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ABSTRACT

The cell surface sculpture of the plant epidermis has received great interest recently. It has also been an active area of
research, as the biological microstructures of the surface, such as papillae and waxes, exhibit several unique properties,
including self-cleaning character; namely the “Lotus effect” first described in the leaves of the lotus, Nelumbo nucifera.
The Lotus effect is the phenomenon in which the super-hydrophobic and water-repellent nature of lotus leaves allow water
drops to run off easily on the surface in arolling and sliding motion thereby facilitating the removal of dirt particles. Itis
well-known that surface roughness on the micro- and nanoscale is a primary characteristic allowing for the Lotus effect.
This effect is common among plants and is of great technological importance, since it can be applied industrialy in
numerous fields. In the present study, Nelumbo nucifera leaf and stem epidermal surfaces have been examined with a
focus on the features of papillae and wax crystalloids. Both young and mature Nelumbo nucifera leaf epidermis demon-
strated the Lotus effect on their entire epidermal surface. The central area of the upper epidermis, in particular, formed
extremely papillose surfaces, with an additional wax layer, enabling greater water repellency. Despite the presence of
wax crystalloids, epidermal surfaces of the lower leaf and stem lacking papillae, were much more easily wetted.
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1) Scanning Electron Microscopy (SEM)
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Table 1. Lotus effect and features of the papillae and wax crystalloids
in N. nucifera.

Character Papillae Wax Lotus

Tissue P crystalloids  effect
Young + + +
Center Mature + + +
Leaf Young u.e* + + +
Blade Mature|.e* - - -
Young u.e + + +
Maturel.e - - -
Y oung - + -
Stem Mature - + -

+/—=presence/absence, u.e* =upper epidermis, |.e* =lower epidermis
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FIGURE LEGENDS

Fig. 1. Upper epidermis of amature leaf exhibiting the Lotus effect. Arrow indicates awater drop near the center of the leaf.

Fig. 2. A water drop (arrow) on the surface of ayoung stem.

Fig. 3. Upper epidermis(U) of amature leaf densely covered by small papillae.

Fig. 4. Close-up of Fig. 3 exhibiting numerous papillae (P).

Fig. 5. Lower epidermis(L) of a mature leaf with densely covered wax crystalloids. Inset, same as Fig. 5, but processed by graded acetone dehyd-
ration. Bar=25.0um.

Fig. 6. Shrunken papillae(P) of the upper epidermisin amature |eaf after acetone dehydration. St, stoma.

Fig. 7. Thickened central area(C) of the mature leaf upper epidermis.

Fig. 8. Higher magnification of Fig. 7 demonstrating numerous papillae and stomata(St) with wax crystalloids in the mature leaf.

Fig. 9. Irregular boundary layers between leaf center (C) and blade (right) in a mature leaf. Note difference in thickness of the central area com-
pared to the leaf blade.

Fig. 10. Epidermis with stomata(St) without wax crystalloids processed by acetone.

Fig. 11. Epidermal surface of amature stem (ST).

Fig. 12. Close-up of Fig. 11 showing rows of loosely arranged and less frequent wax crystalloids (arrows).

Fig. 13. Epidermal surface of ayoung stem (ST) densely covered with wax crystalloids. Compare to Fig. 11.

Fig. 14. Close-up of Fig. 13 with thickly arranged wax crystalloids(WC).
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