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4 Tissues - "The Team of Wor'ker's"\

@ Tissue is a cellular organizational level between cells
and a complete organ.

@ A tissue is an ensemble of similar cells and
their extracellular matrix from the same origin that
together carry out a specific function.

@ The English word is derived from the French tissu,
meaning something that is woven, from the verb tisser,
"to weave".

©® The study of human and animal tissues is known
as histology or, in connection with

disease, histopathology.
\

¢ The level of organization
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Plant Tissue - Types

( PLANT TISSUE \

|
v L 1
Meristematic tissue Permanent tissue
[ | 1
Apical Lateral Intercalary Simple Complex
meristem meristem meristem
[ T |
Parenchyma Collenchyma Sclerenchyma
Fibres Sclereids
[ |
Xylem Phloem
1. Tracheids 1. Sieve tubes
2. Vessels (Tracheac) 2. Companion cells
3. Xylem parenchyma 3. Phloem parenchyma
4

. Xylem fibres 4. Phloem fibres /
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4 Meristematic Tissue / Meristem R

@ Meristematic (Gk. meristos = divisible) tissue is defined
as a mass of young, immature and undifferentiated cells,
which remain young forever and divide throughout the

life of the plant.
@ Classification of Meristems :
(a) Based on position in the plant body

= ! Apical meristem
Aa
g Jo== x./
h N | N

Jis=—=—— Intercalary meristem

= Lateral meristem

[ Meristems \
Apical Lateral Intercalary
* Occur in shoot and * Occur i1s mature regions  * Occur between mature tissues
oot tips of shoot & roots
) * Regenerate the parts removed
* Produce primary tissues * Called secondary by grazing animals in grasses
menstems
E g Fascicular vascular
cambium, Inter fascicular
Shoot apical Root apical  cambium and cork cambium
meristem meristem
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4 Meristematic Tissue / Meristem )

(b) Based on the origin of formation

1. Promeristems

« Meristematic tissue that has existed in the plant since
the embryonic level.

« Location : Extreme tip of stem and root.

« Eunction : Forms primary meristem later the primary
structure of the plant body.

2. Primary meristems

« Meristematic tissue found in adult plant and still
actively does cell division.

« Location : Seen just below promeristem.

« Function : Forms the primary structure of the plant
body.

3. Secondary meristems

« Meristematic tissue that originated from primary
permanent tissues [Some of the primary permanent
tissues regain meristematic activity and becomes
secondary meristem].

« Location : Laterally placed in stem and root.
« Function : Responsible for secondary growth of the
plant.

+" Example : Inter fascicular cambium and cork cambium of
stem, cambium of root.

We have a definite growth pattern and growth stops at certain
stage or age. But plant growth is indefinite due to the presence of
meristems.
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Meristematic Cells

@ Characteristics :

« Cells are small.

Cells are usually cubical.
Cell wall is thin.

v
v
+ Nuclei are large.
v
v

Vacuoles almost absent. L Root Meristem of D”iU”/

Cells tightly packed with almost no intercellular spaces.

i A Typical Meristematic Tissue

The cells actively divide adding new cells to the plant.
New cells thus produced are transformed into mature

permanent tissues.
\_ _J
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Permanent Tissue

@ These tissues arise from the meristematic tissue.

® The cells of this tissue gradually loose their power to
divide and acquire a definite shape, size and function.

@ These tissues may be living or dead.

© There are 2 types of permanent tissues :
1. Simple permanent tissue
2. Complex permanent tissue

@ Simple Permanent Tissue :

« This tissue comprises of same type of cells which perform
the same function and all arise from the same origin.

« These are three categories of simple permanent tissues:
Parenchyma, Collenchyma, & Sclerenchyma.

[ Simple permanent tissues \

* Made of only one type of cells

I I

Parenchyma Collenchyma Sclerenchyma
o Isodiametric cells ® Occur in the layer below e Long, narrow
" epidermis cells
e Can have varied shapes g : =
X o Perform photosynthesis ~ * Walls lignified
. 111I|lnlwalls, made of when chloroplasts are with pits (lumen)
cellulose :
present * Usually dead or
® Either closely packedor Homogenous or in without protoplast
have intercellular space patches
® Perform photosynthesis, ¢ Comers thickened ,—I_\
storage and secretion with cellulose, X
hemicelluloses or pectin  Fibres Sclereids
o Nointercellular spaces o Thick-walled. * Spherical or oval
® Provide mechanical elongated o Thickened dead cells

* Occur in groups

\ - e
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Parenchyma

Structure :

It is the fundamental tissue composed of thin walled, living
cells whose cell wall is composed of cellulose. Small intercellular
spaces are present between the cells.

Location & Function :

It occurs in all soft parts of plants and is meant for storage of
food and to provide turgidity to softer parts of plants.
Parenchyma tissue in stem and roots store nutrients and water.

Types :

Chlorenchyma - Certain parenchymatous tissue contain
chloroplast and synthesize food by the process of
photosynthesis.

Aerenchyma - In aquatic plants parenchymatous cells have air
cavities between them to store air, such a tissue is called
Aerenchyma. It provides buoyancy to the aquatic plants so that
they can float in water.

Y

? s Cytoplasm \
i) ¢ -
— Intercellular spaces /= i y . Nucleus
e 4 * e (R
(12 #1—Middle lamella
Ay &
'_'b
7 Chloroplast
Vacuole
Intercellular space
Transverse section
N -Primary cell wall
Longitudinal section /

-
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Collenchyma

@ Structure :
This tissue is composed of somewhat elongated cells with cell
walls that are irregularly thickened at corners due to
deposition of cellulose or pectin. They may be oval, circular or
polygonal. Very little intercellular spaces are present.

@ Location :
It occurs below the epidermis of stem and petiole (stalk of the
leaf) and around veins.

@ Function :
This tissue provides mechanical support and flexibility and in
some cases it may possess chloroplasts to perform
Photosynthesis. The stem and leaves are able to bend easily
and then come back to their original position due to the
presence of collenchyma.

o W )

Wall thickenings 7 S End wall
l[ Nucleus S |
-/ (3 3 44— Primary cell wall

Vacuole 2 '; (thickened at corners)
Cell wall %2 ol | B 4
N o | B #+— Chloroplast

NZ R \/'v’ x 9l ¥ ucleus
Ve )?“\_/7' BB .

’- ‘\, ‘ f g Vacuole

Cytoplasm

> ™ Intercellular space

Transverse section o] |
=T

-

K Longitudinal section /

Biswarup Majumder | Bio-World

- 7/




/ 3
Sclerenchyma

® Structure :

It is a tissue of dead and thick walled cells, having no
intercellular spaces. The thickenings are of cellulose or lignin
or both. Several unlignified areas called pits often develop on
walls.

@ Location :
This tissue is usually found in the hard and stiff parts of the
plant like seed coat, husk of coconut, in the stem around
vascular bundles, veins of leaves and hard covering of fruits
and nuts.

@ Function :
It is the chief mechanical tissue in plants and is able to bear
push, pull, strain and shearing forces. It provides strength to
plant parts and also protects the delicate parts of the plants.

@® Types :
They are of two types: fibres and sclereids.
(- i
Simple Narrow lumen
P pee Lignified
thick wall
* \
Transverse section
L Longitudinal section P,
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. Brachysclereids
. Macrosclereis
. Osteosclereids
. Asterosclereids
. Trichosclereids

1
2
3
4,
5

~ Sclerenchyma
|
\] v
Sclereids Fibres
Xylary Fibres

Extra Xylary Fibres

——

1. Fibre Tracheids
| 2. Libriform Fibres |
13. Gelatinous Fibres

l

1. Phloem Fibres
2. Cortical Fibres
13. Perivascular Fibres |

Difference Between

Characteristic Parenchyma Collenchyma Sclerenchyma
Cell wall Primary,thin Primary Secondary
Constituents of | Very less Irregular Uniformly
cell wall cellulose thicknening of thick due to
cellulose and lignin
pectin deposition
Living/nonliving | Living Living Dead
Cell shape Isodiametric Elongated Some cells are
spindle
shaped,long
and narrow.

(S
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Complex Permanent Tissue

@ A tissue made up of more than one type of cells
functioning as a unit is called complex tissue.

@ There are two types of complex tissues - Xylem and
Phloem.

@ They are called vascular or conducting tissues.

@ Xylem helps to transport water and minerals from roots to
all part of the plant.

@ Phloem helps to transport food (sugar) from leaves to all
other parts of the plant.

( Complex permanent tissues \

Xylem Phloem
® Conducts water and minerals from ® Transports food from the
the oot to the stem and leaves leaves to the other parts
® Provides mechanical support I Consists of
| Consists of
[ | | | Sieve tube Companion  Phloem Phloem
Tracheids Vessels Fibres Xylem parenchyma elements cells parenchyma fibre
o Elongated o Long, e Highly o Living cells ® Long, ube- @ Speciatised o Long, ® Made of
andtube-  cylindrical  thickened S like parenchyma  cylindrical  sclerenchyma
like € walls o imn-walie * Amnged ® Associsted  ® Stores food e Thick cell wall
* Walls ”
 Thick b ® Cell wall made longitudinally  with sieve
. lignified * May or £ cellulose e o Jute, flax and hamp
lignified may not e ¢ End walls e commercial fibres
walls beseptate  ® Radial conduction perforated
by ray parenchyma
o Primary xylem is of two types ® First-formed phloem is protophloem
© Protoxylem - towards centre is endarch and later-formed phloem is metaphloem
K © Metaxylem - towards centre is exarch /

Simple tissue Complex tissue

i) Itis made up of only one type of cells. | i) It is made up of more than one type of
ii) All cells of this tissue work as | cells.
individual units to perform a particular | ii) Cells of this tissue work together as

function. one single unit to bring about a particular
Eg. parenchyma, collenchyma and | function.
sclerenchyma tissues. Eg. xylem and phloem tissues.
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Xylem

@ It is a complex permanent tissue, which is specialized
for the conduction of water and mineral substances in
the plant body.

@ Xylem is a heterogenous tissue made up of four
different types of cellular elements. They are :

4 )
Pit
E Vessel element
()
; Tracheid
< Xylem
parenchyma cell
Parenchyma
L S

©® Of these, the tracheids and the tracheae are
described as essential elements since they are directly
involved in the translocation of water and mineral
substances.

@ Xylem fibers and xylem parenchyma are described as
associated elements, since they are only supporting
structures.

@ The tracheids, the trachea and the xylem fibers are
non-living _components, while xylem parenchyma
represents the only living component of the tissue.
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Xylem Components

® Xylem Tracheids :

v

v

The tracheids are elongated, dead cells, with tapering ends.

They are characterised by the presence of a thick cell wall
consisting of primary wall and a secondary wall. The primary
wall is composed of cellulose where as the secondary wall is
made up of lignin.

There is a spacious lumen that extends throughout the
length of the tracheid.

In some cases, due to the deposition of lignin, the primary
wall develops numerous concave depressions called pits.

When pits are present, the tracheid is described as pitted
and when pits are absent, it is described as simple.

® Xylem Tracheae :

They are commonly known as xylem vessels.

The tracheae are found arranged parallel to each other,
extending from one end of the plant body to another.

The tracheae are long cylindrical dead cells.

They are characterized by a thick cell wall consisting of a
primary wall and a secondary wall. The primary wall is made
up of cellulose where as the secondary wall is made up of
lignin.

There is a spacious lumen that extends throughout the
length of the trachea.

The deposition of lignin in the secondary wall is not always
uniform. As a result, the xylem vessels exhibit different
types of secondary thickenings.
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Xylem Components

> i
!
[ tracheid
b
pitted
iy walls N
50 wm 73
a. Xylem micrograph (left) and drawing (to side) b.T wo types of vessels c. Tracheids

@® Xylem Fibres :

« They are represented by the dead sclerenchyma fibers
that are found in between the vessels and the tracheids.

« They are meant for providing mechanical support to the
essential elements.

® Xylem Parenchyma :

« This is the only living component in the xylem tissue.

« It is represented by groups of parenchyma cells that are
found in between the vessels and the fibers.

v They are meant for storage of reserve food.

The rings seen in the trunk of an old tree which has been cut

fransversely are the xylem rings. The age of a free can be
determined by counting the number of rings.
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Phloem

@ Phloem is a complex permanent tissue, which is specialized
for the conduction of food and other organic substances.

© Phloem is also a heterogenous tissue, made up of four
different types of cellular elements, namely,

4 )

sieve plate

L Sieve tube
element

L]

——¢hicem parenchyma

Phloem

Companoin cell

4 ‘ Y,
@ Of these, the sieve fubes and the companion cells are

directly involved in the franslocation of the organic

substances. Hence, they are commonly described as
essential elements.

@ Phloem parenchyma and phloem fibers are described as
associated elements since they play only a supporting role
in the process.

@ The sieve tubes, the companion cells and the phloem
parenchyma represent the living components of the tissue

while phloem fibres represent the only nonliving component
of the tissue.

@ Phloem is commonly described as a living, complex
permanent tissue.
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Phloem Components

@® Sieve Tubes :

v

v

v

They represent the most active food conducting elements
in the phloem tissue.

The sieve tubes are found arranged parallel to one another
from one end of the plant body to another.

Each sieve tube is formed by a series of hollow, cylindrical
cells called sieve tube cells arranged one above the other.
The sieve cells are separated from each other by
horizontal perforated plates called sieve plates. The sieve
cells communicate with each other through the sieve plates.

Each sieve cell has a thin cell wall, which is composed of
only cellulose. The cell has a central mass of dense
cytoplasm. The granular cytoplasm forms a number of
projections called cytoplasmic strands extending towards
the sieve plate. The nucleus is absent.

@ Companion Cells :

v

v

They are more or less spindle shaped cells associated with
the sieve tube cells.

Each companion cell is found attached to any one lateral
surface of a sieve cell.

The companion cell and the neighboring sieve cell together
represent a pair of sister cells.

The companion cell has a granular cytoplasm, prominent
nucleus and one or two small vacuoles. The nucleus of the
companion cell is said to be capable of exerting its
influence on the adjacent sieve cells.
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Phloem Components

Sieve-tube elements:
longitudinal view (LM)

e

Sieve-tube element (left)

and companion cell: S;::pamon

cross section (TEM)
| — Sieve-tube —S%*—=
\ O elements 3
1

Sieve 7
‘ plate . i 30 pm
1 (0l "~ |10 um
‘ {————Nucleus of
| companion =
cell )
. |
LA ‘
Sieve-tube elements: 1 R Z |
\ longitudinal view Sieve plate with pores (SEM) j

@ Phloem Fibres :

V' Phloem fibres are represented by the dead sclerenchyma
fibres that are found in between the sieve tubes.

V' They are meant only for providing mechanical support.
@ Phloem Parenchyma :

« Phloem parenchyma is represented by a group of living

parenchyma cells that are found in-between the sieve
tubes.

« They are meant only for storage of organic food.
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Xylem vs. Phloem

-

Xylem

Phloem
I

Characteristic | Xylem Phloem
Conduction Water and minerals | Prepared Food from
from root to body leaves to body parts
parts
Strength Provides mechanical | Donot provide
strength mechanical strength
Elements live Xylem parenchyma | Sieve tubes,
only companion cell and
phloem parenchyms
Conduction Unidirectional Bidirectional
direction
Conducting Tracheids Sieve tubes
channel
Epidermis
Cortex

T
Xylem
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