
to differentiation, that is cells obtain a definite shape, 
size, structure and function. 
For example, in human beings muscle cells contract 
and relax to cause movement, nerve cells carry 
messages, blood flows to transport oxygen, food, 
hormones and waste material. Likewise, in plants the 
conduction of food and water takes place by vascular 
tissues. A group of cells that are similar in structure 
and work together to achieve a particular function 
form a tissue. The term ‘tissue’ was coined by Bichat 
in 1792. The tissues are arranged and designed in 
such a way to give the highest possible efficiency 
of function. The tissues include blood, phloem and 
muscle. The study of tissues is called histology. The 
term ‘histology’ was coined by Meyer in 1819. The 
founder of histology is Marcello Malpighi.

2.2 IMPORTANCE OF TISSUES

We have studied that group of cells are involved in 
particular functioning of a system. Let us discuss the 
important functions of the tissues (Fig. 2.1).

2

 2.1 Introduction

 2.2 Importance of Tissues

 2.3 Plant Tissues

 2.4 Meristematic Tissues

 2.5 Permanent Tissues

 2.6 Protective Tissues

 2.7 Animal Tissues

 2.8 Type of Animal Tissues
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2.1 INTRODUCTION

In previous chapter, we have studied that all living 
organisms are made of cells. In unicellular organ-
isms such as Amoeba and Paramoecium, a single cell 
performs all basic functions. For example, in Amoeba 
a single cell carries out movement of cell, intake of 
food and respiratory gases, respiration and excretion. 
At organization level, the multicellular organisms 
show division of labour where different components 
of the body take up different functions like 
movements through contraction and relaxation of 
muscles, conduction of messages by nerves, transport 
of oxygen, hormones, food etc., by blood in animals 
and conduction of water, and food by vascular tissues 
in plants. 
In other words, we can say that in multicellular  
organisms (Human beings), there are millions of cells 
which are specialized to carry out a few functions. 
Since these cells carry out only a particular function, 
they do it very efficiently. This specialization is due 

TISSUES
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(a) The tissues help to improve the organisation 
and efficiency of the organisms.

(b) The tissues decrease the work load of an indi-
vidual cell.

(c) The tissues help the multicellular organism 
for higher survival.

(d) The tissues bring about the division of labour 
to form organ and organ systems.

Are Plants and Animals Made of Same Types 
of Tissue ?

The study of internal structure of plants reveals 
many types of tissues. Morphologically, a tissue is 
a group of cells, which are similar in origin, form 
and function. Physiologically, tissue is composed 
of dissimilar cells that perform a common function. 
For example, phloem elements perform common 
function of food conduction. The cells from two 
or more types of tissues form various tissue systems. Different tissue systems form the organs and each tissue 
carries out a specific function.  We know that tissues are present in both plant cells as well as in animal cells. 
But do you know whether the plant and animal tissues are of same structure and function ?

Let us compare the structure and functions of plant’s and the animal’s tissues.

When we learn about the mobility of plants and animals, we know that plants are stationary or fixed, so they 
require less energy and more supportive strength. Thus, most of the tissues of plants are dead. This is because 
the dead cells provide mechanical strength i.e., supportive and need less maintenance. On the other hand, 
the animals move around in search of food, mates and shelter and so require more energy. Thus, most of the 
tissues of animals are living i.e., contain protoplasm. This is because the living cells need more energy and 
need more maintenance.

When we learn about the structural organisation of organs and organ systems (Fig.2.2), we can find that the 
structural organisation is more specialized and localised in complex animals due to their mobility and different 
feeding methods than in plants.

 Fig. 2.2 : Structural organization of organ system in animals

Similarly, we know that the growth in plants is limited to certain regions (Fig.2.3). There are some tissues in 
plants that divide throughout their life for the growth and reproduction. On the other hand, the cell growth in 
animals is more uniform and so, there is no such demarcation of dividing and non-dividing regions in animals. 
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Fig. 2.1 : Different functions of the tissue
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Cells Tissues Organs
Organ

systems Organism

 Fig. 2.3 : Structural organization of organ system in plants

Let us differentiate the plant and animal tissues based on their characteristics.
Differences between Plant Tissues and Animal Tissues

S. No Characteristics Plant Tissues Animal Tissues
1. Nature Dead supportive tissues in plants 

are more abundant as compared to 
living tissues.

Dead supportive tissues in plants are 
more abundant as compared to living 
tissues.

2. Differentiation There is differentiation of meris-
tematic tissue and permanent tissue.

There is no differentiation of tissues.

3. Organisation Simple. Complex type showing localised organs 
and organ system.

4. Function The tissues provide mechanical 
strength i.e., supportive in nature.

The tissues provide help in movement.

5. Maintenance It requires less maintenance energy. It requires more maintenance energy.

6. Growth It shows growth throughout its life. Its growth is restricted after reaching 
maturity.

PAPER – PEN TEST : 1

1. Explain the division of labour at (a) organiza-
tion level (b) cellular level.

2. What are the functions performed by the cells 
in Amoeba ?

3. What are the functions performed by the cells 
in multicellular organisms ?

4. The study of tissues is called ------------------.

5. Define tissues.

6. The term ‘tissue’ was coined by ----------------.

7. The term ‘histology’ was coined by ---------------.

8. Mention the importance of tissues.

9. How are tissues defined morphologically and 
physiologically ?

10. Why most of the tissues in animals are living ?

11. Compare the structure and functions of plants 
and animals.

12. Differentiate between plant and animal tis-
sues.
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2.3  PLANT TISSUES

Based on the dividing capacity of the tissues, plant tissues can be classified into two types (Fig.2.4) namely,
(a) Meristematic or growing tissue 
(b) Permanent tissue. 
Let us study about nature, structure, characteristics and function of these tissues in detail one by one.

Plant tissue

Meristematic
(Cells are capable of cell division)

Permanent
(Mature cells are capable of cell division)

Simple
(Tissue composed of
single type of cells)

Complex
(Tissue composed of more 

than one type of cell)

Xylem Phloem

Sieve tubes
Companion cells

Xylem vessels
Tracheids

Parenchyma Collenchyma Sclerenchyma

Chlorenchyma

Fig. 2.4 : Different types of plant tissues

2.4  MERISTEMATIC TISSUES

In plants, the growth occurs only in certain specific 
regions and the tissues present in those regions are 
called dividing tissues. These tissues are also known 
as meristematic tissues. In other words, we can  
define meristematic tissues as,
‘A group of identical cells that are in a continuous state of 
division.’
Some cells produced by meristematic tissue stop 
dividing and acquire certain changes to become 
permanent tissues of the plant. This change 
from meristematic to permanent tissue is called 
differentiation. The remaining cells in the meristem 
retain their meristematic activity. Meristematic cells 
are self-perpetuating. Thus, meristematic cells help in 
increasing the length and size of the plants. 
Characteristics of Meristematic Cells
Following are the main charactersitics of meristematic 
cells :
(i) The cells of meristems are round, oval, polygonal 

or rectangular in shape.
(ii) The cells of meristems are closely arranged in 

such a way that there are no intercellular spaces 

i.e., the meristematic cells do not have inter- 
cellular spaces.

(iii) Each meristematic cell possesses dense cytoplasm 
with large nucleus (Fig.2.5).

(iv) The meristematic cells contain smaller vacuoles 
which are scattered throughout the cytoplasm or 
even in some cases the vacuoles are completely 
absent.

(v) The cell wall of meristematic cells is thin, elastic 
and made up of cellulose.

(vi) The meristematic cells are living.

Fig. 2.5 : Meristematic tissue as seen in cross section
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Occurrence of Meristematic Cells
Generally, the meristematic cells occur at the growing 
tips of stems and roots i.e., shoot apex and root 
apex. They are also seen in apices of leaves. Some 
meristematic cells are also seen beneath the cork and 
in vascular bundles of dicot roots and stems. This  
region is responsible for the thickness in plants.  
There are some meristematic cells located at the base 
of the leaves or internodes of monocots. 
Types of Meristematic Cells
Based on its position, the meristem is divided into 
three types namely, (Fig.2.6)
(i) Apical meristems
(ii) Intercalary meristems
(iii) Lateral meristems
(a) Apical Meristems : Apical meristems are found 
at the tips of roots, stem and branches. The apical 
meristem is responsible for increase in length of 
plant. Further, the apical meristem helps in the  
primary growth of plants. 
(b) Intercalary Meristems : The meristem present in 
the nodal region is called intercalary meristem. These 
meristems are prominently found in monocotyledons 
such as grasses. They are present in between the 
permanent tissues. They are derived from the api-
cal meristem. The main responsibility of intercalary  
meristems is to elongate the internodes.
(c) Lateral Meristems : The meristem that is pre-
sent along the longitudinal axis of stem and root is 
called lateral meristem. Vascular cambium and cork  
cambium are examples of lateral meristem. They help 
in the thickening of stem and root.

Fig. 2.6 : L.S. of shoot apex showing location of meristem  
and young leaves

Functions of Meristematic Tissues

The main functions of meristematic tissues are as fol-
lows :

(i) The meristematic tissue acts as a parent tissue which 
helps in the development of other tissues from it.

(ii) The meristematic tissues are involved in the 
process of growth by developing new cells.

(iii) The meristematic tissues help plants to produce 
new leaves, stems, roots, flowers, fruits etc.

(iv) The meristematic tissues also help the plant to 
heal the injury by the formation of new cells in 
the injured place.

(v) The intercalary meristems help the plant shoot to 
grow upright.

Let us perform an activity to study the growth of 
roots in onion bulbs.

Activity 2.1 – To study the growth of roots in  
onion bulbs.

PROCEDURE 

Step - 1 Take two glass jars and fill them with water.

Step - 2 Now, take two onion bulbs and place one 
on each jar, as shown in Fig.

Step - 3 Observe the growth of roots in both the 
bulbs for a few days.

Step - 4 Measure the length of roots on day 1, 2 
and 3.

Step - 5 On day 4, cut the root tips of the onion 
bulb in jar 2 by about 1 cm. 

Step - 6 After this, observe the growth of roots in 
both the jars and measure their lengths 
each day for five more days and record 
the observations in table.

Step - 7 Which of the two onions has longer roots ? 
Why ?

Step - 8 Do the roots continue growing even after 
we have removed their tips ?

Step - 9 Why would the tips stop growing in jar 2 
after we cut them ?
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1. Classify plant tissues based on their dividing  
capacity.

2. Define meristematic tissues.
3. What is meant by differentiation ?
4. What are the characteristics of meristematic  

tissues ?
5. Where does the meristematic tissue occur in 

plants ?
6. What are the different types of meristematic 

cells ? Define them.
7. Mention the function of different types of meris-

tematic tissues.
8. What are the main functions of meristematic  

tissues ?
9. Give two examples of lateral meristems.
10. Where do intercalary meristems occur ?

2.5  PERMANENT TISSUES

Group of cells in which the growth has either stopped 
completely or for the time being form a permanent 
tissues (Fig. 2.7). Some cells derived from the 
meristematic tissue lose the ability to divide and take 
up specific role. These cells form permanent tissues. 
The developmental process by which cells derived 
from meristematic tissue transform into permanent 
tissue transform is called differentiation.
Charactersitics of Permanent Tissues
Following are the main characteristics of permanent 
tissues :
(i) Cells of the permanent tissues are large and  

differentiated with different shapes which do not 
change after formation.

(ii) Cells of the permanent tissues are not closely  
arranged and so, there are large intercellular 
spaces i.e., the permanent tissues have 
intercellular spaces.

(iii) Each permanent tissue possesses less conspicuous 
nucleus. 

(iv) The permanent tissues contain large vacuoles in 
the centre. 

(v) The cell wall of permanent tissues is thin or thick.

Fig. 2.7 : Permanent tissue

Types of Permanent Tissues
There are different types of permanent tissues formed 
due to differences in their specialization i.e., simple 
or complex. The permanent tissue consists of two 
types of tissues namely (Fig.2.8),

Permanent Tissue

Simple Permanent Tissue Complex Permanent Tissue

Xylem

Phloem

Sclerenchyma

Collenchyma

Parenchyma

Fig. 2.8 : Different types of permanent tissue

DIAGRAM 

OBSERVATION 

(a) The roots of jar 1 are longer. This is because, 
the root tips have dividing cells.

(b) No.

(c) After the root tips are cut, there will be no 
growth of roots due to the absence of dividing 
cells and so the tips stop growing in jar 2 after 
we cut them. 

INFERENCE
The apical meristem is responsible for the growth 
in length of the root.

PAPER – PEN TEST : 1
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(i) Simple permanent tissue 
(ii) Complex permanent tissue
Let us try to differentiate meristematic and permanent tissue based on certain characteristics.

Differences between Meristematic Tissues and Permanent Tissues

S. No Nature Meristematic Tissues Permanent Tissues
1. Nature Small, round and undifferentiated. Large, differentiated with different 

shapes.
2. Nucleus Large and prominent. Less conspicuous.

3. Intercellular spaces Absent. Present.

4. Cell wall Thin. Thick or thin.
5. Function It is involved in growth. It is involved in protection, support, 

storage etc.

6. Divisions Undergo regular divisions. Do not undergo divisions.

7. Type of tissue Simple tissue. Simple, complex or specialized tissues.

8. Living or dead Living. Living or dead.

9. Metabolic rate Active. Slow.

We shall now discuss these two types of permanent tissues. 
(i) Simple Permanent Tissues
The permanent tissues in which the cells are similar in structure, origin and function are called simple permanent 
tissues.
There are three types of simple permanent tissue namely (Fig. 2.9),
(a) Parenchyma
(b) Collenchyma 
(c) Sclerenchyma

Intercellular
spaces

Wall
thickenings
Nucleus
Vacuole
Cell wall

Simple
pit pair

 (a) Parenchyma (b) Collenchyma (c) Sclerenchyma

Fig. 2.9 : Different types of simple permanent tissue

Let us discuss these different types of tissues one by one in detail.
(a) Parenchyma
Nature : Parenchyma is derived from Greek word ‘para’ means ‘side’ and ‘enchyma’ means ‘in-filling’. Parenchyma 
is the precursor of all the other tissues. The parenchyma tissue is a living cell consisting of unspecialized cells with 
thin cell walls. Their cell walls are made up of cellulose. They are loosely packed with intercellular spaces between 
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them. Parenchyma cells are isodiametric i.e., more or less equally expanded on all sides. They could be oval, spherical 
or polygonal in shape. They contain dense cytoplasm with distinct nucleus and a large central vacuole (Fig.2.10 &  
Fig. 2.11).

                    

Nucleus

Intercellular
space

Chloroplast

Vacuole

Cytoplasm

Cytoplasm

Vacuole

Chloroplast

Middle lamella

Nucleus

Intercellular space

Primary cell wall

   
 Fig. 2.10 : T.S. Parenchyma tissue Fig. 2.11 : L.S. of Parenchyma tissue location

Location
The parenchyma tissues are distributed in all parts 
of the plant body such as stem, root, leaves, flower, 
fruits, seeds etc. It is also found in the soft parts of the 
plant like cortex of roots, ground tissues in stems and 
mesophyll of leaves. It is also found in pith, packing 
tissues in xylem and phloem.
Types of parenchyma
The different types of parenchyma are as follows :  
• Aerenchyma
• Chlorenchyma
• Storage parenchyma
• Stellate parenchyma
In water plants, the parenchyma is found in the 
cortex region with large intercellular spaces called 
air spaces. This air filled parenchyma tissue is called 
aerenchyma (Fig.2.12). The aerenchyma tissues are 
seen in aquatic plants like Nymphaea and Hydrilla.

Fig. 2.12: Aerenchyma

In green parts of the plants, the parenchymatous 
cells have chloroplasts. These cells are called chloren- 
chyma (Fig. 2.13).

Palisade

Spongy

Fig. 2.13 : Chlorenchyma

The parenchyma cells that store starch grains are 
called storage parenchyma (Fig. 2.14). The storage 
parenchyma cells are seen in stem and root tubers.

Starch grains

Fig. 2.14 : Storage parenchyma
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In some plants like Banana and Canna, the petioles 
possess star shaped parenchyma cells. These cells are 
called stellate parenchyma (Fig.2.15). 

 

Intercellular
space

Fig. 2.15 : Stellate parenchyma

Functions of parenchyma
Following are the main functions of parenchyma :
• It provides support to plants. 
• The parenchyma of stems and roots stores food, 

nutrients and water. 
• Chlorenchyma cells contain chlorophyll that helps 

to perform photosynthesis.
• Aerenchyma cells help to give buoyancy to the 

aquatic plants to help them float. 
• The intercellular spaces in parenchyma allow 

movement of gaseous exchange.
• Transport of materials occurs through the cells or 

cell walls of the parenchyma.
• The main function of parenchyma is to serve as 

storage tissue and assimilate food.
• Parenchyma acts as a primary support to the stem.
• Parenchymatous tissue helps to store waste  

products of plants like gums, resins, tannins, etc.
• Parenchyma serves as a packing tissue to fill the 

spaces between tissues in order to maintain the 
shape and rigidity of plants.

• In dry plants, the parenchymatous tissues help to 
store water and mucilage.

6. Differentiate between permanent and meris-
tematic tissues based on their (a) division (b) 
metabolic rate (c) nature.

7. Define simple permanent tissues.
8. Classify simple permanent tissues.
9. What are the characteristics of parenchyma ?

10. Mention the location of parenchyma in plants.
11. What are the different types of parenchyma ?
12. Define air spaces.
13. Draw a well labelled diagram of chlorenchyma.
14. Give any three functions of parenchyma.
15. Draw a well labelled diagram of aerenchyma.

PAPER – PEN TEST : 3

1. Define permanent tissues.
2. What is meant by differentiation ?
3. What are the characteristics of permanent  

tissues ?
4. What are the different types of permanent  

tissues ?
5. Differentiate between permanent and 

meristematic tissues based on their (a) function 
(b) cell wall (c) intercellular spaces.

(b) Collenchyma
Nature : Collenchyma is derived from Greek word 
‘kola’ means glue. The collenchyma tissue is a type 
of simple permanent tissue which consists of living 
cells. Usually the collenchyma tissues are mechanical 
tissues. They are similar to parenchyma except that it 
is characterized by the deposition of extra cellulose 
at the corners of the cells. The collenchyma cells are 
elongated in shape. Generally, intercellular spaces 
are absent. Some collenchyma cells also contain 
chloroplasts. (Fig. 2.16 & Fig. 2.17)

Nucleus
Vacuole

Cell wall
Wall thickening

Cytoplasm

 
Fig. 2.16 : T.S. of Collenchyma tissue

Fig. 2.17 : L.S. of collenchyma tissue

End wall
Primary cell wall
(Thickened at corners)

Vacuole

Nucleus

Middle lamella

Primary cell wall
Cytoplasm 

Chloroplast

Intercellular
space
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Occurrence : Generally, collenchyma tissues are 
found below epidermis of dicot stem and petiole. 
The collenchyma tissues are also found in the midrib 
region of dicot leaves. Generally, the collenchyma 
tissues are absent in monocot leaves, stem and roots.
Functions of collenchyma
Following are the main functions of collenchyma :
• The collenchymatous tissues give flexibility and 

tensile strength to plants. 
• The collenchymatous tissues allow easy bending 

in various parts of a plant (leaf, stem) without 
breaking. 

• The collenchymatous tissues provide mechanical 
support to plants.

• The collenchymatous tissues containing chloro-
plasts are also useful in manufacturing sugar and 
starch.

(c) Sclerenchyma
Nature : Sclerenchyma is derived from Greek word 
‘sclerous’ means ‘hard’. The sclerenchymatous cells 
are dead cells. Generally, the sclerenchymatous 
tissues are long and narrow. The cell wall of 
sclerenchymatous tissues is thickened due to lignin 
(a chemical substance which acts as cement and 
hardens them). So, we can say that the sclerenchyma 
cells are lignified. Due to excessive thickening of 
lignin, the cell cavity i.e., lumen is absent. The 
sclerenchyma cells are closely packed so that there 
are no intercellular spaces between the cells. There 
is presence of a conspicuous middle lamella between 
two sclerenchymatous cells. The middle lamella is 
a thin layer consisting of cementing substances like 
pectin, lignin and protein (Fig. 2.18).

Fig. 2.18 : Sclerenchyma tissue

Occurrence : The sclerenchyma cells occur either in 
patches or in definite layers. Generally, the sclerenchy-
ma cells are present in stems around vascular bundles, 
in the veins of leaves, roots and in the hard covering 
of seeds and nuts. The sclerenchyma cells are seen in 
the husk of a coconut, grit in apple, pears and guava. 
It forms the mesocarp in the fruit of coconut.
Types of sclerenchyma cells
Based on the structure, sclerenchyma cells are divid-
ed into two types namely, Sclereids and Fibres.
Sclereids : These are also called grit stones or stone 
cells. The sclereids are dead cells. They also have pits. 
They are usually irregular in shape. However, the 
sclereids may be spherical, oval, cylindrical, stellate 
or dumbbell – shaped also. The cell wall is very thick 
due to lignification. The sclereids are found in plant 
parts like cortex, phloem, pith, hard seeds etc. They 
are responsible for the rigidity of the seed-coat.
Types of sclereids : Based on shape they are classified 
into three types namely (Fig. 2.19),
(a) Brachy-sclereids : These are isodiametric 

sclereids and are called stone cells.
(b) Macro-sclereids : These are elongated rod shaped 

sclereids and are called rod cells.
(c) Osteo-sclereids : These are rod shaped sclereids 

with dilated ends and are called bone cells.

Fig. 2.19 : Types of sclereids

Fibres : The fibres are very long, narrow, thick and 
lignified dead sclerenchyma cells. The length of fibres 
varies in different plants. Generally, the fibres are 
pointed at both the ends and grouped into strands. 
The cell wall is evenly thickened with lignin. In 
transverse section (T.S.), the fibres are polygonal 
in shape (Fig.2.20). The fibres that are found in the 

Lumen

Simple pits

Lignified cell
wall

Branched
pits

Brachy-sclereids

Macro-sclereids
Osteo-sclereids
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seed coat of some seeds are called surface fibres. The 
longitudinal section (L.S) of fibres shows lignified 
thick wall (Fig.2.21). The main function of fibres 
is to protect the plants from strong winds and to 
provide mechanical strength. Fibres can be obtained 
from various parts of the plants. The fibres obtained 
economically from the plants are used for making 
paper, gunny bags, fabrics, ropes, etc.             

Simple pit
pair

Narrow lumen

Fig. 2.20 : T.S.of Fibres

Lignified
thick wall

Pit

Narrow
lumen

Fig. 2.21 : L.S. of Fibres

Let us now discuss the characteristics of fibres and 
sclereids.

Summary of Fibres and Sclereids

S. No. Characteristics Fibres Sclereids
1. Shape Elongated spindle shaped. Broad shaped.

2. Cell wall Thick walled. Thick walled.
3. Nature Dead cells. Dead cells.

4. Functions Provide mechanical strength. Provide stiffness and also form hard 
covering of nuts and seeds.

5. Occurrence Seen in bundles, nets and cylinders. Seen single or in small groups.

Function of sclerenchyma tissues
The functions of sclerenchymatous tissues are as follows : 
• The sclerenchyma cells provide strength, rigidity, flexibility and elasticity to the plants.
• The sclerenchyma cells are mechanical and protective in function thereby making the plant parts hard and 

stiff.
• The sclerenchyma cells also make fibres useful for commercial purposes. 
Can you now differentiate parenchyma, collenchyma and sclerenchyma ?

Differences between Parenchyma, Collenchyma and Sclerenchyma

S. No. Characteristics Parenchyma Collenchyma Sclerenchyma
1. Shape Isodiametric. Elongated. Long and narrow.

2. Cell wall Thin. Unevenly thickened at 
the corners.

Evenly thickened at 
the corners.

3. Strength Provide turgidity to soft 
parts of the plant.

Provide mechanical 
strength and flexibility 
to the plants.

Provide mechanical 
strength for stress.
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4. Occurrence All parts of the plant. Dicot stems and leaves 
only.

Present in stems 
around vascular bun-
dles, in the veins of 
leaves, roots and in the 
hard covering of seeds 
and nuts.

5. Nature Living. Living mechanical tis-
sue.

Dead mechanical tis-
sue.

6. Lumen - Cell cavity is wide. Cell cavity is narrow.
7. Chemical nature - The cell wall contains 

pectin and cellulose.
The cell wall contains 
lignin.

8. Cytoplasm Possess dense cytoplasm. Contains cytoplasm. No cytoplasm.

1. What are the characteristics of collenchyma ?

2. Mention the occurrence of collenchyma in 
plants.

3. Give the functions of collenchyma tissues.

4. What are the characteristics of sclerenchyma ?

5. Mention the occurrence of sclerenchyma in 
plants.

6. What are the different types of sclerenchyma 
tissues ?

7. What is the other name of sclereids ?

8. What are the characteristics of sclereids ?

9. Classify sclereids based on their shape.

10. Draw the structure of different types of scle-
reids.

11. What are the characteristics of fibres ?

12. Give the main functions of fibres.

13. Differentiate between fibres and sclereids.

14. Give the functions of sclerenchyma tissues.

15. Differentiate between parenchyma and collen-
chyma based on (a) strength (b) cytoplasm (c) 
cell wall.

16. Differentiate between sclerenchyma and collen-
chyma based on (a) occurrence (b) chemical nature  
(c) lumen (d) cell wall.

PAPER – PEN TEST : 4

Let us discuss about the protective tissues in detail.

2.6  PROTECTIVE TISSUES
There are two main protective tissues namely,
(a) Epidermis
(b) Cork

(a) Epidermis
The outermost layer of the plant body such as 
leaves, flowers, roots, stem etc., is called epidermis. 
Generally, the epidermis is made of a single layer of 
cells. The cells are closely packed parenchymatous 
cells without intercellular spaces. The epidermis is 
covered by a water proof layer called cuticle (Fig.  
2.22 (a)). The cuticle is made up of waxy substance 
called cutin secreted by the epidermal cells. Most 
epidermal cells are flat. Their outer side and side 
walls are thicker than the inner wall. The epidermal 
cells have long hair-like parts called trichomes (Fig. 
2.22 (b)). In roots, the younger parts are covered with 
a layer of epidermis without cuticle called epiblema. 
Some epiblema cells give rise to tubular outgrowth 
called root hairs. 

Cuticle

Epidermal
hair

Epidermis

Fig. 2.22 : T.S. of Epidermal cells

Functions of epidermis
Following are the main functions of epidermis :

(a) (b)
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(i) The main function of epidermis is to protect 
all the parts of the plant from infection and 
desiccation. 

(ii) In very dry habitats like deserts, the epidermis 
may be thicker to protect against water loss. 

(iii) Epidermal cells on the aerial parts of the plant 
secrete a waxy, water-resistant layer on their 
outer surface which helps in protection against 
loss of water, mechanical injury and invasion 
by pathogen such as parasitic fungi. Due to its 
protective role, the cells of epidermal tissue form 
a continuous layer without intercellular spaces. 

(iv) The root hairs of epidermal cell help to absorb 
minerals and water. 

(v) The trichomes greatly increase the total 
absorptive surface area. 

(vi) In desert plants, epidermis has a thick waxy 
coating of cutin (chemical substance with 
waterproof quality) (Fig.2.23) on its outer surface 
to prevent water loss (transpiration). 

Fig. 2.23 : Epidermis showing thick waxy coating of cutin

Stomata

The epidermis of a leaf is interrupted at some places 
due to the presence of small pores which are known 
as stomata (Fig. 2.24). Each stoma is bounded by a 
pair of specialized epidermal cells or two kidney-
shaped cells called guard cells. Each guard cell 
is a modified epidermal cell showing a prominent 
nucleus, cytoplasm and plastids. The wall of the 
guard cell is differentially thickened. The inner wall 
of each guard cell facing the stoma is concave and 
is thick and rigid. The outer wall is convex and is 
thin and elastic. The guard cells are surrounded by a 
variable number of epidermal cells called subsidiary 
cells (Fig.2.25).                

Stomata

Fig. 2.24 : Stomata present on plant leaf

Fig. 2.25 : Structure of stomata

Functions of Stomata : The main functions of sto-
mata are as follows :
(i) The stomata help in exchange of gases with the 

atmosphere at the time of photosynthesis and 
respiration. 

(ii) Transpiration (loss of water in the form of water 
vapour) also takes place through stomata.

Let us perform an activity to observe guard cells and 
epidermal cells in Rhoeo plant.

Activity 2.2 – To observe guard cells and epider-
mal cells in Rhoeo plant.

PROCEDURE
Step - 1 Take a freshly plucked leaf of Rhoeo.
Step - 2  Stretch and break it by applying pres-

sure.
Step - 3  While breaking it, keep it stretched gen-

tly so that some peel or skin projects out 
from the cut.

Step - 4  Remove this peel and put it in a petri 
dish filled with water.

Step - 5  Add a few drops of safranin.
Step - 6  Wait for a couple of minutes and then 

transfer it onto a slide. 
Step - 7  Gently place a cover slip over it.
Step - 8  Observe under microscope.
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DIAGRAM

Guard cells
lateral view

 Epidermal
cells

Stomata

Guard
cellsSurface view

OBSERVATIONS
(a) The section is circular in outline.
(b) A single layer of cells can be observed.
(c) Small pores are observed here and there.
(d) Each pore is enclosed by two kidney shaped 

cells.
INFERENCES
(a) The single layer of cells is called epidermis 

which is the outermost layer of cells.
(b) The small pores found here and there on the 

epidermis are called stomata.
(c) The two kidney shaped cells enclosing the sto-

mata are guard cells.
(d) Epidermis is a protective tissue.

The cells of cork have a chemical called suberin in their 
walls which makes these cells impermeable to water 
and gases (Fig. 2.27). The cells of cork do not contain 
protoplasm  but are filled with resins or tannins.
Characteristics of cork
The following are the characteristics of cork :
(i) Cells of cork are dead at maturity.
(ii) These cells are compactly arranged.
(iii) These cells do not possess intercellular spaces.
(iv) These cells possess a chemical substances called 

suberin in their walls.
(v) They are several layers thick.

Fig. 2.27 : T.S. of a cork piece showing the presence of  
suberin in the walls

Functions of cork
Following are the main functions of cork :
(i) To protect the plant from desiccation, infection 

and mechanical injury. 
(ii) Due to its properties, the corks are used as 

insulators, shock absorbers and in sports goods. 
(iii) The presence of suberin makes them impervious 

to gases and water.

Note  
• Commercial cork is obtained from the stem sur-

face of cork oak tree Quercus suber (Fig. 2.28), 
found in Southern Europe and North Africa.  

Fig. 2.28 : Commercial cork present on oak tree

(b) Cork
The cork is also called phellem. As plants grow 
older, the outer protective tissue i.e., epidermis of the 
stem gets replaced with secondary meristem called 
phellogen or cork cambium. The cells on the outside 
are cut off from this layer forming several-layer thick 
cork or the bark of the tree. The cells of cork are 
dead, rectangular cells which are compactly arranged 
without intercellular spaces (Fig. 2.26).

Cork cells Ruptured epidermis

Fig. 2.26 : T.S. of a cork piece showing dead cells
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Do you know how many different type of cells are present inside the stem ? How do we study the internal 
structure of the stem ?
Let us now study the internal structure of a stem using the following activity.

Activity 2.3 – To study the internal structure of a dicot stem.

PROCEDURE  
Step - 1 Take a plant stem and cut into very thin slices or sections.
Step - 2  Now, stain the slices with safranin.
Step - 3  Place one neatly cut section on a slide, and put a drop of glycerine.
Step - 4  Cover with a cover-slip and observe under a microscope. 
Step - 5  Observe the various types of cells and their arrangement. 
Step - 6  Compare it with the permanent slide of T.S of a stem.
Step - 7  Note down your observations.
Step - 8  Are all cells similar in structure ?
Step - 9  How many types of cells can be seen ?
Step - 10  Can we think of reasons why there would be so many types of cells ?
Method of Section Cutting and Slide Preparation

Cut sections by hand

Add a drop of
water to a slide

Place the specimen
in the water

Place the edge of coverslip
on the slide so that it touches

the edge of the water

Slowly lower the coverslip
to prevent forming and
trapping of air bubbles

DIAGRAM

 Cross-section of dicot stem T.S. of young dicot stem

Trichome

Cuticle
Epidermis

Hypodermis

Mucilaginous
canal

Cortex
Endodermis

Pericycle
Phloem

Cambium
Metaxylem

Protoxylem

Pith

Medullary ray

Vascular
bundle

Cortex

Mucilaginous
canal

Hypodermis

Epidermis

Endodermis

Pericycle
Phloem
Cambium

Xylem

Medullary ray Vascular
bundle

Trichome

OBSERVATIONS
(a) No.
(b) There are seven different types of cells.
(c) Different types of cells are present to perform 

different functions.

CONCLUSIONS
The transverse section of the stem shows seven 
different types of tissues namely epidermal tissues, 
collenchyma, parenchyma, sclerenchyma, xylem, 
phloem and cambium. 
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1. Define stomata.
2. What are guard cells ?
3. What are protective tissues ?
4. Define epidermis.
5. What are trichomes ?
6. Define epiblema.
7. What are root hairs ?
8. What are the characteristics of epidermis ?
9. Mention the functions of epidermis.

10. How do the cells of epidermal tissue form a 
continuous layer without intercellular spaces ?

11. What are the characteristics of stomata ?
12. What are the functions of stomata ?
13. What is the other name for cork ?
14. What is the other name for cork cambium ?
15. Give the characteristics of cork.
16. What are the functions of cork ?

and mechanical tissue. The xylem is composed of 
four types of cells namely,
• Tracheids
• Vessels
• Xylem parenchyma
•	 Xylem	fibres
Tracheids : Tracheids are elongated with blunt ends. 
Its lumen is broader with secondary wall lignified. 
The tracheids possess pits, which may be simple or 
bordered. The cell wall of tracheids is thickened due 
to deposition of secondary wall substances. Tracheids 
are imperforated cells with bordered pits on their 
end walls. They are arranged one above the other 
(Fig.2.29 a).
Functions of tracheids : The main functions of trac-
heids are as follows :
• Tracheids are the chief water conducting elements  
 in gymnosperms and pteridophytes.
• The conduction of water and mineral salts takes  
 place through the bordered pits. 
• They also offer mechanical support to the plants.
Vessels : The vessels are also called tracheae. They 
are tubular structures perforated at the end walls. Its 
lumen is wider than that of tracheids. The perforated 
plates at the end wall separate the vessels. The vessels 
occur parallel to the long axis of the plant body. Due 
to dissolution of entire end wall, there occur pores at 
the perforation plate (Fig.2.29 b). 
Functions of vessels : The main functions of vessels 
are as follows :
• Vessels are chief water conducting elements in an-

giosperms and they are absent in pteridophytes 
and gymnosperms. 

• The main function of vessel is conduction of water 
and minerals. 

• It also offers mechanical strength to the plant.
We can now try to differentiate tracheids and vessels.

PAPER – PEN TEST : 5

(ii) Complex Permanent Tissue
A tissue that consists of several kinds of cells but all 
of them function together as a single unit is called 
complex tissue. Thus, the complex tissues are made 
of more than one type of cells which coordinate to 
perform a common function. The complex permanent 
tissue is of two types namely, Xylem and Phloem.
Both are conducting tissues and constitute a vascular 
bundle. Vascular or conductive tissue is a distinctive 
feature of the complex plants, which made it possible 
for their survival in the terrestrial environment. The 
different types of cells found in the vascular bundle 
are xylem elements and phloem elements.
Xylem 
Nature : Xylem is derived from the Greek word ‘xylos’ 
which means wood. Xylem is vascular or conductive 

Differences between Tracheids and Vessels

S. No. Characteristics Tracheids Vessels
1. Nature Single celled. Made up of a row of cells.
2. Cell wall Thick tracheid walls with a narrow 

lumen.
The walls of vessels are less thick with 
wide lumen.

3. End walls Remains intact. Gets dissolved and become perforated.
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Xylem Parenchyma : The parenchyma cells associated 
with the xylem are known as xylem parenchyma. 
Xylem parenchyma is the only living tissue amongst 
the constituents of xylem. The cell wall is thin and 
made up of cellulose. The xylem parenchyma cells 
store food reserves in the form of starch and fat 
(Fig.2.29 c).
Functions of xylem parenchyma : The main functions 
of xylem parenchyma are as follows :
• The xylem parenchyma stores food.
• It also helps in conducting water. 
Xylem Fibres : The fibres of sclerenchyma associated 
with the xylem are known as xylem fibres. Xylem 
fibres are dead cells and have lignified walls with 
narrow lumen. Xylem fibres are also called libriform 
fibres (Fig.2.29 d). 
Functions of xylem fibres : The main functions of 
xylem fibres are as follows :
• Xylem fibres are supportive in function i.e., they 

provide additional mechanical support. 

Tracheid Vessel
Xylem

parenchyma

Cytoplasm

Nucleus

Fibre

Fig. 2.29 : Different xylem elements

Phloem 
Nature : Phloem originates from the Greek word 
“Phloos” that means “bark”. The phloem is also a 
complex tissue which contains tubes but performs no 
mechanical function. Phloem can move materials in 
both directions. Phloem transports food from leaves 
to other parts of the plant. Phloem is made up of four 
types of elements namely (Fig.2.30),
• Sieve tubes
•	 Companion	cells

•	 Phloem	parenchyma
•	 Phloem	fibres

Parenchyma
cells

Sieve
tube

Companion
cells

Plasmodesmata

Fig. 2.30 : Different elements of phloem

Let us discuss these four elements of phloem in detail 
with their functions :
Sieve Tubes : Sieve tubes are the conducting ele-
ments of the phloem. The sieve tubes possess thick 
primary walls with their end walls transverse or 
oblique. The end wall contains a number of pores 
and it looks like a sieve. So, it is called a sieve plate 
(Fig. 2.31). The sieve cells are arranged one above the 
other and form vertical sieve tubes. In matured sieve 
tube, nucleus is absent, but contains a lining layer 
of cytoplasm. This is an important feature of sieve 
tube elements.  A special protein called slime body is 
seen in it. Sometimes the pores in the sieve plate are 
blocked by a substance called callose. 
Companion Cells : The thin-walled, elongated, 
specialized parenchyma cells, which are associated 
with the sieve elements, are called companion 
cells. The companion cells have cytoplasm and a 
prominent nucleus. They are connected to the sieve 
tubes through pits found in the lateral walls. The 
companion cells are present only in angiosperms 
and absent in gymnosperms and pteridophytes. 
They assist the sieve tubes in the conduction of food 
materials.
Phloem Parenchyma : The parenchyma cells 
associated with the phloem are called phloem 
parenchyma. These are thin walled with living cells. 
The phloem parenchyma contains resins and tannins 

(a) (b) (c) (d)
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in some plants. The phloem parenchyma helps to 
store starch and fats and in lateral conduction of 
food. The phloem parenchyma are present in all 
pteridophytes, gymnosperms and dicots, but are 
absent in monocots. 
Phloem Fibres : The phloem fibres are also called bast 
fibres. The phloem fibres are thick walled, elongated, 
spindle shaped cells which possess narrow lumen. 
The phloem fibres provide mechanical strength to the 
tissue. Among the four kinds of phloem elements, 
phloem fibres are the only dead tissue.
Functions of phloem : The main function of phloem 
is translocation of prepared food material from leaves 
to various parts of the plant for storage and growth.
Let us differentiate xylem and the phloem tissues 
based on their characteristics and functions.

Sieve plate

Companion
cell

Sieve tube
cell

Sieve pores

Phloem
parenchyma

Phloem
fibre

Fig. 2.31 : L.S. of phloem tissue

Differences between Xylem and Phloem

S. No. Nature Xylem Phloem

1. Conduction Conducts water and minerals. Conducts organic solutes of food 
materials.

2. Direction of conduction Unidirectional. Bidirectional.
3. Conducting Channels Tracheids and Vessels. Sieve tubes.
4. Components Tracheids, vessels, xylem parenchyma 

and xylem fibres.
Sieve tubes, companion cells, 
phloem parenchyma and phloem 
fibres.

5. Living and dead cell All elements are dead cells except xy-
lem parenchyma.

All elements are living cells ex-
cept phloem fibres.

6. Function Mechanical strength to the plants. Performs no mechanical function 
in plants.

1. Define a complex tissue.
2. What are the different types of complex 

permanent tissues ?
3. Both xylem and phloem constitute __________.
4. What are the different types of xylem ?
5. Explain the nature of tracheids.
6. What are the functions of tracheids ?
7. The vessels are also called __________.
8. Explain the nature of vessels.
9. Why there are pores present at the perforation 

plate in vessels ?
10. What are the functions of vessels ?

PAPER – PEN TEST : 6

11. Differentiate between vessels and tracheids.
12. What is xylem parenchyma ?
13. Give the nature of xylem parenchyma.
14. What are the functions of xylem parenchyma ?
15. Xylem parenchyma is also called __________.
16. Draw a labelled diagram of xylem parenchy-

ma and fibre.
17. What are the characteristics of phloem ?
18. Name the four elements of phloem.
19. Why sieve tubes are called sieve plates ?
20. What is slime body ?
21. What is callose ?
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22. What is the nature of sieve tubes ?
23. What are companion cells ? Mention its 

functions.
24. Where do companion cells occur ?
25. What is phloem parenchyma ? Give its 

functions.
26. Where does phloem parenchyma occur ?
27. The phloem fibres are also called __________.
28. Is phloem fibre a dead or living tissue ?
29. Differentiate between xylem and phloem w.r.t 

function and components.
30. Differentiate between xylem and phloem w.r.t 

conduction and conducting channels.

happens to this oxygen gas ? When we inhale oxygen 
gas, it goes into our lungs from where it is transported 
to all the body cells through blood. 
But what is the use of oxygen gas in all the body  
cells ? The mitochondria occur in each and every cell. 
It uses oxygen to produce energy in the form of ATP 
[Adenosine Tri-Phosphate]. These ATP molecules 
help to provide energy for all types of activities 
performed by the body cells. 
We know that blood which flows and carries various 
substances from one part of the body to the other 
connect the different parts of the body. In other 
words, the blood carries oxygen and food to all 
parts of the cells and collects the metabolic wastes 
from all parts of the body to the liver and kidney for 
disposal. So, blood and muscles are both examples of 
tissues found in our body. Blood is a type of a fluid 
connective tissue and muscle is a form of muscular 
tissue.

2.8 TYPES OF ANIMAL TISSUES

Based on their functions of the tissues, animal tissues 
are classified into four groups ( Fig.2.32) :
(a) Epithelial tissue
(b) Connective tissue
(c) Muscular tissue
(d) Nervous tissue

We know that breathing is one of the most vital 
and important activity for human beings. Have 
you noticed the changes in the body parts when we 
breathe  ? How do these parts move inside our body 
? Have you ever thought about it ? When we breathe, 
the movement of our chest is due to specialized cells 
called muscle cells. The contraction and relaxation 
of the muscle cells results in the movement. During 
breathing, oxygen is inhaled. But do you know what 

2.7 ANIMAL TISSUES

Animal Tissues

ConnectiveEpithelial Muscular Nervous

Squamous

Cuboidal

Columnar

Ciliated

Glandular

Areolar
Tendon

Ligament

Adipose Skeletal
Bone

Cartilage

Fluid
Blood

Lymph

Striated

Smooth

Cardiac

Fig. 2.32 : Different types of animal tissues

(a) Epithelial Tissues or Epithelium

Nature : The epithelial tissue is a simple tissue. It is the covering or protective tissues in the animal body. 
Epithelium covers most organs and cavities within the body. It forms a barrier to keep different body systems 
separate. The cells of the epithelial tissue are tightly packed and form a continuous sheet. They have only a 
small amount of cementing material between them and there are little or no intercellular spaces (Fig.2.33). 
Entire epithelium is separated from the underlying tissue by an extracellular fibrous basement membrane. The 
basement membrane contains a special form of matrix protein called collagen.

Location : In skin, the lining of the mouth, the lining of blood vessels, lung alveoli and kidney tubules are all 
made of epithelial tissue.
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Nucleus Smooth muscle
fibre

(Cell)

Fig. 2.33 : Epithelial tissue

Functions of epithelium
Following are the main functions of epithelium :
(i) The epithelium plays an important role in 

regulating the exchange of materials between 
the body and external environment and also 
between different parts of the body due to its 
permeability.

(ii) The epithelial tissues help to absorb water and 
nutrients.

(iii) The epithelial tissues protect the organs lining 
the mouth and alimentary canal.

(iv) The epithelial tissues help to eliminate waste 
products. 

(v) The epithelial tissues secrete a variety of 
substances like saliva, sweat, enzymes etc.

(vi) The epithelial tissues help to protect the body 
from viral or bacterial infections and also protect 
the underlying cells from drying, injury and 
chemical effects.

Different types of epithelial tissues
The epithelial tissues are classified into three types 
based on the following factors :
(i) Arrangement of layers
(ii) Shape of cell
(iii)	Specific	functions	
(i) Classification based on Arrangement of Layers : 
Based on the arrangement of layers, the epithelial 
tissues are classified into two types namely, Simple 
epithelium,		Stratified	or compound epithelium.
Simple epithelium : When the tissues are made 
up of a single layer of cells, then it is called simple 
epithelium.
Stratified or compound epithelium : When the 
tissues are made up of more than one layer of cells, 
then it is called stratified or compound epithelium.
(ii) Classification based on the Shape of Cell : 
Based on the shape of the cells, the epithelial tissues 
are classified into three types namely, Squamous 

epithelium, Columnar epithelium and Cuboidal 
epithelium
Squamous epithelium : The squamous epithelium 
is further classified into two types namely, Simple 
squamous	epithelium,	Stratified	squamous	epithelium
Simple squamous epithelium 
Nature : Simple squamous epithelial cells (Fig.2.34) 
are extremely thin and flat, irregularly shaped cells 
which form a compact tissue. Simple squamous 
epithelial cells are also called pavement epithelium 
and tessellated epithelium. The simple squamous 
epithelium forms a delicate lining.

Fig. 2.34 : Squamous epithelium

Location : It is found in cells lining blood vessels 
or lung alveoli, where transportation of substances 
occurs through a selectively permeable surface. 
The oesophagus and the lining of the mouth are 
also covered with squamous epithelium. Skin, 
which protects the body, is also made of squamous 
epithelium.
Functions of simple squamous epithelium : The 
main functions of simple squamous epithelium are 
as follows :
• It protects the underlying delicate parts from 

mechanical injury, drying and entry of germs. 
• It acts as a selectively permeable membrane 

thereby helping in filtration.
• It allows exchange of gases between blood and air 

in lungs.
Stratified squamous epithelium 
Nature : The cells of stratified squamous epithelium 
are arranged in a pattern of layers. But the cells that 
form different layers are not same. In other words, 
the cells in the deeper tissue possess cuboidal cells 
which become polygonal and finally become flattened 
towards the free surface (Fig.2.35). These flattened 
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cells contain a fibrous protein deposition called 
keratin making then dead 
cells. The scale-like horny 
dead cells flakes away. 
Location : The stratified 
squamous epithelium is 
found in skin. It covers the 
external dry surface of the 
skin.
Functions of stratified squa-
mous epithelium : The func-
tions of stratified squamous 
epithelium are as follows :

• The stratified squamous epithelial cells are ar-
ranged in many layers to prevent wear and tear. 

• The stratified squamous epithelium is water proof 
and highly resistant to mechanical injury.

Columnar epithelium 
Nature : The word ‘columnar’ refers to ‘pillar-like’. 
So, the cells of columnar epithelium ( Fig. 2.36) are 
taller and look like pillar. The nucleus of the cell is 
located at the base. Sometimes the free ends have a 
brush like border or hair-like projections on the outer 
surface of epithelial cells. These are called cilia. This 
type of columnar cells is called ciliated columnar 
epithelium (Fig. 2.37). 

Fig. 2.35 : Stratified squa-
mous Epithelium

Tall Columnar cell

Fig. 2.36 : Columnar epithelium

Location : The columnar epithelium is found in 
those parts which are responsible for absorption and 
secretion such as it forms the lining of the intestine, 
stomach and colon, forming mucous membrane. 
The columnar epithelium also forms a lining in 
gall bladder and oviducts. The ciliated columnar 
epithelium is found in sperm ducts, lining in trachea, 
bronchi, kidney tubules, respiratory tract and 
oviducts. Sometimes the columnar epithelium gets 
modified into pseudo stratified epithelium which 
occurs in nasal and genital tracts.

Cilia

Cell
nucleus

Basement
membrane

Fig. 2.37 : Ciliated columnar epithelium

Functions of columnar epithelium : The functions of 
columnar epithelium tissues are as follows :
• The columnar epithelium helps the movement 

across the epithelial barrier. 
• The cilia of ciliated columnar epithelium move 

and push the mucus forward to clear it. 
• The columnar epithelium helps to absorb nutrients.
• It also provides protection to the underlying 

tissues.
• The columnar cells are also modified into goblet 

cells to secrete mucus.
Cuboidal epithelium 
Nature : Cuboidal epithelium (Fig. 2.38) is a cube-
shaped cell which is square in section. The free surface 
of the cell appears hexagonal.

Cuboidal
Cell

Basement
membrane

Nucleus

Fig. 2.38 : Cuboidal Epithelium
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Location : The cuboidal epithelium is found in the 
lining of kidney tubules and ducts of salivary glands.
Functions of cuboidal epithelium : The functions of 
cuboidal epithelium are as follows :
• The cuboidal epithelial cells help in absorption, 

secretion and excretion.
• The cuboidal epithelial cells also provide mechani-

cal support. 
(iii) Classification based on the Specific Functions
Based on the specific functions, the epithelial tissues 
are classified into four types namely, Sensory epithe-
lium, Germinal epithelium, Ciliated epithelium and 
Glandular epithelium.
Sensory epithelium : Sensory epithelium possesses 
sensory hairs on its free surface. These cells help to 
pick up the external stimuli with the help of their 
hair. The sensory epithelium is seen in taste buds and 
in olfactory epithelium.
Germinal epithelium : Germinal epithelium consists 
of cuboidal cells. It occurs in gonads and helps in the 
formation of gametes.
Ciliated epithelium : It may be columnar or cuboi-
dal epithelium (Fig. 2.39) in which the cells possess 
cilia on their free surface. It occurs in sperm ducts, 
uriniferous tubules, in the lining of respiratory tract 
and oviducts. The cilia help to push the ovum in the 
oviduct and in respiratory tract, the mucus helps to 
trap dust particles and microbes. 

Cuboidal
Cell

Basement
membrane

Nucleus

Fig. 2.39 : Ciliated Columnar Epithelium

Glandular epithelium : The epithelial cells also have 
additional specialization as gland cells, which can se-
crete substances. Sometimes a part of the epithelial 
tissue folds inward to form a multicellular gland. 
This is glandular epithelium. These glandular epithe-
lial cells secrete chemicals such as enzymes (diges-
tive glands), hormones (endocrine glands), sweat (sweat 
glands), oils (oil glands) etc.

Before we proceed to next section, try to answer the 
following questions.

1. Classify animal tissues based on their func-
tions.

2. Give the characteristics of epithelial tissues.
3. Where are epithelial tissues found ?
4. What are the functions of epithelial tissues ?
5. How are epithelial tissues classified ?
6. Differentiate simple and stratified epithelial 

tissues.
7. Give the nature of simple squamous 

epithelium.
8. The simple squamous epithelial cells are also 

called ------------------ and -------------- epithe-
lium.

9. Where is simple squamous epithelium found ?
10. What are the functions of simple squamous 

epithelium ?
11. What is keratin ?
12. What is the nature of stratified epithelial tis-

sues ?
13. Where are stratified epithelial tissues found ?
14. What are the functions of stratified epithelial 

tissues ?
15. What do you understand by the term ‘cilia’ ?
16. What is ciliated columnar epithelium ?
17. Where is ciliated columnar epithelium located ?
18. Give the functions of ciliated columnar epithe-

lium.
19. What is the shape of cuboidal epithelium ?
20. Where is cuboidal epithelium found ?
21. What are the four types of epithelium based 

on their special functions ?
22. Compare ciliated and glandular epithelium 

with examples.
23. Compare germinal and sensory epithelium 

with examples.
24. Draw a well labelled diagram of :
 (a) Ciliated epithelial tissues.
 (b) Cuboidal epithelial tissues.
 (c) Columnar epithelial tissues.
 (d) Squamous epithelial tissues.

PAPER – PEN TEST : 7
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(b) Connective Tissues

The connective tissue is a fundamental type of animal 
tissue i.e., most abundant type of animal tissue which 
possesses scattered living cells embedded in matrix. 
These cells help to connect, bind, pack and support 
different structures of the animal body. The connective 
tissues are specialized to connect the various parts 
of the body. The connective tissues connect bones 
to bones, bones to muscles, bind tissues etc. The 
cells of connective tissues are living and are loosely 
packed i.e., separated from each other and are less in 
numbers. The main bulk of the connective tissue is a 
homogeneous, gel-like intercellular substance called 
matrix. The spaces between the cells of the connective 
tissue are filled with a non-cellular matrix which may 
be solid as in bone or semi-solid as in cartilage or 
may be fluid as in blood. 
Types of connective tissues
Based on the nature of matrix, the connective tissues 
are classified into three types namely,
(i) Connective tissue proper 
(ii) Skeletal tissue
(iii) Vascular tissue
Let us discuss about these in detail.
(i) Connective Tissue Proper
The connective tissue proper is a type of connective 
tissue that has jelly-like matrix. This matrix is made 
up of complex chemicals such as glycoproteins, 
mucopolysaccharides etc., and three types of fibres 
such as white collagen, yellow elastin and reticular 
fibres. The cells of connective tissue proper are living 
cells which includes fibroblasts, mast cells, plasma 
cells, macrophages and immunocytes or lymphocytes. 
Do you know the functions of all the cells of the  
connective tissues ? Let us study these first. 
The fibroblasts secrete fibres and matrix forming 
ground substances, the mast cells secrete matrix, 
anticoagulant heparin, histamine and serotonin 
which promote inflammation of the infected area, the 
plasma cells secrete antibodies and the macrophages 
destroy and remove the invading bacteria, foreign 
bodies and damaged cells from tissues and the 
immunocytes produce antibodies for the immune 
response. 
Types of connective tissue proper : Based on the 
matrix and fibres, the connective tissue proper is 

classified into two types namely, Loose connective 
tissue and Dense connective tissue.
Loose Connective Tissue : The loose connective 
tissue consists of more matrix and less fibres. It 
includes areolar tissue and adipose tissue.
Areolar tissue 
Nature : The areolar tissue (Fig. 2.40) is a loose and 
cellular connective tissue which consists of matrix 
having two kinds of fibres namely,
• White collagen fibres
• Yellow elastin fibres                           
There are several kinds of irregular cells such as  
fibroblasts and macrophages seen scattered in the 
matrix. 

Reticular fibre Fibroblast

Macrophage

Collagen fibre
Mast cell

Plasma cell

Fig. 2.40 : Areolar connective tissue

Location : It is found between the skin and muscles. 
It is found around blood vessels and nerves and in 
the bone marrow. It fills the space inside the organs.
Functions of areolar tissue : The main functions of 
areolar tissue are as follows :
• It supports internal organs by acting as a 

supporting and packing tissue.
• It helps in repairing tissues. 
• It binds various structures with one another to 

prevent their dislocation.
• It helps in fighting foreign toxins.
Adipose tissue 
Nature : The adipose tissue is specialized tissue 
that stores fat. The cells of the adipose tissue 
are filled with fat globules called adipocytes  
(Fig. 2.41). Each cell is round or oval in shape 
containing a large droplet of fat and a peripheral 
cytoplasm with nucleus at one end. The fat cells are 
arranged in lobules and are separated by partition 
made up of collagen and elastin fibres.  



85

CONCISE BIOLOGY - IXTISSUES

Fig. 2.41 : Adipose tissue

Location : It is found below the skin and between 
internal organs i.e., subcutaneous region, cushion 
around eyes, heart, kidneys, blood vessels and in 
yellow bone marrow.

Functions of adipose tissue : The main functions of 
adipose tissue are as follows :
• The storage of fat and acts as an insulator.
• It provides shape to the limbs and the body.
• It forms shock absorbing cushions around 

important organs.
• It serves as a fat reservoir.
Dense Connective Tissue : The dense connective 
tissue (Fig. 2.42) is a fibrous connective tissue 
which consists of less matrix and more fibres. It is 
characterized by the densely packed and ordered 
collection of fibres and cells. It includes ligaments, 
tendons and aponeuroses.

Collagen fibre

Fig. 2.42 : Dense connective tissue 
(a) Dense regular (b) Dense irregular

Ligaments 
Nature : The ligaments (Fig. 2.43) are cord like dense yellow fibrous connective tissues which possess strength 
and high elasticity with little matrix. The ligament connects or binds a bone with another bone. A ligament is 
made up of a number of yellow elastin fibres and bundles of white collagen fibres and are bounded together 
with the help of areolar tissue. The fibroblasts remain compressed in between the rows of fibres. When a 
ligament gets overstretched, it produces sprain.

 Fig. 2.43 : Ligament Fig. 2.44 : Tendons

Functions of ligaments : The main functions of ligaments are as follows :
• It allows bending and rotation movements over a joint.
• It binds a bone with another bone.
• It strengthens the joints.
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Tendons 

Nature : The tendons (Fig. 2.44) are small cord like 
dense white fibrous connective tissues which possess 
strength and limited elasticity with more matrix. The 
tendons consist of parallel bundles of collagen fibres 
with rows of flat fibroblasts between them. These 
fibroblasts are called tendinocytes.

Functions of Tendons : The main functions of 
tendons are as follows :
• It joins a skeletal muscle to a bone.
• It helps the bone to move when the muscle is 

contracted and relaxed.                                         
Let us differentiate the ligaments and tendons based 
on their characteristics.

Differences between Tendons and Ligaments

S. No Characteristics Ligaments Tendons
1. Nature Strong and elastic. Tough and inelastic.

2. White fibres The white fibres are arranged in 
various directions.

The white fibres are arranged parallel.

3. Yellow fibres It is present. It is absent.

4. Fibroblasts It is scattered. It is arranged in rows.

5. Function It binds a bone with another bone. It connects a skeletal muscle to a bone.

Aponeuroses : The aponeuroses are broad sheets of dense, fibrous, collagen connective tissue that covers  
various muscles. They take the place of a tendon in sheet-like muscles having a wide area of attachment.

1. Define matrix.
2. What is the main function of connective  

tissues ?
3. What are the different types of connective  

tissues ?
4. What is the matrix of connective tissue proper 

made of ?
5. What are the living cells of connective tissue 

called ?
6. What are the functions of (a) fibroblast (b) mast 

cells (c) plasma cells (d) macrophages and  
(e) immunocytes ?

7. Classify connective tissue proper.
8. Compare the nature of two types of loose con-

nective tissue.
9. Where is areolar tissue found ?

10. What are the main functions of areolar tissues ?
11. What are adipocytes ?
12. Where is adipose tissue found ?
13. What are the main functions of adipose  

tissues ?
14. Compare the location of two types of dense 

connective tissue.
15. What are the functions of ligaments ?

16. What are the functions of tendons ?
17. Differentiate between ligaments and tendons.
18. Draw a labelled diagram of areolar tissue.
19. Draw a labelled diagram of adipose tissue.
20. Draw a labelled diagram of ligaments.
21. Draw a labelled diagram of tendons.
22. What are aponeuroses ?
23. Compare loose connective tissue and dense 

connective tissue.

PAPER – PEN TEST : 8

(ii) Skeletal Tissue
The skeletal tissue is a connective tissue which pos-
sesses solid matrix and the living cells in the fluid 
filled spaces called lacunae. Generally, the skeletal 
tissues provide support and protection, thereby form-
ing endoskeleton. There are two types of skeletal tis-
sues namely, Bones and Cartilages. 

Bone 

Nature : The bones are strong and nonflexible tissues. 
So, the bone is the hardest tissue of the body. It forms 
the framework that supports the body. Bone cells are 
embedded in a hard matrix consisting of collagenous 
protein complex called ossein and minerals. The 
matrix is in the form of thin concentric rings called 
lamella. The mineral matter is primarily composed 
of calcium and phosphorus and compounds such as 
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phosphates and carbonates of calcium and magne-
sium. These minerals are responsible for the hardness 
of the bone. Lacunae are the small spaces between 
the lamellae in which bone cells called osteocytes 
or osteoblasts are present.  The lacunae in the bone 
communicate with each other by a network of canals 
called canaliculi. These canals help the bone cell to 
receive food and oxygen and to eliminate the wastes. 
The blood passes to the interior of the bone through 
Haversian canals (Fig. 2.45).

Periosteum
(Outermost covering)

Concentric
lamellae

Haversian
canal

Canaliculi

Endosteum

Fig. 2.45 : Bone marrow cavity

Functions of bones : The main functions of bones are 
as follows :
• The bones help to anchor the muscles.
• The bones provide shape to the body.
• The bone supports the main organs of the body.
• The bones provide skeletal support to the body.
• The bones act as a storage site of calcium and 

phosphate.
Cartilage 
Nature : The cartilage (Fig. 2.46) is a specialized, firm 
but flexible connective tissue. The cartilage is capable 

of continuous and rapid growth. The solid matrix 
has fluid filled lacunae having one to many living 
cells called chondrocytes. The matrix contains protein 
complex called chondrin secreted by chondrocytes. 
The blood supply is restricted to the outer covering of 
cartilage called perichondrium. Below perichondrium is 
a layer of cartilage forming cells called chondroblasts.
Generally, chondrocytes and lacunae are smaller in 
centre and more abundant towards periphery. 
Location : The cartilage is located in ear pinna, nose 
tip, epiglottis, end of long bones, lower end of ribs, 
rings of trachea and intervertebral discs. In fishes, the 
whole skeleton is made up of cartilage. 

Perichondrium

Blood Vessel

White Fibres

Matrix
Chondroblasts

Chondrocytes
Lacunae

Fig. 2.46 : Cartilage

Functions of cartilage : The main functions of carti-
lage are as follows :
• The cartilage prevents wear and tear of bone tips.
• The cartilage provides support and flexibility to 

various body parts without breaking.
• It acts as cushions in intervertebral discs against 

stresses.

Let us differentiate bones and cartilages based on their characteristics.

Differences between Bones and Cartilages

S. No Characteristics Bones Cartilages

1. Nature Hard and inflexible. Comparatively soft and flexible.

2. Protein complex The matrix contains protein complex 
called ossein.

The matrix contains protein complex 
called chondrin.

3. Supply of blood The blood passes interior through canals. The blood supply is restricted to outside.

4. Deposition of 
mineral

The matrix contains abundant mineral 
salts.

The deposition of minerals is rare.

5. Lamellae Concentric lamellae are seen. Interstitial lamellae are seen.

6. Lacunae Canaliculi are seen. Canaliculi are absent.



88

CONCISE BIOLOGY - IX TISSUES

1. Define lacunae.
2. What is the main function of skeletal tissues ?
3. What are the two types of skeletal tissues ?
4. Why bone is considered to be the hardest tissue 

of the body ?
5. What is ossein ?
6. Define lamella.
7. What does the mineral matter consists of ?
8. What are osteoblasts ?
9. What is canaliculus ? Mention its function.

10. What are the functions of bones ?
11. Draw the structure of bone marrow cavity.
12. What are chondrin ?
13. What are chondrocytes ?
14. What are perichondrium ?
15. What are chondroblasts ?
16. Where are cartilages located ?
17. Give the functions of cartilage.
18. Compare cartilage and bone with respect to 

supply of blood, deposition of mineral and pro-
tein complex.

19. Differentiate between cartilage and bone with 
respect to the nature.

20. Is canaliculi seen in bones or cartilages ?

materials like urea and uric acid. The major types 
of soluble proteins such as albumins, globulins and 
fibrinogen are called immunoglobulins. 
Blood cells or corpuscles : The blood plasma does 
not contain protein fibres but contains cells called 
blood cells or blood corpuscles. There are three types 
of blood cells namely,
• Red blood cells or corpuscles
• White blood cells or corpuscles
• Blood platelets
RBCs and WBCs are living, while platelets and plasma 
are non-living.
We shall now discuss the various types of blood cells 
in detail.
Red blood cells : The red blood cells are also called 
erythrocytes (Fig.2.47) . These are circular, biconcave 
and non-nucleated cells. Males have about 5.2 million 
erythrocytes per cubic millimeter 
of blood (range: 4.2-5.8million). 
Females have about 4.5 million/
mm3 (range 3.6-5.2 million). 
Each disc shaped RBC is about 
7.5 µm in diameter. Their main 
component is a pigmented protein, 
haemoglobin. It gives red colour to the blood. The 
haemoglobin transports oxygen. The oxygenated 
form of haemoglobin is called oxyhaemoglobin. 
The erythrocytes stay in circulation for about 120 
days in males and 110 days in females. They are 
manufactured in the marrow of bones such as ribs 
and vertebrae. They disintegrate in the spleen and 
liver. The red blood cells play an important role in 
transporting oxygen.
White blood cells : The white blood cells are also 
called leucocytes. Their number varies between 6000 – 
8000/mm3. These are clear cells lacking haemoglobin. 
They are nucleated cells exhibiting amoeboid 
movement. They protect the body against invading 
micro-organisms and remove dead cells from the 
body. There are two types of leucocytes based on the 
presence of granules in cytoplasm namely,
•	 Granulocytes
•	 Agranulocytes
Granulocytes : These contain irregular polymorphic 
nuclei with large number of granules having specific 
staining properties. It includes three types namely.
Neutrophils, Eosinophils and Basophils.
Neutrophils : These are the most common type of 
leucocytes (60-70%) in the blood. Their nuclei can  

PAPER – PEN TEST : 9

(iii) Vascular or Fluid Connective Tissue 
The connective tissues which constitute the 
transportation in animals are called vascular 
connective tissues. The fluid connective tissue 
connects the different parts of the body to maintain 
continuity in the body. It includes blood and lymph.
Let us now discuss about blood and lymph.
Blood 
Nature : The blood is red-coloured, viscous, sticky 
and saltish vascular tissue that flows inside blood 
vessel. The blood consists of two parts namely,
• Blood plasma
• Blood cells
Blood plasma : The blood plasma is a liquid matrix 
of blood. It is pale yellow in colour with 90 – 92% 
water, 8 – 10% organic and inorganic substances. It 
constitutes 55% of total volume of blood. The organic 
substances of plasma are soluble proteins such as 
albumins, globulins, fibrinogen, glucose, amino 
acids, vitamins, lipids, hormones, enzymes and waste 

Fig. 2.47 : Erythrocytes



89

CONCISE BIOLOGY - IXTISSUES

occur in more than one form. Hence they are called 
polymorphonuclear neutrophils (PMN) (Fig. 2.48 a).
Eosinophils : They constitute 0.5-3.0% of the blood. 
They are motile cells that leave the circulation to 
enter the tissues during an inflammatory reaction. 
During allergy reaction their number increases  
(Fig. 2.48 b).
Basophils : They constitute 0.1% of the blood. They 
play a role in allergic and inflammatory reaction. 
They contain heparin which inhibits blood clotting 
(Fig. 2.48 c).

 (a) Neutrophils (b) Eosinophils (c) Basophils

Fig. 2.48 : Types of granulocytes

Agranulocytes : They do not contain large sized  
cytoplasmic granules. Their nucleus is not lobed. 
They are of two types namely, Lymphocytes and-
Monocytes.
Lymphocytes : They constitute 20 – 30% of the blood. 
They are smallest leucocytes and are more common 
in lymphatic tissues namely the lymph nodes, spleen, 
tonsils and thymus. Lymphocytes, called B-cells can 
produce proteins called antibodies that can get attached 
to the bacteria and destroy them. T-cells protect us 
against viruses by attacking and destroying cells in 
which viruses are reproducing (Fig. 2.49 (a)).
Monocytes : They constitute 1 – 4% of the blood. They 
are the largest leucocytes. They destroy bacteria, dead 
cells and cell fragments. During chronic infection 
their number increases (Fig. 2.49 (b)).

Fig. 2.49 : Types of agranulocytes

Blood platelets : Blood platelets (Fig. 2.50) are also 
called thrombocytes. They are non-nucleated, small, 
oval or rounded with colourless fragments ranging 
between 2,00,000 – 4,00,000/mm3. Their life expec-
tancy is 5-9 days. They play a very important role in 
coagulation of blood. 
Occurrence of blood : The 
blood occurs in blood vessels 
like veins, arteries and capil-
laries which constitute circula-
tory system. 
Functions of blood : The main 
functions of the blood are as follows :
• The blood is used to transport substances from 

one part to another part inside the body.
• The blood regulates the body temperature.
• The blood act as buffer for regulating the pH.
• The blood plasma keeps the tissue moist by 

secreting tissue fluid.
• The white blood cells fight the foreign microbes 

by eating them, thereby acting as soldiers of the 
body.

• The blood helps to maintain a proper concentration 
around the cells and inside the tissues.

• The blood prevents its own loss by the process of 
blood coagulation.

(a) Lymphocytes (b) Monocytes

Fig. 2.50 : Blood platelets

Let us differentiate red blood cells and white blood cells.
Differences between Red Blood Cells and White Blood Cells

S. No Characteristics Red Blood Cells White Blood Cells
1. Colour Red colour. Colourless.
2. Size 7.2 micrometer. 10 – 20 micrometer.
3. Number 4 – 6 million/mm3. 6000 - 9000/mm3.
4. Shape Biconcave and rounded in shape. Amoeboid or irregular in shape.

5. Nucleus Absent. Present.

6. Haemoglobin Present. Absent.
7. Cell organelles Absent in most of the cells. Present.
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8. Types There is only one type of red 
blood cells.

There are five different types of white 
blood cells.

9. Life span 120 days. Shorter i.e., few hours to four days.
10. Function Transport oxygen and to some ex-

tent transport carbon dioxide.
Helps in defense and immunity.

Lymph 
Nature : Lymph is a colourless or light yellow 
coloured fluid which is formed from the filtered out 
product of the blood capillaries. In other words, the 
lymph is an extracellular fluid that circulates through 
the tissue spaces into blood vascular system. The 
composition of lymph is similar to the blood except 
that red blood cells and few proteins are absent in it. 
But, lymphocytes are in abundance. The lymphatic 
system consists of lymph, lymph capillaries, 
lymph nodes and lymph vessels. The lymph flows 
through lymph vessels and lymph capillaries. Most 
of the organs and tissues pour their secretions and 
excretions into lymph. 
Functions of lymph : The main functions of lymph 
are as follows :
• The lymph brings carbon dioxide and nitrogenous 

wastes from tissue fluid to blood.
• The lymph protects the body against infection 

thereby forming immune system of the body.
• The lymph transports nutrients such as oxygen, 

glucose etc., for recirculation in the body.

PAPER – PEN TEST : 10

1. What is meant by vascular connective tissue ?
2. What is the function of fluid connective tissue ?
3. What are the two vascular connective tissues ?
4. What are the two parts found in the blood ?
5. Name the immunoglobins seen in blood plasma ?
6. What are the three types of blood cells ?
7. The red blood cells are also called -----------------.
8. Give a short note on red blood cells.
9. The white blood cells are also called --------------.

10. What are the two types of white blood cells ?
11. Differentiate granulocytes and agranulocytes.
12. Why neutrophils are called PMN ?
13. What are the two types of agranulocytes of 

white blood cells ?
14. Blood platelets are also called -----------------.

15. What are the functions of blood ?
16. Differentiate between white blood cells and red 

blood cells.
17. What is lymph ?
18. What does the lymphatic system consists of ?
19. What are the functions of lymph ?
20. What is the composition of lymph ?

(c) Muscular Tissues Nature
The muscular tissues consist of elongated cells which 
are responsible for the movement in our body. These 
tissues are also known as muscle fibres. The plasma 
membrane of muscle fibre fuses with the basement 
membrane to form sarcolemma. Muscles contain 
special proteins called contractile proteins, which 
contract and relax to cause movement. Matrix is 
absent. The muscular tissue occupies nearly 40% of 
total weight of the body. The muscular tissue consists 
of group of muscle fibres called muscles. Some muscles 
can be moved by conscious will.  Muscles present in 
our limbs move when we want them to, and stop 
when we so decide. Thus, the muscles which are 
controlled by our will are called voluntary muscles. 
Types of skeletal muscles
Based on the structure, location and function, the 
muscular tissues are classified into three types namely,
(i) Striated muscles
(ii) Smooth muscles
(iii) Cardiac muscles
Let us discuss the structure, location and functions of 
these types of muscles in detail.
(i) Striated Muscles 
Nature
The striated muscles (Fig. 2.51) are also called striped 
muscles because when these muscles are viewed 
under the microscope, these muscles show alternate 
light and dark bands or striations. These muscles are 
also called skeletal muscles as they are attached to 
bones and help in body movement.  These muscles 
are voluntary muscles as they work according to our 
will. The cells of striated muscles are long, cylindrical, 
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unbranched and multinucleate i.e., they possess many 
nuclei. The muscles which are not in our control are 
called involuntary muscles. The nuclei are peripheral 
in position i.e., below sarcolemma. The sarcolemma 
contains large number of contractile elements called 
myofibrils. The striated muscles located in tongue, 
diaphragm, pharynx and upper part of oesophagus 
are called visceral striated muscles. The movement 
of food in the alimentary canal or the contraction 
and relaxation of blood vessels are involuntary 
movements. 
Location : The striated muscles occur in the muscles 
of limbs, body wall, face, neck, etc. They are also 
located in tongue, diaphragm, pharynx and upper 
part of oesophagus. 
Functions of striated muscles : The striated muscles 
have the following functions :
• The striated muscles provide locomotion and all 

other voluntary movements of the body such as 
blinking of eyes, breathing etc.

• The striated muscles undergo rapid contraction 
and hence become tired and need rest.

• The process of ingestion is under the control of 
striated muscles.

(ii) Smooth Muscles 
Nature
The cells of smooth muscles (Fig. 2.52) are long 
with pointed ends having spindle-shape. They 
are unbranched and uninucleate i.e., have a single 
nucleus. They are also called unstriated muscles 
because these muscles do not show any bands or 
stripes or striations. The cells of the smooth muscles 
are held together by loose connective tissue. There are 
delicate contractile threads called myofibrils running 
longitudinally throughout the cell. 
Location : The smooth muscles are found in the walls 
of the visceral organs and hence are called visceral 
muscles. The smooth muscles are also found in the 
iris of the eye, in ureters, blood vessels, intestine and 
in the bronchi of the lungs.                                                                
Functions of smooth muscles : The smooth muscles 
have the following functions :
• The involuntary movements such as movement of 

food in the alimentary canal, opening and closing 
of tubes are controlled by smooth muscles.

• The smooth muscles have the ability to produce 
a wave of rhythmic contraction and expansion in 
the alimentary canal.

• Due to the ability of high contractibility, the smooth 
muscles can empty an organ to produce extrusive 
movements such as in uterus, gall bladder and in 
urinary bladder.

Nucleus

Dark band

Light band

Sarcolemma

Plasma membrane

Sarcoplasm

 Nucleus

 Fig. 2.51 : Striated muscles Fig. 2.52 : Smooth muscles

(iii) Cardiac Muscle 

Nature
The cardiac muscles (Fig. 2.53) show the characteristics 
of both smooth and striated muscles. The cells of cardiac 
muscles are cylindrical and are composed of branched 
fibres which join together to form a network. Each 
fibre is surrounded by sarcolemma, cytoplasm and a 
nucleus i.e., uninucleate. The intercellular spaces are 
filled with abundant loose connective tissue supplied 
with blood capillaries. The cells are rich in glycogen 
and mitochondria. It resembles the striated muscles in 
having striations of light and dark bands. The fibres 
are connected by cross connections or bridges. At 
the junction, there are intercalated discs. The cardiac 
muscles continue to contract and relax throughout 
life. The movement of cardiac muscles is not under 
the control of will i.e., involuntary resembling smooth 
muscles.

Fig. 2.53 : Cardiac muscle

Location : The cardiac muscles are located in the wall 
of the heart.
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Functions of cardiac muscles : The cardiac muscles have the following functions :
• Since the cardiac muscles are involuntary in nature, they produce their own excitation.
• Though the cardiac muscles work continuously and rhythmically, they do not get fatigued.   
• The cardiac muscles help in the contraction and relaxation i.e., pumping of heart in order to distribute blood 

to various parts of the body.
Let us now try to recollect the different types of muscles for better understanding.

Summary of Striated, Smooth and Cardiac Muscles

S. No Characteristics Striated Muscles Smooth Muscles Cardiac Muscles
1. Nature Striated and not branched Non-striated and not 

branched
Striated 

2. Nucleus Multinucleated and pe-
ripheral in position

Uninucleated and cen-
trally located.

Uninucleated and 
centrally located.

3. Intercalated discs Absent Absent Present

4. Action Voluntary Involuntary Involuntary

5. Arrangement Occur in bundles Occur in the form of 
sheets

Occur in the form of 
network

6. Cell shape Long and cylindrical cells 
with blunt ends

Elongated and spindle 
shaped with pointed 
ends

Small and cylindrical 
shaped with broad 
ends

7. Activity Fast and powerful contrac-
tions

Slow but prolonged con-
tractions

Powerful and rhyth-
mic contractions

8. Fatigue Soon get tired. Rarely get tired. Rarely get tired.

9. Location Occurs in hands, feet, body 
wall, tongue, pharynx and 
upper part of oesophagus

Occurs in digestive tract, 
lungs, iris, blood vessels 
etc.

Occurs in the wall of 
heart.

1. What are voluntary and involuntary muscles ?
2. What are the different types of muscular  

tissues ?
3. Why striated muscles are called striped  

muscles ?
4. Give the characteristics of striated muscles.
5. Define myofibrils.
6. What are visceral striated muscles ?
7. What is the locations of striated muscles ?
8. What are the functions of striated muscles ?
9. Why smooth muscles are called unstriated 

muscles ?
10. What are the functions of smooth muscles ?
11. Where are the unstriated muscles located ?

PAPER – PEN TEST : 11 12. Explain cardiac muscles with neat sketch.
13. What are the functions of cardiac muscles ?
14. Compare the different types of skeletal muscle 

with respect to nuleus, cell shape, arrangement 
and activity.

15. Compare the different types of skeletal muscles 
with respect to nature, intercalated discs, action 
and location.

(d) Nervous Tissues

Neuron 

Nature
All cells possess the ability to respond to stimuli. The 
cells of the nervous tissue are highly specialized so 
that they can transmit the stimulus very rapidly from 
one place to another within the body. The brain, spinal 
cord and nerves are all composed of the nervous 
tissue. The cells of brain, spinal cord and nerve  
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tissues are called nerve cells or neurons. An individual 
nerve cell may be up to a metre long. Many nerve 
fibres are bound together by connective tissue and 
make up a nerve.  Nerve impulses allow us to 
move our muscles when we want to. The functional 
combination of nerve and muscle tissues enables 
animals to move rapidly in response to stimuli.
Different Parts of Neuron
Neuron is the structural and functional unit of 
nervous system (Fig. 2.54). It consists of a specialized 
structure to receive, conduct and transmit impulses. 
The size and shape of neuron varies greatly. Neurons 
are the largest cells present in the human body. Each 
neuron has three different parts namely,                 
(a) Cell body with a nucleus and cytoplasm.
(b) Axon
(c) Dendrites

Dendrite

Cell body

Nucleus

Axon

Nerve ending

Fig. 2.54 : Neuron -the structural and functional  
unit of nervous system

(i) Cell body with a nucleus and cytoplasm : The 
cell body of neuron is called cyton. It is a broad 
and rounded part of neuron. The cyton consists of 
dense cytoplasm called neuroplasm. There is a large, 
spherical nucleus at the centre of the cell body. The 
cytoplasm also has mitochondria, golgi bodies and 
special granules called Nissl granules. 
(ii) Axon : A long, single, cylindrical protoplasmic 
process arising from the cell body of a neuron is called 
axon. The terminal end of axon is highly branched. 
The end of axon is knob-like or bouton shaped and 
ends in nerve fibres forming neuro-muscular junction 
forming synapses with dendrites of other neurons. 
The bouton is filled with acetylcholine. The axon is 
covered with one or two sheaths. The sheathed axon 
is called ‘nerve fibre’. The single sheath present is 
made up of Schwann cells and is called neurilemma  

(Fig. 2.55). The other sheath called myelin is present on 
the axon and such nerve fibres are called myelinated 
nerve fibres. The myelin sheath is an additional 
insulating and protective sheath, present between 
neurilemma and axon. The nerve fibres without 
myelin sheath are called non-myelinated nerve 
fibres. The myelinated fibres are not continuous. At 
intervals, it possesses non-myelinated areas called 
Nodes of Ranvier.    
(iii) Dendrites : The cell body of a neuron stretches 
its protoplasmic processes into several short, taper-
ing branches called dendrites. The dendrites contain 
Nissl granules and neurofibrils. 

Dendrites
Nissl granule

Nucleus
Cyton

Neuroplasm
Axon
Node of ranvier

Schwann cell
(Neurilemma)

Medullary sheet

SynapseTerminal
knob

Muscle

Motor
end plate

Neurofibril

Dendrites

Fig. 2.55 : Diagram of a basic neuron and it’s components

Functions of Neuron
Neuron perform the following functions :
(i) The cell body of neuron helps in maintaining 

metabolic growth.
(ii) The cell body of neuron receives nerve impulses 

from dendrites and transmits it to axon.
(iii) The dendrites of neuron help to gather 

information which travels as an electric impulse 
towards the cell body of a neuron.

(iv) The myelin sheath is an additional insulating and 
protective sheath, present between neurilemma 
and axon.

(v) The myelinated nerve fibres conduct impulses 
more efficiently than non-myelinated fibres.

(vi) The axon helps to conduct the nerve impulses 
away from the cell body.

(vii) The acetylcholine act as neurotransmitter by 
playing an important role in transmission of 
nerve impulses within the nervous system. 

Let us differentiate axon and dendrites for better 
understanding.
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Differences between Axon and Dendrites

S. No. Characteristics Axon Dendrites
1. Nature It is a long uniformly thickened 

fibre-like process.
It is a short tapering process.

2. Function It carries impulses away from the 
cell body.

It carries impulses towards the cell 
body.

3. Nissl granules It is absent. It is present.

4. Sheath It is enclosed by a sheath. It is not enclosed by sheath.

Thus, we can explain the animal tissues (Fig. 2.56) in diagram given below :

Epithelial tissue
lines surfaces

in the body

Muscle tissue is
made up of fibres

that contract

Nervous tissue
consists of cells
with projections
that transmit
electrical signals

Protein
fibers

Soft
extracellular

matrix
Cells

Connective
tissues :

Loose connective
tissue acts as Padding
under skin and 

elsewhere
tissue

Bone
Bone and cartilage are connective
tissue made up of cells in a hard
or stiff extracellular matrix.

Cartilage Blood is a connective
tissue made up of
cells of a liquid matrix

Fig. 2.56 : Diagrammatic representation of different types of animal tissues

1. Define nerve cells.
2. What is the main function of nerve impulses ?
3. Define neuron.
4. What are the different parts of neuron ?
5. Explain the structure of neuron.
6. Draw a labelled diagram of neuron.

PAPER – PEN TEST : 12

7. Differentiate between myelinated from non-myeli-
nated fibres.

8. What are dendrites ?
9. What are the functions of neuron ?

10. Differentiate between axon from dendrites.

• All living organisms are made of cells.
• At organization level, the multicellular organisms 

show division of labour where different components 
of the body take up different functions.

• In multi-cellular organisms (Human beings), there 
are millions of cells which are specialized to carry 
out a few functions.

COMPENDIUM

• A group of cells that are similar in structure that 
work together to achieve a particular function 
forms a tissue.

• The term ‘tissue’ was coined by Bichat.
• The study of tissues is called histology. 
• The term ‘histology’ was coined by Meyer.
• The founder of ‘histology’ is Marcello Malpighi.
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• The study of internal structure of plants reveals 
many types of tissues. 

• Morphologically, a tissue is a group of cells, which 
are similar in origin, form and function. 

• Physiologically, a tissue is composed of dissimilar 
cells that perform a common function.

• Two or more types of tissues form tissue systems. 
• Different tissue systems form the organs.
• The structural organisation is more specialized and 

localised in complex animals due to their mobility 
and different feeding methods than in plants.

• There are some tissues in plants that divide 
throughout their life for the growth and 
reproduction.

• The cell growth in animals is more uniform and so, 
there is no such demarcation of dividing and non-
dividing regions in animals. 

• Based on the dividing capacity of the tissues, plant 
tissues can be classified into two types namely,

 (a) Meristematic or growing tissue 
 (b) Permanent tissue. 
• A group of identical cells that are in a continuous 

state of division is called meristematic tissues.
• The meristematic cells occur at the growing tips of 

stems and roots.
• There are some meristematic cells located at the 

base of the leaves or internodes of monocots.
• Based on its position, the meristem is divided into 

three types namely,
 (a) Apical meristems
 (b) Intercalary meristems
 (c) Lateral meristems
• Group of cells in which the growth has either 

stopped completely or for the time being is called 
permanent tissues. 

• The developmental process by which cells derived 
from meristematic tissue form permanent tissue is 
called differentiation.

• The permanent tissue consists of two types of 
tissues namely,

 (a) Simple permanent tissue 
 (b) Complex permanent tissue
• The permanent tissues in which the cells are similar 

in structure, origin and function are called simple 
permanent tissues.

• There are three types of simple permanent tissues 
namely,

 (a) Parenchyma
 (b) Sclerenchyma 
 (c) Collenchyma
• The parenchyma tissue is a living tissue consisting 

of unspecialized cells with thin cell walls. 
• The different types of parenchyma are as follows:  
 (a) Aerenchyma
 (b) Chlorenchyma
 (c) Storage parenchyma
 (d) Stellate parenchyma
• The collenchyma tissues are similar to parenchyma 

except that it is characterized by the deposition of 
extra cellulose at the corners of the cells.

• The sclerenchymatous tissues are dead cells.
• The cell wall of sclerenchymatous tissues is 

thickened due to lignin.
• Based on the structure, sclerenchyma cells are 

divided into two types namely,
 (a) Sclereids
 (b) Fibres
• The sclereids are dead cells which are irregular in 

shape.
• Based on shape, the sclereids are classified into 

three types.
• The fibres are very long, narrow, thick and lignified 

dead sclerenchyma cells.  
• The protective tissues include epidermis and cork. 
• The epidermal cells have long hair-like parts called 

trichomes.
• In roots, the younger parts are covered with layer 

of epidermis without cuticle called epiblema. 
• Some epiblema cells give rise to tubular outgrowth 

called root hairs.
• The epidermis of a leaf is interrupted at some 

places due to the presence of small pores which are 
known as stomata. 

• The guard cells are surrounded by a variable 
number of epidermal cells called subsidiary cells.

• Each stoma is bounded by a pair of specialized 
epidermal cells or two kidney-shaped cells called 
guard cells.

• The guard cells are surrounded by a variable 
number of epidermal cells called subsidiary cells.
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• The cork is also called phellem.
• The cells of cork have a chemical called suberin 

in their walls. The cells of cork do not contain 
protoplasm but are filled with resins or tannins.

• A tissue that consists of several kinds of cells but 
all of them function together as a single unit is 
called complex tissue.

• The complex permanent tissue is of two types 
namely,

 (a) Xylem 
 (b) Phloem
• Both are conducting tissues and constitute a 

vascular bundle. 
• Vascular or conductive tissue is a distinctive 

feature of the complex plants which facilitated 
their survival in the terrestrial environment.

• The xylem is composed of four cells namely,
 (a) Tracheids
 (b) Vessels
 (c) Xylem parenchyma
 (d) Xylem fibres
• Phloem is made up of four types of elements 

namely,
 (a) Sieve tubes
 (b) Companion cells
 (c) Phloem parenchyma
 (d) Phloem fibres
• Based on the functions of the tissues, animal tissues 

are classified into 
 (a) Epithelial tissue
 (b) Connective tissue
 (c) Muscular tissue
 (d) Nervous tissue

EXERCISES (SOLVED)

out a specific function is called a tissue. Differ-
ent tissues carry out different functions. This 
is called division of labour. A tissue gives the 
highest possible efficiency of function in multi-
cellular organisms.

3. Name types of simple tissues.
Ans : Simple tissues are of three types :
 (a) Parenchyma
 (b) Collenchyma
 (c) Sclerenchyma
4. Where is apical meristem found ?
Ans : Apical meristem is found at the growing tips 

of stems and roots. It helps in increasing the 
length of stem and root.

5. Which tissue makes up the husk of coconut ?
Ans : Sclerenchymatous tissue.
6. What are the constituents of phloem ?
Ans : Phloem is made up four types of elements. 

They are :
 (a) Sieve tubes
 (b) Companion cells
 (c) Phloem parenchyma
 (d) Phloem fibres.
7. Name the tissue responsible for the movement 

in our body.
Ans : Muscular tissue helps in the movement of our 

body.
8. What does a neuron look like ?
Ans : A neuron or a nerve cell consists of a cell body 

with a nucleus and cytoplasm. It is also called 
a cyton. Many long thin hair-like cytoplasmic 
extensions arise from the cell body called as 
dendrites. A single long extension is called the 
axon.

9. Give three features of cardiac muscles.
Ans : The features of cardiac muscles are :
 (a) Cardiac muscles show rhythmic contraction 

and relaxation throughout the life.
 (b) The cardiac muscles are cylindrical, branched 

and uninucleated.
 (c) The Cardiac muscles are involuntary 

muscles.
10. What are the functions of areolar tissue ?
Ans : Areolar tissues are found between the skin and 

muscle as well as around the blood vessels. 
This tissue fills the gap between the organs 
and protects the internal organs. It also repairs 
the damaged tissues.

NCERT INTEXT QUESTIONS

1. Define the term “tissue”.
Ans : A group of cells common in origin and 

structure and performing similar function is 
called a tissue. Example: blood, xylem.

2. What is the utility of tissues in multi-cellular 
organisms ?

Ans : A multi-cellular organism is made up of many 
different types of cells. Each cell carries out a 
specific function. A group of cells that carries 
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NCERT EXERCISE QUESTIONS
1.  How many types of elements together make up the xylem tissue ? Name them.

Ans : Four types of elements together make up xylem tissue. These are : 

 (i) Tracheids (ii) Vessels (iii) Xylem parenchyma (iv) Xylem fibres.

2. How are simple tissues different from complex tissues in plants ?

Ans :

Simple tissues Complex tissues

(a)   Simple tissues are made up of only one type of 
cells.

(a)  Complex tissues are made up of more than one 
type of cells.

(b) All cells have same origin and are similar in 
structure.

(b)  The cells of complex tissues have different origin 
as well as structure.

(c)   Example : Parenchyma, collenchyma, and scle-
renchyma.

(c)     Example- Xylem and phloem. 

3. Differentiate between parenchyma, collenchyma and sclerenchyma on the basis of their cell wall.

Ans :

S. No Characteristics Parenchyma Collenchyma Sclerenchyma

1. Shape Isodiametric. Elongated. Long and narrow.

2. Cell wall Thin. Unevenly thickened at the 
corners.

Evenly thickened at the 
corners.

3. Strength Provide turgidity to soft 
parts of the plant.

Provide mechanical strength 
and flexibility to the plants.

Provide mechanical strength 
for stress.

4. Occurrence All parts of the plant. Dicot stems and leaves 
only.

Present in stems around 
vascular bundles, in the 
veins of leaves, roots and 
in the hard covering of 
seeds and nuts.

5. Nature Living. Living mechanical tissue. Dead mechanical tissue.

6. Lumen - Cell cavity is wide. Cell cavity is narrow.

7. Chemical nature - The cell wall contains pec-
tin and cellulose.

The cell wall contains 
lignin.

4. What are the functions of stomata ?

Ans : The two main functions of stomata are :

 (a) Exchange of gases with the atmosphere.

 (b) Loss of water during transpiration.

5. Diagrammatically show the difference between the three types of muscle fibres.

Ans : (a) Striated Muscle (b) Smooth Muscle (c) Cardiac Muscle
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Dark band
Light band

Nucleus

Spindle shaped cell

Striations

Junctional
complex

Nucleus

6. What is the specific function of cardiac muscle ?
Ans : The specific function of cardiac muscle is to contract and relax rhythmically throughout the life.
7. Differentiate between striated, unstriated and cardiac muscles on the basis of their structure and site/

location in the body.
Ans :

S. No Characteristics Striated Muscles Smooth Muscles Cardiac Muscles
1. Nature Striated and not branched. Non-striated and not 

branched.
Striated. 

2. Nucleus Multinucleated and periph-
eral in position.

Uninucleated and centrally 
located.

Uninucleated and 
centrally located.

3. Intercalated discs Absent. Absent. Present.
4. Action Voluntary. Involuntary. Involuntary.
5. Arrangement Occur in bundles. Occur in the form of sheets. Occur in the form of 

network.
6. Cell shape Long and cylindrical cells 

with blunt ends.
Elongated and spindle 
shaped with pointed ends.

Small and cylin-
drical shape with 
broad ends.

7. Activity Fast and powerful contrac-
tions.

Slow but prolonged contrac-
tions.

Powerful and rhyth-
mic contractions.

8. Fatigue Soon get tired. Rarely get tired. Rarely get tired.
9. Location Occurs in hands, feet, body 

wall, tongue, pharynx and 
upper part of oesophagus.

Occurs in digestive tract, 
lungs, iris, blood vessels etc.

Occurs in the wall 
of heart.

8. Draw a well labelled diagram of a neuron.
Ans :

Dendrite

Cell body

Nucleus
Axon

Nerve ending

9. Name the following : 
 (a) Tissue that forms the inner lining of our 

mouth. 
 (b) Tissue that connects muscle to bone in hu-

mans.
 (c) Tissue that transports food in plants.
 (d) Tissue that stores fat in our body.
 (e) Connective tissue with a fluid matrix.
 (f) Tissue present in the brain.
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Ans : (a) Squamous epithelium
  (b) Tendon
  (c) Phloem
  (d) Adipose tissue
  (e) Blood
  (f) Nervous tissue
10. Identify the types of tissue in the following : 

Skin, bark of tree, bone, lining of kidney tubule, 
vascular bundle.

Ans : (i) Skin - Stratified squamous epithelium
 (ii) Bark of tree - Cork or secondary epidermis 
 (iii) Bone - Skeletal tissue
 (iv) Lining of kidney tubule - Cuboidal  
  epithelium
 (v) Vascular bundle - Conductive tissues  (xy- 
  lem and phloem)
11. Name the regions in which parenchyma tissue 

is present.
Ans : The cells of parenchyma are living cells and are 

usually loosely packed. This tissue is mainly 
found in all soft parts of the plant such as roots, 
stem, leaves, flowers, fruits, etc. It is also found 
in the ground tissue of petioles, mesophyll of 
leaves as well as in vascular bundles.

12. What is the role of epidermis in plants ?
Ans : Role of epidermis in plants : 
 (i) Protection of the underlying cells and  

tissues.
 (ii) Prevention of water loss.
 (iii) Prevention of mechanical injury and attack 

by parasitic fungi.
 (iv) Exchange of gases and transpiration 

through stomata.
13. How does the cork act as a protective tissue ?
Ans : Several layers of epidermal cells constitute 

the cork. These cells are dead and compactly 
arranged without intercellular spaces. They 
also possess a chemical called suberin in their 
walls which makes them impervious to water 
and gases. Function of cork is to protect the 
underlying tissues from desiccation (loss of 
water from plan body), mechanical injury and 
infection.

14. Complete the table :

Permanent tissue

Simple Complex

XylemCollenchyma

Ans :

Simple Complex

Parenchyma Collenchyma Sclerenchyma Xylem Pholem

Permanent Tissue

NCERT EXEMPLAR QUESTIONS
1. Which of the following tissues has dead cells ?
 (a) Parenchyma
 (b) Sclerenchyma
 (c) Collenchyma
 (d) Epithelial tissue
2. Find out incorrect sentence :
 (a) Parenchymatous tissues have intercellular 

spaces
 (b) Collenchymatous tissues are irregularly 

thickened at corners
 (c) Apical and intercalary meristems are 

permanent tissues
 (d) Meristematic tissues, in its early stage, lack 

vacuoles
3. Girth of stem increases due to :
 (a) Apical meristem
 (b) Lateral meristem
 (c) Intercalary meristem
 (d) Vertical meristem
4. Which cell does not have perforated cell wall ?
 (a) Tracheids
 (b) Companion cells
 (c) Sieve tubes
 (d) Vessels
5. Intestine absorbs the digested food materials. 

What type of epithelial cells is responsible for 
that ?

 (a) Stratified squamous epithelium
 (b) Columnar epithelium
 (c) Spindle fibres
 (d) Cuboidal epithelium
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6. A person met with an accident in which two long 
bones of hand weredislocated. Which among the 
following may be the possible reason ?

 (a) Tendon break
 (b) Break of skeletal muscle
 (c) Ligament break
 (d) Areolar tissue break
7. While doing work and running, you move your 

organs like hands, legs etc.Which among the 
following is correct ?

 (a) Smooth muscles contract and pull the 
ligament to move the bones

 (b) Smooth muscles contract and pull the 
tendons to move the bones

 (c) Skeletal muscles contract and pull the 
ligament to move the bones

 (d) Skeletal muscles contract and pull the tendon 
to move the bones

8. Which muscles act involuntarily ?
 (i) Striated muscles
 (ii) Smooth muscles
 (iii) Cardiac muscles
 (iv) Skeletalmuslces
 (a) (i) and (ii)
 (b) (ii) and (iii)
 (c) (iii) and (iv)
 (d) (i) and (iv)
9. Meristematic tissues in plants are :
 (a) Localised and permanent
 (b) Not limited to certain regions
 (c) Localised and dividing cells
 (d) Growing in volume
10. Which is not a function of epidermis ?
 (a) Protection from adverse condition
 (b) Gaseous exchange
 (c) Conduction of water
 (d) Transpiration
11. Select the incorrect sentence :
 (a) Blood has matrix containing proteins, salts 

and hormones.
 (b) Two bones are connected with ligament.
 (c) Tendons are non-fibrous tissue and fragile.
 (d) Cartilage is a form of connective tissue.

12. Cartilage is not found in :
 (a) Nose
 (b) Ear
 (c) Kidney
 (d) Larynx
13. Fats are stored in human body as :
 (a) Cuboidal epithelium
 (b) Adipose tissue
 (c) Bones
 (d) Cartilage
14. Bone matrix is rich in :
 (a) Fluoride and calcium
 (b) Calcium and phosphorus
 (c) Calcium and potassium
 (d) Phosphorus and potassium
15. Contractile proteins are found in :
 (a) Bones
 (b) Blood
 (c) Muscles
 (d) Cartilage
16. Voluntary muscles are found in :
 (a) Alimentary canal
 (b) Limbs
 (c) Iris of the eye
 (d) Bronchi of lungs
17. Nervous tissue is not found in :
 (a) Brain
 (b) Spinal cord
 (c) Tendons
 (d) Nerves
18. Nerve cell does not contain :
 (a) Axon
 (b) Nerve endings
 (c) Tendons
 (d) Dendrites
19. Which of the following helps in repair of tissue 

and fills up the space inside the organ ?
 (a) Tendon
 (b) Adipose tissue
 (c) Areolar
 (d) Cartilage
20. The muscular tissue which function throughout 

the life continuouslywithout fatigue is :
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 (a) Skeletal muscle
 (b) Cardiac muscle
 (c) Smooth muscle
 (d) Voluntary muscle
21. Which of the following cells is found in the carti-

laginous tissue of the body ?
 (a) Mast cells
 (b) Basophils
 (c) Osteocytes
 (d) Chondrocytes
22. The dead element present in the phloem is :
 (a) Companion cells
 (b) Phloem fibres
 (c) Phloem parenchyma
 (d) Sieve tubes
23. Which of the following does not lose their nu-

cleus at maturity ?
 (a) Companion cells
 (b) Red blood cells
 (c) Vessel
 (d) Sieve tube cells
24. In desert plants, rate of water loss gets reduced 

due to the presence of :
 (a) Cuticle
 (b) Stomata
 (c) Lignin
 (d) Suberin
25. A long tree has several branches. The tissue that 

helps in the side waysconduction of water in the 
branches is :

 (a) Collenchyma
 (b) Xylem parenchyma
 (c) Parenchyma
 (d) Xylem vessels
26. If the tip of sugarcane plant is removed from the 

field, even then it keeps ongrowing in length. It 
is due to the presence of :

 (a) Cambium
 (b) Apical meristem
 (c) Lateral meristem
 (d) Intercalary meristem
27. A nail is inserted in the trunk of a tree at a height 

of 1 metre from theground level. After 3 years 
the nail will :

 (a) Move downwards
 (b) Move upwards
 (c) Remain at the same position
 (d) Move sideways
28. Parenchyma cells are :
 (a) Relatively unspecified and thin walled
 (b) Thick walled and specialised
 (c) Lignified
 (c) None of these
29. Flexibility in plants is due to :
 (a) Collenchyma
 (b) Sclerenchyma
 (c) Parenchyma
 (d) Chlorenchyma
30. Cork cells are made impervious to water and 

gases by the presence of :
 (a) Cellulose
 (b) Lipids
 (c) Suberin
 (d) Lignin
31. Survival of plants in terrestrial environment has 

been made possible bythe presence of :
 (a) Intercalary meristem
 (b) Conducting tissue
 (c) Apical meristem
 (d) Parenchymatous tissue
32. Choose the wrong statement :
 (a) The nature of matrix differs according to the 

function of the tissue.
 (b) Fats are stored below the skin and in between 

the internal organs.
 (c) Epithelial tissues have intercellular spaces 

between them.
 (d) Cells of striated muscles are multinucleate 

and unbranched.
33. The water conducting tissue generally present in 

gymnosperm is :
 (a) Vessels
 (b) Sieve tube
 (c) Tracheids
 (d) Xylem fibres
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ANSWER
1. (b), 2. (c), 3. (b), 4. (b), 5. (b), 6. (c) 7. (d), 8. (b), 
9. (c), 10. (c), 11. (c), 12. (c), 13. (b), 14. (b), 15. (c),  
16. (b), 17. (c), 18. (c), 19. (c), 20. (b), 21. (d), 22. (b), 
23. (a), 24. (a), 25. (d), 26. (d), 27. (c), 28. (a), 29. (a),  
30. (c), 31. (b), 32. (c), 33. (c).
34. Animals of colder regions and fishes of cold 

water have thicker layer of subcutaneous fat. 
Why ?

Ans : The adipose tissue is specialized tissue to store 
fat. The cells of the adipose tissue are filled 
with fat globules called adipocytes. Fat acts 
as subcutaneous insulation of body for ther-
moregulation.

35. Match the column (A) with the column (B)

(A) (B)
(a) Fluid connective tissue. (i) Subcutaneous layer.
(b) Filling of space inside 

the organs. 
(ii) Cartilage.

(c)  Striated muscle. (iii) Skeletal muscle.
(d) Adipose tissue. (iv) Areolar tissue.
(e)  Surface of joints. (v) Blood.

(f)  Stratified squamous
     epithelium.

(vi) Skin.

Ans : (a) – (v), (b) – (iv), (c) – (iii), (d) – (i), (e) – (ii),  
     (f) – (vi)
36. Match the column (A) with the column (B)

(A) (B)
(a) Parenchyma. (i) Thin walled, packing 

    cells.
(b) Photosynthesis. (ii) Carbon fixation.
(c) Aerenchyma. (iii) Localized thickeings.
(d) Collenchyma. (iv) Buoyancy.

(e) Permanent tissue. (v) Sclerenchyma.

Ans : (a) – (i), (b) – (ii), (c) – (iv), (d) – (iii), (e) – (v)
37. If a potted plant is covered with a glass jar, 

water vapours appear on the wall of glass jar. 
Explain why ?

Ans : Because of transpiration.
38. Name the different components of xylem and 

draw a living component ?
Ans : The xylem is composed of four cells namely,
  (a) Tracheids
  (b) Vessels

  (c) Xylem parenchyma

  (d) Xylem fibres.

Cytoplasm

Nucleus

Xylem
perenchyma

39. Draw and identify different elements of  
phloem.

Ans : Phloem is made up of four types of elements 
namely,

  (a) Sieve tubes

  (b) Companion cells

  (c) Phloem parenchyma

  (d) Phloem fibre

Parenchyma
cells
Sieve
tube

Companion
cell

Plasmodesmata

40. Write true (T) or false (F)

 (a) Epithelial tissue is protective tissue in ani-
mal body.

 (b) Epithelial cells have a lot of intercellular 
spaces.

 (c) Epithelial layer is permeable layer.

 (d) Epithelial layer does not allow regulation 
of materials between body and external 
environment.

Ans : (a) True   (b) False

  (c) True  (d) False.

41. Differentiate between voluntary and involun-
tary muscles. Give one example of each type.
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Ans :

S. No Voluntary Muscles Involuntary Muscles
1. Voluntary mucles 

can be moved by 
conscious will 
when we want 
them to move.

Involuntary muscles 
function on their own 
and so we cannot 
start or stop them 
from working by our 
desire.

2. Examples - muscles 
of limbs or skeletal 
muscles.

Examples - cardiac 
muscles and smooth 
muscles.

42. Differentiate the following activities on the ba-
sis of voluntary (V) or involuntary (IV) mus-
cles.

 (a) Jumping of frog
 (b) Pumping of the heart
 (c) Writing with hand
 (d) Movement of chocolate in your intestine
Ans : (a) V (b) IV (c) V (d) IV
43. Fill in the blanks

(a) Lining of blood vessels is made up of  
................................... .

(b) Lining of small intestine is made up of  
................................... .

(c) Lining of kidney tubules is made up of  
.................................. .

(d) Epithelial cells with cilia are found in  
................................... of our body.

Ans : (a) Squamous epithelium
 (b) Columnar epithelium
 (c) Cuboidal epithelium
 (d) Respiratory tract
44. Water hyacinth floats on water surface. Ex-

plain.
Ans : Some parenchyma cells have large air cavities 

called aerenchyma which provide buoyancy to 
the hydrophytic plants. Due to the presence of 
aerenchyma in the swollen petiole, water hya-
cinth floats on water surface.

45. Which structure protects the plant body 
against the invasion of parasites ?

Ans : Epidermis having thick cuticle and waxy sub-
stances prevent the invasion of parasites.

46. Fill in the blanks :
(a) Cork cells possesses ......................... on their 

walls that makes it impervious to gases and 
water.

(b) ......................... have tubular cells with per-
forated walls and are living in nature.

(c) Bone possesses a hard matrix composed of 
......................... and ......................... .

Ans : (a) Suberin 
 (b) Sieve tubes 
 (c) Calcium and phosphorus
47. Why is epidermis important for the plants ?
Ans : Epidermis is important for plants due to the 

following reasons
(i) It gives protection
(ii) It helps in gaseous exchange
(iii) It checks water loss
(iv) The root hairs arising from epidermis 

helps in absorption of water and minerals.
48. Fill in the blanks :

(a) ............................... are forms of complex  
tissue.

(b) ......................... have guard cells.
(c) Cells of cork contain a chemical called 

......................... .
(d) Husk of coconut is made of .........................

tissue.
(e) ......................... gives flexibility in plants.
(f) ......................... and ......................... are both 

conducting tissues.
(g) Xylem transports .................... and ............... 

from soil.
(h) Phloem transport ......................... from ..... 

.................... to other parts of the plant.
Ans : (a) Xylem and phloem
 (b) Stomata
 (c) Suberin
 (d) Sclerenchyma
 (e) Collenchyma
 (f) Xylem; phloem
 (g) Water; minerals
 (h) Food; leaf



104

CONCISE BIOLOGY - IX TISSUES

49. Differentiate between sclerenchyma and pa-
renchyma tissues. Draw well labelled diagram.

Ans :

S. No Parenchyma Tissues Sclerenchyma Tis-
sues

1. It is a living tissue. It is a dead tissue.
2. Cells are thin walled 

and unspecialized.
Cells are thick 
walled and ligni-
fied.

3. Some cells contain 
chlorophyll called 
chlorenchyma and 
perform photosyn-
thesis. Other cells 
have large air cavities 
called aerenchyma 
which provide buoy-
ancy to the hydro-
phytic plants.

The cells are long 
and narrow, make 
the plant hard and 
stiff. The tissue is 
present in the stem 
around vascular 
bundles, in veins 
of leaves and hard 
covering of seeds 
and nuts.

4. Cells are usually 
loosely packed with 
large intercellular 
space.

There are no inter-
cellular spaces be-
tween the cells.

5. This tissue stores nu-
trients and water in 
stem and roots.

This tissue provides 
strength to the 
plant parts.

50. Describe the structure and function of different 
types of epithelial tissues. Draw diagram of 
each type of epithelial tissue.

Ans : Nature : The epithelial tissue is a simple tissue. 
It is the covering or protective tissues in the 
animal body. Epithelium covers most organs 
and cavities within the body. It forms a barrier 
to keep different body systems separate. The 
cells of the epithelial tissue are tightly packed 
and form a continuous sheet. They have only 
a small amount of cementing material between 
them and there are little or no intercellular 
spaces. The entire epithelium is separated 
from the underlying tissue by an extracellular 
fibrous basement membrane. The basement 
membrane contains a special form of matrix 
protein called collagen.

Nucleus
Smooth muscle

fibre

Cell

 Location : The skin, the lining of the mouth, 
the lining of blood vessels, lung alveoli and 
kidney tubules are all made of epithelial tis-
sue.

 Functions : The following are the main 
functions of epithelium :
1. The epithelium plays an important role 

in regulating the exchange of materials 
between the body and external environment 
and also between different parts of the 
body due to its permeability.

2. The epithelial tissues help to absorb water 
and nutrients.

3. The epithelial tissues protect the organs 
lining the mouth and alimentary canal.

4. The epithelial tissues help to eliminate 
waste products. 

5. The epithelial tissues secrete a variety of 
substances like saliva, sweat, enzymes etc.

6. The epithelial tissues help to protect the 
body from viral or bacterial infections and 
also protect the underlying cells from dry-
ing, injury and chemical effects.

Different Types of Epithelial Tissues
The epithelial tissues are classified into three types 
based on :
(a) Arrangement of layers
(b) Shape of cell
(c) Specific functions 
Classification based on Arrangement of Layers : 
Based on the arrangement of layers, the epithelial tis-
sues are classified into two types namely,
(a) Simple epithelium
(b) Stratified or compound epithelium
(a) Simple Epithelium : When the tissues are made 

up of a single layer of cells, then it is called sim-
ple epithelium.

(b) Stratified or Compound Epithelium : When 
the tissues are made up of more than one layer 
of cells, then it is called stratified or compound 
epithelium.
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Classification based on the Shape of Cell : Based 
on the shape of the cells, the epithelial tissues are 
classified into three types namely, 
(a) Squamous epithelium
(b) Columnar epithelium
(c) Cuboidal epithelium
Squamous Epithelium
Simple Squamous Epithelium Nature : Simple 
squamous epithelial cells are extremely thin and flat, 
irregularly shaped cells which form a compact tissue. 
The simple squamous epithelial cells are also called 
pavement epithelium and tessellated epithelium. The 
simple squamous epithelium forms a delicate lining. 

Squamous epithelium

Nucleus
Basement
membrane

Squamous or
pavement cell

Location : It is found in cells lining blood vessels 
or lung alveoli, where transportation of substances 
occurs through a selectively permeable surface. 
The oesophagus and the lining of the mouth are 
also covered with squamous epithelium. The skin, 
which protects the body, is also made of squamous 
epithelium.
Functions :
1. The simple squamous epithelium protects the 

underlying delicate parts from mechanical injury, 
drying and entry of germs. 

2. The simple squamous epithelium act as a 
selectively permeable membrane thereby helps 
in filtration.

3. The squamous epithelium allows exchange of 
gases between blood and air in lungs.

Stratified Squamous Epithelium Nature : The cells 
of stratified squamous epithelium are arranged in a 
pattern of layers. But the cells of forming different 
layers are not same. In other words, the cells in the 
deeper tissue possess cuboidal cells which become 
polygonal and finally become flattened at the free 
surface end. These flattened cells contain a fibrous 
protein called keratin and becomes dead cells. The 
scale-like horny dead cells flakes away. 
Location :
1. The stratified squamous epithelium is found in 

skin.
2. It covers the external dry surface of the skin.
Functions :
3. The stratified squamous epithelial cells are 

arranged in many layers to prevent wear and tear. 

4. The stratified squamous epithelium is water 
proof and highly resistant to mechanical injury.

Columnar Epithelium Nature : The word ‘columnar’ 
refers to ‘pillar-like’. So, the cells of columnar 
epithelium are taller and look like pillar. The nucleus 
of the cell is located at the base. Sometimes the free 
ends have a brush like border or hair-like projections 
on the outer surface of epithelial cells. These are 
called cilia. This type of columnar cells is called 
ciliated columnar epithelium. 

Columnar cells

Tall cells

Columnar cells bearing cilia

Location :
1. The columnar epithelium occurs in parts where 

absorption and secretion occur such as in the 
inner lining of the intestine, stomach forming 
mucous.

Cilia

Cell
nucleus

Basement
membrane

Ciliated columnar
epithelium

2. The columnar epithelium occurs also forms a lin-
ing in gall bladder and oviducts.

3. The ciliated columnar epithelium is found in 
sperm ducts, lining in trachea, bronchi, kidney 
tubules, respiratory tract and oviducts.

4. Sometimes the columnar epithelium gets 
modified into pseudo stratified epithelium which 
occurs in nasal and genital tracts.

Functions :
6. The columnar epithelium helps the movement 

across the epithelial barrier. 
7. The cilia of ciliated columnar epithelium move 

and push the mucus forward to clear it. 
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8. The columnar epithelium helps to absorb 
nutrients.

9. It also provides protection to the underlying 
tissues.

10. The columnar cells are also modified into goblet 
cells to secrete mucus.

Cuboidal Epithelium Nature : Cuboidal epithelium is 
made up of cube-shaped cell and is square in section. 
The free surface of the cell appears hexagonal.

Basement
Membrane

Nucleus
Cuboidal Epithelium

Cuboidal
Cell

Location : The cuboidal epithelium is found in the 
lining of kidney tubules and ducts of salivary glands.
Functions :
1. The cuboidal epithelial cells help in absorption, 

secretion and excretion.
2. The cuboidal epithelial cells also provide me-

chanical support. 

Classification based on the Specific Function : Based 
on the specific functions, the epithelial tissues are 
classified into four types namely,
(a) Sensory epithelium
(b) Germinal epithelium
(c) Ciliated epithelium
(d) Glandular epithelium
Sensory Epithelium : Sensory epithelium possesses 
sensory hair on their free surface. These cells help to 
pick up the external stimuli with the help of its hair. 
Examples – Taste buds, olfactory epithelium.
Germinal Epithelium : Germinal epithelium consists 
of cuboidal cells. It occurs in gonads and helps to 
form gametes.
Ciliated Epithelium : It may be columnar or cuboidal 
epithelium in which the cells possess cilia on their 
free surface. It occurs in sperm ducts, uriniferous 
tubules, in the lining of respiratory tract and oviducts. 
The cilia helps to push the ovum in the oviduct and 
in respiratory tract, the mucus helps to trap dust 
particles and microbes.
Glandular Epithelium : The epithelial cells also have 
additional specialization as gland cells, which can 
secrete substances. Sometimes a part of the epithelial 
tissue folds inward to form a multicellular gland. This 
is glandular epithelium. These glandular epithelial 
cells secrete chemicals such as enzymes (digestive 
glands), hormones (endocrine glands), sweat (sweat 
glands), oils (oil glands), etc.

51. Draw well labelled diagrams of various types of muscles found in human body.
Ans :

Nucleus

Dark Band

Light Band

Sarcolemma

Plasma
membrane

Sarcoplasm

 Nucleus

Cardiac
Muscle Cell

Branch

Sarcolemma

Nucleus

Connective Tissue
Dark Band

Light Band

Blood Vessel

Intercalated Disc

52. Give reasons for :
 (a) Meristematic cells have a prominent nucleus and dense cytoplasm but they lack vacuole.
 (b) Intercellular spaces are absent in sclerenchymatous tissues.
 (c) We get a crunchy and granular feeling, when we chew pear fruit.

Striated Muscles Smooth Muscles Cardiac Muscles
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  (d) Branches of a tree move and bend freely in 
high wind velocity.

  (e) It is difficult to pull out the husk of a 
coconut tree.

Ans : (a) The meristematic cells do not require any 
storage and so lack vacuole.

  (b) Because inter cellular spaces are lignified.
  (c) Presence of stone cells (sclerenchyma)
  (d) Presence of Collenchyma.
  (e) Because it is made up of sclerenchyma. 

This tissue provides rigidity and stiffness 
and also the deposition of lignin on the 
walls of the cells makes it tough to pull the 
husk out.

53. List the characteristics of cork. How are they 
formed ? Mention their role.

Ans : (a) The following are the characteristics of 
cork :

	 l Cells of cork are dead at maturity
	 l These cells are compactly arranged
	 l Cells do not possess intercellular spaces.
	 l Cells possess a chemical substance suberin 

in their walls
	 l They are several layers thick.
 (b) As plants grow older, a strip of secondary 

meristem replaces the epidermis of the 
stem. Cells cut on the outer side by this 
meristem are called cork.

 (c) They are protective in function for older 
stem/twigs/branches. They are impervious 
to gases and water.

54. Why xylem and phloem are called complex tissues ? How are they different from one other ?
Ans : (a) Both xylem and phloem consist of more than one type of cells, which coordinate to perform a 

common function.
 (b) 

S. No Nature Xylem Phloem

1. Conduction Conducts water and minerals. Conducts organic solutes of food ma-
terials.

2. Direction of conduction Unidirectional. Bidirectional.
3. Conducting Channels Tracheids and Vessels. Sieve tubes.
4. Components Tracheids, vessels, xylem pa-

renchyma and xylem fibres.
Sieve tubes, companion cells, phloem 
parenchyma and phloem fibres.

5. Living and dead cell All elements are dead cells ex-
cept xylem parenchyma.

All elements are living cells except 
phloem fibres.

6. Function Mechanical strength to the 
plants.

No mechanical function for the plants.

55. Answer the following questions :
 (a) Differentiate between meristematic and permanent tissues in plants
 (b) Define the process of differentiation
 (c) Name any two simple and two complex permanent tissues in plants.
Ans :  (a)

S. No Nature Meristematic Tissues Permanent Tissues
1. Nature Small, round and undifferenti-

ated.
Large, differentiated with different 
shapes.

2. Nucleus Large and prominent. Less conspicuous.

3. Intercellular spaces Absent. Present.
4. Cell wall Thin. Thick or thin.

5. Function It is involved in growth. It is involved in protection, support, 
storage etc.
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6. Divisions Undergo regular divisions. Do not undergo divisions.

7. Type of tissue Simple tissue. Simple, complex or specialized tis-
sues.

8. Living or dead Living. Living or dead.

9. Metabolic rate Active. Slow.

 (b) The loss of ability to divide by taking up 
a permanent shape, size and function is 
called differentiation.

 (c) Simple : Parenchyma/collenchyma/scle-
renchyma ; Complex: Phloem/xylem

HIGHER ORDER THINKING SKILL QUESTIONS 
(HOTS)
1. While playing in the park, Pooja plucked the 

tips of some flowering plants. On seeing this, 
her mother persuaded her not to do so and 
explained her about it.

 (a) What are meristematic tissues ?
 (b) Why her mother asked her not to pluck the 

tips of flowering plants ?
 (c) Give two characteristics of meristematic 

tissues.
Ans : (a) A group of identical cells that are in a con-

tinuous state of division are called meris-
tematic tissues.

 (b) This is because, in flowering plants the 
apical meristems are located at the tip of 
branches of the plants and so when the 
tip of the flowering plant is plucked the 
longitudinal growth of the plants will be 
stopped.

 (c) 1. The cells of meristems are round, oval or 
rectangular in shape. 

  2. The meristematic cells are living.
2. Dr. Mukesh found that morning walk and reg-

ular physical exercises helped in burning calo-
ries, thereby to reduce the fat deposition in the 
body to save us from cardiovascular diseases.

 (a) Which tissue is responsible for deposition 
of fat in our body ?

 (b) What value was displayed by the doctor ?
 (c) Give the location of the tissue.
Ans : (a) Adipose tissue.
 (b) The doctor is concerned for qualitative life.

 (c) It is found below the skin and between 
internal organs i.e., subcutaneous region, 
cushion around eyes, heart, kidneys, blood 
vessels and in yellow bone marrow.

3. What will happen if a bone is dried ?
Ans : If a bond is dried, the organic material in it 

gets destroyed and only the mineral matter 
will be left.

4. What will happen if the apical meristem is cut ?
Ans : The growth in the length of the plant will get 

stopped.
5. What will happen if heparin is absent in blood ?
Ans : The blood coagulation takes place inside the 

blood vessels.
6. What will happen if a bone is dipped in 

hydrochloric acid ?
Ans : If a bone is dipped in hydrochloric acid, then 

its mineral matter gets destroyed and only the 
organic material will be left.

7. What do you think will happen if striated 
muscles contract rapidly for longer time ?

Ans : The striated muscles become tired due to 
accumulation of lactic acid in them.

8. What will happen if cork is not formed in older 
stems and roots ?

Ans : The outer tissues get ruptured due to increase 
in the secondary growth by desiccation and 
infection.

MULTIPLE CHOICE QUESTIONS (MCQs)
1. A group of cells having common origin and 

performing similar function is called -------------
 (a) Tissue  (b) Organ 
 (c) Organ system  (d) Cell aggregate
2. Meristems are cells that --------------------------
 (a) Store food (b) Help in excretion
 (c) Provide support (d) Divide continuously  

   to produce new cells
3. Plant length is increased by the activity of  

------------------------
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 (a) Apical meristem (b) Lateral meristem 
 (c) Cambium (d) All of the above
4. In plants, cell division is restricted to -----------
 (a) Meristematic cells (b) Permanent cells 
 (c) Xylem (d) Phloem
5. In grasses, the length of the stem increases by 

the activity of ---------------------
 (a) Apical meristem (b) Intercalary meris  

   tem
 (c) Lateral meristem (d) Secondary meristem
6. Special feature of dividing cells is ----------------
 (a) Large lacuna (b) Thick cell walls
 (c) Dense cytoplasm (d) large intercellular
  devoid of lacuna   spaces
7. Totipotency is present in ------------------------
 (a) Meristem (b) Cambium 
 (c) Phloem (d) Cork
8. Which of the following is a feature of Meris-

tematic tissues ?
 (a) Presence of thin cell wall.
 (b) Presence of compact tissue.
 (c) Presence of large number of cell organelles.
 (d) All of the above.
9. Which of the following plant tissue is formed 

by permanent tissue ?
 (a) Primary tissue (b) Secondary tissue 
 (c) Both of above (d) None of above
10. Which of the following plant tissues causes 

growth in girth of stem and root ?
 (a) Apical meristem (b) Intercalary meristem
 (c) Lateral meristem (d) None of the above
11. A permanent plant tissue consisting of thin 

walled living cells is ---------------------
 (a) Parenchyma (b) Collenchyma 
 (c) Sclerenchyma (d) Xylem
12. A permanent plant tissue made up of living 

cells having thickening at the corners is
 (a) Sclerenchyma (b) Collenchyma 
 (c) Parenchyma (d) Phloem
13. The main function of Sclerenchyma is to help 

in the ----------------------

 (a) Conduction of food (b) Synthesis of food
 (c) Exchange of gases (d) Mechanical   

 support
14. The wall of cork cells are thickened by the 

deposition of --------------------------
 (a) Cutin (b) Suberin
 (c) Lignin (d) Pectin
15. The wax like substance present in the cell wall 

of onion skin is ---------------------------
 (a) Pectin (b) Lignin 
 (c) Cellulose (d) Suberin
16. The outer wall of epidermis in stems and 

leaves has a waxy covering made up of ---------
 (a) Lignin (b) Suberin
 (c) Pectin (d) Cutin
17. Collenchyma differs from Sclerenchyma in  

---------------------- 
 (a) Retaining cytoplasm at maturity 
 (b) Having thick walls
 (c) Having a wide lumen   
 (d) Being Meristematic
18. Lignified elongated bead cells are ---------------
 (a) Parenchyma (b) Collenchyma 
 (c) Sclerenchyma (d) Epidermis
19. Which of the following plant tissue lacks pro-

toplasm at maturity ?
 (a) Sclerenchyma (b) Collenchyma 
 (c) Parenchyma (d) Epidermis
20. In plants phloem tissues perform the function 

of ------------------
 (a) Conduction of water
 (b) Conduction of food 
 (c) Photosynthesis
 (d) Mechanical support
21. The entire body surface and cavities inside the 

body are lined by ----------------------
 (a) Muscle tissue (b) Epithelial tissue 
 (c) Connective tissue (d) Nervous tissue
22. Which one of the following is a fluid connec-

tive tissue ?
 (a) Areolar tissue (b) Cartilage 
 (c) Blood (d) Ligaments
23. The tissue that attaches muscles to the bones is 

---------------------------------
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 (a) Cartilage (b) Tendon 
 (c) Ligament (d) Blood
24. The tissue that joins one bone to the other is 

--------------------------------
 (a) Ligament (b) Tendon 
 (c) Blood (d) Cartilage
25. Areolar tissue is a ------------------------------
 (a) Nervous tissue (b) Muscular tissue 
 (c) Connective tissue (d) Epithelial tissue
26. Tendon is a structure which connects  

------------------------
 (a) A bone with another bone
 (b) A muscle with a bone
 (c) A nerve with a muscle
 (d) A muscle with a muscle
27. Fluid part of blood after removal of corpuscles 

is -------------------------
 (a) Plasma (b) Lymph 
 (c) Serum (d) Vaccine
28. Which of the following structures joins skeletal 

muscle to bone ?
 (a) Ligament (b) Tendon 
 (c) Blood (d) Bone
29. Yellow muscle fibers are also called as  

-------------------------- 
 (a) Bone (b) Muscle 
 (c) Ligament (d) None of these
30. Ligament joins --------------------- 
 (a) Bone the muscle (b) Muscle to muscle 
 (c) Bone to bone (d) None of these
31. Contraction and relaxation are unique features 

of -----------------------
 (a) Epithelial tissue (b) Connective tissue 
 (c) Muscle tissue (d) Nervous tissue
32. The tissue which is under the control of ani-

mal’s will is --------------------------
 (a) Cardiac muscle (b) Striated muscle 
 (c) Non-striated muscle (d) Cartilage
33. The muscle which work throughout life with-

out undergoing fatigue is -----------------------
 (a) Striated muscle (b) Non-striated muscle 
 (c) Cardiac muscle (d) All of the above
34. Which of the following is a voluntary muscle ?

 (a) Striated muscle (b) Unstriated muscle 
 (c) Cardiac muscle (d) (a) and(b)
35. Wall of urinary bladder consists of --------------
 (a) Striated muscle (b) Unstriated muscle 
 (c) Both of above (d) None of these
36. Intercalated discs are present in ------------------
 (a) Striated muscle (b) Unstriated muscle 
 (c) Cardiac muscle (d) All of the above
37. The function unit of nervous tissue is called as 

---------------------------
 (a) Cyton (b) Synapse 
 (c) Neuron (d) Axon
38. Which type of tissue forms spinal cord and 

brain ?
 (a) Muscle tissue (b) Nervous tissue 
 (c) Epithelial tissue (d) Epidermis
39. Involuntary tissue forms wall of which of the 

following organ ?
 (a) Intestine (b) Stomach 
 (c) Bronchi (d) All of the above
40. Movements in body are brought about by  

------------------------------ 
 (a) Muscle tissue
 (b) Epithelial tissue
 (c) Bones
 (d) Tendons and ligaments
41. The study of tissues is called ------------------ 
 (a) Cytology (b) Embryology
 (c) Histology (d) Pathology
42. Which of the following statement is NOT true ?
 (a) Most of the plant tissues are supportive 

type.
 (b) Tissues ensure division of labour.
 (c) Sedantry existence contributes to the organ 

system design in animals.
 (d) Organ systems are far more complex in 

animals than in plants.
43. Many kinds of tissues organise to form a/an 

--------------------------
 (a) Organ (b) Organ system
 (c) Body system (d) Organelle
44. Parenchyma is a type of -----------------------------
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 (a) Simple tissue (b) Complex tissue
 (c) Xylem (d) Phloem
45. Which of the following is not a simple tissue ?
 (a) Xylem (b) Parenchyma
 (c) Collenchyma (d) Sclerenchyma
46. The husk of the coconut is made up of ?
 (a) Collenchyma (b) Sclerenchyma
 (c) Apical meristem (d) Intercalary meristem
47. The basic principle based on which we 

categorize plant tissues as meristematic and 
permanent is ---------------------------

 (a) Capacity to do photosynthesis
 (b) Capacity to divide
 (c) Capacity to locomotion
 (d) Complexity to perform a function
48. Which type of tissue has lignified cell walls ?
 (a) Parenchyma (b) Collenchyma
 (c) Sclerenchyma (d) Cambium
49. Which tissue is responsible for the length of 

the plant ?
 (a) Apical meristem
 (b) lateral meristem
 (c) Intercalary meristem 
 (d) Epidermis
50. The girth of the stem or root increases due to 

----------------------
 (a) Apical meristem
 (b) Cambium
 (c) Intercalary meristem
 (d) Epidermis
51. Which meristem is present at the base of the 

leaves or internodes on twigs ?
 (a) Apical meristem
 (b) Cambium
 (c) Intercalary meristem
 (d) Epidermis
52. Which of the following statements is incorrect ?
 (a) Some tissues in plants divide throughout 

the life
 (b) Cell growth in animals is more uniform as 

compared to plants
 (c) Animals have more dead tissues as com-

pared to plants

 (d) There is no demarcation of dividing and 
non-dividing regions in animals

53. What are the identifying features of meris-
tematic tissues ?

 (a) Thick cellulose wall, small vacuoles, dense 
cytoplasm and small nuclei.

 (b) Thin cellulose wall, almost no vacuoles, 
dense cytoplasm and prominent nuclei.

 (c) Thin cellulose wall, no vacuoles, sparse 
cytoplasm and prominent nuclei.

 (d) Thick cellulose, large vacuoles, sparse 
cytoplasm and small nuclei.

ANSWERS
1. (a), 2. (d), 3. (a), 4. (a), 5. (b), 6. (c), 7. (a), 8. (d),  
9. (b), 10. (c), 11. (a), 12. (b), 13. (d), 14. (b), 15. (b),  
16. (d), 17. (a), 18. (c), 19. (a), 20. (b), 21. (b), 22. (c),  
23. (b), 24. (a), 25. (c), 26. (b), 27. (a), 28. (b), 29. (c),  
30. (c), 31. (c), 32. (b), 33. (c), 34. (a), 35. (b), 36. (c),  
37. (c), 38. (b), 39. (d), 40. (a), 41. (c), 42. (c), 43. (a),  
44. (a), 45. (a), 46. (b), 47. (b), 48. (c), 49. (a), 50. (b),  
51. (c), 52. (c), 53. (b).

VERY SHORT ANSWER QUESTIONS
1. Where the meristematic tissues are located in 

plants ?
2. Define permanent tissue.
3. Define simple tissue.
4. Name the chemical deposited at the corner of the 

collenchyma cells.
5. Animals consume more energy compared to 

plants. Why ?
6. What do you understand by the term division of 

labour ?
7. Give an example of apical meristem and lateral 

meristem.
8. What are the basic types of tissues found in 

plants ?
9. Give one function of white blood cell (WBC).
10. How will you classify epithelial tissues based on 

the arrangement of layers ?
11. What are the functions of squamous epithelial 

tissues ?

SHORT ANSWER QUESTIONS (TYPE I)
1. Mention some important functions of tissues.
2. Why plants and animals possess different types 

of tissues ?



112

CONCISE BIOLOGY - IX TISSUES

3. Differentiate plant and animal tissues.
4. Give one function of (a) lateral meristem  

(b) apical meristem.
5. Explain the three types of simple tissues.
6. Give a short note on sclerenchyma.
7. Mention any two functions of collenchyma.
8. Draw a labelled diagram of parenchyma.
9. Draw a labelled diagram of collenchyma.
10. Differentiate between tracheids and vessels.

SHORT ANSWER QUESTIONS (TYPE II)
1. Draw a labelled diagram of phloem.
2. Draw a labelled diagram of xylem.
3. Mention any three functions of blood.
4. How sieve tubes manage to be living ?
5. Explain the different elements of phloem.
6. What are the functions of xylem ?
7. Give a note on cork.
8. What is the nature of nerve cell ?
9. What are the different tissues found in animals ?

10. Diagrammatically show the differences between 
three types of skeletal muscles.

LONG ANSWER QUESTIONS
1. Explain the structure of neuron with the help of 

neat sketch.
2. Explain the different types of muscles with suit-

able diagrams.
3. Describe the structure and the function of the 

epithelial tissues.
4. Classify connective tissue and give a brief note 

on it.
5. Write a short note on complex tissues.
6. Explain with the suitable diagram, the 

classification of meristematic tissues based on 
their position in the plants.

7. Differentiate between simple and complex tissues.
8. What are the characteristics of meristematic cells ?
9. Differentiate parenchyma, collenchyma and 

sclerenchyma based on (a) cell wall (b) strength 
and (c) cytoplasm.

10. Draw the internal structure of a stem.

EXERCISES (UNSOLVED)

VIVA VOCE QUESTIONS
1. What are goblet cells ?
2. What is the function of lateral meristem ?
3. Which type of simple tissues of plants are used 

for making ropes ?
4. Which tissue protects entire animal body ?
5. Which tissue is called packaging tissue ?
6. Which type of connective tissue is present in the 

hump of camel and blubber of whale ?
7. Which connective tissue connects bone to another 

bone ?
8. Which type of connective tissue has fibreless 

matrix ?
9. Which type of WBC is most abundant in lymph ?
10. Give the function of blood platelets.

NAME THE FOLLOWING
1. The tissue that forms inner lining of our mouth.
2. The plant tissue gives mechanical support to 

young dicot stem.
3. The tissue present in the brain.
4. The most common type of ground tissue.
5. The tissue that transports food in plants.

6. The common name of xylem and the phloem.
7. The tissue that stores fat in our body.
8. The muscle commonly found in visceral organs.
9. The neurons which carry impulses towards brain.
10. The connective tissue with a fluid matrix.

ASSERTION AND REASONS
Directions : For question, two statements are given- 
one labelled Assertion (a) and the other labelled 
Reason (R). Select the correct answer to these 
questions from the codes (a), (b), (c) and (d) as given 
below :
 (a) Both A and R are true and R is correct  
  explanation of the A.
 (b) Both A and R are true but R is not the correct  
  explanation of the A.
 (c) A is true but R is false.
 (d) Both A and R are false.
 1. Assertion (A) : The growth of plants occurs  
  only in certain specific regions.
  Reason (R) : Meristematic tissue is located  
  only at certain points in a plant.
 2. Assertion : Chlorenchyma contains  
  chlorophyll and performs photosynthesis.
  Reason : Chlorenchyma is a kind of  
  parenchyma tissue.
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MATCH THE FOLLOWING
1. Match the Column :

S. No Column 1 Column  2
Correct 
Match

1. Ligaments and 
Tendons

Fluid connective 
tissues

2. Blood and 
Lymph

Epithelial tissues

3. Cuboidal and 
Ciliated 

Dense regular 
connective tis-
sues

4. Bone and Car-
tilage

Areolar connec-
tive tissues

5. White colla-
gen and Yel-
low elastic  
fibres

Skeletal connec-
tive tissues

2. Match the column :

S. No Tissues Functions Correct 
Match

1. Blood tissue Protection
2. Epithelial tissue Message

3. Connective tis-
sue

Feeding

4. Nervous tissue Transport

5. Photosynthetic 
tissue

Strength

3. Match the column :

S. No Column 1 Column 2 Correct 
Match

1. Collenchyma Calcium and 
phosphorus

2. Bone Dendrites

3. Meristem Striated muscle

4. Neuron Division

5. Tongue Flexibility

TRUE OR FALSE
1. The voluntary muscles control the movement of 

iris of eye.
2. The cells of cork are dead and compactly ar-

ranged.

3. The sclereids are gritty part of ripe fruits.
4. The sclerenchymatous cells have irregularly 

thickened cell walls.
5. There are intercellular spaces in collenchymatous 

cells.
6. Areolar connective tissue binds muscles with 

bones.
7. Collagen is found in yellow elastic fibre.
8. The surface area of absorption is increased due to 

the presence of root hairs.
9. The rhythmic contraction and relaxation takes 

place throughout life by cardiac muscles.
10. Cuboidal epithelial cells are found in salivary 

glands.

FILL IN THE BLANKS
1. A group of cells alike in form, function and ori-

gin are called ---------------------
2. Tendons connect the muscles with ------------------
3. Bone possesses a hard matrix made up of  

----------------- and --------------------
4. ----------------------- gives flexibility in plants.
5. -------------------- have guard cells.
6. The cork cells have -------------------- to make them 

impervious to gases and water.
7. Husk of coconut is made up of ---------------------- 

tissue.
8. The lining of small intestine is made up of --------

--------
9. ------------------- is an important neurotransmitters.
10. Axon is also called ----------------------

CAPTION QUESTIONS
1. Parts in neuron
 (a) ------------------------
 (b) ------------------------
 (c) ------------------------
2. Components of xylem
 (a) ------------------------------
 (b) ------------------------------
 (c) ------------------------------
 (d) ------------------------------
3. Components of phloem
 (a) ------------------------------
 (b) ------------------------------
 (c) ------------------------------
 (d) ------------------------------
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4. Types of epithelial tissues

 (a) ------------------------------

 (b) ------------------------------

 (c) ------------------------------

 (d) ------------------------------

5. Types of muscle fibres

 (a) -----------------------------

 (b) -----------------------------

 (c) -----------------------------

DIAGRAM AND TABLE BASED QUESTIONS
1. Observe the diagram and answer the questions 

given below :

Pits

 (a) Identify the picture above.
 (b) Is it a simple permanent tissue or complex 

permanent tissue ?
 (c) Give one of its functions.
2. Observe the diagram and answer the questions 

given below :

  (a) Identify the picture above.
 (b) Mark A, B, C and D.
 (c) Give the function of C.

3. Ravi was travelling to his school to give his final 
exams. Today it was the science exam and he 
was nervous. The teacher had told that there will 
be a surprise element in the exam that he didn’t 
know of. When he reached the school, he found 
out that there will be a viva-voce exam for each 
of the student. When his turn came, he was given 
a very small task. First he was shown these two 
images.

  (a) Help Ravi to correlate between these two im-
ages.

 (b) What is the reason behind that correlation?
 (c) Mark the solution to the above two questions 

in the given image.
 (d) Name two other cell organelles in a plant cell.
4. Questions (a) to (d) are based on the Table A. 

Study this table and answer the following ques-
tions. 

Days Jar 1 (cm) Jar 2 (cm)
Day 1 1 1
Day 2 1.3 1.4

Day 3 1.7 0.8
Day 4 2.1 0.8
Day 5 2.5 0.8
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Two glass jars filled with water are taken. Two 
onion bulbs are taken and placed in each of the jars. 
Observe the growth of roots in both the jars. Measure 
the length of the roots only daily. On Day 3 cut the 
root tips of the onion in Jar 2 by 1 cm and measure 
their lengths each day for 2 to 3 more days. By this 
activity, the Table A was constructed.
 (a) Does the root of onion in Jar 2 continue  
  growing even after its tip is removed?
 (b) Why does it stop growing after the root tip is  
  removed?
 (c) What is apical meristem?
 (d) What happens to the cells formed by  
  meristematic tissue?

ANSWERS
VIVA VOCE QUESTIONS
1. It is mucus secreting epithelial cells that is 

distended with secretion at the free end.
2. Secondary growth.
3. Sclerenchyma cells.
4. Epithelial tissue.
5. Areolar tissue.
6. Adipose tissue.
7. Ligaments.
8. Blood.
9. Lymphocytes.
10. It helps in blood clotting at the site of injury.

NAME THE FOLLOWING
1. Squamous epithelium tissue.
2. Collenchyma tissue.
3. Nervous tissue.
4. Parenchyma tissue.
5. Phloem.
6. Xylem – wood and phloem – bast.
7. Adipose tissue.
8. Smooth muscles.
9. Sensory neurons.
10. Vascular tissue consisting of blood and lymph.
ASSERTION AND REASONS
1. (a) Both A and R are true and R is correct expla-

nation of the A.
2. (b) Both A and R are true but R is not the correct 

explanation of the A.

MATCH THE FOLLOWING
1.

S. No Column 1 Column  2 Correct 
Match

1. Ligaments and 
Tendons

Fluid connec-
tive tissues

2

2. Blood and 
Lymph

Epithelial tis-
sues

3

3. Cuboidal and 
Ciliated 

Dense regular 
connective tis-
sues

1

4. Bone and Car-
tilage

Areolar connec-
tive tissues

5

5. White colla-
gen and Yel-
low elastic  
fibres

Skeletal connec-
tive tissues

4

2.

S. No. Tissues Functions Correct 
Match

1. Blood tissue Protection 2

2. Epithelial tissue Message 4

3. Connective tis-
sue

Feeding 5

4. Nervous tissue Transport 1
5. Photosynthetic 

tissue
Strength 3

3.

S. No Column 1 Column 2 Correct 
Match

1. Collenchyma Calcium and 
phosphorus

2

2. Bone Dendrites 4
3. Meristem Striated muscle 5
4. Neuron Division 3
5. Tongue Flexibility 1

TRUE OR FALSE
1. False.   2. True.
3. True.   4. False.
5. False.   6. False.
7. False.   8. True.
9. True.   10. True.
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FILL IN THE BLANKS

1. Tissues.

2. Bones.

3. Calcium and phosphorus.

4. Collenchyma.

5. Stomata.

6. Suberin.

7. Sclerenchyma.

8. Columnar epithelium.

9. Acetylcholine.

10. Nerve fibre.

CAPTION QUESTIONS

1. Parts in neuron

 (a) Cell body

 (b) Denrite

 (c) Axon 

2. Components of xylem

 (a) Tracheids

 (b) Vessels

 (c) Xylem parenchyma

 (d) Xylem fibres

3. Components of phloem

 (a) Sieve tubes

 (b) Companion cells

 (c) Phloem parenchyma

 (d) Phloem fibres

4. Types of epithelial tissues

 (a) Squamous epithelial tissues

 (b) Cuboidal epithelial tissues

 (c) Columnar epithelial tissues

 (d) Stratified epithelial tissues

5. Types of muscle fibres

 (a) Striated muscle

 (b) Cardiac muscle

 (c) Smooth muscle

DIAGRAM AND TABLE BASED QUESTIONS

1. (a) It is vessel, component of xylem elements.

 (b) Complex permanent tissue.

 (c) It helps in transporting water and minerals 
vertically.

2. (a) The diagram is a section of phloem.

 (b) A – sieve plate, b – sieve tube, C – phloem 
parenchyma and D – companion cell.

 (c) The phloem parenchyma helps to store starch 
and fats and in lateral conduction of food.

3. (a) Mitochondria inside the plant cells are called 
the powerhouse of a cell.

 (b) Mitochondria are tiny organelles inside cells 
that are involved in releasing energy from food, 
that’s why they are known as powerhouse of 
the cell.

 (c) 

 (d) Golgi apparatus, Lysosomes.

4. (a) No it doesn’t, as observed from the readings in 
the table.

 (b) The growth of plants occurs only in certain 
regions. A root tip when cut cannot grow back 
because its apical meristem is lost.

 (c) Apical meristem is present at the growing tips 
of stems and roots and increases the length of 
the stem and the root.

 (d) Meristematic tissues take up a specific role 
and lose the ability to divide.
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 (a) The wall of the heart
 (b) Brain
 (c) The inner lining of mouth
 (d) Tip of nose
11. State a function of :
 (a) Areolar tissue
 (b) Intercalary meristem
 (c) Sclerenchyma tissue
12. Give reasons :
 (a) Epidermal cells of roots have long hair like 

structures.
 (b) Special proteins called contractile proteins 

are present in muscles.
 (c) Meristematic tissues have a prominent 

nucleus and dense cytoplasm but lack 
vacuole.

13. Identify the type of tissues in :
 (a) Bark of a tree
 (b) Vascular bundle
 (c) Lining of kidney tubule
14. Answer the following :
 (a) How do cork cells act as a protective tissue ?
 (b) Differentiate chlorenchyma and aerenchy-

ma tissues.
15. Draw a diagram of smooth muscle fibre and la-

bel any three parts.
16. Answer the following :
 (a) What type of tissue is the blood ?
 (b) What are the components of blood ?
 (c) Which component is called the matrix ?
 (d) Give any two functions of blood.
17. Draw a diagram of hyaline cartilage. Differentiate 

bone and cartilage.
18. Give a short note on the protective tissue in 

plants.
19. Give any five characteristics of parenchyma 

tissues.

MOCK TEST – 1

Time : Two Hours Max. Marks : 50

General Instructions :
• All questions are compulsory.
• There is no overall choice. However, internal choice 

has been provided in all the five questions of five 
marks category. Only one option in such questions 
is to be attempted.

• Questions 1 to 5 are one mark questions. These are 
to be answered in one word or in one sentence.

• Questions 6 to 15 are three marks questions. These 
are to be answered in about 50 words each.

• Questions 16 to 19 are five marks questions. These 
are to be answered in about 70 words each.

1. Name the living component common to both 
the complex permanent tissues found in plants.

2. How do nerve fibres form a nerve ?

3. Name the plant tissue found in the husk of 
coconut.

4. Why is bone matrix so hard ?

5. How does division of labour occur at organisa-
tion level ?

6. Name the type of plant tissue present in (a) 
leaves and stem of lotus plant and (b) petiole of 
the leaf.

7. Due to fungal infection in a plant, a tissue got 
blocked and the plant wilted. Give the reason 
and name the tissues that got blocked.

8. Give reason :
 (a) Epidermal tissue in leaf has large number of 

openings.
 (b) Skin is made up of many layers of cells.
9. Classify the following as voluntary and invol-

untary actions :
 (a) Pumping of heart
 (b) Jumping of frog
 (c) Movement of hand while writing
 (d) Movement of food in oesophagus
10. Name the tissue in :
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1. What is the role of tendon in animals ?

2. Which type of tissue contracts when it is 
stimulated by nerve impulse ?

3. Which part of an actively growing root takes up 
most of the water from the soil ?

4. Which connective tissue is specialized for fat 
storage ?

5. Name the largest blood cells.

6. Why is epidermis present as a thick waxy 
coating of cutin in desert plants ?

7. Heart pumps all through the body. Comment.

8. Draw a diagrammatic labelled sketch of stem tip 
to show the location of meristematic tissue.

9. State the two functions of areolar tissue.
10. Animals of colder region and fishes of cold wa-

ter have thick layer of subcutaneous fat. Discuss.
11. What will happen if cells are not organized in 

tissue ?
12. List the constituents of phloem. What will hap-

pen if the phloem at the base of branch is re-
moved ?

13. Name the tissue that smoothens bones surface 
at joints. Describe its structure with the help of 
diagram.

14. Differentiate between epithelial tissue and 
connective tissue.

15. Name the following :

 (a) Tissues present in ear and nose.

 (b) Tissues present in coconut husk.

 (c) Tissues that transport water in plants.

16. What are the characteristics of meristematic cells ?

17. What are the characteristics of cork ?

18. What is lymph ? Describe its function in detail.

19. Explain different types of areolar tissues with 
neat diagram.
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MOCK TEST – 2

Time : Two Hours Max. Marks : 50

General Instructions :
• All questions are compulsory.
• There is no overall choice. However, internal choice 

has been provided in all the five questions of five 
marks category. Only one option in such questions 
is to be attempted.

• Questions 1 to 5 are one mark questions. These are 
to be answered in one word or in one sentence.

• Questions 6 to 15 are three marks questions. These 
are to be answered in about 50 words each.

• Questions 16 to 19 are five marks questions. These 
are to be answered in about 70 words each.
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