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3.0 OBJECTIVE

The epidermis, being superficial or outermost layer of cells, covers the entire plant body.

It includes structures like stomata and trichomes. Distribution of stomata in epidermis depends

on Ontogeny, number of subsidiary cells, separation of guard cells and different taxonomic

ranks (classes, families and species).

3.1 INTRODUCTION

The internal organs of plants are covered by a well developed tissue system, the

epidermal or integumentary system. The epidermis modifies itself to cope up with natural

surroundings, since, it is in direct contact with the environment. It protects the inner tissues

from any adverse natural calamities like high temperature, desiccation, mechanical injury,

excessive illumination, external infection etc. In some plants epidermis may persist throughout

the life, while in others it is replaced by periderm.

Although the epiderm usually arises from the outer most tunica layer, which thus

coincides with Hanstein’s dermatogen, the underlying tissues may have their origin in the

tunica or the corpus or both, depending on plant species and the number of tunica layers,

explained by Schmidt (1924).
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3.2 EPIDERMIS

Basic Concept

The term epidermis designates the outer most layer of cells on the primary plant body.

The word is derived from two Greek words ‘epi’ means upon and ‘derma’ means skin. Through

the history of development of plant morphology the concept of the epidermis has undergone

changes, and there is still no complete uniformity in the application of the term. This surface

system of cells varies in composition, function, origin and, therefore, does not lend itself to a

precise definition based on any one criterion.

Epidermis, is used in a broad morphologic-topographic sense, means the outermost

layer of cells of all parts of the primary plant body - Stems, roots, leaves, flowers, fruits and

seeds. It is considered to be absent on the root cap and not differentiated as such on the

apical meristems. The inclusion of the surface layer of the root in the concept of epidermis is

contrary to the view that the root epidermis belongs to a separate category of tissue and

should have its own name, rhizodermis or epiblem (Linsbauer, 1930). The epidermis of the

root differs from that of the shoot in origin, function and structure.

The proper definition of the root epidermis is inseparably connected with the problem of

the morphologic relation between root and shoot (Allen, 1947). As long as there is no commonly

accepted concept on this relation, it seems most convenient to use the term epidermis in its

broadest sense to mean the primary surface tissue of the entire plant.

Function

The normal functions of epidermis of the aerial plant parts are considered to be restriction

of transpiration, mechanical protection, gaseous exchange through stomata and storage of

water and metabolic products. Some accessory functions photosynthesis, secretion,

absorption (other than that of the root epidermis) and possibly also the perception of stimuli

and causal association with the movement of plant parts, however may predominate to such

an extent that the epidermis assumes characteristics not typical of this tissue.

Some of the functions of the epidermis appear to be related to certain specialized

anatomic characteristics and meristematic activities (Linsbauer, 1930). Nevertheless, the

epidermis is known to resume such activity the normal course of development (formation of

phellogen) and after injuries to the plant (Linsbauer, 1930, McVeigh 1938, Guline, 1960).

Origin

The epidermis of the shoot arises from the outermost layer of the apical meristem,

either from independent initials or jointly with the subjacent tissue layers. If the shoot apex

shows a segregation into zones of surface and volume growth, that is, into a tunica and a

corpus, the epidermis originates from the outermost layer of tunica. Such a layer of cells fits

the definition of Hanstein’s dermatogen, since its course of development into the epidermis

begins in an intial region. In plants showing less precise zonations in the apical meristem, as
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most of the gymnosperm do, the epidermis does not have separate intials. It is a product of

the lateral derivatives of the apical intials, which divide both anticlinally and pericinally and

are the ultimate sources of the superficial as well as the interior cells of the plant body. In

plants  with single apical cells the epidermis also has common origin with the deeper lying

tissues. In roots the epidermis may be related developmentally to the root cap or the cortex.

Organs having little or no-secondary growth usually retain the epidermis as long as they

exist. An exception is exemplified by some woody monocotyledons that have no secondary

addition to the vascular system but develop a special kind of periderm replacing te epidermis.

In stems and roots of gymnosperms and dicotyledons and of arborescent monocotyledons

having secondary growth, the epidermis varies in longevity, depending on the time of formation

of the periderm.In stems of a maple (Acer striatum), the epidermal cells are dividing

continuously while the stem increases in thickness. In Cercidium torreyanum, a tree leafless

most of the time but having a green bark and a persistent epidermis (Roth, 1963).

In most of the angiosperms, the epidermis is composed of a single layer of cells

(uniseriate epidermis) but in some eg. member of Bignoniaceae Moraceae and Piperaceae),

it is made up of two or more layers of cells (multiseriate or multiple epidermis). The multiple

epidermis of Peperomia has as many as 14 or 15 layers.

Structure

COMPOSITION

The epidermis contains a wide variety of cells types in relation to the multiplicity of its

functions. The ground mass of tissue consists of the epidermal cells proper, which may be

regarded as the least specialized members of the system. Dispersed among these cells are

the guard cells of the stomata and sometimes other specialized cells. The epidermis may

produce a variety of appendages, the trichomes, such as hairs and more complex structures.

Trichomes with a specific function, the root hairs, develop from the epidermal cells of the

roots.

EPIDERMAL CELLS

Mature epidermal cells are

commonly described as being

tubular in shape because of their

relatively small extent in depth, that

is, in the direction at right angles to

surface of the organ. Deviating

types, cells which are much deeper

than they are wide, also occur, for

example, in the palisade-like

epidermis of many seeds. In

surface view the epidermal cells

Plate 1. Epidermis. Surface view of Convolvulus epiderm is
with undulate anticlinal walls and stomata (X  760;

from Encyclopaedia Britannica, Coyright 1945.)
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may be nearly elongated (fig. 3.1A) or

isodiamatric (fig. 3.1B). Elongated

epidermal cells are often found on

structures which themselves are

elongated, such as stems, petioles, vein

ribs of leaves, and leaves of most

monocotyledons. Elongated epidermal

cells also occur near some hairs and

stomata. In leaves the epidermal layers

on the two surfaces may be dissimilar

in shape and size of cells and in

thickness of walls and cuticle. In many

leaves and petals the epidermal cells

have wavy anticlinal walls (fig. 3.1 C-F,

late-1) and the undulations may be

present in the entire depth of the walls

or only in their outermost parts.

The outer wall of an epidermal

cell may be flat or convex, or it may bear

one or more localized raised areas.

Certain Gramineae, Gymno spermae,

Dicotyledoneae, and lower vascular

plants (Adiantum, Selaginella) contain

fibre-like epidermal cells (Linsbauer,

1930).

Certain Cruciferae contain sac-like secretory cells scattered in the epidermis. In

Apocynaceae, Acanthaceae, Cucurbitaceae, Moraceae (fig. 3.2) and Urticaceae epidermal

cells may develop cystoliths. Sometimes

the entire epidermis consists of highly

specialized cells. Thus in certain seeds and

scales the epidermis is composed of a

solid layer of sclereids.

The epidermal cells project into

extensive intercellular spaces and contain

cheroplasts. The epidermal cells are

arranged compactly with rare breaks in their

continuity other than those represented by

the stomatal pores. Intercellular spaces occur in the epidermis of petals, but they appear to

be closed on the outside by the cuticle.

Fig. 3.1 Surface views of abaxial foliar epidermis. A Iris,
sunken stomata in longitudinal rows. B. Vitis, dispersed
stomata. dispersed stomata, C. Capsicum, raised stomata.
B. C, without subsidiary cells, anomocytic. D-F, with
subsidiary cells. D. Vigna, paracytic. E. Sedum, a variant of
anisocytic. F. Dianthus, diacytic. Wavy anticlinal walls in C,
F. (B, C, courtesy of E. F. Artschwager.)

Fig. 3.2 Stages in cystolith development in Ficus
glomerata (Courtesy of Dr. Y.P.S. Pandit)
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Epidermis in Gramineae

The morphologic variability of the epidermis of Gramineae is used extensively for

taxonomic purposes and for

discussions on the evolution of

this group of plants. (Diavies,

1959; Metcalfe 1960; Tateoka,

1957) The Gramineous

epidermis typically contains

long cells and low kind of short

cells, silica cells and cork cells

(fig 3.3 A). The short cells

frequently occur together in

pairs. The silica cells are

almost filled with SiO
2
 which

solidifies into bodies of various

shapes. The cork cells have

suberized walls and often

contain solid organic material.

The epidermal cells of

Gramineae arranged in parallel

rows, and the composition of

these rows varies in different

parts of the plant. Rows

containing long cells and stomata occur over the assimilatory tissue; only elongated cells or

such cells combined with cord cells or bristles or with mixed pairs or short cells follow the

veins (fig 3.3B).

The Gramineae and other monocotyledons possess still another peculiar type of

epidermal cells the bulliform cell. The bulliform cells, literally “Cells Shaped like bubbles”, are

large, thin walled, highly vacuolated cells which occur in all monocotyledonous orders except

the Helobiae (Linsbauer, 1930; Metcalfe, 1960). Bulliform cells either cover the entire upper

surface of the blade or are restricted to grooves between the veins. In the latter situation they

form bands, usually several cells wide, arranged parallel with the veins. In transection through

such a band the cells often form a fan - like pattern, for the median cells are usually the largest

and are some what wedge - shaped (Plate 2).

Bulliform cells may occur on both sides of the leaf. They are not necessarily restricted

to the epidermis but are sometimes accompanied by similar cells in the subjacent mesophyll.

They are poor in solid contents. They are mainly water containing cells. Tannins and crystals

are rarely found in these cells. They may accumulate silica (Parry and Smithson, 1958).

Fig. 3.3. Epidermis of sugarcane (Saccharum) in surface view. A
epidermis of stem showing alternation of long cells with pairs of short
cells; cork cells and silica cells. B, lower epidermis from a leaf blade
showing distribution of stomata in relation to various kinds of epidermal
cells. (A, ́  320. Adopted from Artschwage, Jour, Agr, Res. 60, 1940.)
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Contents

The epidermal cells possess living protoplasts they may be expected to include a variety

of substances, depending on the degree of their specialization. The epidermal plastids are

usually not definitely differentiated as chloroplasts, but in many plants they appear to contain

chlorophyll. Starch also may occur in the epidermal plastids. Some ferns, water plants, and a

number of higher vascular land plants, particularly those of shady habitats, contain well

developed chlorplasts in the epidermis. The cell sap of the epidermal cells may contain

anthocyanin, as in many flowers,

leaves of the purple beech and the

red cabbage, and stems and

petioles in Ricinus.

Wall Structure

The thickness of the walls of

epidermal cells not only varies in

different plant but different parts of

the same plant also. In the thinner -

walled epidermis the outer wall is

frequently the thickest (Plate 3).

Epidermis with excee-dingly thick

walls is found in Coniferous leaves

(fig. 3.4, Plate 4). The outer wall

of the epidermal cells is usually

thickest and differs from other

wall in physical and chemical

characters due to the presence

of cuticle, wax, resin, volatile

gums, etc. The wall of the

epidermal cells has an inner

layer of cellulose and an outer

layer of cutin which constitutes

the cuticle. The radial and the

inner tangential walls frequently

shows primary pit fields. The

outer wall also may have thin

places and markings

resembling primary pit fields.

Plasmodesma have been

described not only in the radial

and the inner tangential walls but

also in the outer walls, where

they are called ectodesmata.

Plate 2: Transection of monocotyledonous leaves. In Triticum adaxial
epidermis bears bulliform cells in grooved parts of blade.
Subepidesmol cells elongated like palisade cells. There is an inner-
thick-walled and outer thin-walled bundle sheeth. Scherenchyma in
ribs, connected with bundle sheets. (´140; from Encyclopaedia
Britannica, Copright, 1945.)

Fig. 3.4. Stomata of conifer leaves. A, surface view of epidermis with
two deeply sunken stomata from Pinus merkusii. Guard cells are
overarched by subsidiary and other epidermal cells.Stomata and some
associated cells of Pinus (B–D), and Sequoia (E, F). The broken lines
in A indicate the planes along which the sections of stomata were made
in B–F. aa, B, E, bb, D. cc, C, F. (A × 182; B–D, × 308; E, F, × 588- A,
adapted from Abogon, Philippine Univ. Nat and Appl. Sci. Bull 6, 1938).
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Cutcle

The restriction of

transpiration by the epidermis

largely results from the presence

of the fatty substances cutin as any

impregnation of the cell walls and

as a separate layer, the cuticle, on

the outer surface of the cells (Plate

3). The cuticle covers all parts of

the shoot. It occurs on the floral

parts, on nectarines, and on

ordinary and glandular trichomes.

The development of cuticle is

affected by environmental

conditions and its thickness varies

in different plant. Although cuticle

is present on the outer surface of

the epidermal cells, sometime it

extends to the radial walls and

thus provides resistance against

the infection of microorganisms.

The cuticle is commonly covered

with wax and the electron

microscopic studies of these

Plate 3. Epidermis transection of Asparagus stem showing epidermis and some cortex.
Chlorenchyma beneath epidermis and substomatal chamber beneath guard cells.

(×760; From Encyclopaedia - Britannica Copyright 1945.)

guard cell

PLATE 4. Conifer leaf, Pinus resinosa. Transections through outer
parts of a needle showing stoma (A) and resin duct (B), both with
associated mesophyll, epidermis, and hypodermis. (Both, ×490.)

mesophyll cell ridge resin duct

subsidiary cell guard cell hypodermis
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epicuticular waxes reveal a variety of patterns. The structural components of cuticle and

cutinized walls are cellulose, pectic compounds, cutin waxes and some other incrusting

substances. The synthesis of cutin and waxes takes place in living protoplast and from these

substances migrate outwards through cell wall. Cutin is semihydrophilous and this feature is

responsible for cuticular transpiration.

Other Wall Substances

Among other common wall substance, lignin is a relatively infrequently component of the

epidermal walls in angiosperms. Lignifications of epidermal cells is comparatively common

in the lower vascular plants. It occurs also in the Cycadaceae, Cyperaceae and Juncaceae,

and in a few dicotyledons and specifically in the needlesof conifers, the rhizomes of Gramineae,

and the leaves of Gramineae outside the Sclerencyma strands. Many plants deposit silica in

epidermal cells.

In some dicotyledonous families mucilaginuous modification of walls occur in individual

epidermal cells, or in groups of cells; sometimes most epidermal cells are more or less

mucilaginous, as for example, in seeds.

3.3 STOMATA

Stomata are small

openings in the epidermis of

most aerial parts or plants,

but they are most abundant

on leaves. A stoma consists

of an opening (pore)

bounded by two

specialized, usually kidney

shaped epidermal cells

known as guard cell (fig. 3.5,

Plate 5). The guard cells

have unevenly thickened

walls. The inner wall facing

the aperture is highly

thickened while the one

away from the aperture is

thin and extensible. The

guard cells are also covered

with cuticle which extends to

the inner wall forming the

bounding of the pore and the

sub-stomata chamber.

PLATE 5. Scanning electron micrograph of a stoma in the epiderms of a
cucumber leaf × c. 570 (From J. Troughton and L.A. Donaldson, Probing
Plant Structure, Chapman & Hall, London, 1971).
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Unlike other epidermal cells, guard cells contain chloroplasts.

Due to the presence of chloroplast, active Carbon assimilation

takes place in guard cells. Consequently, increased turgor

pressure after photosynthesis results in the opening of

stomata, while a decrease in turgor pressure results in their

closing. The guard cells are surrounded by a variable number

or epidermal cells which are called subsidiary or accessory

cells (fig. 3.6.) These cells may be morphologically similar to

the other epidermal cells or very different from them. The two

guard cells of a stoma, its aperture and adjoining subsidiary

cells together constitute the stomata apparatus.

The stomata are most common on green aerial parts of

plants, particularly the leaves. The aerial parts of some

chlorophyll-free land plants (Monotropa, Neottia) and roots have no stomata as a rule, but

rhizomes have such structures. The variously coloured petals of the flowers often have stomata,

sometimes nonfun-ctional. Stomata are also found on stamens and gynoecia. In green leaves

they occur either on

both surfaces

(amphistomatic leaf) or

on one only, either the

upper (epistomatic

leaf) or on one only,

either the upper

(epistomatic leaf) or

more commonly the

lower (hypostomatic

leaf). There is a great

variation in stomatal

frequency of leaves. In

dicotyledonous leaves,

their number varies

from 1,000-10,00,000

per cm2 (Paliwal, 1972). The average size of stomata ranges between 6.7 and 17.7 microns.

Distribuition

The stomata may occupy three different positions in relation to the epidermal cell: (i)

they may be at the same level as the adjoining edidermal cells as in most of the mesophytic

plants; (ii) in xerophytic plants, as in Hakea the stomata are sunken as they are located in a

cup-shaped depression (fig3.11B), (iii) Sometimes, as in Cucurbita, Prunus and Solanum

the stomata are slightly raised above the surface of epidermis (fig.3.11A). In leaves with

Fig. 3.5 A stoma with surrounding
epidermal cells in surface view.

FIG. 3.6. Stomata of sugarcane (Saccharum). A, B stomata seen from outer
surface in open (A) and closed (B) states. C, longitudinal section of one guard
cell. The nucleus is much extended and appears as two masses connected by
a thin thread. D, transection through the central portion of two guard cells from
a closed stoma. Hatched parts, thick walls; circles in A–C,chloroplasts. (After

Flint and Moreland, Amer. Jour.  Bot. 33, 1946.)
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parallel veins, such as

those of monocotyledons

and some dicotyledons

and in the needles of

conifers the stomata are

arranged in paralled rows

(figs. 3.3 B, 3.4A). The sub-

stomatal chambers in

each row are coalesced

and the mesophyll cells

bouding these chambers

form an arch over the

intercellular canal (Plate 4,

fig 3.4B). In netted- veined leaves the stomata are scattered (fig. 3.1 B-E).

Guard cells may occur at the same level as the adjacent epidermal cells, or they may

protrude above or be sunken

below the surface of the

epidermis (figs. 3.1, 3.4, 3.7,

3.8). The guard cells are

generally crescent - shaped

with blunt ends (Kidney-

shaped) in surface view (figs.

3.1, 3.7, D, 3.8C) and often

have ledges of wall material

on the upper and lower sides.

In sectional views such ledges

appear like horns (fig. 3.7 E,

F, H). Sometimes a ledge

occurs only on the upper side

(fig. 3.7A, G.I) or none is

present (fig. 3.4B,E). The

ledges are more or less

heavily cutinized (Bondesson,

1952).

An outstanding

characteristic of stomata is

the unevenly thickened walls

of the guard cell (figs. 3.4,

3.7). This feature appears to

be related to the changes in

Fig. 3.11. Position of stomata, A. riased stoma from the fruit stalk of Cucurbita
peopo. B. depressed stoma of Hakea suaveolens. (Modified from G.
Haberlandt, Physiological Plant Anatomy, Macmillan & Co., London, 1914).

Fig. 3.7 Stomata in abaxial epidermis of foliage leaves. A–C, stomata
and some associated cells from peach leaf sectioned along planes
indicated in D by the broken lines aa, bb and cc. E–1, stomata from
various leaves cut along the plane aa, J. one guard cell of ivy cut along
the plane bb. The stomata are raised in A, F, G. They are slightly raised
in I, slightly sunken in H, and deeply sunken in E. the horn-like protrusions
in the various guard cells are sectional views of ledges. Some stomata
have two ledges (E, F, H); others only one (A, G, I). Ledges are cuticular
in A, E, I. The Euonymus leaf has a thick cuticle; epidermal cells are
partly occluded with cutin. (A–D, F–J, ×605; E, ×242.)
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shape and volume which are operated by turgor changes in the guard cells. The primary

cause of changes in turgor of the guard cells is not definitely established (Heath, 1959:

Ketellapper, 1963). The immediate cause appears to be the condensation and hydrolysis of

starch in their chloroplasts. Photosynthesis alone is not sufficient to explain the rapid changes

in osmotic pressure associated with the closing and opening mechanism. Moreover, the

chloroplasts may not be well differentiated in guard cells (Brown and Johnson, 1962). Among

the environmental factors carbon dioxide concentration appears to play a major role in size

changes of the stomatal pore (Ketellaper, 1963).

Coniferous stomata are

sunken and appear as though

suspended from the subsidiary cells

arching over them (fig. 3.4). In their

median parts the guard cells are

elliptical in section and have narrow

eumina (fig. 3.4 B, E). At their ends

they have wider lumina and are

triangular in section (fig. 3.4 C,F).

The characteristic feature of these

guard cells is that their walls, and

those of the subsidiary cells, are

partly lignified and partly free of

lignin.

The structure of the guard - cell

walls is comparable to that of the

other epidermal cells of the same

leaves. They are usually cutinized

in the outer layers and covered with

a cuticle. Guard cells show

lignifications, at least in parts of their

walls, in vascular cryptogams,

gymnosperms, Gramineae,

Cyperaceae, and certain dicotyledons (Kaufman, 1927). According to some epidermal cells

(Brown and Johnson, 1962; Ketellapper, 1963); according to others, plasmodesmatal

connections do occur between the guard cells and the subsidiary cells. (Sievers, 1959).

Development

Stomata arise through different divisions in the protoderm, After several divisions of a

given protodermal cell, one of the products of these divisions becomes the immediate

precursor of the guard cells. This is the stoma or guard-cell mother cell (figs. 3.8 3.A), that

eventually divides into two guard cells. These enlarge and assume the characteristic crescentic

Fig. 3.8. Stomata of Nicotiana (tobacco) in surface views. A.
development stages: a, b, soon after division that resulted in
formation of stoma mother cell; c, stoma mother cell has enlarged.
d, stoma mother cell has divided in two guard cells, still completely
joined, but with swollen intercellular substance in position of future
pore. e. young stoma with pore between guard cells. B; mature
stoma seen from outer side of adaxial epidermis. D, similar stoma
seen from inner side of abaxial epidermis. The guard cells are
raised and thus appear above the epidermal cells in B and below
them in D. C, guard cells as they appear from the inner side of the
epidermis. (A, D, guard cells as they appear from the inner side of
the epidermis. (A, ×620; B–D, ×490.)



(  49  )

Differentiation of Epidermis with Reference to Stomata

shape. The area which

becomes the pore shows a

lenticular mass of pectic

material just before the walls

separate from each other (fig.

3.8 A) appearance probably

results from the swelling of the

intercellular. This material

preceding its dissolution. More

or less conspicuous intercellular

spaces occur in the mesophyll

during the initiation of stomata

(fig. 3.9 A-C). A large

intercellular space, the

substomatal chamber, develops

during the maturation of the

stoma (fig. 3.9 E-G).

The formation of stomata

varies in different species so

that the guard cells and the

subsidiary cells may be

unrelated or more or less

closely related. In

Gramineae, for example,

the immediate guard - cell

precursor arises in  one row

of cells, the subsidiary cells

in two adjacent rows (fig.

3.10; Stebbins and Shah,

1960).

The grass stoma

exemplifies the perigene

type of subsidiary cells, that

is, cells not arising from the

primary mother cell (Florin,

1958). In Drimys, a

protodermal cell (the

primary mother cell of stoma) gives rise, after two divisions, to a guard-cell mother cell and

two subsidiary cells (Bondesson, 1952).

Fig. 3.10. Development of stomata in oat (Avena). A, mother cells of guard
cells formed by unequal division of protodermal cells. B, subsidiary cells
are carved out of protodermal cells adjacent to mother cells. C, one mother
cell have divided in two guard cells. D, mature stomata. (A–C, ×93; after
photographs in Bonnett, Univ. Illinois Agr. Expt. Sta. Bul. 672, 1961.)

Fig. 3.9 Development of stoma of Nicotiana (tobacco) leaf as seen in
section. C, from adaxial epidermis with some palasade cells; other
from abaxial epidermis. A–C, stoma mother cell before and during
division in two guard cells. D, young guard cells with thin walls. E,
guard cells have extended laterally and have begun to thicken their
walls. Inner ledge and substomatal chamber have been formed. F.
mature guard cells with upper and lower ledges and unevenly thickened
walls. G, one mature guard cell cut parallel with its long axis and at
right angles to the leaf surface. (All, ×490.)
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The guard-cell precursor has been repeatedly described as being distinguishable by

the density of its cytoplasm. An accumulation of cytoplasm in one end of the cell - before the

primary mother cell of the stoma divides (Bunning and Biegert, 1953; Stebbins and Shah,

1960). An asymmetric division occurs across the gradient resulting from the polarization and

given rise to a small guard-cell precursor and a large, less specialized epidermal cell. The

nuclei of the guard-cell precursors are denser than those of their sister cells. Apparently this

differentiation occurs gradually, through one or more preceding generations of cells (Resch,

1952).

The stomata arise not all at once but in succession through a considerable period of

leaf growth. Two principal patterns may be distinguished in the development of stomata in the

leaf as a whole (Ziegenspeck, 1944). In leaves with parallel veins, having the stomata in

longitudinal rows, the developmental stage of the stomata are observable in sequence in the

successively more differentiated portions of the leaf. In the netted veined leaves the different

developmental stage are mixed in mosaic fashion so that mature stomata occur side by side

with immature ones.

Classification or Types of Stomata

The mode of development of stomata and their relation to neighbouring cells are

considered with reference to problems of classification and phylogeny in the angiosperms

and the conifers. The classification refer to stomatal types but actually they are based on the

relation between the stomata and the subsidiary cells.

The first classification of stomata were presented by Vesque (1889). The four stomatal

types distinguished by Vesque were named after the families in which they are well exemplified

or berved for the first time : (i) Ranunculaceous types, (ii) Cruciferous type, (iii) Rubiaceous

type and (iv) Labiateous or Caryophyllaceous type. The terminology of Vesque was faulty

since the types occur in many other families and the terms have not been used in exactly the

same sense.

Florine (1933) described two stomatal patterns in gymnosperm that was termed (a)

Haplocheilic and (b) Syndetocheilic.

(a) Haplocheilic Stoma (Simple lipped) : The protoderm cell or stomatal meristemoid

functions directly as guard cell mother cell which gives rise the guard cells of the stoma.

The subsidiary cells are formed from the neighbouring specialized protoderm cells.

Such subsidiary cells, whose mother cells are distinct from guard cell mother cell are not

derived from the stomatal meristomoid and are termed as perigene. Ex. Cycadales,

Pteridospermopsida, Coniferopsida, Ephedra, etc.

(b) Syndetecheilic Stoma (Compound lipped) : The protoderm cell and stomatal

meristemoid divides and the resulting cells are differentiated into guard cell, mother cell

and the initials of subsidiary cells. Such subsidiary cells thus derived from the stomatal

meristemoid that also produces guard cell mother cell are termed as mesogene. Ex.

Cycadeoidales, Gnetum, Welwitschia, etc.
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Metcalfe and Chalk (1950) proposed four main types of terminology which does not any

taxonomic or ontogenetic implications in dicotyledons:

(1) Anomocytic (Irregular - celled, formerly Ranunculaceous) type : The stomata

are surrounded by a limited number of epidermal cells which are indistinguishable

from other epidermal cells (fig. 3.12A). In this type, no subsidiary cells are present.

The stomata of this type occur in many members of Ranunculaceae, Papaveraceae,

Capparidaceae and Nyctaginaceae.

(2) Anisocytic (Unequal-celled, formerly Cruciferous) type : This type is

characterized by the presence of three subsidiary cells of which one is distinctly

smaller than the other two, surround the stoma (fig. 3.12B). This type is common in

the members of Cruciferae, Umbelliferae, Solanaceae and Convolvulaceae.

(3) Paracytic (Parallel-celled, formerly Rubiaceous) Type : One or more subsidiary

cells occur on either side of the stoma which i.e. parallel with its long axis of the

pore and guard cells (fig. 3.12C). This type occurs in the member of Magnoliaceae,

Schiandraceae and Rubiaceae.

(4) Diacytic (Cross-Celled, formerly Caryophyllaceous) Type : The stoma is

enclosed by a pair of subsidiary cells whose common wall is at right angles to the

long axis of the guard cells (fig. 3.12 D). This type are represented by some

members of Caryoph- yllaceae, Labiateae and Acanthaceae.

Fig. 3.12. Stomatal types as suggested by Metcalfe and Chalk (1950).
A. anomocytic.   B. anisocytic.    C. paracytic.    D. diacytic.
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In addition to these four types, two others are recognized by Stace (1965)

Actinocytic type : With four or more subsidiary cells elongated radially to the stoma

(fig. 3.13 A).

Cyclocytic type : With

four or more subsidiary cells

arranged in a close ring around

the stoma (fig. 3.13 B).

Stebbins and Khush

(1961) recognized four

categories of stomatal

complexes in monocotyledons:

Type-1 : In this type,

stoma is surrounded by 4-6 subsidiary cells around the guard cells in all four directions (fig.

3.14A). This type occurs in Commelinaceae (Commelina, Rheo), Araceae, Musaceae,

Zingiberaceae and Cannaceae.

Type-2 : Here also the stoma is surrounded by 4-6 subsidiary cells, but the two subsidiary

cells at the ends of the guard cells are roundish and smaller than the other which are placed

lateral to the guard cells. (fig.

3.14 B). This type is

recorded in Palmae and

Pandanaceae.

Type-3 : In this type,

the stoma is surrounded by

two subsidiary cells placed

lateral to the guard cells. (fig.

3.14C). This is the most

common type in

monocotyledons and found

in large number of families

belonging to Butomales,

Alistamales, Juncales,

Graminales and Cyperales.

Type-4 : The guard

cells are without any

subsidiary cells (fig. 3.14D).

It occurs in various families

of Liliales, Dioscoriales, Amaryllidales, Iridales, etc.

Fig. 3.13. A. Actinocytic.                             B. Cyclocytic stomata.

Fig. 3.14 Stomatal types in monocotyledons as suggested by
Stebbins and Khush (1961).

A. type 1.    B. type 2.    C. type 3.    D. type 4.
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Van Cotthem (1970) proposed a new classification of stomatal types based on the

number of subsidiary cells which are as follows:

(1) Hexacytic type :- Each stoma is accompanied by six subsidiary cells consisting

of two lateral pairs parallel to long axis of the pore and two polar (terminal) cells

(fig. 3.15 A).

(2) Epicytic type :- It is

characterized by the

presence of two

subsidiary cells in a

diacytic position but

lying above the guard

cells (fig. 3.15B).

(3) Hemiparacytic type

:- This type is

characterized by the

presence of single

subsidiary cell placed

parallel to the long axis

of the pore (f ig.

3.15C).

(4) Eupericytic type:-

Stoma is surrounded

by a single subsidiary

cell which encircles

both the guard cells.

The subsidiary cell is

attached only to the

outer periclinal wall of

the guard cells by their

flat outer sides (fig.

3.15D).

(5) Copericytic type:-

Such stomata are

surrounded by a single

subsidiary cell which is turn is partially surrounded by a second subsidiary cell

(fig. 3.15E)

(6) Duplopericytic type :- Stoma is surrounded by two subsidiary cells, the first

encireting the stoma and the second enclosing the whole complex (fig. 3.15F).

Fig. 3.15 Stomatal types as suggested by Van Cotthem (1970.
A hexacytic. B. epicytic. C. hemiparacytic.

D. eupericytic. E. copericytic F. duplopericytic.
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(7) Parietocytic type :- A single subsidiary cells surrounds the stoma as in hemipara-

cytic type, but the stoma occupies a parietal positi -on attached to one lateral wall

at the distal end (fig. 3.16 A).

(8) Axillocytic type :-

Stoma is in an axillary

position attached to

two lateral walls at the

distal, margin polar

end of the single

subsidiary cell (fig.

3.16B)

(9) Coparietocytic type

:- It is similar to the

periotecytic type but

accompanied by a

second subsidiary cell

at the proximal end

(fig. 3.16C).

(10) Coaxillocytic type:-

This type is similar to

the axillocytic type but

stoma is

accompanied by a

second subsidiary cell at the proximal end (fig. 3.16D).

Pant (1965) proposed a classification of stomata based on ontogeny (fig. 3.17). He

divided the stomata in the following three types:

1. Mesogynous

When the subsidiary cells and guard cells of a stomatal complex are derived from a

single stomatal meristemoid, the stoma is said to be mesogene and its development is termed

as mesogenous type. According to the number of subsidiary cells the stomatal meristemoid

may have four cutting faces (e.g. Lactuca viscosa), three anticlinal cutting face (e.g. Beta

vulgaris, Datura stramonium, Nicotiana,etc.), two parallel cutting face (e.g. Rubiaceae,

Casuarina, Gnetum gnemon, Ricinus communis, etc.). The mesogenous stomata

becomes anisocytic, surrounded by three unequal subsidiary cells. This type of stomatal

development is found in the member of Cruciferae, Solanaceae, etc.

2. Perigynous

There is an independent origin of the guard cells and the subsidiary cells. The

meristemoid directly functions as guard cell mother cell, which divides once by a straight

Fig. 3.16. Stomatal types of Van Cotthem continued.
A. Parietocytic  B. axillocytic  C. coparietocytic  D. coaxillocytic.
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wall to form a pair of guard cells. The perigynous stomata may acquire anomocytic (e.g.

Nymphaeceae, Cururbitaceae), Paracytic (e.g. Rubiaceae, Convolvulaceae) or tetracytic

(e.g. Graminae, Cyperaceae) structures. In the latter, the subsidiary cells are derived by

oblique divisions in the epidermal cells neighbouring the guard ells. Ex.-Lycopodium,

Ephedra, Trapa, Cuscuta, etc.

3. Perimesogynous type

In this developmental type the

subsidiary cells, are of dual origin. In

the stomatal complex the cell mother

cell and one subsidiary cell are

formed from a single stomatal

meristemoid; the other subsidiary

cells are derived from the

neighbouring cells, which are

adjacent to guard cell mother cell. The

first division of the stomatal

meristemoid and the partition of the

guard cell mother cell to form two

guard cells may be (i) parallel (e.g.

Tetracentron sinesis) or (ii) at right

angles (ex. some members of

Onagraceae and Caryophyllaceae)

or (iii) at other angles (e.g.

Ranunculus) to each other.

The perigynous and

mesogynous stomatal complexes

(Pant, 1965) are ontogenetically

similar to Florin’s haplochelic and

syndetocheilic type respectively. (fig.

3.17)

Payne (1979) proposed a basic

classification scheme of stomatal

complex based on the mode of

division of guard mother cell with

respect to the wall that formed the guard mother cell. The guard mother cell divides to form a

pair of guard cell. The orientation of the wall that separates the guard cells may be

perpendicular, parallel or have no special orientation with respect to wall that cuts the guard

mother cell from stomal meristemoid (fig. 3.18)

Fig. 3.17. Types of stomatal development as suggested
by Pant (1965).

Abbreviations used : EP – epidermal cell; GMS–guard
cell mother cell; M–meristemoid; S

1
-S

4
–subsidiary cells.
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Accordingly the following three types are

(i) Diameristic (Dia=across)

and meros = part or

portion):- The stomatal

meristomeroid cuts off the

guard mother cell at the distal

end. The guard mother cell

divides and the divisions wall

is perpendicular to the wall

that formed the guard mother

cell. Thus, the stoma is

formed at right angles to the

wall that formed the guard

mother cell. The subsidiary

cells may be mesogene (e.g.

Lamiaceae) or

mesoperigene (e.g.

monocot, Caryophyllaceae).

(ii) Parameristic (Para=

besides and meros = part

or portion ):-The stomat-al

meristomoid cuts off the

guard mother cell. The

division of guard mother

cell is by a wall, which is

parallel to the preceding

divi-sion wall. Thus, the stoma is formed parallel to the wall that cuts the

guard mother cell. The subsidiary cells may be mesogyne (e.g. Cruciferae,

Rubiaceae) or mesoperigyne (Liriodendron).

Anomomeristic (Anomalos = irregular and meros = Part or Portion) :- The stomatal

meristemoid cuts off the guard mother cell. The division of the guard mother cell is by a wall

that has no special orientation to the previous wall. The division may be at any angle with

respect to the preceding wall and thus the stoma lies at any angle to the wall that forms the

guard mother cell. The subsidiary cell is usually single and mesogyne. e.g. Ranunculus.

Several abnormalities have been reported in the structure and development of stomata.

These include degenerated stomata, juxtaposed or obliquely oriented contiguous stomata,

stomata with single guard cell and the formation of extra subsidiary cell adjoining the stomatal

apparatus. Such abnormalities are perhaps because of some momentary disturbance in the

factors controlling stomatal development and they may be induced experimentally by various

chemical treatment.

Fig. 3.18. Diagrams showing three onto genetic stomatal
patterns. A = meristemoid; B = division in meristemoid
(1 – 1); C = Stomata. Dashed line in B indicate the sequence
of division of guard mother cell. (Redrawn after Payne, 1976)

                                                              Stoma

                                                  Stomatal

                                                   Pore

  A                B                  C
[Ontogenetic routes of Diameristic Stomata]

  A                B                  C
[Ontogenetic routes of Parameristic Stoma]

  A                B                  C
[Ontogenetic routes of Anomomeristic stoma]
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3.4 QUESTIONS FOR EXERCISE

1. Describe the development of epidermis with special reference to Graminae.

2. Differentiation of epidermis with reference to stomatal development

3. Describe function, origin and structure of epidermis.

4. Morphology of epidermal cells and role played by cutile.

5. What is stomata? Describe the classification of stomatal type.
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