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Chapter 2
Plant Cell Structure
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The Plant Cell

The plant cell is derived
from the latin word cellula
which means a small room. It
is the unit which forms the
plant body. Plant cells differ in
shape and size. They may be
1sodiametric, rectangular,
polyhedral or otherwise. The
shape of cells is related to the
function they
Majority of cells lie in the
diameter 0.5 to 20 u. The cell is
by non-living

outer

perform.

surrounded
protective covering
known as cell wall. The cell
wall is secreted by the
which the
living material. The protoplast

of eukaryotic cells is divisible

protoplast 1s

into cytoplasm and nucleus.
The cytoplasm consists of an
endoplasmic reticulum, plastids,
‘mitochondria, dictyosomes,
ribosomes and microbodies.
The plant cell consists also of
non-living materials (Fig.2.1 &

2.4).
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The Nucleus

Nuclei differ in shape and
size in different plants and also
in the different tissues of the
same plant, but generally nuclei
are sphaeroidal or elliptical,
and sometimes lobed (Fig.2.2).

The nucleus is bounded by a
sheath known as nuclear
envelope consisting of two unit
membranes, similar = and
continuous
plasmic  reticulum. As the
endoplasmic reticulum is also
connected with the plasmo-
desmata, so there is a
continuous membrane system
among of
neighbouring cells. The nuclear
membrane has pores through
which its contents mergf: with
the surrounding cytoplasm.
Within the nucleus, there isa
fluid known as nuclear sap or
karyolymph. Scattered through
the nuclear sap is the chromatin
which

network which is differentiated

exists nuclei

appears as fibrous
during nuclear division into
chromosomes (Fig.2.3) which
are made of deoxyribo-

nucleic acid (DNA). Within

with the endo-
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the nucleus,- there is one or
more small spherical bodies
known  as nucleoli made of
ribonucleic acid (RNA). All
cells nuclei

living possess

except the sieve tube cells
which are the only example of
living cells which can function

without nuclei.

The Cytoplasm

The cytoplasm is the ground
matrix of the cell, It is semi-
vﬂuid having the property of
both solid and liquid materials
(Fig.2.4). Near the periphery of
the cell it tends to be gel-like,
where as near the interior it
tends to be more liquid. The
of

bounded by an osmotically

surface cytoplasm is
active plasma membrane made
up of three layers. The outer
and inner layers are made of
protein, and the middle layer of
(Fig.  2.5). the
cytoplasm, there is anetwork
of

endoplasmic reticulum, some

lipids In

tubules known as
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of them are smooth and others

are rough with tiny globules
known as ribosomes. The
endoplasmic reticulum is a

double layer separated by a
liquid region. It is continuous
with plasma membrane and the
nuclear envelope. Thus it is the
channel through which food
materials pass into the cell. The
ribosomes play an important
part in the metabolism of the
cell, and are the seat of protein
synthesis. They are made of
protein and 60% ribonucleic
acid (RNA).

Mitochondria

Mitochnodia are cylindrical,
oval or discoid bodies bounded
by a double membrane
envelope, each made up of two
layers of protein with a
middle layer of lipids. The
inner membrane is protruding
inside the mitochondrion and
forming folds or cristae which
may be plate-like or tubular.
Mitochondria arethe seat of
respiratory activity and energy
releasing processses of the cell.
They contain some of the main
oxidative enzymes and participate
in the Krebs-cycle reactions

(Fig.2.6).
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Fig.2.5: Diagram of a plasma membrane, the polar ends are shown as circles
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Plastids

Plastids differ in colour
according to fuiiction and plnace
in the plant organs. Chloro-
plastids (Fig.2.7) are green,
mostly  disc-shaped bodies,
bounded by a double-layered
membrane of protein with a
middle layer of lipids. The
body of chloroplast is known
as stroma, in which chlorophyll
molecules are scattered in the
form of grains called grana.
The granum (Fig.2.8) is formed
of a disc of flattened circular
plate of chlorophyll molecules
enclosed by membrane above
and below, and fused at the
edges. This membrane is made
up of two protein layers with a
between them.

contain DNA,

RNA, ribosomes and starch-

lipid layer

Chloroplasts

grains. Chloroplasts arise from
proplastids in the meristemaric

cells. Chloroplasts carry on

photosynthesis and  they

contain enzymes concerned
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of
triphosphopyridine nucleotide
(TPN).

with the process

Chromoplasts are found in
flower vpetals, ripe fruits and
carrot root. They are orange
yellow in colour and disc or
They
xanthophyll in

rod-shaped. contain
carotin and

place of chlorophyll (2.9).

Leucoplasts are colorless
plastids found in underground
organs like tubers, 'bulbs,
thizomes and tuberous roots.
They may be rod-shaped as in
potato tubers or disc-shaped as

in onion. Their structure is

similar to those of chloroplasts.

Dictyosomes
(Golgi bodies)
Dictyosomes are circular,
flattened
aligned in stacks usually from
4 to 7 cristae. The outer edges

of the cisternae usually extends

cristae. They are

network of inter-
connecting tubules. Vesicles
are budded from the end of
tubules. There is evidence that

to form
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dictyosomes participate with

the endoplasmic reticulum in

synthesizing the precursors of”

cell wall matrix. Vesicles

originating from dictyosomes
aggregate and coalesce along

the region of cell plate
during cell-division, and thus
considered to be the

rudimentary middle lamella.

Also dicytosomes are

activated in growing cells as in
root hairs, pollen tubes and
xylem cells during secondary
thickening (Fig.2.10).

Microbodies

Microbody is small organelle,
mostly circular in cross section,
surronded by single membrane
enclosing  granular  matrix
which

enzymes. They are found in

contains  oxidative
leaves in higher plants in close
association with chloroplasts
and in germinating oily seeds in
association with  spherosomes
(spherosomes are organelles
found abundantly in cells rich

in lipids) (Fig 2.1).
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Vacuoles

Vacuoles are found in both
meristematic and mature cells.
In mature cells they fuse and
form large vacuoles oreven a
single vacuole which occupies
most of the central area of the
cell (Fig.2.1). The vacuole is
bounded on the outside by a
membrane  similar’
plasma membrane known as
contain

tonoplast. Vacuoles

cell sap in which sugars,
organic acids and inorganic
The

solution contains also solids

salts are dissolved.

materials as starch grains,
proteins and crystals. The cell
sap may be coloured due to the
like

anthocyanin (red to blue) and

presence of pigments

flavons (yellow).

cyanin  produces  different
colourrs depending upon the
pH of the cell sap. The colour
is red when the pH is acid, blue
if it is alkaline and violet if it is

neutral.

to the

Antho--
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Non-living Inclusions
There are different types of
inclusions in the cell sap. Most
types
metabolism, stored and used as

are formed during
food by the plant and are
known as ergastic substances,
starch, inulin,

viz.  sugars,

proteins and oils. Other types

are by-products of plant
metabolism
Sugars: Sugars as glucose,

fructose and sucrose are found
in different plant parts.

Starch : Starch occurs in the
form of grains and found in
tuberous roots, underground
stems and roots (Fig.2.7). A
starch grain has a central part
called hilum around which
layers are laid in rings. Starch
grains may be simple, each
with its own hilum. Others may

be compound in which two or

three grains are grouped in
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common envelope but each
with its own hilum. Hilum may
be branched as in starch grains
found in cotyledons of beans
(Phaseolus  vulgaris). Starch
grains occur in different shapes
and sizes. They are excentric in
potato and banana, round and
concentric in bean, polygonal
with radiating lines in maize,
small and polygonal in rice and
dumb-bell shaped in Euphorbia
tirucalli.  Compound starch
grains are found in potato and

sweet potato tubers, pea seeds

and oat grains (Fig. 2.11).

Inulin: Inulin is found in root
tubers of Dahlia. When pieces
of the roots are kept in alcohol,
at the

corners of the cell in the form

inulin is deposited
of fan-shaped crystals with
radiating lines (Fig.2.12).

Proteins: Proteins are found as

grains known as  aleurone

grains in the endosperm of
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castor seeds, and in the aleurone
layer of cereal grains. Aleurone
grains of castor segds are oval
to spherical, each containing a
polygonal shining protein body
mostly a globulin and known as
crystalloid and a phosphgte
spherical . body mostly phytin

and known as globoid, and both

-are embedded .in amorphous -

proteinaceous ~ matrix  and
surrounded by single membrane
(Fig.2.13)

Oils : Oils are found as oil
drops in seeds of oil crops as
peanut, sesame, flax and
sunflower, in fruits as olive, in
leaves of Citrus and Eucalyptus,

and in all parts as in pine.

Crystals:Crystals are formed
mostly from calcium oxalate or
calcium carbonate. Crystals of
calcium oxalate occur in
different  shapes. Star-shape
crystals are found in the stem of
Opuntia, Vitis, leaves of Nerium
and  Eucalyptus. Polyhedral
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Fig.2.12: Inulin crystals in Jerusalem artichoke
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crystals are found in leaves of
Needle-shaped

crystals found in bundles and

Begonia.

known as raphids are common
in monocotyledons,  petioles
of Begonia villae. Crystals of
different shapes are found in
Petioles of Canna and banana
(Fig.2.14).

Crystals of calcium carbonate
are known as cystolith. They are
formed in the epidermal cells of
rubber plant (Ficus elastica).
The cystolith has a stalk made
of cellulose developed between
two cells of the outer most layer
of the multiple epidermis. The
cystolith is formed on that stalk
like a bunch of grapes. The cell
which the cystolith
developed is large and extends

in is

in the layers of the multiple

epidermis and known as

lithocyst (Fig.2.15).

Cell wall

Cell wall is the outer covering
of the plant cell. Its formation
begins at the last phase of cell
division; the telophase, when

new materials are deposited on
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the cell plate from dictyosome
vesicles, forming the middle
lamella. This is followed by
deposition  of  cellulose
molecules,  organized into
microfibrils (Fig.2.16), on the
middle lamella to form the
primary wall. Microtubules are
thought to have a role in this
-organization. ‘Orientation - of
microfibrils differs according

to the type of cell formed.

After the cessation of cell
growth,
consisting of three layers, is

secondary  wall,

normally deposited. This is

also made of cellulose

microfibrils. The direction of
microfibrils  differ at the
different layers and according
to cell type (Fig. 2.17).

Other compounds beside
cellulose may be impregnated
in the cell wall, such as lignin
| in xylem elements and scleren-
chyma, suberin in cork cells,
cutin in epidermis and callose

in sieve plates of phloem.
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Pits
Pits are depressions in cell
"walls. They are developed
mostly in pairs on both sides of
the walls of adjoining cells. In
primary walls they are
formed in depressions known
as primary pit fields. In the
secondary walls they are
known as pits, and are of two
types, simple and bordered. In
simple type, pits appear as
cavities in the secondary wall.
They are developed in
metaxylem vessels, sclereids
and certain parenchyma cells

(Fig.2.18).

In sclereids, pit forms canal
between lumen of adjoining
cells. and the canal may be
branched (Fig. 3.32). In
bordered pits, secondary wall
grows away from the primary
wall into the lumen of the cell
in the form of an arch, leaving
an aperture at the middle. In
surface view, the pit shows two
concentric circles; the inner
circle is the unthickened top of
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the dome and the outer circle
the base of the dome, where the
secondary wall starts arching
into the Jumen. The cavity
enclosed in the pit is known as
pit cavity (Fig.2.18). Bordered
in tracheids of

pits occur

gymnosperms,  pteridophytes
and in secondary wood of

In bordered pits of
the pit

has central

dicots.
gymno-sperms
membrane
- thickening, larger in diameter
than the pit aperture and known
as torus. This is usually found
in tracheids of gymnosperms.
The torus can close the pit if
the pit
towards the pit aperture.
Another kind of bordered pits
mainly, found in fiber
tracheids, where the thickening of
the cell wallsis highly increased.
The pits has a flattened funnel-
shaped canal connecting the pit
cavity with the cell cavity. The
outer opening of the canal at the

membrane moves

is,

pit cavity is small and circular in
outline, while the inner opening at
the cell cavity is big, elleptical to
linear (Fig.2.19).
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Plasmodesmata
Plasmodesmata are cyto-
plasmic connections between

adjoining living cells ‘that

extend through the cell wall.
They

pass through minute

pores in the primary pit-
fields of the middle lamella
.connecting thé two masses of
cytoplasm in the adjoining cells

(Fig.2.20 & 2.21). They are

found in the cambium,
epidermal and parenchyma
cells.

Plasmodesmata may be

dispersed throughout the wall
or restricted to primary pit-
fields as seen in parenchyma

cells of tobacco stem.
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