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Types of plant tissues

Plant tissues are classified into two
types. They are meristematic or initial
tissues and permanent tissues. The first
type is characterized by cell division
property to produce new tissues. The
second type is characterized by the

absence of cell division.

I- Meristematic tissues (Initial

Tissues)

Meristematic tissuesare presentin shoot
and rootapicesas well asin theembryos
of seeds. Meristematic cells take cubical
or rectangular shapes. They have thin
primary walls made of cellulose and
hemi cellulose. Each cell contains
cytoplasm and large nucleus. The cells
lack cell vacuoles or may contain small
vacuoles (Figure 10 — 1). There are no
intercellular spaces between these cells.
Their main function is cell division to
produce permanent mature tissues i.e.
they are initials for new tissues. There

are two types of meristematic tissues:
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' Chapter 10 : THE ANATOMICAL STRUCTURE OF THE PRIMARY PLANT BODY

A- Primary meristematic tissues

(Primary initials)

The entire seed embryo tissues consist
of primary meristematic tissue (primary
initials). The seed embryo consists of a
plumule, radical and cotyledons (Figure
10 - 2). Cell division at both plumule
and radical apices produces shoot to

upward and root to downward.

The older parts behind plumule or
radical apices undergo differentiated
to generate the permanent tissues of
both stem and root. These tissues are
epidermis, cortex, vascular cylinder and
pith. This means that these cells in older
parts of both plumule and radical that
arelocated behind their apices lose their
cell division abilities and differentiated
to permanent tissues. While the cells
in both plumule and radical apices
maintain their cell division ability and
they are named shoot and radical
primary apical meristems respectively,
(Figure 10 — 2). The permanent tissues
produced by primary meristems are

called primary tissues.

I- Root apical meristem

Root apical meristem is present at root
apex. This meristem consists of a group

of active dividing cells. These cells are
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named promeristem. This meristem is
protected by root cap cells. Promeristem
gives all the meristmatic tissues behind

it (Figure 10 - 3). These regions are:

» Protoderm: This meristem consists
of one cell layer that surrounding the
root apical meristem. It produces root

epidermis.

» Cortex meristem: This meristem
is present under the protoderm
layer and it is responsible for cortex

formation.

» Procambium: This meristem s
present under the cortex meristem.
It forms primary vascular cylinder

(xylem and phloem tissues).

» Pith meristem: This meristem is
located in the central region under
the primary vascular cylinder and is

responsible for pith formation.
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2- Shoot apical meristem

Shoot apical meristem represents the
apices of both terminal and lateral buds
(i.e. it is present at the shoot apices
of both mean and lateral stems). It
consists of a group of active dividing
cells located at apex. They are named
promeristem. This promeristem gives all
the meristmatic tissues located behind
it in the shoot apical meristem of both
terminal and lateral buds (Figure 10 - 4).

These regions are:

+ Protoderm: It consists of one cell
layer that surrounding the shoot
apical meristem. It produces stem

epidermis.

« Cortex meristem: This meristem is
located under the protoderm layer and

itis responsible for cortex formation.

» Procambium: This meristem s
present under the cortex meristem.
It forms primary vascular cylinder

(xylem and phloem tissues).

» Pith meristem: This meristem is
located in the central region under
the primary vascular cylinder and it is

responsible for pith formation.

» Leaf primerdia: These meristems
They

represented by small appendages

are located only in stem.

that grow to form leaves.
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B- Secondary meristematic

tissues (Secondary initials)

When pemanent cells such as
parenchyma cells return their cell
dividing ability, they called secondary
meristems. For example, the sub-
epidermal parenchyma cells may return
their cell division ability and produce
cork cells. In this case, parenchyma cells
are termed secondary meristem while

cork cells are called secondary tissues.

Permanent tissues (None initials tissues)

Cells of permanent tissues lose their cell
dividing ability. Then they differentiated
todifferent types of tissues that perform

specific functions to support plant life.

There are three types of permanent
tissues. These tissues are dermal
tissues tissue, ground tissue and
vascular tissue. A tissue may be
simple or compound. The simple
tissue consists of one type of cells
while the compound tissue consists
of several types of cells. The common
simple tissues are; parenchyma,
collenchyma and sclerenchy A
complex tissue is made up of more
than one type of cells working
together as one unit. For example,

xylem and phloem.
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In some cases, some cells of the permanent
tissues return their cell division ability and
produce new tissues. In this case, these
dividing cells called secondary meristem
or secondary cambium. These secondary
meristems produce new tissues. These new

tissues called secondary permanent tissues.

Crystals:

The mature plant tissues specially

parenchyma contain many stored
substances such as tannins, resins,

starch and crystals.

Crystals have many types such as
cystolith (made calcium carbonates),
druses like rosette like solitary crystals
and raphides crystals (made of calcium

oxalates) (Figure 10 - 5).

Cystolith crystals

Figure 10-5: Types of crystals
skl gl s 5- 10 Js&

RO CEIR PRI b E N PR P
U S PPN [P PP PE-SULT
rCABN I PP B S | S O (N
syl A5 1a.l_mui_.~3‘.3.1_u,.b_-
Zasil & W1 AR SV

-calygLul

Lol Laodlll Zlal  dedN
Je 52 8 geide Lo (g 528 dartil I
":"1_.3'_}:'11.3 (AR aal.-,:ﬁbll_g u:.JLL:'.JH
55 e il aae Ld e, 2L
LEJ__}}_H 4 ld Ql_};_l.: ;(r}__...llih

N oF oo danianad 4l ool 5 50 g

(0 =1+ JS) (p gediS

)

Raphides crystals

Solitary crystals




caSl 20U oW oy cayg il Sl : pilell Junoll

Dermal tissue

e dermal tissues consist of epidermis,

trichomes and stomata.

Epidermis is the outermost protective
layer of primary plant body. It protects
the internal tissues against excessive
loss of water by transpiration and
against mechanical injury. Some leaves
have uniseriate epidermis like cotton
and Zea. Other leaves have multiseriate

epidermis like Ficus.

Epidermis consists of living cells. These
cells are without intercellular spaces.
Epidermis carries appendages (trichomes)
and have stomata. Some plants have
epidermal cells with thin walls. Other
plants have epidermal cells with thick

lignified walls (Figures 10 -6 to 15).

In the leaves of dicots, the epidermal cells
may haveirregular shapes. In monocots stems
and leaves, the epidermal cells are somewhat
elongated. The epidermis of roots is called

piliferous layer because it bears root hairs.

The outer walls of epidermis are
covered with cuticle. The cuticle is less
permeable to water. The cuticle may be
thin or thick. Wax is also present on the
upper surface of the aquatic floating
leaves. It protects the leaves of the

aquatic floating plants from wetting.
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The epidermis usually has stomata

(Figure10-8).

Most monocot leaves, have a special
large and thin-walled cells occur in
the epidermis. These cells are called
bulliform (meaning, bubble-like) cells.
They may be present on both sides of
a leaf, but are more common on the

upper side (Figure 10 - 8).
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Stomata

The stomata are minute pores present
in epidermis of the plants. Gas exchange
takes place between the internal tissues
and the er atmosphere through
stomata. Each stoma is surrounded
by two kidneys shaped guard cells.
The guard cells are living and contain
chloroplasts. The inner walls of guard
cells are thickened to help the process
of opening and closing of stoma. They
also contain a dense protoplasm and
nucleus. The stomata may present on
-2- part of a plant except the roots. The
epidermal cells surrounding the guard
cells are called subsidiary cells. There is a
cavity beneath the stomatal opining. This
cavity is called sub-stomatal chamber
(Figure 10 - 8). The guard cells are kidney
shape in dicotyledons and dumbell
shape in monocotyledons. Stomata of
monocot leaves are arranged in parallel
rows while in most dicot leaves they are

scattered. Few dicot plants have stomata

arranged in parallel rows.

Stomata occur on both upper and lower
surfaces of leaf. The lower surface contains
more number nﬁtomata in comparison to
upper surface. In floating leaves Stomata
are confined only on the upper surface

of the leaf. Under normal conditions the
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stomata are opened in presence of light

but in night they become closed.

The guard cells may be present at the
same level with the adjacent epidermal
cells. They are called level stomata
(Figure 10 - 8). Sometimes stomata are
placed above the epidermal level. They
are called raised stomata (Figure 10 -
10). Other stomata are sunken below
the surface of the epider-mis. Sunken
stomata are located in a cup-shaped
depression, below the epidermal level
(Figure 10 -9). In the leaves of Nerium,
stomata are protected from air and sun
light within chambers for reduction of

transpiration (Figure 10 - 7).

The major functions of stomata are allowing
gas exchange due to photosynthesis and
respiration. In addition, stomata control
the rate of water loss by preventing excess

evaporation during hot days.

In dicot plants, stomata are classified to
four types according to their structures

(Figure 10 — 11). These types are:

» Anomocytic: In this type the stomata
are not surrounded by subsidiary
cells but surrounded 3 - 4 by ordinary

epidermal cells.

» Anisocytic:Inthis typethe guard cells

are surrounded by three subsidiary
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cells of which one is smaller in size

than the other two cells.

» Paracytic: In this type of stomata,
two guard cells are surrounded

by two subsidiary cells. The common
walls of the two subsidiary cells are

parallel to the guard cells.
» Diacytic: In this type, the two guard

cells are surroundedﬁ a pair of
subsidiary cells. The common walls
of the two subsidiary cells are at right

angles to the guard cells.

» Actinocytic: The stoma is surrounded
by many subsidiary cells. These cells
are arranged in radial form around

the guard cells.

The stomata of monocot plantsare called
monocot type and are characterized by
the presence of kidney to bone shaped
guard cells (Figure 10 - 12). The types of

monocot stomata are as following:

» Graminae type: The two guard cells
have bone shapedand are surrounded
by two subsidiary cells. The epidermal

cells are usually elongated.

» Palmaetype:Thetwoguardcellshave
kidney shaped and are surrounded
by four subsidiary cells two of them
are rounded. The epidermal cells are

usually elongated.
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Trichomes (hairs):

Trichomes are epidermal appendages.
Someepidermal cells growto trichomes.
The trichomes have thin primary walls
made of cellulose and hemi-cellulose.
Other trichomes have thick secondary
wall made of lignin. The main functions
of tichomes are reduction of water lose
and protection of plant body. These
trichomes are classified into glandular

and non-glandular as follows:

Non-glandular trichomes:

These trichomes are characterized by
the absence of glands (Figures 10 -
13 and 14). They may be unicellular,
dicellular or multicellular, branched or
unbranched. They play an important role
for reduction of transpiration especially
in desert plants. In addition, they act
in water absorption from soil as root
hairs. Some multicellular trichomes have

discoid shape and are called peltate.

Glandular trichomes:

The trichomes are characterized by the
presence of glands. The glands may be

unicellular or multicellular (Figure10- 15).
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Parenchyma tissue

Parenchyma is a simple permanent
tissue because it consists of one type
of cells. They are composed of living
cells and having primary thin walls. The
primary walls consist of cellulose and
hemicellulose. The parenchyma cell
walls may be sometimes lignified by
the formation of secondary lignin walls.
They have a polyhedral, rounded, oval
or cylindrical shapes, and concerned
with vegetative activities of the plant.

They have intercellular spaces.

Types of parenchyma:

» Palisade parenchyma: The palisade
cells have elongate shape and
arranged in rows. Some plants have
one row, others have two or more
rows (Figure 10 - 16). These cells
are present in leaves and contain

chloroplasts.

» Spongy parenchyma: These
cells also contain chloroplasts
but have irregular to rounded
shape. The cells are present below
palisade  parenchyma. They
contain small intercellular spaces
(Figure 10 - 16). Palisade and
spongy parenchyma are called

mesophyll tissues.
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» Polyhedral parenchyma: The cells
have nearly circular shape (Figure 10
- 17). They localized in cortex and pith
of both stems and roots and in leaves.
Sometimes polyhedral parenchyma
contains chloroplasts. In this case,

they are called chlorenchyma.

» Lobed or plicate parenchyma: The
cells have rounded to oval shape
with lobed walls (Figure 10 - 17). They
localized in the mesophyll of some
Gymnosperm leaves. The cells contain

chloroplasts.

« Armed parenchyma: The armed
cells are present in some leaves. They
have 3-4 arms large with intercellular
spaces (Figure 10 - 17). They are
functioning in air storage in water

plants.

» Vascular parenchyma: These cells
are present in both xylem (xylem
parenchyma) and phloem (phloem

parenchyma) (Figure 10 -17).

» Chlorenchyma: The cells have

rounded shape and contain

chloroplasts (Figure 10 - 17).

» Aerenchyma orlacunateparenchyma:
The cells have oval to rounded shape
and contain large intercellular spaces

(Figure 10 - 17). These spaces act in air
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storage. Aerenchyma present in the

water merged plants.

» Lignified parenchyma: These cells
are present in cortex and in xylem.
Their cell walls are lignified and act in

supporting of the plant body.

» Occurance of parenchyma:
Parenchyma are present in various

organs in plants:
» Pith and cortex of stems and roots.
« Mesophyll tissue of leaves.

« The tissue of fruits and endosperm of

seeds.

» The parenchyma cells also occur in

xylem and phloem.

In the aguatic plants, the parenchyma cells in
the cortex possess large intercellular air spaces.

These parenchyma is called aerenchyma.

» Functions of parenchyma: The
parenchyma function in storage of
food material such as starch grains,
proteins, crystals, oils and fats. Also,
they store water. Chlorenchymas

function in photo—-synthesis.

In water plants the aerenchyma keep
up the buoyancy of the plants. Such air
spaces also facilitate exchange of gases.
In many succulent and xerophytic

plants, parenchyma tissues store water
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and known as water storage tissue.

+ Origin of parenchyma: Parenchyma
tissue of the primary plant body, for
example the parenchyma of the cortex
and the pith, of the mesophyll of leaves,

originated from the ground meristem.

+ Parenchyma of the primary vascular

tissues are developed from procambium.

+ Parenchymaofthesecondaryvascular tissues

are originated from vascular cambium.

« Cork parenchyma (phelloderm)

develops from the phellogen.

Collenchyma tissue

Collenchyma is a simple permanent
tissue because it consists of one type of
cells.The tissue consists of living cells with
primary wall. The primary wall consists of
pectin, cellulose and hemicellulose. The
primary walls are unequally thickened
in specific areas. Collenchyma provides
mechanical support to the plant organs

(Figure 10-18).

Types of collenchyma: Depending
upon the thickening, collenchyma are

classified into four types:

Angular Collenchyma: The thickenings
are present at angles of the intercellular

spaces (angular thickenings).
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Figure 10 - 16:Palisade and spongy parenchyma
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Lacunate Collenchyma: Thethickening
of the wall is found on the parts that

face the intercellular spaces.

Annular collenchyma: The thickness
of cell walls is present around the whole
wall and in intercellular spaces (Figure

10-18).

Occurrence of collenchyma:
Collenchyma occurs in the peripheral
regions in dicot stems and leaves.
Collenchyma cells are present below the
epidermis, forming either continuous
layer or occurring as separate strands,
especially in the regions of ridges. In
leaves it may be present on one or both
sides of the veins and along the margins

of the leaf blade. Monocot stems and

leaves do not contain collenchyma cells.

Each collenchyma cell possesses a
large central vacuole and a peripheral
cytoplasm. Chloroplasts are often

present.

Functions of collenchyma:

» Collenchyma cells provide
mechanical support to young dicot

stems, petioles and leaves.

« Collenchyma also provides flexibility to

the plant organs and allows their bending.

« The cells store food,
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+ The cells often contain chloroplasts

and take partin photosynthesis.

Origin of collenchyma: collenchyma of
cortex and pith originate from ground
meristem while collenchyma of leaves

originate from leaf primordia.

HE

Lacunar collenchyma

=

Annular collenchyma
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Figure 10 - 18:Typesof collenchyma cells
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Sclerenchyma tissue

Sclerenchyma is a permanent simple tissue.
The cells have thick lignified walls and narrow

cell cavities. They have pits in their walls.

Function:The main function ofsclerenchyma
is mechanical. They provide strength and
rigidity to the various organs of the plants

to enable them withstand various stresses.

Types of sclerenchyma cells

Sclerenchyma have two types; fibers

and sclereids.

Fibers

The fibers are very elongated cells. They
have spindle-shape with pointed ends.
Fibers have secondary lignified walls.
Sometimes the cavity of the fiber cell
is very reduced due to the excessive
thickness of the cell wall. At maturation,
the fiber cells lose their protoplast and
become dead and empty (Figures 10 -
19to 21).

Occurrence of fibers: The fibers are
abundantly found in many plants. They
may occur singly or in patches among
other tissues, or as complete cylinders.
The adjacent fibers possess simple pits.
Bordered pits also occur in some fibers.
The fibers are divided into two types;
xylem fibers and extraxylary fibers.
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The xylery fibers develop from the
same meristematic tissues that produce
xylem cells and constitute principle part

of xylem

Extraxylary fibers develop from ground
meristem. They occur outside xylem. On
the other hand, some of the extraxylary
fibers are present in the phloem. They
form complete cylinders in monocot
and dicot stems. Also, they form bundle
sheath around the vascular bundles in
the monocots stems wall (Figures 10 —

19,20 and 21).

Function of fibers: Fibers constitute the
major mechanical tissue of the plants
because they can tolerate compression,

pull, bending and shearing.

Sclereids

Sclereids are dead cells with very thick

lignin walls.

Location of sclereides: The sclereids are
widely distributed in the plant body.

They are locate singly or in groups.

+ They are found in the cortex and pith
of gymnosperms and dicotyledons

stems.
+ They also, occur in the leaves.

+ Sclereids are also common in fruits

and seeds.
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Cell wall: Sclereids are dead cells with
very narrow cavities. They have very
thick secondary lignin The wall contains
pits. The pits are simple and rarely
bordered. Sometimes, the very thick
walls have simple pits with elongated
pit opining and is called pit canal. This
canal may be branched or un-branched.
Sclereids have polyhedral, spherical,
oval or cylindrical shapes. They may be

also branched (Figure 10 - 22).

Origin of sclereides: Sclereids usually
develop from thin-walled parenchyma
cells by formation of secondary lignin

wall.

+ Scleriedes of cortex and pith are

originated from the ground meristem.

+ Scleriedes of leaves are originated

from leaf primordia.

« Scleriedes of phloem are developed

from procambium.

The types of sclereids are:

« Stone cells or brachysclereids:
The stone sclerides are more or less
isodiametric. They have un-branched,

or branched pits, for example of Guava.

» Rod sclereids: They are more or less
elongated and columnar or rod-like cells.

They form epidermal testa of legume seeds.
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» Osteo-sclereids: These sclerides il S Yol rielas Sl Sl

have bone or columnar shape. The LY L 65 sas j e IS 504
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found in many xerophytic leaves.

« Astro sclereids: These sclerides are

branched like a star.

» Elongated sclereids: these sclerides

have elongated and branched shape.

E xtra xylary
fibers

Xylem vessel

Xylary fibers

Figure 10 - 19: Xylary and extra xylary fibers
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Figure 10 - 20: Extra xylary fibers
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Functions of sclerenchyma:

+ Sclerenchyma is the main mechanical

tissue of the plant organs.

« It allows the plant organs to tolerate
bending, shearing, compression and
pull resulted by the environmental

factors like wind.

+ Sclereids provide strength to seed

covering.

Sclereids form stony endocarp of many

fruits. These fruits called stone fruits, for

example Almond, Coconut.
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Figure 10 - 22 : types of scleride cells
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Complex Permanent Tissues

Complex permanent tissues contain more
than one type of cells. All these types of
cells work together as one unit. Primary
phloem and primary xylem are examples
of complex permanent tissues. Xylem and

phloem constitute vascular tissues.

Primary phloem tissue

Phloem is a complex tissue which transports
organic food inside the body of the plant.
It consists of four types of cells; sieve tubes,

companion cells, phloem parenchyma and fibers.

Sieve Tubes: Sieve tubes are elongated
tubular cells. These cells are also called
sieve tube element. At maturity, sieve
tube cells lose their nuclei. Each sieve
tube is formed of several cells arranged
together end to end. Their end walls
have many small pores. These end walls

are called sieve plates (Figure 10-11).

ﬁsome plant types, the end wall has one
sieve area. It is called simplg.sieve plate.
In other plant types, the end walls of sieve
elements possess more than one sieve
area. Such an end wall is called compound

sieve plate, example, Grape (Figure 10 - 11).

In Gymnosperm plants, phloem has
sieve cells instead of sieve tube. Sieve

cells are narrower but more elon—gated
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as compared to individual sieve tube.
Sieve cells have sieve areas on their
lateral walls. They are called sieve areas

(Figures 10— 12 and 13).

(b) Companion Cells: Companion cells are
narrow, elongated and living cells with thin
walls. They present adjacent to the sieve
tubes. They are squares or rectangular in
a transverse section. The companion cells
have dense cytoplasm and a prominent
nucleus. Both sieve tube member and
companion cells are developed from the
same meristematic cell. Gymnosperms
plants, have modified parenchyma
cells called albuminous cells instead of

companion cells (Figures 10- 11 and 12).

Phloem parenchyma: Phloem
parenchyma are living elongated
parenchyma cells. They store many
substances for example food, resins,
mucilage. Monocot plants lack phloem

parenchyma (Figures 10 - 23 to 25).

Phloem fibers: Many plants have
phloem fibers. The primary phloem of
many young plants lack phloem fibers

(Figures 10 - 24 to 25).

Protophloem and Metaphloem:

Protophloem is the first formed part
of phloem which develops in the parts

that are still elongate. It consists of sieve
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elements and parenchyma. During
elongation of the stem, sieve elements
are stretched and damaged while

parenchyma are changed into fibers.

Metaphloem is part of primary phloem that
differentiates in plant organs after they have
stopped enlargement. It consists of sieve
elements, parenchyma companion cells.

Fibres are absent (Figures 10 - 24 to 25)..
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Figure 10 - 23 :Opened bicollateral vascular bundle
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Figure 10 - 24 : Closed collateral vascular bundle
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' Chapter 10 : THE ANATOMICAL STRUCTURE OF THE PRIMARY PLANT BODY

Primary xylem tissue

Xylem is a permanent complex tissue.
It functions in water and minerals

nsport inside the plant. It also
provides mechanical support for the
plant organs. Xylem consists of four
types of cells; vessels, tracheids, (both
are called tracheary elements), xylem
or wood parenchyma and xylem or
wood fibers (Figures 10 — 24 to 25).
Vessels are the main tracheary element
of angiosperms. They are absent in

gymnaosperms.

Tracheids: The tracheids are elongated
dead cells with lignified walls and two
tapering ends. The cells have wide
cavities. They are circular or polyhedral.

Tracheids function as supporting tissue.

Tracheids have bordered pits on their
walls. The adjacent tracheid cells have
bordered pit pairs on their common
walls. The bordered pit has pit cavity
in the form of a flask and has narrow
aperture. The bordered pit has pit
membrane. This membrane consists of
the primary wall and middle lamella.
The membrane has thickness called
torus. This torus protects the membrane
from rapturing during unequal pressure

onits two sides (Figures 10 - 26 and 27).
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Vessels: Vessels function in the
conduction of sap and provide
mechanical support for plant. They are
elongated tubes. Vessels elements are
arranged together end to end in a long
tubes. The end walls of vessel elements
are transverse or oblique. The end walls
are often having one large pore and
are called simple perforation plates.
The end walls may be having multiple
perforation plates. These plates have

two types; reticulate and scalariform

(Figure 10-19).

The walls of the xylem vessels are
lignified. The patterns lignification
may be in the form of annular, spiral,
reticulate, scalariform and pitted. The
vessels are rounded and angular in
cross section.Vessels are absent in most

gym-nosperms.

Xylem parenchyma: Xylem
parenchyma is made of generally small
thin or thick walled cells having simple
pits. The wood parenchyma stores
starch, fat and tannins (Figures 10 - 23

to 25).

Xylem fibers: They are presentin xylem
region. Xylem fibers provide mechanical
support for plant organs ({Figures 10 -
23 to 25).
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Xylem fibers are of two types:

« Libriform fibers: these fibers have
thick walls with simple pits and

obliterated cell cavities.

» Fibers tracheids: They have sizesand
walls thickness intermediate between
fibers and tracheids (Figures 10 - 26
and 27).

Protoxylem and Metaxylem:

Theimary xylem consists of two types;
protoxylem and metaxylem. Protoxylem
is made up of small parenchyma and
vessels. The vessels have annular or
spiral thickenings. The metaxylem
consists of fibers, parenchyma and
vessels. The vessels have reticulate,
scalariform or pitted thickenings. In

roots, protoxylem is directed to outside

(exarch) while in stems it is directed to

inside (endarch) (Figures 10 - 23 to 25).
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Chapter 10 : THE ANATOMICAL STRUCTURE OF THE PRIMARY PLANT BODY
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Figure 10 - 26 : Bordered pits
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Vascular bundles

The main function of vascular tissue is
the conduction of water, minerals and
food mateas. These tissues include
groups of xylem and phloem. These
groups are called vascular bundles.
These bundles are located inside a
vascular stele) (Figure 10 - 28). The types

of vascular bundles are:

Radial vascular bundles: Xylem and
phloem are in the form of separate
arches on alternate radii. These bundles
are called radial bundles. Radial vascular
bundles are the characteristic of all
types of roots. Dicot roots contain few
xylem patches from 2 to about 12. In
monocot roots, xylem patches are more
than those of dicot roots (polyarch)

(Figure 10 - 28).

Conjoint vascular bundles: Xylem and

phloem tissues form together vascular
bundles. Both xylem and phloem are
present on the same radius. These
bundles are usually found in stems.

They have two types:

» Bicollateral bundles: Some dicot
stems have vascular bundles with
two phloem patches; one of them
is situated outside the xylem and is

called outer phloem while the second
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' Chapter 10 : THE ANATOMICAL STRUCTURE OF THE PRIMARY PLANT BODY

phloem is present on the inner side of

the xylem and is called inner phloem.
The two phloem patches and xylem
are |ocated on the same radius.
These bundles are called bicollateral
bundles. The peripheral or external
phloem is termed as outer phloem
whereas the internal phloem is
called inner phloem. These bundles
are of open type because they have
cambium strip between xylem and

outer phloem ) (Figure 10 - 28).

Collateral bundles: In this type of vascular
bundles, xylem is directed towards the
inside whila:hloem towards the outside.
In dicot stems, cambium is present
between xylem and phloem. These
vascular bundles are called open collateral
vascular bundles. In monocot stems, the
cambium is absent. Such vascular bundles
are called closed collateral wvascular

bundles ) (Figure 10- 28).

Concentric vascular bundles: these

bundles have two types:

» Ampbhicribral: The xylem is located
in the center and is surrounded by

phloem (Figure 10 -28).

« Amphivasal: The xylem
completely surrounds the phloem

(Figure 10 - 28).
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Endodermis
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Primary xylem

Primary phloem

Primary xylem :
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Primary phloem
Primary outer
Vascular philoem
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Phloem fiioers
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Figure 10 — 28 : Types of vascular bundles
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Vascular tissues: Number of vascular
bundles is limited. It ranges from two
to twelve. The vascular bundles have
radial arrangement. They produce
the secondary growth due to the
presence of cambium. Xylem and
phloem patches are equal in number.
Protoxylem is exarch while metaxylem
is present towards the center and have
large vessels. The vessels have reticulate
and pitted secondary lignified walls

(Figure 10- 24).

Pith: pith is very small and consists
of polyhedral parenchyma cells. It
became reduced after the formation of

secondary growth (Figure 10- 24).

Examples on the

root for example Vicia

Epidermis: Epidermis is called piliferous
layer. It is the outermost uniseriate
boundary layer. It consists of tubular
cells. Some epidermal cells form long

unicellu-lar root hairs.

Cortex: Next to epidermis there is a
wide zone called the cortex consisting

of polyhedral parenchyma cells with

General characters of dicot roots

anatomical

structure of dicot and monocot roots

Anatomical structure of dicot
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intercellular spaces. The cells contain
large amount of leucoplasts. The
main function of_parenchyma cells
is to translocate water and minerals
absorbed by the root haigs, to the
conducting elements. The innemmost
layer of cortex is the endodermis. It
consists of compact cells forming a
distinct layer surrounding the stele. The
cells of this layer possess Casparian strips
on their radial walls. The cells opposite
to protoxylem have no casperian strip.

They are called passage cells.

Vascular tissues: The vascular stele
consists of pericycle layer and vascular
tissues. Endodermis is followed by thin-
walled pericycle layer. Lateral roots
are generated from pericﬁe layer.
The vascular tissue consists of primary
xylem and primary phloem. Xylem and
phloemarchesare ﬁnged onalternate
radii. There are few parenchyma cells in-
between the xylem and phloem. The
vascular tissue consists of four patches
of xylem alternate with four patches of

phloem (Figures 10 - 29 and 30).

Protoxylem vessels are directed towards the
outside and metaxylem vessels are directed
towards the center. This protoxylem
arrangement is called exarch xylem. The

type of stele is called a protostele. The
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phloem patches consist of sieve tubes,
companion cells and phloem parenchyma.
The outer part of the phloem is called
protophloem and the inner part is called

metaphloem (Figures 10 - 29 and 30).

Pith: There is narrow pith in the center.
It consists of polyhedral parenchyma

cells (Figures 10 — 29 and 30).

Anatomical structure of Pea root:

A transvekrse section of the root of Pisum

sativum shows the following tissues:

Epidermis: The epidermis is the
uniseriate outermost layer. It has

unicellular root hairs.

Cortex:The cm&( consists of polyhedral
parenchyma cells with intercellular
spaces. The innermost layer of the
cortex is the endodermis. Endodermal

cells have Casparian strips.

Vascular tissues: The vascular tissue is
composed of radial vascular bundles. A
uniseriate thin wall pericycle layer exists

next to the endodermis layer.

The vascular bundles consist of three
patches of primary xylem alternating
with three patches of primary phloem.
Protoxylem is directed towards the
outside and metaxylem towards the

center. The phloem consists of sieve

1
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tubes, companion cells and phloem
parenchyma. The xylem and phloem
arches are separated from each other

by parenchyma cells.

Pith: Very small pith is found in

the center. It consists of polyhedral

parenchyma.
Anatomical structure of
monocot root for example

Hemerocallis root

Hemerocallis root consists of the

following layers:

Epidermis layer (Piliferous): Epidermis is
called paliferous layer becauﬁ carries
large number root hairs to absorb
water and nutrients from the soil. It is
uniseriate layer, composed of a row of
tabular cellswithouthaving intercellular

spaces (Figures 10 - 31 and 32).

Cortex: monocot roots are characterized
by thepresenceofwide cortex.Ithas larger
area than pith. Cortex are composed of
polyhedral parenchyma cells. In monocot
roots, piliferous layer damage quickly.
Then a new protective layer is formed
in the outermost portion of cortex. The
outermost layers of the cortex become
thickened by the formation of subrin and
lignin secondary walls. The thickened

layer is called exodermis. All monocot
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roots are characterized by the formation
of exodermis. Formation of exodermis
may be initiated before the damage of

paliferous layer (Figures 10 — 31 and 32).
The innermost layer of the cortex is

called the endodermis. The cells of
endodermis contain Casperian strips. The
endodermal cells that face xylem arms
are lack Casperian strips. They called

passage cells (Figures 10 - 31 and 32).

Vascular tissues (stele):

Uniseriate pericycle, made of thin-
walled parenchyma cells, occurs next to

endodemmis.

The central cylinder consists of radially,
arranged vascular strands. Xylem and
phloem are arranged alternately as
separate patches. the xylem being typically
exarch. Monocot roots are characterized
by the presence large number of primary
xylem alternating with the same number
of primary phloem. For this reason, it is

referred to as polyarch. Primary xylem

consists of protoxylem and metaxylem.

The protoxylem is directed to outside
(exarch) while metaxylem is directed to

inside {(endarch).

Protoxylem consists of vessels and
parenchyma while metaxylem consists

of vessels, parenchyma and fibers.
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Primary phloem is composed of

sieve tubes, companion cells and

renchyma. Protophloem occurs gg
parenchy P
the outer side and metaphloem on
the inner side. The number of phloem
strands is equal to the number of xylem

arches (Figures 10 - 31 and 32).

Pith:Thecentral part of the stele constitutes
the pith. Pith consists of polyhedral
parenchyma (Figures 10 -31 and 32).

Anatomical structure

monocot root for example for

example Zea root

Maize root prop consists of the

following layers:

Epideais:Epidermis is called piliferous
layer. It is the outermost layer of the
root. It is a uniseriate boundary layer.
Paliferious layer consists of thin walled
tubular cells. Some epidermal cells form
long unicellu=lar root hairs (Figures 10

— 33 and 34).

Cortex: the corﬁ consists of wide zone
of polyhedral parenchyma cells with
intercellular spaces. The outermost layers
of cortex are changed to thick walled
exodermis. The presence of exodermis
is.common in almost all monocot roots.

Endodermis is the innermost layer of the

cortex. Endodermis has Casparian strips.
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Endodermal cells that face protoxylem lack

Casparian strip. They called passage cells.

Vascular tissues: The vascular tissues
are surrounded by uniseriate pericycle
layer. Pericycled; present next to the
endodermis. Vascular bundles are
polyarch. The xylem and phloem
strands are present on alternate redii.
Protoxylem is exarch. The Zea prop
root is characterized by the presence
of internal large xylem region. This
region is called late metaxylem. It has
wide vessels and lignified parenchyma

(Figures 10 — 33 and 34).

Pith: The central portion is called pith. It

consists of parenchyma cells containing

abundant starch grains (Figures 10 - 33

and 34).
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Primary xylem
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Protophloem E

Metaphloem

Primary phloem

Figure 10 - 29: T.5. in young dicot root e.g. Wcia faba root (Diagrammatic drawing)
(il as ) Jsbll ia Jla (R 03 3 B e ala; 20 - 10 JS&




1

Chapter 10 : THE ANATOMICAL STRUCTURE OF THE PRIMARY PLANT BODY

Roothai (
Paliferous x. .X t’.}}%‘,".L‘JJ.

layer
D

Polyhedral G

parenchyma ", N
Cortex < Passage cell .,. |

Endodermis \
with casperian
Lstrip

5 3
=1}
g g
w m
g 3
—
Primary xylem

{ Protophloem

t)

Primary phloem

Figure 10 - 30 :T.S. in young dicot ik
root e.qg. Vicia faba root
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Figure 10 - 32:T.5. in monocot root e.g. Hemerocalls root
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Figure 10 - 33:T.5.in monocot root e.g. Zeaprop root
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Examples on the anatomical

structure of dicot and monocotstems

Anatomy of Some Dicotyledonous

Stems for example Helianthus stem

Epidermis: Epidermis is the outermost
layer of the young stems. It consisting
of single layer (uniseriate) of tubular
cells without intercellular spaces. The
epidermis has stomata. The epidermal
cells are living and lack chloroplasts.
The outer walls of the epidermal cells
are covered with cuticle. Numerous
multicellular hairs develop on the

epidermis (Figures 10 — 35 and 36).

Groundtissue:Vascular bundIESﬁarranged
in single ring. For this reason, the ground

tissue is differentiated into cortex and pith.

Cortex: Cortex is present beneath the
epidermis. Cortex is differentiated into

three zones:

» Pe herallamellar collenchymalayer:
It forms a continuous layer beneath
epidermis.The cells contain chloroplasts.
Collenchyma give mechanical support

to the growing stem.

» Parenchyma layer: _Lollenchyma
layer is followed by a layers of thin-
walled polyhedral parenchyma cells

with conspicuous intercellular spaces.
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The main function of parenchyma

cells is food storage.

« Starch sheath: It is innermost layer of
the cortex. It consists of parenchyma
cells containing abundant starch grains.
It is called starch sheath. This layer is

similar to the endodermis ring in roots.

Vascular tissues (Vascular stele): The
central region of the stem constitutes
the stele. The stele is of siphgpostele
eustele type (has many vascular
bundles arranged in a ring and have
pithinthe Eﬂter).The stele consists of
separated vascular bundles arranged
in a single ring. This ring surrounds

the pith (Figures 10 - 35 and 36).
Vascular bundles: The vascular bundles

are of conjoint, opened collateral type
(xylem and phloem e arranged on
the same radii). A full transverse section
éthe stem shows that the bundles are
arranged in a single layer at the periphery
of the stem. These bundles are composed
of internal primary xylem and external
primary phloem on the same radius. A strip
of lateral cambium is present in-between
xylem and phloem. Primary xylem and

primary phloem are originated from

procambium (Figures 10— 35 and 36).

Primary xylem consists of protoxylem
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and metaxylem. The protoxylem is
endarch while maxylem is exarch.
The protoxylem consists of narrow
vessels, tracheids and parenchyma.
Protoxylem vessels have angular and
spiral thickenings. Metaxylem consists of
wide vessels, tracheids, fibers and xylem
parenchyma. The vessels of metaxylem

have reticulate, scalariform and pitted

thickenings (Figures 10 - 35 and 36).

The primary phloem is composed of
protophloem ﬁbeﬁ and metaphloem.
Metaphloem is composed of sieve
tubes, companion cells and phloem
parenchyma. The cambium of the
vascular bundle is known as fﬁicular
cambium. This cambium consists
of few layers of cells which appear
rectangular in cross-section. This tissue

is responsible for secondary growth

(Figures 10 - 35 and 36).

Pith: Pith is the wide region in the center

of the stem. It consists of parenchyma
cells with large intercellular spaces.
There are parenchyma cells in between
the vascular bundles. These cells are
called medullary rays or interfascicular

rays (Figures 10 - 35 and 36).
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Anatomical structure of dicot

stem example Cucurbita Stem:

b

Cucurbita plant is a climber plant.
Transverse section of the stem shows
ridges and furrows giving a wavy

outline (Figures 10 - 37 and 38).

Epidermis: Epidermis is the uniseriate
outermost layer. It is made of compact
tubular cells. The epidermal layer is
covered by cuticle. The cells of this layer
are living with vacuolated protoplast. The
epidermis carries numerous multicellular
hairs. Stomata may be present in the

young stem (Figures 10 - 37 and 38).

Cortex: Cortex is differentiated into
threetypes of cells.There are five regions
of angular collenchyma at the ridge
regions beneath the epidermis.There are
chlorenchyma cells lie between zone of
collenchyma cells under the epidermis
in the farrow regions where stomata
are present. Chlorenchyma contain
abundant chloroplasts. Chlorenchyma
and collenchyma are followed by
parenchyma and sclerenchyma
(extraxylary fibers) layers. Another layer
of parenchyma cells is present between

the sclerenchyma layer and the vascular

bundles (Figures 10 — 37 and 38).

g)all

52 ) el Gl Sl g A o
o Lol s i b BL
ATA TV =\ d')&_i.“J1)b-WLia_.a=
b= g do Ul Akl s 2 2
.a:_ma”.;it__,w;,;ss,s:»._a_.aj1
oda LM S0 S slere 5 21 dals
.aﬁsésrjw}:_u};.ds_gi;-w1
I sl ol fadsde s il e
el pne QLI L 535 dor 5 3
AFA YV = Ve ML)
RTAARE U EPL R R
Lot 5 o Gllin o Slin L
et Syl ble de ialas
83 52 30 a2l IS LD s 2 2l
s da b SIS 5 bl s
S ol G ble 35 2
o ety MU g 5 3
dadiy SIS 5 b g ¢l s olu W
Rl il Ol ) S0y
(ot ol S da2s JSCul
O Rl e g 2 1B U 5
oo Jlp sl g de s LY sk
AFA YV = Yo O




caSl 20U oW oy cayg il Sl : pilell Junoll

Vascular tissues: The vascular bundles
consist of in two concentric rings. Each

ring includes five vascular bundles.

The five bundles of the outer ring are
smaller and they are present beneath
the ridges. The other five vascular
bundles of the inner ring are larger and
they are present beneath the furrows.
The vascular bundles are of conjoint,
open bicollateral type. Each bundle
consists of primary xylem and two
primary phloem patches. One phloem
patch is located above the xylem and
is called outer phloem while the other
patch is present at the lower side of the
xylem and is called inner phloem. The
outer primary phloem is larger than the
inner phloem. There is cambium zone
between the outer primary phloem
d the primary xylem. This cambium
consists of many layers of rectangular

cells (Figures 10 - 37 and 38).

The primary phloem is composed of
sieve tubes, companion cells and phloem
parenchyma. The sieve tubes have distinct
numerous sieve plates. Primary xylem
consists of protoxylem and metaxylem.
Protoxylem occurs towargds the center
(endarch(. The protoxylem is composed of

vessels and parenchyma. The protoxylem

vessels are narrow with spiral and annular
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secondary wall thickenings. Metaxylem is
composed ofvessels, fibersand parenchyma.
Its vessels are larger in size with sclariform,
reticulate and pitted secondary wall

thickenings (Figures 10- 37 and 38).

Pith: pith is composed of polyhedral
parenchyma. The central part of the
pith is hollow due to disintegration of

the pith (Figures 10 - 37 and 38).

The anatomical

monocot stem for example

Maize:

|. Epidermis: Epidermis is a uniseriate
layer, composed of small compact cells.
The outer walls are covered by cuticle.

The hairs are absent.

Ground tissue: The ground tissue systemis
not differentiated into cortex and pith.The
ground tissue consists of a sclerenchyma
layer and

polyhedral  parenchyma.

Sclerenchyma is present beneath
epidermis. This band usually continuous,
but may be interrupted here and there by
parenchyma. All the ground 'bt;ues next to
sclerenchyma are composed of thin-walled
parepchyma cells with intercellular spaces.
The vascular bundles are scattered in the
parenchyma of the ground tissue (Figures

10 - 39 and 40).

structure of
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Vascular tissues: The vascular bundles
are scattered and irregularly distributed
in the ground tissue. This type of stele
is called atactostele. Each wvascular
bundle consists of primary phloem and
primary xylem. Both phloem and xylem
are present on the same redii. Phloem
is directed to outside while xylem is
directed to inside. The bundles lack
cambium. So the bundles are called
closed collateral wvascular bundles

(Figures 10 — 39 and 40).

Primary xylem is composed of exarch
metaxylem and endarch protoxylem.
Xylem vessels are arranged in the form of
V or ¥ shape. The two metaxylem vessels
with wider cavities and pitted thickening
are present at the two arms of V or Y
letters. Protoxylem vessels usually one
or two, with narrow cavities and spiral or
annular thickening at the base of VorY
letters (Figures 10 - 39 and 40).

During maturation, protoxylem

disintegrates forming a xyle avity
known as protoxylem cavity.rrglaem
is composed of only sieve tubes and
compagign cells. Phloem parenchyma are
absent.Each vascular bundleis surrounded
by sclerenchyma cells, forming bundle

sheath (Figures 10 - 39 and 40).
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Protophloem Epidermis

Primary A[flbers :

phloem Lamellar
metaphloem collenchyma

Cortex

Polyhedral
parenchyma

Starch sheath

Protoxylem
i Primary
metaxylem Xylem

Figure 10 - 35:T.5. in young dicot stem e.g. Helianthus stem (Diagrammatic drawing)
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Figure 10 - 37 : transverse section in dicot stem for example Cucurbita stem
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Figure 10 - 38 : Transverse section in young dicot stem for example Cucurbita stem
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Primary phloem

Fibers bundle sheath
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Parenchyma
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Closed collateral vascular bundle

Ground tissue
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vascularbundle

Figure 10- 39 ; T.S.in monocot stem e.g. Zea stem (Diagrammatic drawing)
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of dicot and monocot leaves

Anatomical structure of dicot

leaf example cotton leaf

The transverse section of dicot leaf

shows the following layers:

Epidermis:The leafhas an upper and lower
epidermal layers. The two epidermal layers
may be uniseriate for example cotton leaf
f. Both

epidermal layers are covered by cuticle.

or multiseriate for example Fic

The stomata are present in both
epidermal layers. However, the lower
epidermis contains more stomata than

the upper epidermis (Figure 10 — 41).
Mesophyll:

The mesophyll tissue occurs between
the upper d lower epidermal layers.
They are composed of thin walled
parenchyma cells. The mesophyll tissue
contains chloroplasts and function in
photosynthesis. Mesophyll tissue is
composed of two types; the palisade
parenchyma or palisade tissue and the

spongy parenchyma or spongy tissue.

The  palisade parenchyma are
composed of elongated and more or
less cylindrical cells. The long axes of
the palisade cells are perpendicular to

the epidermis layer. The cells of palisade
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have intercellular spaces.

The palisade layer is present beneath the
upper epidermis. It consists of one row of cells.
Some plant species have leaves with two or
more palisade layers. Also, some plant species

have palisade layers on both sides of the leaf.

There isspongy parenchymalayer below the
palisade layer. The spongy tissue is usually
composed of thin walled parenchyma
cells and contain chloroplasts. These cells
have irregular shape and large intercellular

spaces (Figures 10 - 41 and 42).
Vascular bundles:

The leaf contains one or more large
vascularbundles and manysmall vascular
bundles. The large bundlerepresents the
main midrib. The vascular bundles are of
conjoint collateral bundles. There are
collenchyma patches on the two sides of

the large vascular bundles.

The primary xylem is present towards
the upper epidermis and consists of
protoxylem and meta)ﬁm. Protoxylem is
directed to upside and it consists of vessels
and parenchyaa. Metaxylemoccurs below
protoxylem. It consists of vessels, xylary
fibers and xylem parenchyma. Primary
phloem is pmﬁt towards the lower
epidermis and consists of sieve tubes,
companion cells and phloem parenchyma

(Figures 10- 41 and 42).
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Chapter 10 : THE ANATOMICAL STRUCTURE OF THE PRIMARY PLANT BODY
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Figure 10 - 41 :V.5.in dicot leaf e.g. cotton leaf
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Figure 10 - 42 :Vertical section of dicot leaf e.g. cotton |eaf
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» Upper epidermis
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Fiber bundle
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Figure 10 -43:Vertical section in monocot leaf e,g. Zea leaf
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Chapter 10 : THE ANATOMICAL STRUCTURE OF THE PRIMARY PLANT BODY

’ : Small vascular
Upper epidermis Large vascular bundle
Sclerenchyma cells bundle

Parenchyma

Lower epidermis
Sclerenchyma cell

Primary xylem Primary xylem
Primary phloem Primary phloem
Bundle sheath Bundle sheath

Large vascular
bundle

Small vascular
bundle

Figure 10 - 44 : Vertical section of Monocot leaf e.g. Zea leaf
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The anatomical layers of the (4|3 as)ql auwsyp il Gl dubll

monocot leaf are: '@ 610lg aalo
Epidermis:
* The leaf has dorsoventral appearance. 10} sl

It has an upper and lower epidermal

layers. The two epidermal layers are Lf'l:" 45 Cl"l‘“ )—4'1"‘ bas,,lle
lad iks wpdiples 2 lab iy

y il . - v]l - - & 1
* Both the epidermal layers, contain * Jg“"f";’ ¢ “f‘f'l

stomata. Some cells of upper e e L_gj:.-ﬁ 8 hdl 2o e g
epidermis are larger in size. These ‘35)_5 5,_','}_1_,,_115 * _11 LY o

cells are called bulliform cells or e -g_]]_. g ‘{l:.'j)hil-1aJ_h. > 1]
motor cells.

covered by thick cuticle.
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Mesophyll:

* There are chlorenchyma cells
between the two epidermal layers.
These cells are called mesophyll

tissue. They contain chloroplasts.

* Mesophyll dissues does not
differentiate into palisade and spongy

parenchyma.

* The cells of mesophyll tissue are
spherical or angular with intercellular

spaces.

Vascular bundles: .
3

* The leaf contains many small and
large vascular bundles. The vascular
bundles are of closed collﬁral
because they lack cambium. The large
vascular bundles are surrounded by
extra xylary fibers bundle sheath.

ile each small vascular bundle is
surrounded by a layer of thin walled

parenchyma cells.

* There are sclerenchyma patches on
internal surface of both the lower and

upper epidermal layers.

Xylem is directed towards the upper
epidermis while phloem is directed

towards the lower epidermis.

* Xylem consists of vessels, fibers,

tracheids and xylem parenchyma.
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Chapter 10 : THE ANATOMICAL STRUCTURE OF THE PRIMARY PLANT BODY

* Metaxylem contains two large
spherical vessels while protoxylem

contains small vessels or xylem cavity.
* Phloem consists of sieve tubes and

companion cells.

» Smaller vascular bundles consist of
less developed xylem and phloem.

They are surrounded by thin wall

parenchyma bundle sheath (Figures

10 —-43 and 44).
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