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Cassava Leaf Surface Topography
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Abstract:  The  aim  of  this  study was to identify the anatomy of the stomatas in leaves of cassava cultivar
IAC 576-70.  Portions  of  fully  expanded  leaves  of  variety  IAC 576-70 were collected portions of fully
expanded  leaves  Fixed  in solution  containing  5%  formaldehyde,  90%  ethyl  alcohol 700GL and 5% acetic
acid (F.A.A), for 24 hours at room temperature. The leaf material was prepared for visualization and
characterization of the type of the stomata using scanning electron microscope (SEM). The stomata were
classified as paracytic which was distributed in a waveform on the abaxial surface of the leaves. The cells
forming papillae with a more or less conical dome as observed on the abaxial surface of the leaves, these
papillae  are  distributed  throughout  the  epidermis  of  this  surface. However, beside the primary and
secondary  ribs,  they  have  a round shape with smaller domes these cells form a crown around the stomatas.
The presence of these papillae on the abaxial surface seems to have the primary function of protecting the
stomata, spreading like a crown around them. However, more in-depth studies are needed to prove that papillae
protect stomata or else that they act as lenses that could converge sun rays to the cells that contain
chlorophyll.
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INTRODUCTION hypostomatic, with a defined palisade and spongy

Cassava (Manihot esculenta Crantz) is a perennial radially distributed chloroplasts [5, 13].
woody shrub with an edible root which is grown in The stomata are key organ for photosynthesis and
tropical and subtropical parts of the world. The starchy transpiration. Therefore, stomatal features may be
tuberous roots of cassava are a major source of important and influencing many physiological processes
carbohydrates and are consumed by 800 million people in [6]. Although stomatal features have been considered for
Sub-Saharan Africa, Latin America and Asia [1]. Brazil is understanding plant responses to rising CO , the present
the third largest producer of cassava in the world, behind knowledge based on anatomy is still insufficient. It
only Nigeria and Thailand [2]. The estimated production seemed necessary, therefore, to discriminate between
for 2014 is approximately 21.178.686 tons of roots, responses of mesophyll and vascular tissues to elevated
covering an area of 2.149.403 ha, with an average yield of CO  and also to take into account other microscopic
14 t ha  [3]. features related to relations internal of plants [17]. The aim1

The  anatomical  aspects  of  cassava   have  been of this study was to identify the anatomy the stomata in
little studied, this is was due to the plasticity in leaf leaves cassava of cultivar IAC 576-70.
anatomy in different varieties, which would cause
differences in the  photosynthetic rate, affecting CO MATERIALS AND METHODS2

diffusion [4, 11, 12]. 
The cassava leaves are simple and composed of The present study was carried out in the Laboratorie

palmately lobed leaf blade. The number of lobes in a leaf of electron microscope Universidade Estadual de
is variable, but it is usually an odd number ranging from Londrina between months January to May 2013. The
three to nine [15]. Descriptions the cassava leaves as leaves of cassava were collected, from 09:00 to 11:30 AM

parenchyma, the bundle sheath cells developed with
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when there was no record of rainfall, while the minimum The images used in the analysis were captured by a
and maximum temperatures recorded were 14 and 28°C,
respectively. The portions of fully expanded leaves of
cassava cultivar IAC 576-70, were planted on June 27,
2012 on dark red Latosol, medium texture. Fertilization was
made with 560 kg ha  of a fertilizer with NPK formulation1

of 08-28-16.
The  leaf  samples were fixed in solution containing

5% formaldehyde, 90% ethyl alcohol 700GL and 5% acetic
acid (F.A.A), for 24 hours at room temperature. The leaf
material was prepared for visualization and
characterization of the type of the stomata using scanning
electron microscope (SEM). The observations of the
stomata were performed using the North replica method
[7], where an impression of the leaf surface was obtained
with cellulose acetate film adhesive tape over an area of
approximately 1.0cm . Sections of the acetate film formed2

were removed and mounted on slides for microscope
assessment. An optical microscope eyepiece lens 15x and
objective lens 40x was used, which provided 600x
magnification and a field of view of 0.39 mm .2

capture system (Carl Zeiss, Germany) composed of an
AxioPhot I microscope equipped with AxioCam ICc3
camera and Bel View software. Image processing and
analysis was performed with public domain software
Image J 1.43a, version 64, with the measurement of five
fields replicated for each analyzed leaf.

RESULTS AND DISCUSSION

The stomata were classified as paracytic for cassava
cultivar IAC 576-70, the stomata were distributed in a
waveform on the abaxial surface of the leaves. SEM
examination revealed that cells forming papillae with a
more or less conical dome which observed on the abaxial
surface of the leaves (Fig. 1A). These papillae are
distributed throughout the epidermis of this surface.
However, beside the primary and secondary ribs, they
have a round shape, with smaller domes (Fig. 1B). In front
view,  these  cells  form  a  crown  around  the  stomata
(Fig. 1C). These data are consistent with recent work with
cells forming papillae on cassava genotypes [16].

Fig. 1: Scanning electron microscopy of stomata on the abaxial surface of the leaf lobe of cassava leaves cultivar IAC
576-70. Cells forming papillae in A, papillae adjacent to primary rib, in B, highlight of stoma with papillae arranged
in crown shape, C and hair unicellular tector in D
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Similar features were found in the epidemis of the 6. Parkhurst, J., 1986. Internal leaf structure: a three
adaxial surface of Manihot caerulescens [8, 14]. In dimensional perspective. In: T.J. Givnish, ed. On the
Manihot glaziovii reported the occurrence of rectangular economy of plant form and function. Cambridge, UK:
cells  with  the external periclinal walls often pointed, Cambridge University Press, pp: 215-250.
similar  to  the  papillae  observed in the present study. 7. North, C.A., 1956. Technique for measuring structural
The papillae present in the epidermis favor the absorption features of plant epidermis using cellulose acetate
of light by plants growing under the canopy of tropical films. Nature, 178: 1186-1187.
forests [9, 10, 14]. 8. Mendonça, M.S., 1983. Estudo de plantas laticíferas.

Given that Manihot esculenta is a plant grown in full I. Aspectos anatômicos e distribuição de vasos
sun, the presence of these papillae on the abaxial surface laticíferos em Manihot caerulencens Pohl. Acta
seems to have the primary function of protecting the Amazônica, Manaus, 13: 501-17.
stomata, spreading like a crown around them. However, 9. Bone, R.A., D.W. Lee and J.M. Norman, 1985.
more in-depth studies are needed to prove that papillae Epidermal  cells functioning   as   lenses    in  leaves
protect stomata or else that they act as lenses that could of  tropical rain-forest   shade   plants.   App.  Opt.,
converge sun rays to the cells that contain chlorophyll. 24: 1408-12.

The present study also found that in the epidermis, 10. Mantovani, A. and R.C. Vieira, 1997. Leaf surface of
hair unicellular tector and unbranched, short and thin two understorey shrubs Rudgea decipiens Müll. Ar.
type. These are distributed sparsely in both sides, mainly and Rudegea macrophylla Bent. (Rubiaceae).
on primary and secondary nevuras (Fig. 1D). Rodriguesia, Rio De Janeiro, 45/49(71/75): 7-13.

The study on stomatal features in cassava 11. Gleadow,  R.M.,  J.R.   Evans,   S.   McCaffery  and
demonstrates that the leaves, which are responsible for T.R. Cavagnaro, 2009. Growth and Nutritive Value of
the synthesis of carbohydrates and root tuberization, Cassava (Manihot esculenta Crantz) are Reduced
present important features related to leaf surface When   Grown   in   Elevated   CO ,  Plant  Biology,
topography. The images obtained in this study allow us 11: 01/10.
to conclude the importance of studying the stomatal 12. El-Sharkawy, M.A., 2010. Cassava: Physiological
shape, as well as more information on these papillae, Mechanisms and Plant Traits Underlying Tolerance
present on the leaves surfacewhich can correlate with to Pro-longed Drought and Their Application for
opening and closing of stomata in the cassava leaves and Breeding Cultivars in The Seasonally Dry and
thus explain an increase in photosynthesis. Semiarid Tropics, In: F.M. Da Matta, Ed.,
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