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	Abstract
Urban vegetation acts as eco-sustainable filter for air pollution of the city. The foliar surface of urban roadside plants acts as a sink for particulate matter depositions which affects the morphological, physiological, anatomical and biochemical properties of leaves. This study aims to find out the morphological and anatomical differences of leaves of Adhatoda vasica and Sambucus hookeri plants growing in two different regions of Kathmandu. Measurement of leaf morphological and anatomical parameters was performed for the comparative study. The study showed that the leaf length, the leaf breadth and the leaf area in Adhatoda vasica were found more in the leaves from ringroad area than the raniban area. The leaf dry mass content was found less in the leaves from ringroad area than the raniban area.  In Sambucus hookeri, the leaf length, leaf breadth and leaf dry mass content were found more in the ringroad area than the raniban area. The leaf area in the leaves from the ringroad area was found less than the leaves of the raniban area. The stomata frequency in the peel from lower surface of leaf was found less in the both Adhatoda vasica and Sambucus hookeri from the ringroad area than the leaves from the raniban area. Thickness of the cuticle, length and breadth of the epidermal cell were found more in the leaves of plant growing in the ringroad than the raniban area. The thickness of palisade and the thickness of spongy parenchyma layers were found no different in the both study sites of these two plants.



INTRODUCTION

Research conducted in the past has shown that the plants growing in roadside or pollution stress area possess some morphological and anatomical changes than the plants growing in control sites. In mega cities automobile activities are major source of air pollution and produce toxic effects on plant growth (Akhter, et al., 2018). Pollution due to toxic gases emissions affects the plants growing in many urban areas (Quadir & Iqbal, 1991). Pollutants effect the morphological, anatomical, physiological and biochemical characters of the plant (Pandey et al., 2006). In urban environment, trees play an important role in improving air quality by absorbing gases and particles (Woo & Je, 2006). Foliar surface of urban roadside plants acts as a sink for particulate matters depositions and through their depositions they show specific morphological, physiological and biochemical parameters of plants of an urban area now being investigated as an integral part of air pollution science (Rai, 2016). Road traffic is the main cause of air pollution in the metropolitan cities due to harmful emissions (Gidde & Sonawane, 2012). Similarly, industrial processes also add significant quantity of carbon monoxide in the city (Karmacharya & Shrestha, 1991). Leaves are usually the site of injury by pollutants that enter the leaves mostly through stomata. Deposition of pollutants on moist leaves results in the annular chlorosis or bleached patches on laminar surface (Chaphekar, 1982). On the morphological point of view, the plants from polluted sites present important changes especially regarding their colors, shapes, leaf length, width, area and petiole length. Despite of these changes plants were survived well at the polluted environment. It has been accounted for that morpho-anatomical adjustments are promising measures to gauge the air quality of the urban habitat (El-Khatib et al., 2011). Studies on impact of micro-morphology and leaf epidermal components of plants revealed that in the polluted sites, leaves became smaller with reduced length and width and stomata index per leaves area (Saadabi, 2011). There is steady extension of toxic gasses and other substances arising from rapid growth of industries and automobile vehicles (Jahan & Iqbal, 1992). Leaf is the most sensitive and exposed part to be affected by air pollutants instead of all other plant parts such as stems and roots (Leghari & Zaidi, 2013). Urban air pollution is an environmental problem in developing countries (Mage et al., 1996). In urban environment, trees play an important role in improving air quality by absorbing gases and particles (Woo & Je, 2006). Plants leaf acts as the scavengers for many air borne particulates in the atmosphere (Joshi & Swami, 2009).

Kathmandu is Nepal’s largest urban center with an annual population growth rate five percent. Air quality in Kathmandu is regularly surpassed very unhealthy levels and even reached hazardous in March and April 2016 (http//www.iied.org/clearing- air- Kathmandu). The valley’s unique shape prevents the escape of industrial and vehicular emissions. In the last one decade, the number of vehicles in the capital city has been tripled. Two thirds of deadly pollutants are caused by vehicular emissions and dust according to Ministry of Health, Nepal Government (2017). Due to high vehicular emission and dust, ring road is considered as highly polluted sites whereas Raniban forest, a part of preserved Shivapuri Nagarjun National Park, is generally considered as less polluted sites and hence it is selected as controlled site. All available literatures reveal that there is little information on the effects of air pollutants on plant tissues. Hence the present study is carried out on some morphological as well as anatomical characteristics of two common roadside shrubs of the city. In this study two common roadside shrubs of ringroad Kathmandu were selected. These two plants were Adhatoda vasica and Sambucus hookeri. Adhatoda vasica, commonly known as Asuro in Nepali is a shrub about 2 m height of the family Acanthaceae. It is distributed throughout Nepal to about 2700 m in open areas and uncultivated land. The tender leaves and flowers are cooked as vegetables. Juice of leaves is useful for cough, bronchitis, malaria and asthma. Sambucus hookeri, commonly known as Jaliphool in Nepali is a shrub about 3.5 m height of the family Caprifoliaceae. It is distributed throughout Nepal at 200-3700 m in an open place. (Manandhar, 2000) (Figure 1 & 2).
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Figure 1: Adhatoda vasica                                                      Figure 2: Sambucus hookeri

MATERIALS AND METHODS

Leaf samples were collected in the month of November, 2017 from the plants having similar diameter, uniform height and similar growth form from both study sites.  Leaves were brought to the laboratory in polyethene bags and some of them were preserved in formalin for the anatomical study. For the calculation of the specific leaf dry mass content, leaves were kept in hot air oven for two hours at 100°c. Leaves area was determined by using graph paper. The length and the breadth of leaves were measured in centimeters using scale. Study of stomata of lower surface of leaves was performed from the lower epidermal peel using calibrated optical microscope.

Thin anatomical sections were made from the preserved leaves and observed under calibrated microscope. Quantitative measurement of the thickness of cuticle, the size of epidermis, the thickness of palisade layer and the thickness of spongy parenchyma was done using calibrated microscope. Permanent slides were prepared after completion of alcohol dehydration series. Leaves samples for all necessary data were taken in five replicates. All the data were tabulated in Microsoft Excel 2013.The standard error and the standard deviation values of the means were calculated for a comparison of two sites.

RESULTS AND DISCUSSION

The measurement of leaf morphological and anatomical parameters showed that the leaf length, the leaf breadth and the leaf area in Adhatoda vasica were found more in the leaves from ringroad area than the raniban area. The leaf dry mass content was found less in the leaves from ringroad area than the raniban area.  In Sambucus hookeri, the leaf length, leaf breadth and leaf dry mass content were found more in the ringroad area than the raniban area. The leaf area in the leaves from the ringroad area was found less than the leaves of the raniban area. The stomata frequency in the peel from lower surface of leaf was found less in the both Adhatoda vasica and Sambucus hookeri from the ringroad area than the leaves from the raniban area. Thickness of the cuticle, length and breadth of the epidermal cell were found more in the leaves of plant growing in the ringroad than the raniban area. The thickness of palisade and the thickness of spongy parenchyma layers were found no different in the both study sites of these two plants (Table 1 & 2. Figure 3, 4, 5 & 6).

Table 1: Measurements of leaf parameters of Adhatoda vasica in two study sites 

[image: ](SE= standard error, SD= standard error, Min. = minimum, max.= maximum)

Table 2: Measurements of leaf parameters of Sambucus hookeri in two study sites

[image: ](SE= standard error, SD= standard error, Min. = minimum, max.= maximum)

As the air pollution has diverse effects on morphology, physiology as well as anatomy of the plant, the present work was mainly focused on leaf morphology and leaf anatomy of two common plant species which were dominantly found in the ring road area of Kathmandu city. In plant organs, the leaf is the most sensitive part to be affected by air pollutants. Therefore, leaf at its various stage of development serves as a good indicator to air pollutants (Shafig, 2002). The leaves of trees which were growing in the highly polluted areas of Kathmandu were observed morphologically damaged i.e. wilting of leaves, defoliation of leaves, chlorosis, necrosis etc. Chlorosis and necrosis were mostly observed in Adhatoda vasica whereas the wilting was mostly observed in Sambucus hookeri.

The leaf lengths and leaf breadth of Adhatoda vasica and Sambucus hookeri were found different in roadside and raniban forest area. Similar type of study was performed by various researchers. Sayyednejad et al. (2009) have found the increase in leaf length in the leaves of Albizia lebbeck under the stress of air pollution but Leghari & Zaidi (2013) have found the significant reduction of leaf length at polluted sites when compared to non-polluted sites. Reduction of leaf breadth was observed by Leghari & Zaidi (2013) and Assadi et al., (2011) in the plants growing in the air pollution stress sites. The leaf area of Adhatoda vasica growing in the ringroad area was found more than the leaves growing in the raniban area. On contrary to the present results, Dineva (2004), Tiwari (2006), Jahan & Iqbal (1992), Sayyednejad et al., (2009), Leghari & Zaidi (2013), Asadi et al., (2011) and Mahajan et al., (2015) have found the reduction of leaf area under pollution stress condition. Tiwari et al., (2006) have found the reduction of leaf area and leaf number in pollution stress area. This reduction may be due to decreased leaf production rate and enhanced senescence.  The leaf dry mass contents of Adhatoda vasica and Sambucus hookeri were found different in two study sites. Bhatti and Iqbal (1988) have found that the automobile emission significantly reduced the leaf dry weight of Guaiacum officinale L., Ficus benghalensis and Eucalyptus species at the polluted city of Karachi.  Hussain et al. (1997) also found decrease in leaf fresh and dry weight of roadside plant Bougainvillea spectabilis Wild.

The stomatal frequency in Adhatoda vasica and Sambucus hookeri were found less in the plants growing in the ringroad area than the leaves growing in the raniban area. Similarly, Raina & Sharma (2006) and Raina & Bala (2007) have reported decrease in frequency of stomata in polluted areas. Whereas, Yunus and Ahmed (1979) observed higher stomatal density in the plants from polluted sites which also supports the view of Raina & Sharma (2003), Pal et al., (2000), Salgare & Iyer (1991) and Yunus et al., (1982).   

[bookmark: _GoBack]In the present work the thickness of cuticle, the length of epidermal cells and the breadth of epidermal cell were found more in the leaves growing in ringroad area than the leaves from raniban area whereas Empemerechi et al., (2017) have observed the reduction in the thickness of cuticles is a response of plants to exposure of the leaves to pollutants since it is the first tissue exposed to pollutants among all other plant tissues. Pourkhabbaz et al., (2010) have observed thin cuticle in the plants of urban areas. Jafari et al. (1979), Farooq et al., (1995) and Gostin, (2009) have found smaller size of epidermal cells in the highly polluted sites. Raina and Chand (2011) have found that spongy tissue decreases significantly in vehicular polluted areas whereas palisade/ spongy tissue ratio and palisade remain unaffected.



Figure 3: Measurements of leaf parameters of Adhatoda vasica in two study sites





Figure 4: Measurements of leaf parameters of Sambucus hookeri in two study sites
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Figure 5: Adhatoda vasica, Leaf anatomy- a) Ringroad area b) Raniban area Epidermal peel – c) Ringroad area d) Raniban area
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Figure 6: Sambucus hookeri, Leaf anatomy - a) Ringroad area b) Raniban area Epidermal peel - c) Ringroad area d) Raniban area

CONCLUSION

This study focused on morphological and anatomical differences in the shrub plants namely Adhatoda vasica L. and Sambucus hookeri L. growing in two different regions of Kathmandu. Ringroad area is central part of Kathmandu city with high vehicular emissions and Raniban area is a part of preserved Shivapuri Nagarjun national park. The leaf morpho- anatomical study of these plants revealed that these two shrub plants are not showing many differences in measurement parameters and growing in healthy conditions in both study area. These plants having medicinal and ornamental values can be easily grown in road sides of urban areas like Kathmandu.
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Leaf parameters Ringroad area Raniban area
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Leaf length (cm)  17.2 
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0.66 1.48 16.54 17.86 12     
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±
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Leaf area (sq.cm) 33.2 

±  
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±
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Leaf dry mass content (%) 27.9 

±
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Stomata frequency 17.5 

±
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Thickness of cuticle (µm) 21     
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±
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Thickness of spongy layer (
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±
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 0.27 0.61 111 112.5
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Leaf parameters                                                          Ringroad area                                                        Raniban area
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Leaf length (cm)

 8.52 ± 0.51

1.51 8.01 9.03 7.7   

± 0.37

0.83 7.33 8.07

Leaf breadth (cm) 3.4   

± 0.36

0.82 3.04 3.76

2.78  ±

 0.31 0.7 2.47 3.09

Leaf area (sq.cm) 67.9  

± 0.45

1.02 67.54 68.35

108  ±

 0.83 108 107.17 108.83

Leaf dry mass content (%) 32      

±

 0.44 1 31.56 32.44 30   

±

 0.44 1 29.56 30.44

Stomata frequency 11.28 

±

 0.54 1.22 10.74 11.82 21.3  

± 0.53

1.2 20.77 21.83

Thickness of cuticle (µm) 14      

±

 0.22 0.5 13.78 14.22 12.54 

±

 0.15 0.35 12.39 12.69

Length of epidermal cell (µm) 21     
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Thickness of palisade layer (
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Thickness of spongy layer (
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