisons between the mean values of 
treatments were made by the least significant difference (Duncan post hoc) test (P < 0.05). Statistical analyses 
were performed using the SPSS statistical package (SPSS 13). 

3. Results and Discussion 

3.1. Root and stem Anatomy 

The data we obtained indicate an ambiguous reaction in the development of various tissues of the three 
studied species; the thickness and size of some tissues increases and some others decreased. The total root 
thickness was reduced by 31.7% in E. glaucophyllum and increased by 8.9% in L. spartum at chemical 
pollution, as compared with the control (Table 1 and Figure 1). Under cement dust pollution, the total root 
thickness was reduced in L. spartum and E. glaucophyllum. In contrast, root thickness was unchanged by 
pollution in R. vermiculata. The stem cross-sectional diameter decreased with environmental pollutions 
especially in R. vermiculata. As compared with the control, this parameter decreased by 16.1 and 48.2% in E. 
glaucophyllum and R. vermiculata plants subjected cement dust, respectively (Table 2 and Figure 2). The 
epidermis thickness of the roots was unaffected under pollutions factors in the three species, only a significant 
reduction was occurred in L. spartum under cement pollution. The epidermis of E. glaucophyllum stem was 
significantly thinner in polluted sites. However, under pollution, R. vermiculata stem did not show a difference 
in the thickness of epidermis. The oxidative stress induced by metals affects affected the epidermis tissue, which 
presented relatively thin walls. These metals can potentially be the cause of cell damage in the roots and stems. 
A similar observation has been recorded by Sridhar et al. [15] and Gomes et al. [11]. 

The stem cortex thickness was reduced significantly (P< 0.05) only under chemical pollutants in E. 
glaucophyllum and at cement pollution for R. vermiculata. In addition, pith diameter was reduced by pollution 
and this reduction was higher in E. glaucophyllum submitted to cement dust (49.1%) and in R. vermiculata at 
chemical pollutants (65.7%). It is in conformity with the results made by Lorestani et al. [16]. This restriction of 
stem tissue is essentially attributable to the decreased size of parenchyma cells, and suggests a disruption of cell 
expansion. The irregularity of the cortical cell expansion is one of the aspects of this disturbance, which leads to 
organ distortion. This can also result from a disturbance in the process of cell division [17]. In contrast, the root 
cortex thickness increased significantly (P< 0.05) at chemical group site in L. spartum and E. glaucophyllum. 
This parameter was unchanged in the three species under cement pollution. Pollutant increased the root cortical 
cell area in the three species especially under chemical fumes. Generally, toxicity causes cell degeneration in 
root tissues, thus, widened cell spaces were always present where death of parenchyma cells was observed [11]. 
Such anatomical change was probably due to the ability of heavy metal to disrupt the hormonal balance and thus 
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promote root maturation rate [18]. The thickening of the intercellular spaces in the cortical parenchyma caused 
by pollution factors, can suggest greater metal allocation capacity in the roots and lower transfer to the shoot 
part.  

The cortical cell density of the roots was significantly decreased by 9.8 and 21.6% in L. spartum plants 
subjected to chemical and cement pollutions, respectively (Table 1). The last parameter was reduced by 13.6% 
E. glaucophyllum under cement pollution and it was unaffected by environmental pollution in R. vermiculata. 
The parenchyma cells density was reduced in order to prevent excess ions from the effluents entering the xylem 
and reduce toxicity from effluent conduction to the aerial parts. Similarly, Omosun et al. [19] indicate that the 
application crude oil to Amarante hybridus reduce the number of parenchyma cells which they attributed to 
physiological drought.  

On the other hand, the root cell microstructure of three studied species showed obvious thickening of 
cortical cell walls under pollution factors especially when submitted to cement dust. Thus, thickened cell wall 
areas positively favor higher metal retention [20]. The cell walls have been found to be the first barrier 
protecting the protoplast against the toxicity of heavy metals. Additionally, wall thickening can help maintain 
the root turgescence as it reduces water loss from the root by reflux. This adaptation could also be associated to 
the capability to accumulate heavy metals by blocking ion reflux, particularly during periods of low or absent 
transpiration processes.  

The present study shows morphological changes in the vascular cylinder in response to pollution. Indeed, a 
stele thickness loss and decreasing stele/root ratio was detected in L. spartum and E. glaucophyllum under 
pollutants (Table 1). In contrast, the R. vermiculata stele size increased under cement pollution. Similarly, the 
stem anatomy showed that the proportion area occupied by the vascular system was increased in E. 
glaucophyllum and R. vermiculata under pollution (Table 2). This increased vascularisation was regarded as an 
adaptive response to maintain the water absorption [21].  

The data of the xylem vessels characteristics show an increase in vessel diameter in the roots of L. spartum 
and E. glaucophyllum only under cement pollution condition (Fig. 1). However, this parameter was unaffected 
by pollution in the roots of R. vermiculata. In contrast, the size of xylem elements decreased significantly in the 
stems of E. glaucophyllum and R. vermiculata under cement pollution (Fig. 2). The pollution has no effect on 
xylem vessel diameter in other species such as Betula pendula [22] and Acer velutinum [23]. The development 
of small vessels in the stressful conditions may be useful to ensure a smooth rise of the plant sap [24]. This 
response is likely to be of adaptive nature. Indeed the vessels diameter reduction tends to reduce vulnerability to 
embolism [25]. On the other hand, a decrease in the xylem vessels density in L. spartum and E. glaucophyllum 
roots subjected to pollution. This change may be related to the fact that the pollutants affect cell division directly 
or indirectly, which seems to be essential for both the production of procambium, cambium and the 
differentiation of cambium cells into vessels and fibers [26]. However, the xylem vessels density was increased 
in the stems of R. vermiculata subjected to cement fumes. Similar results have been observed in the stem of 
Prosopis spicigera submitted to various pollution factors [27]. The presence of increased vessel density can help 
to maintain the sap flow that would have decreased due to the reduction in the vessel diameter.  

The progressive toxicity induced by the both studied pollution factors is manifested by thickening of the 
xylem vessels walls. This is evident in the roots since these vessels are the first point of attack by toxic effluents 
led from the rhizosphere. Thus, the thicker xylem vessel wall observed in L. spartum and E. glaucophyllum 
subjected to pollution cement dust can be explained by an increase of the rigidity of xylem to better adapt the 
stress. The presence of thick wall reduces the contact angle between the water and the vessel wall to near zero, 
which could reduce the possibility of embolism [28]. 

The cross sections of roots and stems showed that pollutants increased the number of black depositions in 
many tissues especially under cement fumes. In L. spartum we found a cortical spots in the roots (Fig. 1h-i). For 
R. vermiculata, black spots were accumulated in root cortical cells and in the stem cambium area (Fig. 1e-f, Fig. 
2e-f). E. glaucophyllum stem was characterized by thick epidermal cell walls with the presence of black spots in 
the cortical cells and in the vascular system (Fig. 2a-c). These black spots are in fact deposited pollutants, their 
presence in the cortical and vascular area is indicative of the plant response to industrial pollutants [29]. This 
accumulation of black spots in the cell wall is also noticed in Achnatherum splendens submitted to heavy metals 
pollution [30]. Plants accumulate absorptive heavy metals in certain parts of the cell, such as cell wall and 
vacuole, avoiding the leaching of heavy metals into the cytoplasm, which would be lethal to the plant.  
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3.2. Leaf anatomy  

Environmental stress causes structural and ultra structural changes in the plant leaves to resist to pollutants. 
The leaves anatomical features of the studied plants showed varied changes. Only E. glaucophyllum showed a 
consistant increase in epidermal thickness due to pollution stress, but this parameter was unchanged in the two 
other species expect a decrease in the upper leaf epidermis of L. spartum and in the lower ones of R. vermiculata 
leaf exposed to cement and chemical group pollution, respectively (Table 3, Fig. 3). The presence of thickened 
epidermis is consistent with what was found in Trifolium montanum [9] subjected to various pollution factors. 
The increased epidermal thickness can be of paramount significance when plants grow in soil contaminated by 
heavy metals [11]. This could be interpreted as an adaptive response to pollution. Ogunkunle et al. [10] showed 
that the epidermis characteristics of Pennisetum purpureum leaf was unchanged under cement pollution. In the 
light of previous records, epidermal thickness seemed to be not related to metals toxicity in the present studies, 
as it showed a variable response.  

In present study, the leaf lamina and mesophyll thickness showed varied responses depending on the 
species and the pollution factors. Leaf anatomy of E. glaucophyllum showed a thickening of lamina and 
mesophyll (palisade and spongy parenchyma) in polluted area as compared to leaves collected from non 
polluted area. These anatomic changes are maximal under cement pollution (Fig. 3a-c). Leaf anatomy of E. 
glaucophyllum also showed increased parenchyma palisade/spongy ratio and reduction in the mesophyll wall 
thickness in E. glaucophyllum plants under cement pollution. Present increased leaf thickness and the higher 
palisade coefficient can be considered as higher adaptability sign of this species to this kind of stress. Enhanced 
photosynthesis, due to more photosynthetic apparatus, is surely a reason for acclimatization of E. glaucophyllum 
under pollution conditions. In contrast, our results showed a reduction of the total leaf lamina and mesophyll 
thickness in polluted leaves of L. spartum and R. vermiculata as compared to leaves collected from non polluted 
plants (Fig. 3d-i). Also, pervious works showed significant reduction in leaf parameters under polluted 
environment in comparison with clean atmosphere [11, 24]. Anatomical analysis showed also that R. 
vermiculata leaves are characterized by thicker mesophyll cells walls where most of the toxic particles were 
accumulated especially under cement pollution. For E. glaucophyllum showed a necrosis in the upper leaf 
surface especially in plants located near cement pollution. The necrosis begins from the upper leaf surface as 
they are directly exposed to pollutants [31]. Other leaf structural change was occurred such as leaf curling of L. 
spartum considered as a strategy to reduce the transpiration area on the surface, keeping stomata in a humid 
microclimate and thus preventing dryness [32]. The larger bulliform cells found in the above mentioned specie 
can be a strategy to minimize water loss by transpiration in the plants exposed to pollutions (Fig. 3g-i). Thus, the 
bulliform cells play a decisive role in transpirational control under limited moisture availability [33].  

This study highlight that leaf vascular tissue area increased in E. glaucophyllum submitted to pollution 
effects while it was unaffected by stress-induced pollution in L. spartum. However, we found a significant 
reduction in the diameter of the vascular bundle in R. vermiculata leaves exposed to cement particles and a 
decrease of the distance between these elements. Ali et al. [34] showed a direct relationship between the 
vascular bundle area and water and nutrients transport from the soil. The reduction of the vascular tissue may 
cause a reduction of the hydraulic conductivity [35]. 

Modification in the density and size of stomata were reported in this study. Pollution conditions caused 
marked decrease in the stomata size in the three species and this reduction was maximal in E. glaucophyllum 
(22.1%) and L. spartum (17.2%) under chemical and cement pollutants, respectively. Verma et al. [36] showed 
that decreased stomata size may be an avoidance mechanism against the inhibitory effect of pollutants on 
physiological activities and also as a rapid response to external stimulus. In addition, small stomata, capable of 
rapid closure, have an important role in excluding gaseous pollutants [37]. On the other hand, the decrease in 
stomata size is accompanied by a significant (P< 0.05) increase in stomatal density under the influence of the air 
pollutants in L. spartum and E. glaucophyllum while, it was unchanged in R. vermiculata. Under cement dust, 
stomatal density incrased by 25.8 % and 26.4 % as compared with the controls in L. spartum and E. 
glaucophyllum, respectively. Increased stomatal density is considered as adaptability indicator to a polluted 
environment [9, 10]. Indeed, increased stomatal density observed in this study could be a compensatory measure 
to the reduced transpiration area induced by pollution stress, ensuring the maintenance of CO2 flow without 
major harm to the photosynthesis. The presence of stomata on both sides of the leaf is also an important element 
that could be responsible for the survival of E. glaucophyllum and R. vermiculata in the presence of cement dust 
and chemical group fumes. 

The optical microscope observation of R. vermiculata leaf samples from the polluted sites show precipitates 
black spots along the mesophyll cell walls compared to the control (Fig. 3d-f). In contrast, in L. spartum (Fig. 
3g-i). and E. glaucophyllum leaves (Fig. 3a-c) there isn’t any remarkable precipitation of black deposits in the 
plants submitted to both studied pollutants factors when compared to control. In E. glaucophyllum leaves 
sometimes, the upper epidermis is detached from the mesophyll which favors necrosis in the upper leaf surface 
particularly in plants submitted to cement dust. 
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4. Conclusion 

In conclusion, this study reflects that the studied species showed immense variety in the anatomical 
parameters to fight against polluted environment in the industrial zone of Gabes. These changes revealed get 
stronger under cement factory. In E. glaucophyllum, the anatomical adaptation to pollution factors is ensured 
mainly by a wall thickening of the epidermis and cortical cells, also a thickening of the mesophyll with an 
increased vascularisation in the stems and leaves subjected to pollution. The presence of black spots is 
concentrated primarily in root and stem cortex and especially in the stem vascular system in the case of severe 
stress as under cement dust. Similarly, it has been found only a low accumulation of the toxic particles in the 
intercellular space and in the vacuoles of root cells in L. spartum. The leaves are free of symptoms of necrosis 
and the leaf rolling plays a major role in adapting to this type of stress. For R. vermiculata, the anatomical 
changes of adaptive nature are: the increased vascularization in the roots and stems and the thicker xylem vessel 
wall. However this species is characterized by large accumulations of toxic black particles in the various parts of 
the plant especially in the stems and in lesser degrees in the leaves. These anatomical aspects are signs of eco-
physiological plasticity of these species under unstable environmental conditions and may be used as biological 
markers for the presence of air pollutants in plants. After this study, we can consider that L. spartum a very 
resilient species to air pollution and E. glaucophyllum is moderately affected by the pollutants, suggesting that 
these species can be further investigated as a potential restorer of polluted industrial areas. R. vermiculata 
appeared to be relatively sensitive to pollution factors especially to cement dust. 

Acknowledgements 

We gratefully acknowledge all the technical staff of the Arid Regions Institute-Medenine (IRA) for their help to 
conducting these experiments. 

References 
[1] H.D. Kambezidis, A.D. Adamopoulos, C. Gueymard. Total NO2 column amount over Athens, Greece in 1996–97. Atmos. Res., 2001, 

57: 1–8 
[2] P.O. Uaboi-Egbenni, P.N. Okolie, O.E. Adejuyitan, A.O. Sobande, O. Akinyemi. Effect of industrial effluents on the growth and 

anatomical structures of Abelmoschus esculentus (okra). Afr J Biotechnol., 2009, 8: 3251-3260. 
[3] M.Z. Magdalena, L. Ivanescu, Z. Olteanu, R.C. Gales. Morpho-anatomical and physiological effects of the industrial polluting agents 

from Moldavian industrial areas –Romania, on Populus tremula L. Inter. J En. Environ. 2008,1: 93-100. 
[4] M. Yunus, M. Iqbal, Plant Responses to Air Pollution. John Wiley, Chichester (1996) 
[5] F. Kardel, K. Wuyts, M. Babanezhad, U. Vitharana, T. Wuytack, G. Potters, R. Samson. Assessing urban habitat quality based on 

specific leaf area and stomatal characteristics of Plantago lanceolata L.  Environ. Poll., 2010, 158 : 788-794. 
[6] M.D. Thomas, R.H. Hendricks, Effect of air pollution on plants. In: P.L. Magil, F.R. Holden, C. Ackley (eds), Air Pollution Hand 

Book. McGraw-Hill Book Company, New York, Toronto, London (1956) 
[7] O.E. Ade-Ademilua, D.A. Obalola. The effect of cement dust pollution on Closia Argentea (Lagos Spinach) plants. J Environ. Sci. 

Technol., 2008, 1 : 47–55. 
[8] M. Wyszkowski, J. Wyszkowska. Effect of soil contamination by copper on the content of macro elements in spring barley.  Pol. J 

Nat. Sci., 2003, 14 : 309-320. 
[9] I. Gostin. Histological changes in leaves of Salix Alba under air pollution effect. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 

2009, 39 : 57-63. 
[10] C.O. Ogunkunle, A.A. Abdulrahaman, P.O. Fatoba. Influence of cement dust pollution on leaf epidermal features of Pennisetum 

purpureum and Sida acute. Environ. Exp. Biol., 2013, 11 : 73–79. 
[11] M.P. Gomes, M. Tclldm, M.D.G. Nogueira, E.M. Castro, A.M. Soares. Ecophysiological and anatomical changes due to uptake and 

accumulation of heavy metal in Brachiaria decumbens. Sci. Agric., 2011, 68 : 566–573. 
[12] G.R. MacFarlane, M.D. Burchett. Cellular distribuition of copper, lead and zinc in the grey mangrove, Avicennia marina (Forsk.) 

Vierh. Aqu. Bot., 2000, 68 : 45-59. 
[13] S. Stevovic, V.S. Mikovilovic, D.C. Dragosavac. Environmental impact on morphological and anatomical structure of Tansy. Afr. J 

Biotechnol., 2010, 9 : 2413-2421. 
[14] G.D. Bonnett, M.L. Hewitt, D. Glassop. The effects of high temperature on the growth and composition of sugarcane internodes. Aust. 

J Agric. Res., 2006, 57 : 1087-1095. 
[15] B.B. Sridhar, S.V. Diehl Han, F.X. Monts, Y. Su. Anatomical changes due to uptake and accumulation of Zn and Cd in Indian mustard 

(Brassica juncea). Environ. Exp. Bot., 2005, 54: 131–141. 
[16] B. Lorestani, N. Kolachi, M. Ghasemi, M. Cheraghi, N. Yousefi. Survey the effect of oil pollution on morphological characteristics in 

Faba vulgaris and Vicia eryilia. J Chem. Health Risks, 2012, 2: 5–8. 
[17] A. Baryla, P. Carrier, F. Franck, C. Coulomb, C. Shut, M. Havaux. Leaf chlorosis in oilseed rape plants (Brassica napus) grown on 

cadmium-polluted soil: causes and consequences for photosynthesis and growth. Planta, 2001, 212: 696-709. 
[18] L.M. Sandalio, H.C. Dalurzo, M. Gomez, M.C. Romero-Puerta. Cadmium-induced changes in the growth and oxidative metabolism of 

pea plants. J Exp. Bot., 2001, 52: 2115-2126.  
[19] G. Omosun, A.A. Markson, O. Mbanasor. Growth and anatomy of Amaranthus hybridus as affected by different crude oil 

concentrations. Am-Euras J Sci. Res., 2008, 3: 70–74. 
[20] M. Wojcik, J. Vangronsveld, A. Tukiendorf. Cadmium tolerance in Thlaspi caerulescens I. Growth parameters, metal accumulation 

and phytochelatin synthesis in response to cadmium. Environ. Exp. Bot., 2005, 53: 151-161.  
[21] T. Khudsar, Mahmooduzzafar, Y.S. Woung, M. Iqbal. Morphological and anatomical variations of Cajanus Cajan (Linn.) Hirth raised 

in cadmium rich soil. J Plant Biol., 2000 4: 149-157. 
[22] K. Kostiainen, H. Jalkanen, S. Kaakinen, P. Saranpaa, E. Vapaavuori. Wood properties of two silver birch clones exposed to elevated 

CO2 and O3. Glob. Change Biol., 2006, 12: 1230–1240. 
[23] Z. Shahpoori, V. Bayramzadeh, V.R. Safdari, M.K. Zarinkafsh, P. Attarod, R. Jirroodnejad. Wood anatomical changes due to uptake 

of cadmium and lead from contaminated soils in Acer velutinum seedlings. J For. Res., 2012, 23: 473-479. 

Fayçal Boughalleb et al. / International Journal of Pharma Sciences and Research (IJPSR)

ISSN : 0975-9492 Vol. 10 No. 7 Jul 2019 186



[24] S. Jahan, M.Z. Iqbal. Morphological and anatomical studies on leaves of different plants affected by motor vehicle exhusted. J Islam. 
Acad. Sci., 1992, 5: 21-23. 

[25] J. Cai, M.T. Tyree. The impact of vessel size on vulnerability curves: data and models for within-species variability in saplings of 
aspen, Populus tremuloides Michx. Plant Cell Environ., 2010, 33: 1059–1069. 

[26] R. Aloni. Differentiation of vascular tissues. Annu. Rev. Plant Biol., 1987, 38: 179–204. 
[27] K.S. Rajput, K.S. Rao, Y.S.  Kim. Cambial activity and wood anatomy in Prosopis spicigera (Mimosaceae) affected by combined air 

pollutants. IAWA J, 2008, 29: 209–219. 
[28] M.M. Kohonen, A. Helland. On the function of wall sculpturing in xylem conduits. J Bionic. Eng., 2009, 6: 324–329. 
[29] A. Noman, M. Hameed, Q. Ali, M. Aqeel. Foliar tissue architectural diversity among three species of genus Hibiscus for better 

adaptability under industrial environment. Inter J Environ Sci., 2012, 2: 2212-2222. 
[30] Y. Zhou, Y. Wang, M. Li, Z. Gao, Q. Hu, S. Gao. Anatomical and Biochemical Characteristics of Achnatherum splendens (Trin.) 

Nevski Seedlings Stressed on Pb2+. Appl. Biochem. Biotechnol., 2014, 172: 3176–3193. 
[31] S.A. Silva, V.H. Techio, E.M. De Castro, M.R. De Faria, M.J. Palmieri. Reproductive, Cellular, and Anatomical Alterations in Pistia 

stratiotes L. Plants Exposed to Cadmium. Water Air Soil Poll., 2013, 224: 1454. 
[32] N.C. Turner, M.M.  Jones. Turgor maintenance by osmotic adjustment a review and evolution. In: N.C. Turner, P.J. Kramer (eds), 

Adaptation of plant to water and high temperature stress. Wiley, New York, 1980, 87-104. 
[33] M. Hameed, T. Nawaz, M. Ashraf, A. Tufail, H. Kanwal, M.S.A. Ahmad, I. Ahmad. Leaf anatomical adaptations of some halophytic 

and xerophytic sedges of the Punjab. Pak. J Bot., 2012, 44: 159-164. 
[34] I. Ali, S.Q. Abbas, M. Hameed, N. Naz, S. Zafar, S. Kanwal. Leaf anatomical adaptations in some exotic species of Eucalyptus l'hér. 

(Myrtaceae). Pak. J Bot., 2009, 41: 2717-2727. 
[35] L. Marchiol, L. Leita, M. Martin, A. Peressotti, G. Zerbi. Physiological responses of two soybean cultivators to cadmium. J Environ. 

Quality, 1996, 25: 562-566. 
[36] R. Verma, B. Mahmooduzzafar, T.O. Siddiqi,  M. Iqbal. Foliar response of Ipomea pes-tigridis L. to coal-smoke pollution. Turk. J 

Bot., 2006, 30: 413–417. 
[37] J.G. Hodgson, M. Sharafi, A. Jalili, S. Díaz, G. Montserrat-Martí, C. Palmer, B. Cerabolini, S. Pierce, B. Hamzehee, Y. Asri. Stomatal 

vs. genome size in angiosperms: the somatic tail wagging the genomic dog? Ann. Bot.,  2010, 105: 573–584. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fayçal Boughalleb et al. / International Journal of Pharma Sciences and Research (IJPSR)

ISSN : 0975-9492 Vol. 10 No. 7 Jul 2019 187



Table 1. Effects of air pollutants on root anatomical parameters of L. spartum, E. glaucophyllum and R. vermiculata. 

Species                              Characters 

                             Sites  

      Control Chemical group 
complex  

 Cement 
factory 

L. spartum    

                              Total root thickness (µm) 1403,7 ± 15,4b 1528,7 ±37,5a  1256,2 ±6,5c  

                              Epidermis thickness (µm) 25,6 ± 0,68a  25,7 ± 0,64a  15,2 ± 0,64b  

                              Cortex thickness (µm) 323,7 ± 10,3b  420,0 ± 19,5a  278,7 ±13,1c  

                               Stele diameter (µm) 557,5 ± 17,5a  517,5 ± 23,2b  478,7 ± 8,5c  

                               Stele/Root ratio (%) 39,1 ± 0,9a  33.2 ± 0,8c  38,0 ± 0,9b  

                       Xylem vessel diameter (µm) 26,2 ± 1,9b  25,3 ± 1,7b  32,3 ± 2,1a  

                     Xylem vessel density (nu mm-2) 451,2 ± 28,1a  374,2±19,1b   248,0 ±20,5c 

                           Vessel wall thickness (µm) 2,32 ± 0,33b  2,25 ± 0,23c  6,12 ± 0,85a  

                               Cortical cell wall (µm)  0,17 ± 0,01c  0,22 ± 0,02b   0,34 ± 0,02a 

                     Cortical cell density (nu mm-2)  527,7 ± 13,7a  413,50± 10,7c 475,5 ± 28,5b 

E. glaucophyllum    

                              Total root thickness (µm) 1687,5 ± 73,9a 1152,5 ±61,1c 1521,2 ±49,3b  

                               Epidermis thickness (µm) 25,3 ± 0,85  25,2 ± 1,04  25,7 ± 0,64  

                               Cortex thickness (µm) 366,2 ± 8,5b  421,6± 8,5a  383,5±15,4b  

                                Stele diameter (µm) 942,5 ± 15,4a  405,2 ± 15,81c  678,7±21,4b  

                                Stele/Root ratio (%) 55.1 ± 2.2a  35.2 ± 2.3 c  44.5 ± 2,5 b  

                         Xylem vessel diameter (µm) 28,5 ± 6,5c  37,5 ± 18,4b  47,8 ± 30,8a  

                    Xylem vessel density (nu mm-2) 827,5 ± 18,2a  708,5±37,7b 424,7±24,9c   

                            Vessel wall thickness (µm) 2,87 ± 0,69b  3,37 ± 0,50b  5,32 ± 1,65a  

                                Cortical cell wall (µm2) 0,23 ± 0,011c  0,36 ± 0,12b  0,484 ± 0,04a 

                      Cortical cell density (nu mm-2) 647,6 ± 27,4a  559,6±21,3b 688,3 ±26,9a   

R. vermiculata    

                          Total root thickness (µm) 1282,5 ± 25,3a 1262,5 ±17,1a   1226,3±22,1b  
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Data are means values ± SE of four measurements. Values in each column with the same letter are not 
significantly different (P = 0.05) as described by Duncan’s test.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                Epidermis thickness (µm) 15,2 ± 0,45a  14,7 ± 0,64a  15,5 ± 1,08a  

                                Cortex thickness (µm) 302,5 ± 6,4a  315,0 ± 15,8a  310,1 ± 7,1a  

                                Stele diameter (µm) 772,5 ± 13,2b  770 ± 10,8b  813,75 ±13,1a  

                                Stele/Root ratio (%) 60,2 ± 3.1b  61,3 ± 5.2b  66.2 ± 7.4a  

                      Xylem vessel diameter (µm)  22,1 ± 7,8a  20,3 ± 8,9a 23.7 ± 7,4a  

                    Xylem vessel density (nu mm-2) 996,3 ± 14,7b  978,0±20,6b  1003,5±12,8a 

                        Vessel wall thickness (µm) 2,92 ± 0,78b  3,97 ± 0,71a  3,22 ± 0,88a  

                                Cortical cell wall (µm) 0,201 ± 0,008b 0,314 ± 0,022a  0,300 ± 0,016a  

                    Cortical cell density (nu mm-2) 828,5 ± 19,3b  
 

898,4 ±28,4a   833,6±39,2b 
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Table 2. Effects of air pollutants on stem anatomical parameters of L. spartum, E. glaucophyllum and R. vermiculata. 

Species                              Characters 

                             Sites  

Control Chemical group 
complex  

 Cement 
factory 

L. spartum    

                             Total leaf thickness (µm)  397,5 ± 13,4a  400,2 ± 17,3a  281,25± 3,6b  

                             Upper epidermis thickness (µm) 12,0 ± 0,60a  12,3 ± 0,84a  9,6 ± 0,60b  

                              Lower epidermis thickness (µm) 9,06 ± 0,69a  9,08 ± 0,68a  8,79 ± 0,36a  

                              Mesophyll thickness (µm) 374,1 ± 11,3a  361,6 ± 10,3a  252,5 ± 3,9b  

                              Vascular bundle diameter (µm) 94,6 ± 5,1a  106,4 ± 6,5a  100,2 ± 4,9a  

                              Stomata size (µm) 19,1 ± 0,85a  16,4 ± 1,29b  15,7 ± 1,70b  

                              Stomatal density (nu mm-2) 41,8 ± 1,05c 52,7 ± 0,73a  45,6 ± 0,77b  

E. glaucophyllum    

                               Total leaf thickness (µm)           304,5 ± 3,4c  355,8± 9,1b  471,6 ± 8,8a  

                                Upper epidermis thickness (µm) 14,2 ± 1,02b  16,3 ± 0,60b  20,1 ± 1,90a  

                                Lower epidermis thickness (µm) 16,1± 1,59b  17,8 ± 2,28b  22,8 ± 1,10a  

                                Mesophyll thickness (µm) 279,5 ± 2,9c  312,5 ± 9,1b  443,3 ± 10,5a  

                                Vascular bundle diameter (µm) 18,4 ± 1,37b   24,5 ± 2,69a 23,6 ± 1,81a 

                     Distance between vascular bundle (µm) 106,5 ± 10,9a 95,8 ± 13,3a 93 ± 8,8a 

                                Stomata size (µm) 53,7 ± 3,57a  41,8 ± 1,51c  47,6 ± 1,92b  

                                Stomatal density (nu mm-2) 59,8 ± 1,70c  75,4 ± 2,05a  69,8 ± 3,22b  

R. vermiculata    

                                Total leaf thickness (µm) 475,8 ± 9,5a  407,5 ± 6,8b  305,4 ± 4,3c  

                                Upper epidermis thickness (µm) 17,2 ± 0,36b  17,1 ± 0,14b  17,9 ± 0,58a  

                                Lower epidermis thickness (µm) 16,2 ± 0,97a  12,7 ± 0,28b  16,7 ± 0,80a  

                                 Mesophyll thickness (µm) 448,3 ± 13,4a  389,1 ± 9,2b  265,4 ± 4,3c  

                                 Vascular bundle diameter (µm) 20,5 ± 1,99a 19,3 ± 3,03a 14,6 ± 1,44b 

                    Distance between vascular bundle (µm) 95.1 ± 7,2 a 74,2 ± 15,9b  86,5 ± 12,8a 

                                 Stomata size (µm) 39,1 ± 1,29a  35,9 ± 1,29b 33,7 ± 0,72b 

                                 Stomatal density (nu mm-2) 25.5 ± 2,16a  26,2 ± 0,83a  27,5 ± 1,04a  
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Data are means values ± SE of four measurements. Values in each column with the same letter are not 
significantly different (P = 0.05) as described by Duncan’s test. 

Table 3. Anatomical variables and properties of leaves from L. spartum, E. glaucophyllum and R. vermiculata plants grown in non-polluted 
site, near chemical group complex, and near cement factory. 

Data are means values ± SE of four measurements. Values in each column with the same letter are not 
significantly different (P = 0.05) as described by Duncan’s test.  

 
 
 

Species                              Characters 

                             Sites  

      Control Chemical group 
complex   

 Cement 
factory 

E. glaucophyllum    

                                Total stem thickness (µm)      3175.1 ± 91,7a  2575,3 ± 70,3b  2663,2±102,5b 

                                Epidermis thickness (µm) 19,6 ± 0,86a  17,9 ± 0,56b  17,33 ± 1,21b  

                                Cortex thickness (µm) 267,5 ± 5,6a  221,6 ± 19,9b  270,2 ± 13,8a  

                                Pith diameter (µm) 1350,4 ± 61,7a  1070,3 ± 46,9b  686,7± 33,9c  

                                Xylem thickness (µm)            206,8 ± 12,1a  210.6 ± 19,2a  193,4 ± 19,6a  

                                Xylem vessel diameter (µm) 40 ± 1,2a  45,1 ± 2,3a  29,3± 1,7b  

                      Xylem vessel density (nu mm-2) 521,5 ± 16,9a  514,2 ± 22,6a  535,7 ± 15,6a  

                                Vessel wall thickness (µm) 1,29 ± 0,04a  1,27 ± 0,07a  1,30 ± 0,04a  

R. vermiculata    

                                 Total stem thickness (µm)     3108,3 ± 73,9a  2716,5 ± 83,1b  1610,4 ± 52,5c 

                                 Epidermis thickness (µm) 38,2 ± 3,31a  37,1± 2,39a  35,1± 1,57a  

                                 Cortex thickness (µm) 603,4± 20,7a  585,1 ± 22,3a  376,2 ± 46,3b  

                                 Pith diameter (µm) 963,1 ± 36,7a  330,2 ± 8,6c  656,8 ± 17,6b  

                                 Xylem thickness (µm) 84,1 ± 12,5b  125,3 ± 13,7a  58,3 ± 11,3c  

                              Xylem vessel diameter (µm) 18,5 ± 4,40a  20,5 ± 3,09a  15,3 ± 1,44b  

                         Xylem vessel density (nu mm-2) 485,7 ± 17,7b  467,9 ± 32,8b  617,5 ± 19,9a  

                                 Vessel wall thickness (µm) 1,22 ± 0,06b  1,75 ± 0,06a  1,70 ± 0,10a  
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Figure 1: Root cross-sections showing the tissue details in E. glaucophyllum (a, b, and c), R. vermiculata (d, e, and f), and L. spartum (g, h 

and i) plants grown in non-polluted (a, d and g), near chemical group complex (b, e and h), and near cement factory (c, f and i), respectively. 
Bars = 75μm for E. glaucophyllum, 90μm for R. vermiculata and 100 μm for L. spartum. Co, cortex; En, endodermis; St, stel; Xy, xylem. 
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Figure 2: Stem cross-sections showing stem thickness changes in E. glaucophyllum (a, b, and c) and R. vermiculata (d, e, and f) plants 

grown in non-polluted (a and d), near chemical group complex (b and e), and near cement factory (c and f), respectively. Bars = 200μm. Co, 
cortex; Ep, epidermis; Ph, phloem; Scl, sclerenchyma, P, pith; Xy, xylem. 
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Figure 3: Leaf blade cross-sections showing leaf anatomical changes in E. glaucophyllum (a, b, and c), R. vermiculata (d, e, and f), and L. 
spartum (g, h and i) plants grown in non-polluted (a, d and g), near chemical group complex (b, e and h), and near cement factory (c, f and 

i), respectively. Bars = 100μm. Col, collenchyma Cu, cuticle; LE, lower epidermis; UP, upper epidermis; Mo, mesophyll cells; PM, palisade 
mesophyll; SM, spongy mesophyll; VB, vascular bundle. Ph, phloem; Xy, xylem. 
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