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Abstract. Supplemental ultraviolet-B (s-UV-B) radiation (ambient+3.6kJm-2 day-1) was given to 
two medicinal plants Withania somnifera and Coleus forskohlii for 3 h day-1 during the solar noon 
period. Changes at the anatomical level were studied in leaves and roots of the plants. Variations 
were observed in all s-UV-B treated plant-parts (except roots of W. somnifera). The changes 
included increased leaf thickness (W. somnifera), enhanced accumulation of UV-B absorbing 
compounds in leaves of both plants and roots of C. forskohlii, and reduced thickness of cork- and 
cambial cell layers in C. forskohlii. Due to reduction in the number of oil bodies in cork cells, 
essential oil content of C. forskohlii also reduced. The results suggest that the test plants are capable 
of defending themselves (at least partially) against s-UV-B; further in-depth studies are required to 
derive more substantial results linking the cellular level changes to the overall plant performance. 
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1    Introduction 

Withania somnifera (Solanaceae) and Coleus forskohlii (Lamiaceae) are two medicinal plants which have 
been used in India in Ayurvedic and indigenous medicinal systems for centuries [1,2]. Also known as 
Ashwagandha, W. somnifera is an erect, evergreen, tomentose shrub, propagated by seeds, and 
primarily harvested for its roots. The whole plant has various medicinal properties. Roots, leaves, as well 
as seeds of W. somnifera are of medicinal importance, being used as aphrodisiac-, hepato-protective, 
anti-inflammatory-, therapeutic-, and rejuvenating agents. They have been found useful in treating 
several neurological disorders (including Parkinson’s disease), skin-, and eye diseases, paralysis, tumors, 
and mental disorders such as memory loss and even Alzheimer’s disease [3,4]. Leaves are instrumental in 
treating fevers and tumors, while roots are used against rheumatism, nervous disorders, and as 
rejuvenating agents, besides possessing antimicrobial properties [3,4,5]. The medicinal properties of W. 
somnifera are largely attributed to the withanolides present in its roots. Withanolides are steroidal 
lactones with various pharmacological properties. For instance, withanolide A is immuno-modulatory 
while withaferin A is effective against cancer [6,7].  

C. forskohlii is a perennial aromatic herb harvested for its essential oil which is rich in various 
pharmaceutical diterpenoids. The plant yields a labdane diterpenoid, forskolin, biosynthesized in the 
cork cells of the root [8]. A number of diseases have been known to be cured/ treated using forskolin and 
C. forskohlii extracts. These include increasingly widespread disorders such as diabetes, obesity, blood 
pressure, and depression, as well as relatively rare ones such as epilepsy, angina, psoriasis, cancer, and 
heart ailments. Roots are used for treating skin diseases in particular, while the leaves are effective as a 
condiment and against intestinal disorders [9,10]. The essential oil obtained from the plant is aromatic 
and used in food flavouring and perfumeries as well as an antimicrobial agent [11]. 

Stratospheric ozone layer depletion has caused increased amount of solar UV radiation reaching the 
Earth. In recent years, however, due to successful implementation of Montreal Protocol, the emission of 
ozone depleting substances has been controlled; consequently, ozone hole recovery is expected in the 
years to come [12]. However, recent studies have indicated that this recovery is likely to be hampered by 
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changing climatic conditions, altered land-use patterns, and newly quantified CFCs [13,14,15]. Hence, 
till the complete recovery of the ozone layer to the pre-1980 levels, enhanced UV-B radiation is likely to 
remain a potent stress factor influencing all aspects of life on Earth including plants. 

UV-B (280-320 nm) has been known to induce changes in various aspects of plants including 
anatomical changes [16]. A limited number of studies have focussed on the anatomical changes in plants 
due to UV-B and even less studies have addressed medicinal plants as the test material. Moreover, 
changes in the roots due to elevated UV-B levels are far less studied than the leaves, probably because 
the former are not directly exposed to sunlight. To the best of our knowledge, UV-B induced anatomical 
changes in the test medicinal plants W. somnifera and C. forskohlii have not been studied to date. The 
present study is an attempt at making preliminary investigations as to the effects of supplemental UV-B 
(s-UV-B) on anatomical changes in leaves and roots of the test plants.  

2    Materials and Methods 

2.1   Experimental Site and Meteorological Conditions  

The experimental studies were conducted in the Botanical Garden, Department of Botany, Banaras 
Hindu University, Varanasi. The experimental period stretched from end of March to mid-July 2012 (W. 
somnifera), and end of October 2012 to mid-February 2013 (C. forskohlii). The meteorological 
observations during the experimental period(s) are given in Table 1. 

Table 1. Meteorological data during the experimental period. 

2.2   Plant Material and Planting Conditions 

One month old plants obtained from the nursery were transplanted in 1m×1m experimental plots in 3 
rows with 4 plants in each row (making a total of 12 plants per plot) at equal distances. 3 plots with 12 
plants each were prepared for control as well as s-UV-B treated plants. The plots of W. somnifera were 
supplemented with organic manure thrice during the experimental period at equal intervals. To the C. 
forskohlii plots, N (nitrogen as urea), P (phosphorus as P2O5), and K (potassium as KO2) were added in 
the recommended doses of 40, 60, and 50 kg ha-1 respectively. Basal dose was applied at the time of field 
preparation (half the dose of N and full dose of P and K) while the remaining half dose of N was applied 
as top dressing at 30 days after transplantation (DAT) [11]. Plants were watered at regular intervals as 
per the requirement.  

W. somnifera 
(2012) 

Maximum 
temperature (°C) 

Minimum 
temperature 

(°C) 

Maximum relative 
humidity (%) 

Minimum relative 
humidity (%) 

Total 
rainfall 
(mm) 

Total 
sunshine 

(h) 
March 32.5 15.7 63.8 34.5 3.8 258.2 
April 38.7 22.3 56.4 33.3 17.0 282.6 
May 41.9 28.9 43.9 25.8 0.0 283.8 
June 41.5 28.7 54.1 37.7 97.4 180.4 
July 34.3 26.2 88.2 78.4 307.5 111.6 

C. forskohlii 
(2012/2013) 

      

October 33.3 20.1 86.0 68.9 15.2 252.7 
November 28.8 13.2 86.6 69.4 - 207.1 
December 23.4 10.0 85.7 65.4 - 176.8 
January 22.0 7.6 92.4 58.9 0.4 189.2 
February 25.9 12.6 89.4 58.2 62.4 190.5 
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4    Discussion 

The increased leaf thickness of W. somnifera observed in the present study is corroborated by similar 
observations by Phoenix et al. [19] in Vaccinium myrtillus under elevated levels of UV-B. The probable 
reason may be due to the increased thickness of mesophyll tissue layer in the leaf. Recently, similar 
observations were recorded in the blueberry leaves with greater thickness being recorded in the younger 
leaves [20]. The increased leaf thickness can be considered a mechanism to resist penetration of excess 
UV-B. However, this strategy is not a conclusive evidence of plant resistance; rather, it is more in the 
nature of an adaptive response [21].  

Similar to the results observed in W. somnifera leaves, increase in epicuticular wax content was 
previously reported in pea [22] and in cotton [23]. This enhancement may contribute towards reducing 
the amount of UV-B radiation penetrating internal leaf structures as well as increasing the reflectance of 
the incident UV-B [24,25]. SEM analysis of the medicinal plant Cymbopogon citratus also revealed a 
dense waxy covering on the adaxial surfaces which were exposed to s-UV-B [26]. 

The epidermis also contains UV-B absorbing compounds [27]. For instance, flavonoids are photo-
stable and have a wide light absorption range (220-380 nm). They have been reported to be present in 
higher concentrations in both the leaf hair and the leaf epidermis [28]. Colored compounds such as 
anthocyanins, carotenoids, and some flavonoid groups serve as UV-screening pigments and their 
enhanced concentrations under s-UV-B are responsible for the darkened colour of the epidermis as well 
as leaves [29,30,31]. These compounds are also known to protect the photosynthetic apparatus from 
oxidative damage due to s-UV-B. The quantitative analysis of these compounds showed their enhanced 
concentrations in s-UV-B treated plant organs, both in leaves and roots [32,33].  

Increased number of leaf trichomes (as observed on the abaxial surface of C. forskohlii leaves) under 
elevated UV-B levels has been reported previously [34]. They are epidermal leaf hairs which reduce 
water loss from the leaf surface via transpiration. When present on UV-B exposed surfaces, they may be 
equipped with UV-B absorbing compounds and may prove to be instrumental in preventing excessive 
UV-B radiation reaching the internal tissues [35]. 

Low levels of s-UV-B caused an increase in essential oil content in Ocimum sanctum. This was 
corroborated by SEM analysis which showed that partially filled oil sacs with wrinkled membranes in 
control plants were replaced by smooth and round oil sacs (with turgid membranes due to increased oil 
content in them) under s-UV-B [36]. Hand-cut sections of the leaf blades of C. citratus showed fully 
filled oil cells (more darkly stained) in treated plants compared to the control ones whence the oil cells 
were only partially filled [37]. However, in the present study, oil bodies were found to be light in color 
(indicating a reduction in essential oil content) in both leaves and roots of C. forskohlii. Anatomical 
changes in the roots of plants due to s-UV-B, to the best of our knowledge, are currently lacking, so it is 
not possible to compare our results with other studies. The reduced number of oil globules (and hence 
essential oil content) in root cork cells are corroborated by the quantitative analysis of oil via Clevenger 
apparatus. The average essential oil yield (volume of essential oil obtained in 1 m2 of plot area) for 
control plants was recorded to be 260μl m-2 while it reduced significantly to 180μl m-2 in s-UV-B treated 
plant roots. 

5    Conclusions and Future Perspectives 

The anatomical changes observed in the leaves of both the test plants and the roots of C. forskohlii 
reveal that s-UV-B is a potent factor in influencing the plants at the cellular level and the plants are 
also capable of defending themselves (at least partially) against this stress factor as evidenced by the 
increased thickness of waxy layer (W. somnifera), increased concentration of UV-B screening compounds 
(darkened epidermis and darkened leaves in both plants, and epidermal layer of roots in C. forskohlii), 
and increased trichomes on the abaxial surface (C. forskohlii leaves). In the present study, s-UV-B 
proved to be detrimental as it lowered the essential oil content (especially in the roots) in C. forskohlii.  

These observations, though significant, however, are insufficient to be conclusively correlated with the 
overall plant performance. Further studies using more sophisticated instruments and techniques such as 
microtomy, SEM, and TEM analysis will prove to be instrumental in furthering in-depth anatomical 
studies on the test plants and will be helpful in deriving more tangible results and conclusions. 
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