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Abstract
Stomata and trichome characters, both qualitative and quantitative, along with foliar epidermal cell characters
were studied on seven species of Dioscorea Linnaeus collected from different parts of Assam. As many as
five types of stomata were found in D. bulbifera Linnaeus. and D. pentaphylla Linnaeus; four types in D.
alata Linnaeus, D. trinervia Roxburgh ex Prain & Burkill and D. esculenta (Loureiro) Burkill; three types
in D. pubera Blume  and two types in D. glabra Roxburgh. The predominant type is isotricytic in all the
species except D. alata where it is anomocytic. Abnormalities such as stoma with one guard cell, degenerated
guard cells and contiguous stomata are frequently met with. Capitate glandular hairs are observed in D.
alata Linnaeus, D. glabra Roxburgh, D. esculenta (Loureiro) Burkill and D. bulbifera Linnaeus and
eglandular hairs in D. pubera Blume,  D. esculenta (Loureiro) Burkil and D. pentaphylla Linnaeus.
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INTRODUCTION

[Received revised & Accepted: 07.12.2011]

Commonly known as “yam”, the monocotyledonous genus Dioscorea Linnaeus (Dioscoreaceae)
comprises of 350 – 400 species (Caddick et al. 2002) and is distributed in tropical and sub-
tropical regions of the world. Yams are the most nourishing plant in the diet of many inhabitants of
intertropical regions, to such an extent that their very existence is centered on this tuber crop
(Degras 1983). It is essentially a crop of subsistence agriculture essentially in the tribal areas of
NE India (Sharma  & Hore 1995).

In India the genus is represented by about 50 species (Burkill 1935;  Karthikeyan et al
1989). Out of these, about 19 species are known to occur in erstwhile Assam alone (Rao &
Verma 1973).

In Dioscorea the nature of tubers, presence or absence of bulbils, size of bulbils and
morphology of epidermal hairs are of much taxonomic importance in delimitation of species and
subspecific taxa (Burkill 1951; Sundara Raghavan 1961). Shah & Gopal (1972) pointed out the
diversity of stomata and trichomes in six species of Dioscorea. Cuticular study of the foliar
epidermis of four species of Dioscorea was carried out by Aina & Atumeyi (2011) in order to
supplement the present taxonomic knowledge of these species. Abdulrahaman et al. (2009) have
studied the stomatal complex types, density and stomatal index in five species of Dioscorea.

Leaf epidermal characters are phenotypically elastic in nature, and therefore, generally
least emphasis have been given in taxonomic studies, but features of stomatal apparatus are
consistent and considered as  reliable for identification in support of morphology (Garg 2010).
Stomata and trichome types have been widely emphasized as important taxonomic attributes by
various workers (Shah & Kothari 1975; Lavania 1990; Padmini & Rao 1995). Not much has



been elicited on the foliar epidermal features of the species of Dioscorea from northeast India
and hence the present study attempts to evaluate the foliar epidermal characters of seven species
of Dioscorea collected from different parts of Assam as a part of the taxonomic work on
Dioscorea of Assam.

MATERIALS AND METHODS
The materials used in this study have been collected by the authors from various parts of Assam
during the field work and processed into mounted herbarium sheets following standard herbarium
techniques (Jain & Rao 1977). The collected materials have been deposited in the Herbarium of the
Department of Botany, Gauhati University (GUBH). The name of the species worked out in this
work are D. alata Linnaeus, D. trinervia Roxburgh ex Prain & Burkill, D. pubera Blume, D.
glabra Roxburgh, D. esculenta (Loureiro) Burkill, D. bulbifera Linnaeus and D. pentaphylla
Linnaeus. Fresh leaves were fixed in formalin-acetic acid-ethanol (1:2:1) solution. Specimens were
identified with the help of literature (Hooker 1892; Prain & Burkill 1936, 1938; Rao & Verma 1973),
and subsequently confirmed by consulting the herbarium specimens deposited in the Kanjilal
Herbarium (ASSAM), Botanical Survey of India, Eastern Circle, Shillong. The leaf epidermis of the
identified specimens was thoroughly investigated for details on stomata and epidermal hairs. For the
preparation of temporary slides epidermal peels of both upper and lower epidermises from tip,
middle and basal parts of mature leaves were taken out either mechanically or by controlled
maceration using a 10% aqueous solution of nitric acid following the technique of Boulos & Beakbane
(1971). The peels were stained with 1% aquous safranin, mounted in glycerine-jelly and sealed with
DPX. Camera lucida drawings and photographs were taken from the temporary slides.

The nature and distribution of stomatal guard cells, subsidiary cells and epidermal hairs
were studied. Frequency of epidermal cells, nature of epidermal cell wall, stomatal types, stomatal
frequency, stomatal index, stomatal area, types and distribution of trichomes were worked out.
Stomata and epidermal cells were classified and described as suggested by Prabhakar (2004)
and Stace (1984) respectively.

RESULTS

In the present study the species of Dioscorea taken into consideration are D. alata Linnaeus, D.
trinervia Roxburgh ex Prain & Burkill, D. pubera Blume, D. glabra Roxburgh, D. esculenta
(Loureiro) Burkill, D. bulbifera Linnaeus and D. pentaphylla Linnaeus. Among these the first
four species are right twinner and remaining three are left twiner. In all the seven species, the
costal area, in both upper and lower epidermis, is not distinct.

Qualitative and quantitative characters of Epidermal cells: (Tables 1 & 2)
In D. alata, D. glabra, D. esculenta, D. bulbifera and D. pentaphylla (Fig.1 –A, K, M, N, P)
the epidermal cells of the adaxial surface are pentagonal, hexagonal or irregular .The cell sizes
are not uniform. In D. trinervia and D. pubera (Fig.1.C, I) the epidermal cells are irregular and
highly sinuous. In the abaxial surface, on the other hand, in all the species except D. glabra the
epidermal cells are irregular and highly or slightly sinuous. In D. glabra it is pentagonal (Fig 1.J)

The frequency of epidermal cells in adaxial and abaxial surfaces ranges from 14.9 (in D.
bulbifera) to 82.9 (in D. pubera) and 32.86 (in D. esculenta) to 175.25 (in D. bulbifera)
respectively. The epidermal cell size in adaxial surface ranges from 4205.5 µm (in D. esculenta)
to 27159.2 µm (in D. trinervia) while in abaxial surface it ranges from 3299.4 µm (in D. bulbifera)
to 10683.0 µm (in D. pentaphylla).

Qualitative and quantitative  characters of stomata:(Tables 1&2)
Based on the occurrence of stomata on leaf surface, two types of leaves have been recognized
among the collected species of Dioscorea viz.,  amphistomatic and hypostomatic. All the species
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except D. esculenta and D. bulbifera are hypostomatic. D. esculenta and D. bulbifera are
amphistomatic.

Variation of stomata has been noticed in the same surface of the leaf. The stomatal types
observed in the abaxial surface of D. alata are anomocytic, isotricytic, tetracytic and diacytic; in
D. trinervia anomocytic, isotricytic, anisocytic and paracytic; in D. pubera isotricytic, paracytic
and tetracytic; in D. glabra isotricytic and diacytic; in D. esculenta isotricytic, anomocytic,
paracytic and diacytic; in D. bulbifera isotricytic, anomocytic, diacytic, paracytic and anisocytic
and in D. pentaphylla isotricytic, anomocytic, paracytic, pericytic and anisocytic. (Fig 1.A to R)

The stomatal frequency in the adaxial surface of D. esculenta and D. bulbifera is found to
be same i.e 4.23. In the abaxial surface, the highest and the lowest stomatal frequency have been
recorded in D. bulbifera (31.30) and D. D. trinervia (17.18) respectively. The stomatal size in the
adaxial surface is larger in D. esculenta (4244.7 mm) than D. bulbifera (2623.29 mm). In the
abaxial surface the stomatal size ranges from 1609.07µm (D. glabra) to 3069.97µm  (D. trinervia).
The stomatal index in the abaxial surface ranges from 11.80 (D. glabra) to 46.89 (D. esculenta).
The stomatal index in the adaxial surface of D. esculenta is slightly greater than that of D. bulbifera,
i.e. 15.14 in D. esculenta and 14.52 in D. bulbifera. The highest and the lowest stomatal area is
recorded in D. alata (26.93 mm2) and D. pentaphylla (0.82 mm2) respectively.

In the species of Dioscorea, the contiguous stomata are of frequent occurrence (Shah &
Gopal 1972). In the present work, contiguous stomata have been noticed only in D. bulbifera, D.
esculenta and D. pubera. In D. pentaphylla stomata with one guard cell and stomata with two
shriveled guard cells are observed. Contiguous stomata are arranged either laterally or pole to pole.

Trichome:
In most of the species either glandular or eglandular hairs are noticed. Glandular hairs are present
in D. alata, D. bulbifera and D. glabra. Eglandular hairs of variable lengths are present in D.
pubera, D. esculenta (T-shaped) and D. pentaphylla. In D. trinervia no hairs are noticed. In
all the investigated species, the trichome position is intercostal. In D. esculenta, the hairs are T-
shaped, with one arm of   the T longer than the other. In D. pubera the base of the hair is
surrounded by 3 or 4 cells. In D. pentaphylla, on the other hand, the base µe”is surrounded by 2
to 3 cells (Fig 1.H, I, L, M, P, Q, R).

DISCUSSION

The number and types of stomata and trichomes are taxonomically very significant (Sundara
Raghavan 1960; Abdulrahaman et al. 2009; Aina & Automeyi 2011). Abdulrahaman et al (2009)
worked on the stomatal complex types, density and index of five different species of Dioscorea
viz., D. alata, D. bulbifera, D. cayenensis, D. dometorum and D. rotunda where in D. bulbifera
and D. esculenta along with other three species have been grouped as hypostomatic. Aina &
Atumeyi (2011 ) subjected the data collected for number and types of trichomes and stomata to
statistical analysis  in D. alata, D. cayenensis, D. dometorum and D. rotunda and found that
the variations in all the species for all the parameters studied are significant. They did not mention
the type of trichome in the above species in their work. In the work of Sundara Raghavan (1960)
also there was no mention on the presence of glandular hairs in the species like D. alata and D.
bulbifera. Shah & Gopal (1972) reported six and two types of stomata in D. bulbifera and D.
alata respectively. They also worked on the stomatal types of D. hispida, D. wallichii and D.
bellophylla. Except D. bulbifera all other species were reported to have predominantly
anomocytic type of stomata (Shah & Gopal 1972). Abnormalities such as stoma with one guard
cell, with degenarated guard cells and contiguous stomata were also reported in the work of Shah
& Gopals (1972).
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Figures A - R: Foliar epidermal structures of Dioscorea spp. A. adaxial surface of D. alata; B. abaxial surface of D. alata;
C. adaxial survace of D. trinervia; D & E. abaxial survace of D. trinervia; F, G & H. abaxial surface of D. pubera; I.
adaxial surface of D. pubera; J. abaxial surface of D. glabra; K. adaxial surface of D. glabra; L. abaxial surface of D.
esculenta; M. adaxial surface of D. esculenta; N. adaxial surface of D. bulbifera; O. abaxial surface of D. bulbifera; P.
adaxial surface of D. pentaphylla; Q & R. abaxial surface of D. pentaphylla.
a1= anomocytic; a2=anisocytic; d=diacytic; t= tetracytic; p = paracytic; cont.st = contiguous stomata.
Magnifications: A,B,H,I,L,P,Q,R = 10X x 15X; C,K = 5X x 10X; D,E,J,N,O = 5X x 40X; M = 4X x 15X
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In the present work, D. esculenta and D. bulbifera are found to be amphistomatic instead
of hypostomatic as reported by Abdulrahaman et al (2009). The present work records the
occurance of anomocytic stomatal complex in adaxial surface of D. esculenta and both isotrycytic
and anomocytic in D. bulbifera.

In the abaxial surface the predominant type of stomata is isotricytic except in D. alata in
which it is anomocytic. Diacytic and paracytic types are also frequently occurred. Pericytic
stomata is observed only in D. pentaphylla. Anisocytic, Tetracytic stomata are also there but of
very less in number.

In the present work, eglandular hairs are observed in D. pubera, D. esculenta and D.
pentaphylla. In  D. esculenta it is T-shaped. Capitate glandular hairs are observed in D. alata,
D. glabra, D. esculenta and D. pentaphylla. Contiguous stomata are frequently noticed in D.
alata, D. trinervia, D. esculenta, D. bulbifera and D. pentaphylla. In D. glabra and D.
pubera, contiguous stomata are not observed. Stomata with one or both the guard cells shriveled
are noticed in D. alata. In D. pentaphylla also, stomata either with one guard cell or without two
guard cells are clearly noticed.

An artificial key is prepared on the basis of the observed epidermal characters of these
seven species of Dioscorea for their easy identification.

KEY TO THE SPECIES:

1a. Leaves amphistomatic; stomatal types isotricytic, anomocytic, paracytic diacytic and rarely
anisocytic; stomatal frequency in adaxial surface 4.23: ……….   .............     .......   2

1b. Leaves hypostomatic; stomatal types isotricytic, tetracytic, paracytic diacytic, anisocytic, or
rarely pericytic   ………..   3

2a. Both glandular and eglandular hairs on the adaxial surface, eglandular T- shaped trichomes on
both the surfaces, stomatal index on abaxial surface 46.89  ...........     ......  D. esculenta

2b. Glandular hairs present only on abaxial, stomatal index on abaxial surface is 15.15 .........
.............      ...............      ...............       ...............       .............   ........   D. bulbifera

3a. Cells of adaxial and abaxial surfaces are irregular, highly sinuous; stomatal index almost same
i. e. 15.24-15.79.   ………..     ..............         ..............       ...............       ...........  4

3b. Cells of abaxial surface pentagonal, hexagonal or straight; glandular or eglandular hairs present
on adaxial and abaxial surfaces: …….......       ....................       ....................         5

4a. Trichome absent on both the surfaces; stomatal frequency 17.8  ..............     D. trinervia

4b. Trichomes  present on both the surfaces; stomatal frequency 30.83  .............  D. pubera

5a. Hairs glandular on both the surfaces :  ……….        ...............       ................          6

5b. Hairs eglandular on both the surfaces, stomatal frequency 20.44, stomatal index 17.96, stomatal
area only 0.82 mm2   .................       ..............       .................     ......   D. pentaphylla

6a. Cells of abaxial surface irregular, sinuous; stomatal frequency 24.66, stomatal index 15.21,
stomatal area 26.93 mm2    .............          ..............        ...............      ........    D. alata

6b. Cells of abaxial surface pentagonal, arched slightly sinuous; stomatal frequency 29.04, stomatal
index 11.80, stomatal area 2.21 mm2       ...............       ..................       ...........  D. glabra
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