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Abstract:  Plants growing the industrial areas and near the major roads absorb the pollutants at their foliar surface. In the present 

investigation comparative studies have been done, to find the effect of air pollutants generated from the exhaust of industries and 

automobiles on leaves properties like length, width, stomatal index. The plants have been selected randomly based on population 

in and around Coimbatore. The study revealed that there is decrease in stomatal size and increase in density of leaves from highly 

polluted site. This is contributing adverse impact on leaf properties like chlorophyll content, stomatal density, stomatal index and 

growth in the selected plants. 

 

Index Terms - Airpollution, stomatal index, leaf properties. 

I. INTRODUCTION 

Air pollution has become one of the major problems in urban areas. Trees in city area are facing the adverse impacts of 

air pollution. The leaf is the most sensitive part exposed to air pollutants. Affected plants show some common effects such as 

decrease in chlorophyll content, inhabitation in photosynthesis and decreasing plant growth (Davision and Blakemore, 1976). 

Trees also show some other adverse impacts in the form of decreased stomatal density and stomatal index, decreased leaf 

length and width susceptibility to various diseases. 

Plants are an integral part of earth. Their growth gets affected by climatic conditions, nutrient supply and environmental 

parameters including pollution. These often try to adapt themselves to their surrounding environment by external as well as internal 

modifications (Moore, 1991). Plants to low light intensity and make use of available light energy. They invest their greater efforts 

towards the synthesis and maintenance of light harvesting machinery than full light exposed plants. 

Plants typically express phenotypic differences in response to environmental changes (Teklehaimanot, et al., 1998; 

Warren and Ivancich, et al., 2010). Under different environmental conditions, plants allocate biomass in several organs in order 

to capture optimum light, water, nutrient and carbon dioxide, and as a strategy to maximize growth rate (Bloom, et al., 1985). 

Phenotypic plasticity also occurred to produce a range of leaf characteristics as a response to environmental effects (Mclellan, 

2000). Stomata are the pores on a leaf surface through which plants regulate the uptake of carbon dioxide (CO2) for photosynthesis 

against the loss of water via transpiration. Turgor changes in the guard cells determine the area of stomatal pore through which 

gaseous diffusion can occur, thus maintaining a constant internal environment within the leaf (Gregory, et al., 1950). Stomata 

first occurred in the fossil record; 400 million years ago (Ma), and are largely identical in form to the stomatal complexes of 

many extant plants, illustrating their effectiveness and importance to terrestrial plants (Edwards, et al., 1998). Stomatal control 

is critical to a plant’s adaptation to its environment; it is this fundamental importance that has led to a wealth of stomatal research 

ranging in scale from biomolecular analysis to landscape processes (Gedney, et al., 2006; Hu, et al., 2010). 

Various types of epidermal cells can be distinguished in different plants: the ordinary epidermal cells, guard cells, 

subsidiary cells, trichomes and various idioblasts (Dickinson, 2000). Ordinary epidermal cells are basically the cells that lie 

between the more specialized cells of the epidermis, and they are typically the most numerous and cover the greatest proportion 

of the plant body (Mauseth, 1988). Guard-cells, together with the opening between then, constitute the stomata.In many plants, 

ordinary or accessory epidermal cells can be distinguished. These cells differ morphologically from the typical epidermal cells and 

they constitute two or more cells bordering the guard cells to which they are apparently functionally connected (Fahn, 1990). In 

this instance, stomata, together with these ordinary epidermal cells, if present, are termed the stomatal complex (Fahn, 1990). The 

ordinary cells usually develop from sister cells of the mother cells (DeBary, 1877). In plants, stomata play a major role in gas 

exchange and transpiration. Much information is available regarding both their physiology and the factors that affect the stomatal 

aperture. The relationship of ABA to closing of the stomata, and the corresponding physiology thereof, has received wide attention. 
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Nevertheless, less consideration has been given to the effects of light on the development of the stomata and other epidermal cells 

and on stomata density itself. 

1.1. Types of Injuries to Plants 

• Necrosis - killing of leaf cells 

• Abiscissons - premature dropping of leaves 

• Epinasty -down curve of leaf (due to growth rate imbalance-top fast & bottom slow) 

• Chlorosis - color change from chlorophyll destruction 

• Acute - sudden, severe visible change 

• Chronic - gradual change from long-term exposure. 

1.2. Objectives of the study 

 Collection of plants from polluted and non-polluted areas of Coimbatore. 

 To study and compare the organoleptic characters of the plants. 

 Identification of plants and their stomatal type. 

 To study and compare the leaf properties of selected plants. 

II. MATERIALS AND METHODS 

2.1. Collection of plant material 

The plants were selected based on the population in and around Coimbatore. 

Totally 20 different plants were selected for the study.The selected plants were collected in both polluted and non-polluted area of 

Coimbatore. The collected plant specimens were identified with the help of the local floras: Flora of British India (Hooker, 1875 – 

2006); Flora of the Presidency of Madras (Gamble and Fischer, 1915- 1936); Flora of Tamil Nadu (Nair and Henry 1983; Henry, 

et al., 1987, 1989;The fresh leaf were used for macroscopical and microscopical study. All the plants leaves were macroscopically 

studied for its size, shape, color, length and width. The results were noted for all the selected samples. 

2.2. Microscopy 

Preparation of histological specimen: Leaves cuticle were removed and fixed in FAA (Formalin 5 ml + Acetic acid 5 ml 

+ 70% Ethanol 90 ml). Sections were stained with saffranin and fast green. The plants were mounted with glycerin and viewed 

under Compound Microscope in 40X. Ocular eye site lenses and scale were used for SI calculation. 

Stomatal Index (SI) = S/(S+E) 

Where, S and E are the number of stomata and epidermal cells respectively in microscopic view field. 

2.3. Identification of the stomata 

Clear the piece of the leaf (middle part) by boiling with chloral hydrate solution or alternatively with chlorinated soda. Peel out 

upper and lower epidermis separately by means of forceps. Keep it on slide and mount in glycerin water. Arrange a camera lucida 

and drawing board for making the drawings to scale. Draw a square of 1mm by means of stage micrometer. Place the slide with 

cleared leaf (epidermis) on the stage. Trace the epidermis cell and stomata. Identification of the stomata has been done on the basis 

of arrangement of guard and subsidiary cell of the stomata. 

 

III. RESULTS 

The present study was undertaken to assess the influence of environmental pollution on leaf properties of some urban plants. A 

total of 20 plant species, were collected and identified during the investigation, which belongs various different families 

Apocynaceae were the dominant family because they were more adaptable to urbanarea and are resistant plants towards Pollution. 

 

3.1. Types of stomata 

 

Twenty different plant species belonging to different family namely Meliaceae, Apocynaceae, Lamiaceae, Malvaceae, Solanaceae, 

Commelinaceae, Cucurbitaceae, Amarylidaceae, Asparagaceae, Nyctanginaceae, Rubiaceae, Acanthaceae, Amaranthaceae, 

Petiveriaceae, Araceae, Fabaceae, and Euphorbiaceae were collected. The stomatal types were studied, 6 different stomatal types 

noted, that is Anomocytic, Paracytic, Diacytic, Anisocytic, Tetracytic, and Sunken anomocytic. (Table - 1). 
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Table1: Leaf properties (length, width and stomatal index) of the selected leaf plant material collected from polluted and non-polluted areas of Coimbatore region. 

 

 

 

 

 

 

S.No. 

 

Name of the Plant 

 

Family 

   Type of the stomata 
Polluted plant Non polluted plant 

Length of 

the leaf 

(cm) 

Width of 

the leaf 

(cm) 

Stomatal 

index 

value (%) 

Length of 

the leaf 

(cm) 

Width of 

the leaf 

(cm) 

Stomatal 

index 

value (%) 

1. Azadirachta indica Meliaceae Anomocytic type 2 2 4.16 9 2.5 12.5 

2. Catharanthus roseus Apocynaceae Paracytic type 7.5 1.9 5.5 8 2.2 13.2

7 

3. Coleus amboinicus Lamiaceae Diacytic type 6 5 2.2 7 6 33.6 

4. Hibsicus rosasinensis Malvaceae Anisocytic type 8 5 8.33 10 6 16.9 

5. Solanum trilobatum Solanaceae Anomocytic type 5 3.5 5.47 6 4 9.3 

6. Tradescantia spathacea Commelinaceae Tetracytic type 12 4 1.09 13 4 12.8 

7. Commenlina benghalensis Commelinaceae Anomocytic type 6 3 10.4 7.5 4 21.1 

8. Coccinia grandis Cucurbitaceae Anomocytic type 2.5 7 4.16 7.3 8 15.8 

9. Crinum asiaticum Amaryllidaceae Anomocytic type 4 7 5.3 1 12 12.5 

10. Dracaena reflexa Asparagaceae Paracytic type 15 5 5.2 17 5 7.1 

11. Mirabilis jalapa Nyctaginaceae Anomocytic type 8 5 3.2 9 5 3.6 

12. Ixora coccinea Rubiaceae Anisocytic type 9 5 4.1 10 5 6.6 

13. Justicia gendarussa Burm Acanthaceae Diacytic type 12 2 5 14 2.4 9.9 

14. Amaranthus caudatus Amaranthaceae Sunken anomocytic type 13 5 3.3 15 7 6.0 

15. Petiveria alliaceae Petiveriaceae Paracytic type 18 6.5 8.2 20 7 40.2 

16. Syngonium podophyllum Araceae Tetracytic type 26 18 11 30 21 23 

17. Barleria cristata Acanthaceae Diacytic type 10 6 8.1 11 6 25.5 

18. Dalbergia cochinchinensis Fabaceae Anisocytic type 7 4 5.6 8 4 19.3 

19. Philodendron ceylon. Araceae Diacytic type 10 3 6 12 5 13.3 

20. Acalypha indica Euphorbiaceae Paracytic type 6 4 6.3 6.5 4 12.3 
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3.2. Leaf length 

 

The length of the leaf were measured comparing from polluted to non- polluted areas the leaf length were measured in which 

showed the length of the leaf were measured to be reduced compared to the non-polluted plants. In the selected plants Coccinia 

grandis (2.5cm) showed the highest reduction in leaf length in comparison with polluted and non-polluted plants, followed by Justicia 

gendarussa (2.4cm), Catharanthus roseus (2.2cm) and Azadirachta indica (4.5 cm) (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Leaf length of selected plants material collected from polluted and non-polluted areas of Coimbatore region. 

   

3.3. Leaf width 

 

The width of the leaves were measured comparing from polluted to non-polluted areas in which showed the width of the leaf were 

measured to be reduced compared to the non-polluted plants. In the selected plants Azadiracta indica (2.5cm) showed the highest 

reduction in leaf length in comparisonwith polluted and non-polluted plants, followed by Justicia gendarussa (2 cm ), and 

Catharanthus roseus (1.9cm) (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Leaf width of selected plants material collected from polluted and non-polluted areas of Coimbatore region. 

  

3.4. Stomatal index value of the leaf 

 

The stomatal index(SI) value of the leaf were calculated using standard formulacomparing from polluted to non- polluted areas. 

The leaf stomatal index were calculated in which showed the SI of the leaf were measured to be reduced compared to the non-polluted 

plants. In the selected plants Amaranthus caudatus (3.3 %) showed the highest reduction in leaf length in comparison with polluted 

and non- polluted plants, followed by Mirabilis jalaba (3.2%), Coleus amboinicus (2.2%) and Tradescantia spathaceae (1.09%) (Fig. 

3). 
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Fig. 3. Stomatal index of selected plants material collected from polluted and non- polluted areas of Coimbatore region. 

 

IV.  DISCUSSION 

Soils from the urban site contained higher concentrations of lead, zinc, chromium, and copper than that of the rural site. The 

concentrations were still within regulatory limits defined for soils in the European community (Polle and Schutzendubel, 2003). 

Elevated concentrations of lead, cobalt and chromium were present in urban air. The highest enrichment in air was found for lead. Only 

lead was accumulated to a higher extent in leaves from the urban than in thosefrom the rural site. As lead is a heavy metal with low 

plant mobility (Gunthardt-Goerg and Vollenweider, 2007), uptake of lead into plane leaves from the soil is unlikely. It can be 

assumed that the enhanced lead concentration in leaves from urban planes was filtered from the air. In other cities, e.g. Istanbul, 

even higher lead concentrations were found in Platanus orientalis leaves than in our study (Baycu, et al. 2006). To find out if 

exposure to the urban environment affected functional leaf properties, we determined leaf area, stomatal density and opening(Table 

2, Fig. 1,2&3). Young expanding leaves showed no differences in mean leaf areas (84 ± 23 cm2). Mature leaves from the urban 

area were smaller than those from the rural site. This suggests an influence of air pollution on leaf expansion. Similarly,significant 

growth reductions have also been reported for leaves from other tree species in heavily polluted city areas (Platanus acerifolia, 

Ficus bengalensis, Guaiacum officinale and Eucalyptus sp. Ninova et al., 1983; Jahan and Iqbal 1992). 

However, the cuticle covering the outer epidermal layer was much thinner in leaves from trees at the urban than on those of 

leaves from trees grown at the polluted site. The yellow lipid staining also indicated incorporation of less cutin and the blue auto 

fluorescence pointed to higher accumulation of phenolics at the urban compared with the rural site. A thinner cuticle may enhance 

transpiration. In conclusion, our study shows that urban conditions affected structural leaf properties, which may lead to lower 

photosynthesis through lower leaf area, lower stomatal densities and pore widths and probably higher sensitivity to drought because 

of a thin cuticle. However, mainly leaf surface features, but not internal functional anatomy, were affected. These results support 

that plane trees can cope with pollution (Dickinson, et al., 1991) and therefore, are suitable roadside trees for megacities. The 

observation that leaves in urban environments were strongly covered by dust particles suggests that plane may contribute 

significantly to improving air quality (Smith and Staskawicz, 1977).To determine the extent of air filtration and tolerance to traffic 

exhaust, controlled studies have to be performed in future. 

 

V. SUMMARY AND CONCLUSION  

Industrialization, urbanization, economic grow and associated increase in energy demands have resulted in profound 

deterioration of air quality in developing countries like India. These pollution when absorbed by the leaves cause a reduction it 

external appearance and internal characters. The present study was under taken to study the organoleptic characters, stomata types, 

leaf properties like length, width and stomatal index of 20 different plant species belonging 17 different    families. 

The plants were collected from selected polluted and non-polluted areas in and around Coimbatore region. Organoleptic 

character of the each plant was studied. Twenty different plant species belonging to 17 different family namely Meliaceae, 

Apocynaceae, Lamiaceae, Malvaceae, Solanaceae, Commelinaceae, Cucurbitaceae, Amarylidaceae, Asparagaceae, 

Nyctanginaceae, Rubiaceae, Acanthaceae, Amaranthaceae, Petiveriaceae, Araceae, Fabaceae, and Euphorbiaceae were collected. 

The stomatal types were studied 6 different stomatal type noted, that is Anomocytic, Paracytic, Diacytic, Anisocytic, Tetracytic, 

and Sunken anomocytic. The length of the leaf were measured comparing from polluted to non- polluted areas. In the selected plants 

Coccinia grandis (2.5cm) showed the highest reduction in leaf length in comparison with polluted and non-polluted plants, 

followed by Justicia gedarussa (2.4cm), Catharanthus roseus (2.2cm) and Azadirachta indica (4.5cm).The width of the leaf were 

measured comparing from polluted to non-polluted areas the leaf width were measured in which showed the width of the leaf 
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were measured to be reduced compared to the non-polluted plants. In the selected plants Azadiracta indica (2.5cm) showed the 

highest reduction in leaf width in comparison with    polluted    and    non-polluted    plants,    followed    by    Justicia 

gendarussa (2cm ), and Catharanthus roseus (1.9cm). The stomatal index valueof the leaf were calculated using standard formula 

comparing from polluted to non-polluted areas, the leaf stomatal index were calculated in which showed the SI of theleaf were 

measured to be reduced compared to the non-polluted plants. In the selected plants Amaranthus caudatus (3.3 %) showed the 

highest reduction in leaf length in comparison with polluted and non-polluted plants, followed by Mirabilis jalaba (3.2%), Coleus 

amboinicus (2.2%) Tradescantia spathaceae (1.09%). To conclude, the present study exhibits good amount of information on 

influence of environmental pollution on leaf properties of some urban plants. The plants in the polluted region seems to be reduced 

in size of leaf both in length, width and stomatal index. Increase in air pollution affects the plants growth and plant metabolism. 

The present study could be a starting point for a large scale research to identify plant species differ in their response to air pollution. 

Until now there is no compactible data on impact of pollution on the leaf properties of plant materials so this study will help for 

further research relevant to this topic. 
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