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LIFE PROCESSES

There are wide ranges of living things, ranging from 
small as unicellular Amoeba to a large giant whale or a 
tall tree. Thus, those things which are alive are called 
living things. All plants and animals including human 
being are said to be living things. There are many 
criteria to decide whether something is alive or dead. 
These are discussed below.

The most important criterion is “movement.” It is the 
most important sign of life in an organism. All the 
living things move either fast or slow by themselves 
without any external help. Movements are observed 
in plants as well as in animals. The movements in 
animals are fast and so can be observed easily whereas 
they are slow in plants and can be observed with 
difficulty.

You would have observed that most of the animals 
move from one place to another. For examples, a 
frog moves when it jumps into a pond, a bird moves 
when it is flying in the sky, a fish moves when it is 
swimming in water, etc. Animals can move their parts. 
For examples, a dog wagging its tail, movement of 
chest up and down on breathing, movement of hands 

on clapping. All these movements show that birds, 
fishes, frogs, dog and human beings are living things.
Plants cannot move from one place to another like 
animals, but can only move their body parts such 
as roots, flowers, leaves and shoots. The movements 
in plants are largely brought about by internal and 
external stimuli. The external stimuli include light, 
water, gravity, touch etc (Fig. 1.1). Plants also show 
their movement by growing their roots and shoots.

We will discuss about these stimuli in the next chapter.

(a) Plant responding to light (b) Plant responding to touch
Fig. 1.1 : Plants showing movements in response to stimuli

Thus it can be concluded that, living things are 
complex organization of molecules which perform life 
processes such as growth, reproduction, metabolism, 
etc. On the other hand, non-living things cannot move 
themselves and require energy from outside in order 
to move from one place to another. 

1.0 INTRODUCTION
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The characteristics of living things that help them to 
distinguish from the non-living things are as follows : 
(a) Living things can move by themselves.
(b) Living things grow.
(c) Living things need food, air and water.
(d) Living things are sensitive and so respond to 

stimulus.
(e) Living things can reproduce to have young ones.
(f) Living things respire and excrete.
Can you now differentiate between living and non-
living things ?

S. No. Living Things Non-living Things
1. They have a definite 

life span.
There is no definite 
life span.

2. They can reproduce or 
multiply to produce 
offsprings.

Multiplication is im-
posed.

3. They have the ability 
to evolve in time.

These do not have 
the ability to evolve.

4. They have the ability 
to self- repair.

The repairs can be 
done by outside agen-
cies.

5. They can perform 
growth, development 
and differentiation.

These do not perform 
such activities.

for the process of breaking down of respiratory 
substrates through oxidation, to release energy. 

Transportation

  The process in which the substances, such as food 
or oxygen, synthesized in one part of the body 
are carried to other part of the body is called 

.

Excretion

  The process by which the harmful metabolic wastes 
are removed from the body is called excretion.

Control and coordination
  The process which helps the living organisms to 

receive information from the surroundings and 
adapt to the changing environment is called control 
and coordination.

Growth

 A permanent increases in the size of the organism 
is called growth.

Development

  The complete series of changes which an organism 
goes through during its life cycle is called 
development. 

Movement

  When the entire organism moves from one place to 
another, it is called locomotion. When the organism 
is fixed and only its body parts are moving, it is 
called movement.

  In order to continue the life processes, energy is 
required. 

  We shall now discuss the energy requirement of 
living organisms to perform their life processes. 

1.3 ENERGY IS REQUIRED FOR LIFE 
PROCESSES

All the organisms need to perform some basic functions 
to maintain their life on the Earth. The maintenance of 
living organisms must continue even when the living 
organisms are not physically fit or active, sitting idle 
or even during sleep. These functions are called life 
processes. These activities performed by different 
organs to maintain the body in a living state. Some 
of the life processes includes nutrition, respiration, 
transportation, excretion, control and coordination, 
growth, development, movement and reproduction. 
Let us now study these life processes in detail.

Nutrition

  The process by which the organisms obtain and 
utilize the food is called nutrition. 

Respiration
  It is a process of obtaining oxygen through 

breathing, and making it available to the cells, 

All living organisms require energy to perform 
various life processes such as movement, growth, 
reproduction, etc. This energy can be obtained from 
the food that the organisms eat. Food is a kind of fuel 
which provides energy to the entire living organism. 
Living organisms use the chemical energy from food 
to carry out various life processes. An organism 
requires energy even during sleep as a large number 
of biological processes keeps continuing in the body 
even when we are asleep. For example our heart beats 

1.1 CHARACTERISTICS OF LIVING 
THINGS

1.2 LIFE PROCESSES 
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Food is an organic substance which includes 
carbohydrates, fats, proteins, mineral salts, vitamins 
and water for the normal growth and development of 
an organism. The term “Nutrition” comes from the word 
“Nutrient”. Nutrients are organic as well as inorganic 
substances required for the maintenance and survival of 
a living organism. In other words, a nutrient can also be 
defined as 
“A substance which an organism obtains from its surroundings 
and uses it as a source of energy or for the biosynthesis of its 
body constituents”
For example, proteins and minerals salts are nutrients 
for the biosynthesis of body constituents whereas 
carbohydrates and fats are the nutrients required as a 
source of energy. The food taken in by the organisms 
consists of a number of nutrients like proteins, fats, 
minerals, vitamins, etc. Hence, it is obvious that all 
living organisms need nutrients to build up their body 
molecules and to get energy. Green plants are normally 
not dependent on outside sources and produce their 
own organic nutrients, while animals take in organic  
food from outside sources (Fig. 1.2). 
Thus, we can say now that,
“Nutrition is a process of intake of nutrients and their 
utilization by an organism for various biological activities”

 (a) Proteins as food  (b) Minerals and vitamins
Fig. 1.2 : Different sources of nutrition

to pump blood throughout the body, even when we 
are asleep. This beating of the heart requires energy.
Thus, it is clear from the above discussion that food 
is the basic requirement of all living organism for 
obtaining energy. In this chapter, we will try to 
understand some important life processes which are 
needed for the living being to sustain life. Let us start 
with nutrition.

 •	 Inorganic nutrients are the nutrients obtained 
from inorganic substances such as water, carbon 
dioxide, minerals such as Fe, Cu, Zn, etc., and 
Green plants obtain these inorganic nutrients from 
the soil. 

Let us now see the various ways by which an organisms 
obtains its food.

1.5 MODES OF NUTRITION

All organisms do not obtain their food in the same way. 
Different organism live in different environments, 
hence, follow various methods to derive nutrients 
from their environment. Thus we can say that
“The methods by which organisms obtain their food is called 
mode of nutrition.”
Based on the method of obtaining nutrients or food, 
all the organisms are classified into two major groups 
namely,
(a) Autotrophic (b) Heterotrophic
We will now discuss these two modes of nutrition in 
detail.

(a) Autotrophic Mode of Nutrition

The term “autotrophic” has been derived from a 
Greek word “auto” means “self” and “troph” means 
“nutrition” i.e., “Self Nutrition”. In this mode of 
nutrition, the organism synthesizes its own food from 
the inorganic raw materials like carbon dioxide and 
water present in the surroundings by using solar 
energy (Fig. 1.3).

Light energy

Oxygen

Carbon dioxide

Water

Carbohydrates

Fig. 1.3 : Photosynthesis in green plants

All the green plants are autotrophs including 
autotrophic bacteria (as most bacteria are not 
autotrophic). The autotrophic organism contains the 
green pigment called chlorophyll, which has the ability 
to trap solar energy. This trapped solar energy is used 
by the autotrophs to prepare food by the process of 
photosynthesis, by combining inorganic materials like 
water and carbon dioxide present in the environment. 

1.4 NUTRITION 

Note
Organic and Inorganic Nutrients
•	 Organic nutrients are the nutrients obtained 

from the organism such as plants or animals. 
These include fats, proteins, carbohydrates etc. 
The organic food obtained from plants are in 
the form of vegetables, fruits, etc., and from 
animals are in the form of milk, eggs, meat, etc. 
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Those organisms which prepare their own food from 
carbon dioxide and water are called autotrophs or 
autotrophic organisms. Thus, autotrophs are the 
producers of food. The food produced by autotrophs 
such as green plants are used by human beings and 
other animals.

Thus, we can say that,

“Autotrophic nutrition is a kind of nutrition in which the 
organisms prepare their own food using only the inorganic 
raw materials present in their surroundings. Such organisms 
are called autotrophs or autotrophic organism.”

(b) Heterotrophic Mode of Nutrition

The term “heterotrophic” has been derived from a 
Greek word “hetero” means “different or other” and 
“troph” means “nutrition” i.e., Different Nutrition. In 
this mode of nutrition, the organism cannot synthesize 
its own food from the inorganic raw materials like 
water and carbon dioxide and uses the food made by 
the autotrophic organism directly or indirectly. 

Thus we can say that,

“Heterotrophic nutrition is a kind of nutrition in which an 
organism cannot produce its own food from inorganic material 
and depends on other organisms for its food ; such organisms 
are called heterotrophic organisms or heterotrophs.”

All the animals are heterotrophs. Most of the Bacteria 
and Fungi are also heterotrophic organisms. It also 
includes non-green plants like Yeast. From the above 
discussion, it can be concluded that animals are 
heterotrophs, which depend on plants or other animals 
for their food.  Thus we can say that a heterotrophic 
organism is a consumer, which derives its nutrition 
from other organisms. Let us now discuss the various 
types of the heterotrophic mode of nutrition.
Types of Heterotrophic Nutrition
Heterotrophs can obtain their food from other 
organism in three ways as follows :
(i) Saprophytic nutrition (ii) Parasitic nutrition
(iii) Holozoic nutrition
We will now discuss these types of nutrition in detail one 
by one with examples to understand them more clearly. 
(i) Saprophytic nutrition
The word “sapro” means “rotten”. The organisms 
which draw their food from dead plants and decaying 
animal bodies and other decaying matter are called 

“saprophytes” or “saprophytic” organisms. This mode 
of nutrition is called saprophytic nutrition. Examples– 
Fungi and many Bacteria. The saprophytes also derive 
their food from rotting wood of dead and decaying 
trees, rotten leaves and household wastes like rotten 
bread, etc (Fig. 1.4).
The saprophytes break down the complex organic 
molecules present in dead and decaying matter into 
simpler substances outside their body which are then 
absorbed by saprophytes as their food. We can now 
say that,
“A saprophytic nutrition is the nutrition in which an 
organism obtain its food from dead plants like rotten leaves, 
dead and decaying animal bodies and other decaying organic 
matter.”

 (a) Mushroom (Agaricus) (b) Bread mould

Fig. 1.4 : Examples of saprophytic mode of nutrition

(ii) Parasitic nutrition
The term “para” means “other” A parasite is an 
organism that lives in association with another living 
organism from which it derives food. The organism 
which obtains the food is called a “parasite” and the 
organism from which the food is absorbed is called the 
“host”. Thus, we can say that, a parasite is an organism 
that lives in an intimate association with another living 
organism from which it obtains food for its existence. A 
host may be either a plant or an animal.
A parasite receives its food from the host but the host 
may or may not get benefit in return. Usually a parasite 
harms the host. Distinguish between an organisms 
which kills the host and which does not ? Example–
several Fungi such as Puccinia, Bacteria and a few 
plants like Cuscuta (Amarbel) and some animals like 
plasmodium, roundworms, liver fluke, etc.

 (a) Roundworm (Ascaris)  (b) Cuscuta (Amarbel) in 
 in humans host plant

Fig. 1.5: Examples of parasitic mode of nutrition

Thus, the microorganism ‘plasmodium’, which causes 
malarial disease, and roundworms (Ascaris), which 
cause diseases in human beings and domestic animals 
are parasites. 
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We can now say that, 
“The nutrition in which an organism derives its food from the 
body of another living organism is called parasitic nutrition”.
(iii) Holozoic nutrition
The word “holozoic” means ‘feeding on solid food’. 
Most of the animals including humans take in food by 
the process of ingestion which is digested into simple 
substances which are then absorbed into the cells. 
The remaining undigested and unabsorbed waste 
materials are thrown out of the body by the process 
of egestion. Thus, in this mode of nutrition, the large 
organic molecules of ingested food are broken down 
into smaller soluble substances with the help of 
digestive enzymes. These simpler substances are then 
absorbed into the cells and are used.
Thus, the holozoic nutrition may be defined as
“The nutrition in which an organism takes the complex organic 
food materials into its body by the process of ingestion, which 
is digested and absorbed into the body cells of the organism”

Human beings and most of the animals have a 
holozoic mode of nutrition. It includes cat, dog, deer, 
tiger, bear, giraffe, frog, fish and Amoeba.
Thus, it is obvious that the holozoic nutrition involves 
ingestion i.e., (taking in food), digestion (breaking down 
of complex organic food materials into simple, smaller 
soluble molecules) and assimilation i.e., using absorbed 
food molecules.

PAPER-PEN TEST : 1 

1.  What criteria do we use to decide whether 
something is a living thing or a non-living thing  ?

2.  Name the processes essential for maintaining life.
3. Define the term nutrients and nutrition.
4.  “Nutrition is necessary for an organism.” Comment.
5. What are the different modes of nutrition  ?
6.  Differentiate : between autotrophic nutrition and 

heterotrophic nutrition.
7.  What does the autotrophic mode of nutrition 

require ?
8.  What are the necessary conditions for autotrophic 

nutrition  ?
9. How do plants obtain their food  ?
10.  Explain the different types of heterotrophic 

nutrition.
11.  Differentiate between saprophytic nutrition and 

holozoic nutrition.
12. What kind of nutrition takes place in Yeast  ? 
13. Name the following :
 (a) The kind of nutrition that occurs in Fungi.
 (b) The pigment which absorbs solar energy.

Plants also need food to perform various metabolic 
activities. Since plants cannot move from one place 
to another in search of food, they make their own 
food by a process called photosynthesis in presence 
of light. The energy from the sunlight is used by the 
plants to prepare food in presence of a green pigment 
called chlorophyll (Fig. 1.6).

1
Sunlight

10 Carbon dioxide 12 
Chlorophyll

Light  14 Glucose
 +    +
11 Water 13  15 Oxygen

8  6H2O

9  Water

4  6CO2

5  Carbon 
   dioxide

2
Chlorophyll

C6H12O6
3

Glucose
6  6O2

7  Glucose

Fig.1.6 : The picture showing the process of photosynthesis in plants 
taking place through leaves

Photosynthesis
The word “photo” means “light” and “synthesis” means 
“building together”. Thus, the term “photosynthesis” 
means “building up with light”. We can also say that 
photosynthesis is the most important process in nature 
by which the green plants prepare complex food and 
produce oxygen. We can also define photosynthesis as 
“The process by which green plants prepare their own food 
from carbon dioxide and water in the presence of light energy 
using chlorophyll.”
The overall equation for the process of photosynthesis is

This process takes place only in 
green plants due to the presence 
of a green coloured pigment called 
chlorophyll (Fig. 1.7).
Generally, pigments are the 
coloured organic substances which 
absorb visible light. The green 
plants make most effective use 
of this visible light in the process 
of photosynthesis. The visible 
light includes seven colours – 
VIBGYOR i.e., Violet, Indigo, Blue, 
Green, Yellow, Orange and Red. 

Fig 1.7 : The picture 
showing chlorophyll 
in organelles called 

chloroplast inside the 
photosynthetic cells of 

leaves

1.6 NUTRITION IN PLANTS 
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The green pigment of green plants i.e. chlorophyll, 
absorbs visible light. 
Site of Photosynthesis
Photosynthesis occurs only in those cells which 
possess the green coloured plastids called chloroplasts. 
We can also say that chloroplast are the organelles in 
the cells of green plants which contain chlorophyll. 
Thus, the site of photosynthesis in the cell of the leaf is 
chloroplasts. We can see chloroplasts easily by using a 
light microscope.
We shall now discuss the cross section of a leaf 
showing chloroplast (Fig. 1.8).
In the structure of a leaf, the middle layers contain 
photosynthetic cells called mesophyll cells. These 

Cuticle
Upper epidermis

Palisade layer

Chloroplast

Vascular bundles

Air space

Lower epidermis

Stoma

Spongy 
layer

Fig. 1.8 : The structure of a leaf showing chloroplast in it 
in the form of small circles

mesophyll cells contain more chlorophyll. The mesophyll 
region is divided into  2 layers (i) palisade (ii) spongy 
layer. In a cross-section of a leaf, chloroplasts occur as 
numerous disc like organelles in the mesophyll cells of 
the leaf. The chloroplast may be discoid, ellipsoidal or 
bi-convex measuring about 4-6 mm in diameter. These 
mesophyll cells contain more chlorophyll. Hence, 
the complete process of photosynthesis i.e., light 
phase and dark phase occurs inside the chloroplast. 
There are green colored grana embedded in liquid 
called stroma.
Note 
•	 The light phase occurs in grana and the dark phase 

occurs in stroma.

Process of Photosynthesis

Food is prepared in the green leaves of the plant by 
combining carbon dioxide and water in presence of 
sunlight and chlorophyll. The carbon dioxide required 
for photosynthesis is taken by the plants from air. The 
carbon dioxide enters the leaves through tiny pores 
called stomata. The water required is taken from soil. 
The sunlight provides the energy required to carry 
out the preparation of food. The green pigment called 
chlorophyll present in green leaves helps to absorb 

energy from sunlight. The oxygen produced as a by-
product goes into the air.

Light 
energy

Chlorophyll reflects green 
wave lengths from the sun 
and absorbs other, making 

plants look green.

Oxygen and water 
vapor exit the leaf 

through the stomata. 
Water loss from leaves is 

called transpiration.

Excess sugar is 
stored as starch 

(food) in the leaves 
of the plantWater is absorbed through the 

roots and carried through the stem 
to the rest of the plant. A plant’s 
roots replace water loss during 

transpiration

Oxygen
Carbon 
dioxide

CO2 enters 
through the 
stomata, an 

opening in the 
leaf’s epidermis 

and cuticle.

Water

Water, CO2 
and sunlight 

combine in the 
leaf to make 

sugar.

Fig. 1.9: The picture depicts the process of photosynthesis

The food prepared by the green leaves is in the form 
of glucose. This glucose is sent to different parts of the 
plant. The excess glucose is converted into starch and is 
stored in the leaves of the plant. The food prepared by 
photosynthesis provides all the energy for the growth 
of a plant. Thus, it is clear that the green plants convert 
sunlight energy into chemical energy by making food. 
When we eat plant foods such as fruits, vegetables, 
food grains, etc., the chemical energy stored in them 
is released in our body during respiration (Fig. 1.9).
Let us now see what happens during the process of 
photosynthesis.
During the process of photosynthesis, the following 
three steps take place :
(i) Absorption of sunlight energy by chlorophyll.
(ii)  Conversion of light energy into chemical energy 

and splitting of water into hydrogen and oxygen 
using light energy.

(iii)  Reduction of carbon dioxide to form carbohydrates 
using the chemical energy.

Note 
•	 These three steps usually occur one after the other, but 

they differ in a few plants. 
•	 In desert (succulent) plants, the carbon dioxide is taken 

in at night to prepare an intermediate product which 
reacts with sunlight on next day when the stomata is 
open.

Let us now discuss the raw materials required for 
photosynthesis to take place.
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Raw Materials Required for Photosynthesis/
Conditions Necessary for Photosynthesis

The process of photosynthesis requires four basic raw 
materials, namely
(a) Chlorophyll (b) Light
(c) Carbon dioxide (d) Water 
We will now describe how these raw materials are 
available to plants.
(a) Chlorophyll
As we have already discussed that plants possess 
pigment molecules to absorb visible light energy. These 
pigments are called photosynthetic pigments. There are 
three main types of photosynthetic pigments, namely
(i) Orange coloured carotenes
(ii) Green coloured chlorophylls
(iii) Yellowish coloured xanthophylls
The chlorophyll pigment has chlorophyll a, 
chlorophyll b and chlorophyllc. Chlorophyll a is 
called the primary photosynthetic pigment. This 
is because, it is involved in the conversion of light 
energy into chemical energy. Though other pigments 
also absorb light energy of various wavelengths, all 
the energy is given to chlorophyll for the process of 
photosynthesis to take place.
The photosynthetic pigments occur in green coloured 
cell organelles called chloroplast. This organelle is the 
site of photosynthesis (Fig. 1.10).
Let us now discuss the structure of chloroplast .

Outer membrane
Inner membrane
Stromal lamella

Grana

Stroma
Ribosomes

Starch granule

Lipid droplet

Fig. 1.10 : Structure of chloroplast

As discussed earlier, the chloroplasts contain green 
pigment called chlorophyll. It occurs in mesophyll cells 
of leaves. The number of chloroplast varies from species 
to species. 
In higher plants, the shape of chloroplast may be 
spherical, lens-shaped, discoid or ovoid, of length 4 
- 10µm and 2 - 4µm in width. In algae, it may be cup-
shaped, girdle shaped, ribbon like, reticulate or star shaped.

The chloroplast is bounded by double membrane 
envelope namely, Outer membrane and Inner membrane.

The outer membrane is more permeable than the 
inner membrane. The outer membrane is attached to 
endoplasmic reticulum while the inner membrane is 
attached to thylakoids.
The inner membrane has more proteins with carrier 
proteins. The ground substance of chloroplast is 
known as stroma. The stroma is a semi-fluid, colourless, 
colloidal complex that contains double stranded 
circular DNA, RNA, ribosomes etc. The stroma also 
contains enzymes which help to synthesize proteins 
and carbohydrates. There are number of flattened 
membrane sacs in stroma called thylakoid. The 
thylakoids run parallel and show interconnections. 
The thylakoids are arranged one above the other like 
stacked coins called grana or inter-granal thylakoids. 
The membrane of thylakoids encloses a space 
called lumen. The different grana of thylakoids are 
interconnected by membrane tubules called stroma 
lamellae. The pigment chlorophyll is present in the 
thylakoids. The chloroplast is considered as semi-
autonomous organelle.
You must have seen that most of the common plants 
have leaves, which are totally green due to the presence 
of green pigment called chlorophyll. But there are 
some plants whose leaves are partly green and partly 
white. This is because, the part of leaf which is green 
in colour contains chlorophyll and the part of leaf 
which is white in colour does not contain chlorophyll. 
The leaves which are partly green and partly white 
are called “variegated leaves”. These leaves include 
plants such as croton and coleus (Fig. 1.11).

Fig. 1.11 : Variegated plant

Let us now use a plant having variegated leaves for an 
experiment to show that chlorophyll is necessary for 
the process of photosynthesis in plants.
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Activity 1.1– To demonstrate that chlorophyll is necessary for photosynthesis.

PROCEDURE
Step 1– Take a potted plant with variegated leaves such as money plant or crotons.
Step 2– Keep the plant in a dark room for three days so that all the starch gets used up.
Step 3– Now, keep the plant in sunlight for about six hours.
Step 4– Pluck a leaf from the plant. 
Step 5– Mark the green areas in it and trace them on a sheet of paper.
Step 6– Dip the leaf in boiling water for a few minutes.
Step 7– Then, immerse it in a beaker containing alcohol.
Step 8– Carefully place the above beaker in a water-bath and heat till the alcohol begins to boil.
Step 9– Observe the colour of the leaf and the solution.
Step 10– Note down your observation.
Step 11– Now dip the leaf in a dilute solution of iodine for a few minutes.
Step 12– Take out the leaf and rinse off the iodine solution.
Step 13– Observe the colour of the leaf.
Step 14– Compare the colour of the leaf before and after.

OBSERVATION
(a)  The blue-black colour appears only in those parts of leaf which were 
 green. 
(b) The blue-black colour does not appear in variegated parts. 

CONCLUSION
Since starch formation takes place only in green parts containing 
chlorophyll, this shows that chlorophyll is essential for photosynthesis.

(a) Variegated leaves  
before starch test

(b) Variegated leaves after 
starch test

Fig. 1.12 : Experimental Setup 

Activity 1.2 – To demonstrate that sunlight is necessary for photosynthesis.

PROCEDURE
Step 1–  Take a potted plant and de-starch the leaves 

by keeping them in darkness for 2 – 3 days.
Step 2–  Now, take a small strip of aluminium foil 

(b) Light
Chlorophyll in the leaves of the plant trap sunlight 
and converts them into chemical energy during 
photosynthesis. Plant utilizes visible light only 
which is made up of seven colours and green colour 
is least absorbed. It has a wavelength of 390 – 760 
nm. The natural source of light is sun, not only the 
sun provides energy to plants, even artificial light 
provides energy to plants for their photosynthesis. 
The plants absorb violet-blue and red parts of visible 
light in shady regions and hence possess lower rates 
of photosynthesis.
But do you know the use of the energy obtained from 
sunlight. 

We shall discuss about how plants use energy from 
sunlight.
Light has two major functions : 
(i) Photolysis of water to produce oxygen, protons 

and electron
(ii) Excitation of chlorophyll to emit electron.
Note 
• Electron and proton help in producing ATP and 

NADPH2 called assimilatory power.

We shall now describe some experiments to show that 
light and chlorophyll are necessary for photosynthesis 
by green plants. These activities help us to conclude 
that leaves make “starch” as food by photosynthesis.

or black paper and fix it over a part of leaf 
using paper clips.

Step 3–  Place the watered potted plant in sunlight 
for 3 – 4 hours.
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Step 4–  Detach the leaf and remove the aluminium 
foil.

Step 5–  Now drop the leaf inside a beaker containing 
alcohol.

Step 6–  Place the beaker in a water bath and allow 
it to boil for some time to remove all 
chlorophyll from the leaf.

Step 7–  Take this colourless leaf from alcohol and 
place it in hot water to make it soft.

Step 8–  Transfer the colourless leaf to a petri dish 
and add a few drops of iodine solution with 
the help of dropper.

Step 9– Observe the change in the colour.
OBSERVATION
(a)  The part of the leaf covered with aluminium foil or 

black paper did not show any change in the colour.
(b)  The rest of the part changed into blue-black 

indicating the presence of starch.
CONCLUSION
(a) The formation of starch is due to photosynthesis.
(b)  The part of the leaf exposed to sunlight produced 

starch and so the leaf turned blue-black on 
addition of iodine solution.

(c) But the closed part of the leaf did not change the 
colour on addition of iodine solution.

(d)  The part of the leaf covered with aluminium 
foil or black paper could not produce starch by 
photosynthesis due to absence of sunlight.

(e) This shows that sunlight is necessary for photo-
synthesis.

Fig. 1.13 : Leaf showing covered and uncovered parts

Fig. 1.14 : Blue-black part showing the presence of starch

Chloroplast

Thick wall

Thick wall

Guard cell

Stoma

Water enters
Stoma openStoma closed

(c) Carbon Dioxide
Land plants obtain carbon dioxide from atmosphere 
whereas aquatic plants absorb carbon dioxide from 
water. We have studied earlier that atmosphere 
contains 0.038 % of carbon dioxide. Let us now study 
how carbon dioxide enters the leaf.
There are a large number of tiny pores on the surface 
of the leaves. These pores are called stomata. Before we 
study how carbon dioxide enters the leaf, we should 
look into the structure of stomata (Fig. 1.15). When 
you look into stoma (singular of stomata) through 
an electron microscope, you will know that it is 
surrounded by a pair of guard cells. The guard cells 
control the opening and closing of the stomata pores. 
In land plants, stomata are present on the epidermal 
layers while in aquatic plants it is absent. In aquatic 
plants, the carbon dioxide is taken in dissolved form 
through the surface of 
plant body.
When the guard cells 
absorb water, they swell, 
become curved and the 
pore opens. 
On the other hand, 
when the guard cells 
lose water, they shrink, 
become straight and 
the pore closes (Fig. 
1.16) Thus, it is obvious that a large amount of water 
is lost from the cells of the leaves when stomatal pore 
opens. On the other hand when the plant does not 
require carbon dioxide, the stomata closes. Hence, 
we can conclude that stomata allow the movement of 
gases in and out of the plant cells. We can also say 
that the gaseous exchange in plants occurs through 
the stomata in leaves.

Fig. 1.16 : Figure showing opening and closing of stomata

Note
•  The stomata are also present in green stems of 

a plant, which help to carry out the process of 
photosynthesis.

•  In broad-leaved plants, the stomata occur only in the 
lower surface of the leaf whereas in narrow-leaved 
plants, the stomata occur both in lower surface as 
well as in upper surface of the leaf.

•  The aquatic plants use carbon dioxide dissolved 
in water which helps to carry out the process of 
photosynthesis.

Fig. 1.15 : The picture showing 
stomata on the lower surface of a leaf 

as seen through a microscope
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PROCEDURE  
Step 1–  Take two healthy potted plants of nearly the 

same size.
Step 2– Keep them in a dark room for three days.
Step 3– Then, place each plant on separate glass plates. 
Step 4– Cover whole of the plant with bell jar.
Step 5– Mark them as ‘A’ and ‘B’.
Step 6– Now, take a watch-glass containing potassium 

hydroxide and place it in the bell jar labelled 
‘A’.

Step 7– Use vaseline to seal the bottom of the jars to 
the glass plates so that the set-up is air-tight.

Step 8– Keep the plants in sunlight for about two 
hours.

Step 9– Pluck a leaf from each plant and check for 
the presence of starch using iodine solution.

Step 10– Note down your observation.

Fig. 1.17 : Experimental setup (A) with potassium hydroxide
(B) without potassium hydroxide

OBSERVATION

The leaf of potted plant B turns blue showing the 
production of starch. 

The leaf of potted plant A remains colourless showing 
the absence of starch.
CONCLUSION

In the plant A, the carbon dioxide was absorbed by 
potassium hydroxide kept in a petridish and so the 
plant did not get carbon dioxide and photosynthesis 
process did not take place.

This experiment shows that carbon dioxide is 
necessary for photosynthesis.

Let us now perform an activity to show that carbon 
dioxide is important for photosynthesis.

Activity 1.3 – To demonstrate that carbon dioxide 
is necessary for photosynthesis.

Bell jar

Plant
Watch glass
containing
KOH

(A) (B)

(d) Water

Fig. 1.18 : Figure showing absorption of water by root hairs from the soil

Water is an essential raw material in photosynthesis. 
It acts as a limiting factor. This is because less 
than 1% of the water is absorbed by the plant. The 
water required by the plants for photosynthesis is 
absorbed by the roots of the plants from the soil 
by osmosis. The water absorbed by the roots is 
transported upward to the leaves through xylem 
(Fig. 1.18). Minerals are transported along with 
water. These minerals are used to synthesize 
different organic substance such as proteins, 
nucleic acids etc. Thus, 99% of absorbed water 
is lost through transpiration. In the process of 
photosynthesis, the water acts as a hydrogen 
donor, and so gets it splited into hydrogen and 
oxygen with the help of light energy. This process 
of splitting of water in presence of light energy is 
called photolysis of water.

1. Define photosynthesis.
2.  Give the overall reaction taking place during 

photosynthesis.
3. What is chlorophyll  ?
4. How do plants absorb energy from sun ?
5.  Name the plant organelle which is the site of 

photosynthesis.
6. What does the cross section of leaves show ?
7. What are mesophyll cells  ?
8.  What are the three steps that take place during 

photosynthesis  ?
9.  What are the raw materials necessary for 

photosynthesis to take place  ?
10.  What are the three main types of photosynthetic 

pigments  ?
11. Explain the structure of chloroplast. 
12. What are the two major functions of light in plants  ?
13. What is meant by variegated leaves  ?
14.  Explain an experiment to show that light is 

necessary for photosynthesis.

PAPER–PEN TEST : 2 
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15.  Explain an activity to show that carbon dioxide is 
important for photosynthesis.

16. With a neat sketch explain the structure of stomata.
17.  Explain how the gaseous exchange takes place 

through stomata in plants.
18.  How does water act as a limiting factor in the 

process of photosynthesis  ?
19. Define ‘Photolysis of water.’

As we have studied earlier, the animals are heterotrophic 
organisms and hence they obtain their food from other 
organisms. We know that majority of animals eat food 
through mouth by a process called ingestion. But  it is 
obvious that each animal has its own way of taking food 
or adapts different food habits. 
Based on food habits, the holozoic animals are 
classified into three types namely,
(a) Herbivores (b) Carnivores (c) Omnivores

(a) Herbivores

The animals which eat only plants or plant products are 
called herbivores (or plant eaters). Examples–cow, rabbit, 
horse, deer etc. (Fig. 1.19).

 (a) Goat (b) Cow

(c) Deer

Fig.1.19 : Herbivorous animals 

(b)  Carnivores

The animals which eat flesh of others animals are called 
carnivores (or meat eaters). Examples–lion, tiger, hawk, eagles 
etc. (Fig. 1.20).

 (a) Lion (b) Tiger 
Fig. 1.20 : Carnivorous animals 

1.7 NUTRITION IN ANIMALS

(c) Omnivores
The animals which eat both plants and other animals 
as food are called omnivores (or plant eater as well as 
meat eater). Example-man, rat, cockroach, sparrow, etc 
(Fig. 1.21).

 (a) Cockroach (b) Rat (c) Human beings

Fig. 1.21 : Omnivorous animals 

Let us now see how animals obtain their food.

How do Organisms Obtain their Nutrition

Animals obtain their food from plants or other animals 
which they eat. Animals like fishes, birds, insects and 
snakes obtain their food by eating the flesh of other 
animals in an orderly way. The big fish eats small 
fish, insects eat dead bodies of animals, the birds eat 
worms and insects and snake eats frog.                                                       

 (a) (b) (c)

Fig. 1.22 : Different Modes of Nutrition in animals

(a) Insects eating dead bodies of animals 
(b) Bird eating worm (c) Snake eating frog
The non-green plants, which cannot prepare their own 
food by the process of photosynthesis, obtain their 
food from other plants and animals. Example–Yeast. 
Have you heard that some plants can eat insects too ? 
Two such plants are the Pitcher plant and the Venus 
fly-trap. We, the human beings also obtain food like 
fruits, vegetables, pulses, rice, wheat etc., from plants 
and food like milk, egg, cheese, curd etc., from animals. 
We also obtain food like chicken, fish and meat from 
animals (Fig. 1.22, 1.23).

 (a) Pitcher plant trapping (b)  Venus fly trap plant
 an insect capturing an insect 

Fig. 1.23 : Different Modes of Nutrition in plants
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Thus, in short we can say that all the living things on 
earth depend upon the sun for their food. We can see 
this in (Fig. 1.24.)

Fig. 1.24 : Figure showing how plants and animals depend 
an insect their food

The  diagram shows how plants use the energy 
of the sun to prepare their food by the process 
of photosynthesis. The plants use this food for 
maintaining various metabolic activities of life. These 
plants are also eaten up by herbivores and omnivores 
as food. Thus, it is the energy of the sun which provides 
food for plants and animals including omnivores.
Let us now discuss the process involved in nutrition 
in animals.

Steps Involved in the Process of Nutrition in 
Animals

Though there are many ways of obtaining food, some 
single–celled organisms have the capacity to ingest 
their food through any part of their body surface. On 
the other hand, in multicellular organism, different 
parts of the body are modified to perform different 
functions. There are five main steps involved in the 
process of nutrition in animals namely,
(a) Ingestion (b) Digestion  (c) Absorption  
(d) Assimilation (e) Egestion
Let us now discuss each step of this process of nutrition 
in detail.
(a) Ingestion

Fig. 1.25 : Taking in food- Ingestion

The term “ingestion” means “eating of food”. When 
we put food into our mouth, it means we are ingesting 
the food (Fig. 1.25). Hence, we can define ingestion as 
“The process of taking the food into the body.”
(b) Digestion
The food of animals usually consists of large insoluble 
molecules. These molecules cannot be absorbed by 
the animals in the same form. So, these molecules 
are broken down into smaller molecules which can 
be absorbed by the body. The process of dissolving 
and breaking down of solid food into simpler form is 
called digestion. Thus, we can define digestion as 
“The process by which the large, insoluble molecules of food 
are broken down into smaller soluble molecules in absorbable 
form.”

The process of digestion helps to make the food 
soluble for the animals to absorb. We also observe 
that most animals use physical and chemical methods 
for digesting the large food particles. These chemical 
methods include addition of digestive enzymes or 
digestive juices to food by the body. On the other 
hand, the physical methods include chewing and 
grinding of the food by mouth and teeth.
(c) Absorption
Now the soluble food would be able to pass through 
the intestinal wall and enters into the blood stream. 
Hence, we can define the absorption as, 
“The process by which the digested soluble food passes through 
the intestinal wall and enters into the blood stream.”
(d) Assimilation
The food absorbed by the blood has to be distributed 
to all the parts of the body for growth and repair of 
the body parts. This work is done by the blood. The 
digested food entering into blood is carried to each 
and every cell of the body by the blood. This produces 
energy and materials for growth and repair of the 
body. Hence, assimilation can be defined as, 
“The process by which the absorbed food is taken up by the 
body cells for the energy, growth and repair.”
(e) Egestion
This is the last step in the process of nutrition. Do you 
think the whole food we have taken is digested by 
our body ? The answer is ‘no’. This is because some 
part of the food which we eat remains undigested 
or insoluble that cannot be used by our body. These 
undigested part of the food needs to be removed from 
the body in the form of faeces. Thus, egestion can be 
defined as, 
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process of diffusion. 
The digested food 
spreads into the 
entire amoebic cell 
and the food vacuole 
disappears.

(iv) Assimilation
  Some part of the 

absorbed food is now 
used to obtain energy 
through respiration. 
The remaining part 
of the absorbed food 
is used for the growth 
and reproduction in 
Amoeba. The process 
of entering and using 
of absorbed food by the cell is called assimilation.

(v) Egestion
  Amoeba does not have any specialized part 

which helps it to remove the undigested food. So, 
when a considerable amount of undigested food 
is collected inside, the cell membrane suddenly 
ruptures and the undigested food is thrown out of 
the body.

We shall now explain the process of nutrition in 
complex multicellular animals such as human beings.

Nutrition in Complex Multicellular Animals

The organisms consisting of more than one cell to 
perform specific functions are called multicellular 
organisms. Animals such as human beings, rats, etc. 
are called multicellular organisms.

Human beings are heterotrophic and omnivorous 
organisms as they obtain their food from both plants 
and animals by means of holozoic mode of nutrition. 
The nutrition in man takes place though human 
digestive system. The human digestive system includes 
a group of organs and their associated digestive glands. 
The digestive system consists of a long continuous 
canal called the alimentary canal. 
Let us now discuss the alimentary canal and digestive 
glands associated with it.

Alimentary Canal and Digestive Glands

The human alimentary canal is a long tube extending 
from mouth to anus. It is about 9 m in length. It consists 
of the following organs : 
(a) Mouth (Buccal cavity or oral cavity)

1.8 NUTRITION IN HUMAN BEINGS

“The process by which the undigested food is removed from 
the body.”
We shall now explain how the process of nutrition 
occurs  in simple unicellular animals, such as Amoeba  
and in complex multicellular animals such as human 
beings. 

Nutrition in Simple Unicellular Animals

The organisms which consist of only one cell are called 
unicellular organisms. Thus, the unicellular animals 
possess only a single cell. They include Paramecium, 
Euglena, Amoeba, etc.
Amoeba
Amoeba is an aquatic, unicellular, protozoan which 
lives at the bottom of fresh water pools or streams, etc. 
It is a microscopic organism which cannot be seen with 
naked eyes. It occurs in water having a lot of vegetation, 
decaying organic matter and bacteria. It feeds on 
microscopic animals such as bacteria, decaying food 
particles and microscopic plants that float in the water 
body. Since the animal has no mouth for ingestion of 
food, the mode of nutrition is holozoic. The process 
of obtaining food is called Phagocytosis. The word 
“phagocytosis” means, “cell feeding”. All the processes 
of nutrition such as ingestion, digestion, absorption, 
assimilation and egestion are performed by the single 
celled Amoeba.
Let us discuss the processes of nutrition in Amoeba 
(Fig. 1.26).
(i) Ingestion
  As discussed earlier, Amoeba has no mouth. 

So, Amoeba ingests food by using pseudopodia. 
These pseudopodia are finger-like protoplasmic 
projections. They help Amoeba in locomotion 
and to capture food. When a food particle comes 
near Amoeba, it gets surrounded by the encircling 
pseudopodia which touch each other. The 
membrane closer to food particle gets dissolved 
and the food is engulfed along with a little water 
surrounding it to form a food vacuole inside 
Amoeba. This food vacuole can be considered as a 
‘temporary stomach’ of Amoeba.

(ii) Digestion
  The process of digestion takes place inside the 

food vacuole by means of digestive enzymes. 
The enzymes from cytoplasm enter into the food 
vacuole and break down the food particles into 
small soluble molecules. Due to this, the food 
dissolves and gets digested.

(iii) Absorption
  The digested food in the food vacuole of Amoeba 

is directly absorbed into the cytoplasm by the 

Food particle
Nucleus

Pseudopodia
formation

Food vacuole

Food particle

Fig. 1.26 : Different stages of nutrition 
in amoeba
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(b) Pharynx (c) Oesophagus
(d) Stomach (e) Small intestine
(f) Large intestine  (g) Anus
These organs are involved in the processes of nutrition 
i.e., ingestion, digestion, absorption, assimilation and 
egestion (Fig. 1.27).

Fig. 1.27 : The human digestive system

Let us now discuss the various steps of digestion in 
detail.

Ingestion

 The process of ingestion of food takes place through 
mouth. It is the upper most opening guarded by two 
soft, movable sensitive lips which helps to hold the 
food.

Digestion

 The process of digestion of food begins in the mouth 
or buccal cavity. It is the anterior part that lies between 
upper fixed jaw and lower moveable jaw. Each jaw 
has 16 teeth. The buccal cavity contains teeth, tongue 
and salivary glands.
(a) Tongue
Tongue is a muscular and movable flat structure. It 
is attached posteriorly to the lower jaw. The tongue 
bears taste buds to identify the nature of food. It 
moves and helps the food to mix with saliva. It also 
helps in speech.
(b) Teeth
Teeth are hard structures, which are used for chewing, 
cutting and crushing the food. Teeth are made up of an 
ivory–like substance called dentine. The outer part of 
teeth is covered by a shining substance called enamel. 

It is the hardest substance of the body. As discussed 
earlier, there are 16 teeth of four different types  
(Fig. 1.28) namely,
(i) Incisors (ii) Canines (iii) Pre-molars (iv) Molars

Upper molar teeth Pre-molars Canines Incisors

Lower molar teeth

Third Second First

Third Second First

Fig. 1.28 : Types of human teeth

The incisors are sharp with cutting edges and help in 
biting the food. The canines are pointed and help in 
tearing the food. The pre-molars and molars are broad 
and help in grinding the food. Hence, we can conclude 
that there are three functions of teeth : 
• To cut the food into small pieces 
• To chew the food 
• To make the food soft for easy swallowing.
(c) Salivary Glands 

Sublingual 
gland

Parotid 
gland

Submandibular
gland

Fig. 1.29 : Three pairs of salivary glands

The buccal cavity has three pairs of salivary glands 
(Fig. 1.29). These are,
(i) Parotid gland lying on the sides of the face 
(ii) Sublingual gland lying below the tongue 
(iii)  Sub-maxillary gland lying at the angles of lower 

jaw. 
These salivary glands secrete saliva. About 1.0 – 
1.5 l of saliva is produced into buccal cavity every 
day. The saliva contains water, salts, mucus and 
an enzyme ptyalin. The enzyme ptyalin, also called 
salivary amylase, acts on starch and glycogen and 
converts them to maltose. The mucus and water 
make the food soft and slippery for the formation 
of bolus. They also protect the soft lining of the 
alimentary canal. Thus, the digestion of starch i.e., 
carbohydrate begins in the mouth. Since, the food 
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remains in the mouth only for a short time, the 
digestion of food remains incomplete.

The saliva has the following functions :
• It cleans the teeth.
• It provides solvent for dissolving chemicals present 

in food.
• It keeps the lips, buccal cavity and tongue moist.
Let us perform an activity to see the action of saliva 
on starch.

Activity 1.4 – To demonstrate the action of saliva 
on starch.

PROCEDURE
Step 1– Take 1 mL starch solution (1%) in two test 

tubes (A and B).
Step 2– Add 1 mL saliva to test tube A.
Step 3– Leave both test tubes undisturbed for 20-30 

minutes.
Step 4– Now add a few drops of dilute iodine 

solution to the test tubes.
Step 5– Observe the change in the colour. 
Step 6– Now, deduce the presence or absence 

of starch in the two test tubes by iodine 
solution.

OBSERVATION

(a) The mixture in test tube B turns blue showing 
the presence of starch..

(b) The mixture in test tube A does not turn blue, 
indicating the absence of starch.

CONCLUSION
The salivary amylase present in saliva has broken 
down the starch into soluble sugar.
The experiment shows the action of saliva on starch.

Note
•	 Many times we have observed that when we see 

or eat food which we like, our mouth waters. This 
watering of mouth is due to the production of saliva.

(a) Pharynx

Pharynx is about 12 cm long, 
and is a funnel shaped vertical 
canal. It acts as a passage 
from buccal cavity to the 
oesophagus. The muscles of 
pharynx contract to push the 
food into oesophagus. The 
process of pushing food into 
oesophagus is called swallowing 
or deglutition.

(b)  Oesophagus

The oesophagus is also called 
the food pipe. Oesophagus is a 
long, tubular structure which 
carries food from pharynx to stomach. This takes 
place as follows : The walls of the oesophagus have 
muscles which contract and relax alternately. When 
the slightly digested food enters the oesophagus, 
the walls of the food pipe undergo contraction 
and relaxation, pushing the digested food into the 
stomach. The movement of contraction and relaxation 
of walls pushing the digested food into the stomach is 
called peristaltic movement.
Note 
•	 The peristaltic movements of the muscular walls 

of different digestive organs are responsible for 
the movement of food down the alimentary canal 
as a whole.

Pharynx

Stomach

Oesoph-
agus

Fig.1.30 : The picture 
showing pharynx and 

oesophagus

(c) Stomach
It is a J–shaped large muscular 
organ which lies on the left 
side of the abdomen (Fig. 1.31). 
The partially digested food is 
further digested in the stomach. 
The food is broken down into 
smaller pieces and churned to 
form a semi-solid paste. The 
wall of the stomach contains 
three tubular glands. These 
glands secrete gastric juice. The gastric juice contains 
hydrochloric acid, mucus, pepsin, gastric lipase and 
rennin.
Let us now look into the functions of these enzymes 
one by one.
(i) Hydrochloric Acid

The functions of hydrochloric acid are as follows :
• It softens the food.
• It makes food acidic for the activation of pepsin.
• It stops the action of salivary amylase. 

Fig.1.31 : Stomach

The slightly digested food in the mouth is swallowed 
by the tongue and goes down the food pipe called 
oesophagus. Let us discuss about organs which help 
in further digestion of foods (Fig. 1.30) :
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• It kills germs and bacteria to disinfect the food. 
•  It converts inactive pepsinogen and pro-rennin  

into active pepsin and rennin.

(ii) Pepsin

The main function of pepsin is to hydrolyse proteins 
into soluble proteases and peptones in the presence of 
hydrochloric acid. 

(iii) Rennin
It is active only in infants. The main function of 
rennin is to convert soluble milk protein, casein into 
insoluble protein called paracasein. Due to this, milk 
stays in stomach for a longer duration.

(iv) Mucus

The main function of mucus is to protect the inner 
lining of stomach from the corroding action of 
hydrochloric acid as well as from pepsin enzyme.
Note
•	 If mucus is not secreted, hydrochloric acid causes 

the erosion of inner lining of stomach leading to 
the formation of peptic ulcers in the stomach. 

•	 The Helicobacter pylori reside in these ulcers. Peptic 
ulcers are highly painful.

Functions of Stomach
The functions of stomach are as follows :
(i)  Churning of food : Stomach mixes the food with 

the gastric juice.
(ii) Softening of food : The hydrochloric acid softens 

the food.
(iii)  Temporary storage of food : The stomach stores 

ingested food.
(iv)  Absorption : Stomach absorbs some soluble 

components such as glucose, alcohols, minerals 
etc. from the food.

(v)  Partial digestion : The ingested food is partially 
digested by the enzymes present in the gastric 
juice.

(vi)  Regulating the passage of food into the intestine : 
The stomach makes the food softer and allows the 
food to pass to intestine through the pyloric valve.

Churning of 
food

Absorption

Stomach

Partial 
digestion

Temporary 
storage of 

food

Softening of 
food

Regulating 
the passage 
of food into 

intestine

Fig. 1.32 : Schematic representation of functions of stomach

The partially digested food then goes into the small 
intestine. The exit of food from stomach is regulated 
by a “sphincter muscle”. 

(d) Small Intestine

The small intestine is the longest part of the alimentary 
canal. It is about 6 – 6.5 m long in an adult. The length 
of the small intestine varies in different animals, based 
on the type of food they eat. Though, the small intestine 
is very long, it is called small intestine because it is 
narrow. It is extensively coiled in the abdomen to get 
accommodated in the small space (Fig. 1.33).

Small 
intestine

Duodenum

Jejunum

Ileum

Fig. 1.33 : Small intestine

It is the seat of major part of digestion and absorption. 
We all know that cellulose is a carbohydrate which 
is difficult to digest. So, the herbivorous animals like 
cow, goat, etc., which eat grass need a longer small 
intestine to allow the cellulose present in the grass to 
digest completely. On the other hand, meat is a food 
which gets digested easily. So, the carnivorous animals 
like tiger, lions etc. which eat meat need a shorter 
small intestine to allow the meat to digest completely.
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Thus, the small intestine in human beings is the site of 
complete digestion of food. Let us see how the process 
of digestion in human beings is completed in small 
intestine.
Secretions of the Two Glands by Small Intestine
  Small intestine receives the secretion of two glands 

namely, Liver and Pancreas.

Liver
Gall-
bladder

Large 
intestine Small 

intestine

Spleen

Stomach

Right Lobe Left Lobe

 Fig. 1.34 : Location of the liver Fig. 1.35 : Lobes of the liver

Liver

It is the largest gland of the body. It is reddish brown in 
colour. It has a soft pear–shaped sac called gall bladder. 
The gall bladder secretes bile juice. Bile is alkaline, 
and contains the bile pigment. Bile is stored in the gall 
bladder. It helps to emulsify or break the fats or lipids 
present in the food (Fig. 1.34 and 1.35).
Functions of Bile

The bile performs the following functions : 

(i) It breaks the larger globules of fat into small globules 
to make the enzyme to act and digest them.

(ii) It prevents putrefaction of food.

(iii)  The bile creates a medium for the pancreatic juice to 
act on food by neutralizing the acidity of the food. 

Note
•	 Bile has no enzyme and hence it has no chemical 

action on food.

Pancreas
It is the second largest gland 
in our body. It is heterocrine 
in nature. It is 12 – 15 cm in 
length and lies below the 
stomach (Fig. 1.36). Pancreas 
secretes a digestive fluid 
called pancreatic juice. This 
juice contains digestive 
enzymes such as trypsin, 
nucleases pancreatic lipase 
and pancreatic amylase. 
The enzyme trypsin digests proteins, the enzyme 
pancreatic amylase breaks down the starch and 
the enzyme lipase breaks down the emulsified fats. 

Liver
Gall-
bladder

Large 
intestine Small 

intestine

Spleen

Stomach

Right lobe Left lobe

Pancreas produces two types of hormones namely,
(a) Insulin (b) Glucagon
Insulin is essential for converting glucose and storing 
it as glycogen. Glucagon is essential for conversion 
of glycogen into glucose. An alkaline medium is 
favourable for the action of pancreatic enzymes.

Pancreatic amylase

Lipase

Trypsin

→

→

→

Starch Maltose

Fat Fatty acids + Glycerol

Proteins Peptides

 Secretion of Intestinal Juice by Liver and Pancreatic 
Glands
The intestinal juice contains a number of enzymes 
which complete the digestion process. The complex 
carbohydrates are converted into glucose, proteins 
are converted into amino acids and fats are converted 
into fatty acids and glycerol. All these end products 
i.e., amino acids, glucose, fatty acids and glycerol 
are small and water soluble molecules. The complete 
digestion of food takes place by biological catalysts 
called enzymes. The intestinal juice includes maltase, 
invertase, lactase etc.

Trypsin

Invertase

Maltase

Lactase

→

→

→

→

Peptides Amino acids

Sucrose Glucose + Fructose

Maltose Glucose + Glucose

Lactose Glucose + Galactose
Now, let us discuss how these digested foods are 
absorbed.

Absorption
 All the end products of 
digestion are soluble in 
water and hence can be 
easily absorbed by the walls 
of intestine containing 
blood capillaries. The small 
intestine is the main region for 
absorption of digested food. 
The inner surface of small 
intestine is specially adapted 
for the process of absorption 
of digested food by having 
millions of tiny, finger like 
projections called villi. The 
presence of villi increases the 
absorptive surface area of the 
small intestine (Fig. 1.37).
 Thus, the presence of villi and blood capillaries in the 
absorptive area enhances the ability of absorption by 
the inner wall of the small intestine. The large surface 
area of small intestine helps in the rapid absorption of 

Nerve

Lacteal

Epithelium

Capillary
network

Fig. 1.37 : Structure of 
villiFig. 1.36 : Pancreas

Pancreas Pancreatic
duct
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digested food through the walls of small intestine and 
enters into our blood.
Note
•	 Villi are richly supplied with blood capillaries and 

contains lymph vessels. 
•	 The lymph vessels open into the larger veins 

carrying digested fats absorbed from the large 
intestine.

Let us now discuss how the digested food is assimilated.

Assimilation
 The process of using the digested food is called 
assimilation. The blood carries the digested food to 
all parts of the body where it gets assimilated by the 
body cells. The body cell uses the digested food to 
obtain energy for growth and repair of the body. 
When the assimilated food undergoes oxidation 
during respiration, the energy is released in the body 
cells. The digested food which is not used by the 
body is immediately stored in the liver in the form 
of glycogen. This stored glycogen can be used as a 
source of energy by the body whenever required.
 Now, let us see what happens to the undigested food, 
which is not absorbed by the small intestine.

Egestion

 The process of egestion 
takes place in large intestine. 
It is the end region of 
alimentary canal. It is 1.5 
– 1.8 m long and 4 – 6 cm 
in diameter. It receives the 
undigested food in the form 
of semifluid along with 
mucus and water. Since it is 
a wide tube, it is called large 
intestine. The wall of the large intestine absorbs 
most of the water from undigested food  
(Fig. 1.38). The large intestine has three parts namely,
(i) Caecum  (ii) Colon (iii) Rectum
Caecum is a small pouch with a blind tube attached 
to it called vermiform appendix. Colon is the longest 
part of large intestine. The colon absorbs water from 
the undigested food and converts it into faecal matter 
(solid waste). Rectum is the last part of the large 
intestine which stores the undigested food for some 
time and then it is expelled outside as faeces or stool 
by the opening called anus. The act of expelling the 
faeces is called egestion or defecation. Normally, the 
exit of faeces is controlled by the anal sphincter.

Let us now schematically represent the digestive 
system in humans (Fig. 1.39).
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Fig. 1.39 : Schematic representation of digestive system in human beings

Dental caries is also called Dental decay. To understand 
the tooth decay, we need to know the structure of 
tooth (Fig. 1.40). Let us first study the structure of 
tooth.

Structure of Tooth
The structure of the tooth 
includes four parts namely,
(a) Enamel (b) Dentine
(c) Pulp cavity (d) Gum
The hard, outer covering of 
a tooth is called enamel. It is 
the hardest material in our 
body. The part below the 
enamel is similar to bone and is called dentine. Inside 
the dentine is pulp cavity. It contains nerves and 
blood vessels. The softening of enamel and dentine 
leads to form cavities. When it reaches the pulp and 
known as dental caries (Fig. 1.40). Thus, we can define 
dental caries as :
“The formation of small holes (cavities) in the teeth due to the 
action of acid forming bacteria and improper dental care.”
Let us now see how dental caries takes place.
Tooth decay (Fig. 1.41) begins when we eat sugary 
food, the bacteria Streptococcus mutans in our mouth 
act on the sugary particles and stick to the teeth. 
This results in the production of acids. The acids act 
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Fig. 1.38 : Large intestine
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Fig. 1.40 : Structure of tooth

1.9  DENTAL CARIES
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Let us now describe how energy is released from the 
food which is absorbed and assimilated in the cells of 
the body. In order to understand respiration, we need 
to discuss about assimilated food and energy. The 
assimilated food is mainly used for two purposes as 
follows :
(a)  To obtain energy.
(b)  As a material for growth and repair of the body.
Let us see how energy is released from the food, which 
has earlier been absorbed and assimilated.
Generally, there is an understanding that respiration is 
the intake of oxygen and release of carbon dioxide. But, 
respiration is a multistep, enzyme based biochemical 
process, which breaks the organic compounds present 
in the body cells and releasing the energy in small 
packets. Thus, the general definition of respiration is 
that, 
“The process of releasing energy from food.”

PAPER – PEN TEST : 3 

1.  Classify holozoic animals based on their food 
habits by giving examples.

2.  How do you show that all the living things on 
earth depends on the sun for their food ?

3.  Name a non-green plant which cannot prepare its 
own food, but obtains its food from other plants 
and animals.

4. Name two plants that eat insects.
5.  Define the steps involved in the process of 

nutrition in animals.
6.  What are the physical and chemical methods 

used in the process of digestion ?
7. Define Phagocytosis.
8. What are Pseudopodia ?
9.  Draw a schematic representation of the process 

of digestion in Amoeba.
10. What is meant by alimentary canal ?
11.  Name the organs involved in the process of 

digestion in human beings.
12. Give three functions of teeth.
13. Name the three pairs of salivary glands.
14. Give three functions of saliva.
15.  What do you understand by the term ‘peristaltic 

movement’ ?
16.  How do the foods from the stomach exit to enter 

the intestine ?
17.  Give the functions of hydrochloric acid in our 

stomach, pepsin and rennin.
18.  What happens if mucus is not secreted in our 

stomach ?
19. Give one function of rectum and colon.

20.  Name the two glands from which the small 
intestine receives secretion.

21. What is bile ? Give its functions.
22. Name the enzymes in the pancreatic juice.
23. Name the hormones produced by the pancreas.
24. Define enzymes.
25.  What are villi ? Give a brief description about 

their structure and function.
26. What are the three parts of large intestine ?
27. Explain the structure of tooth. 
28. What is vermiform appendix ?
29. How do you prevent tooth decay ?
30. How does dental caries take place ?

on enamel, dissolving the calcium salts and makes 
it softer. The bacteria grow in colonies. The colonies 
increases in size to form a soft, thin yellowish layer of 
food particles called dental plaque. Though, saliva has 
a property of neutralizing acids, it cannot reach the 
tooth surface due to the formation of dental plaque.

Pulp

Fig. 1.41 : Stages involved in dental caries

1.10 RESPIRATION

Fig. 1.42 : Tooth 
decay

Note
• The acids produced by bacteria irritate the nerve 

endings inside the tooth and cause toothache.

A soft, thin, yellowish layer of food particles and 
bacterial cells are called dental 
plaque. The plaque covers the teeth. 
Regular brushing of teeth after 
meals removes the plaque and 
thereby removes bacteria before it 
produces acids. This prevents tooth 
decay. If the teeth are not cleaned 
regularly, the plaque forms a layer 
over the teeth and bacteria produce 
acids and invade the pulp causing 
inflammation and infection.
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When oxygen burns the food present in the body 
cells to release energy, carbon dioxide and water are 
produced as waste products. These waste products 
are eliminated from the body. Thus, the process of 
respiration involves : 
(a) Taking in of oxygen into the body cells. 
(b) Burning food using oxygen, to release energy
(c) Eliminating waste products i.e., carbon dioxide 

and hydrogen in the form of water from the body.
We can also write the process of respiration in word 
equation as : 
Food + Oxygen → Carbon dioxide + Water + Energy

From food
(Glucose)

From air
(Oxygen)

Energy

Carbon dioxide Oxygen

Fig. 1.43 : Schematic representation of respiration from food

Scientifically, respiration is a complex process 
involving intake of oxygen from the atmosphere, called 
breathing or gaseous exchange. The breaking down of 
organic compound to release energy inside the cells is 
called cellular respiration. Thus, respiration involves, 
Breathing (gaseous exchange) and Cellular respiration
Since, the process of respiration takes place inside 
the body cells to release energy, it is called cellular 
respiration.
Let us now discuss the concept of breathing and 
respiration in detail.

Breathing and Cellular Respiration

As discussed earlier, respiration can be divided into 
two separate processes namely,
(a) Breathing (b) Cellular respiration
Breathing is a mechanism by which an organism 
obtains oxygen from the atmosphere and releases 
carbon dioxide. On the other hand, respiration is a 
complex process which involves breathing as well 
as oxidation of food in the cells to release energy. 
Thus, we can say that breathing is a physical 
process whereas respiration is a biochemical 
process. The breathing process involves lungs in an 
organism whereas the respiration process involves 
mitochondria in the cells.

The main purpose of respiration is to oxidize simple 
food molecules like glucose to release energy for 
carrying out biological functions and maintaining the 
survival of an organism.

Note 
• Respiration is the opposite of photosynthesis.

Now the question arises “does all the energy released 
during respiration get immediately used by an 
organism ?” The answer is ‘No’. Let us study about it 
in detail.

Storing the Energy Released during Respiration 

Organisms do not use all the energy released during 
the process of respiration, but stores it in the form of 
ATP molecules in the body cells.
We shall now discuss about the terms ATP, ADP and 
inorganic phosphate.
ADP
ADP is Adenosine di-phosphate. These molecules 
have low energy content and are present inside the 
cell. ADP contains two-phosphate group.
ATP
ATP is Adenosine tri-phosphate. These molecules have 
high energy content. ATP contains three phosphate 
groups in its molecule. ATP is known as energy currency 
of cells because, the energy stored in ATP is used by 
the body cells for various purpose like contraction of 
muscles, synthesis of proteins, conduction of nerve 
impulses, etc.
Inorganic Phosphate
Inorganic phosphate is a substance present within a 
cell which contains a phosphate group made up of 
phosphorus and oxygen. It is usually represented 
as ‘Pi’ where ‘P’ stands for phosphorus and ‘i’ for 
inorganic. 
Let us now discuss how energy is converted into ATP.
The energy is converted in two steps as follows :
Step 1– Conversion of ADP to ATP
The ADP molecule combines with inorganic phosphate 
Pi by absorbing the energy released during respiration 
to form ATP. It is represented as

ADP   +   Pi   +  Energy  →   ATP
   Low energy      Inorganic     (From    (High energy)

                         phosphate       respiration)

Thus, the energy is stored within the cells in the form 
of ATP.
Step 2– Conversion of ATP to Energy
When the ATP molecule is broken down using water, 
the energy is released along with the reformation of 
ADP. It is represented as
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Activity 1.5 – To demonstrate that we breathe out carbon dioxide.

PROCEDURE
Step 1–  Take some freshly prepared lime water in 

two test tubes.
Step 2– Now place a straw in the test tube marked 

A in such a way that it touches the bottom 
of the lime water. 

Step 3–  Similarly, set the apparatus for syringe by 
marking the test tube B.

Step 4– Then, blow air through the straw in one test 
tube and syringe in another test tube.

Step 5– Observe the changes in both the test tubes.
Step 6– Note how long it takes for lime water to 

turn milky ?
OBSERVATION
The lime water in A turns milky immediately 
whereas the lime water in B takes a  long time to 
turn milky.

Syringe

Rubber 
tube

Lime 
water

Tube

Test tube containing 
lime water

Fig. 1.44 : Experimental set up to demonstrate that CO2 is  
exhale out in breathing

CONCLUSION
The lime water is a solution of calcium hydroxide. 
So, when it combines with carbon dioxide, it results 
in the formation of calcium carbonate having a white 
precipitate. The exhaled air has a higher proportion of 
carbon dioxide than the atmospheric air.

Let us discuss these two types of respiration in detail.

(a)  Aerobic Respiration

  The word ‘aerobic’ means ‘with air’. Thus, when 
the respiration uses oxygen, it is called aerobic 
respiration. In the process of aerobic respiration, 
the food (glucose) is completely broken down 
into carbon dioxide and water by oxidation. 
This results in the production of considerable 
amount of energy which is stored as ATP  
(Fig. 1.45). The breaking down of food (glucose) 
can be represented as follows :

→
High energy   Water       Low energy   Inorganic 
                                                                   phosphate

   ATP + H O ADP + P + Energy2 i

The energy released is equal to 30.5 KJ/mole. This 
energy is used to carry out all endothermic reactions 
taking place in the cells.
Note 
• ADP can be converted into ATP by absorbing energy 

produced during respiration. 
• ATP can be converted back to ADP by releasing 

energy which can be used again and again by the cells.
• This ensures that there is a continuous supply of 

energy to the organism.    

Types of Respiration
The process of oxidation of food to release energy 
can take place either in the presence of oxygen or in 
the absence of oxygen. Based on this, respiration is 
classified into two types namely. 
(a) Aerobic respiration     (b) Anaerobic respiration
The oxidation of food to release energy often takes 
place in presence of oxygen and the oxidation of food 
in absence of oxygen is rare.

Let us now perform an activity to demonstrate that we 
breathe out carbon dioxide.
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Fig. 1.45 : The image showing aerobic respiration  
and yielding of ATP
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→ →Glycolysis Oxygen (Kreb's cyle)

(1molecule) (Pyruvic acid) Carbon Water Energy
dioxide

Glucose Pyruvate 6CO + 6H O + 38ATP2 2

During this process, the respiratory substrates such 
as glucose are completely broken down into water 
and carbon dioxide by the process of oxidation. In 
eukaryotic organisms, some part of aerobic respiration 
occurs in cytoplasm and the remaining part of aerobic 
respiration occurs in mitochondria. In cytoplasm, the 
glucose is broken down into puruvic acid by a process 
called glycolysis. The puruvic acid which enters into 
mitochondria in presence of oxygen is completely broken 
down there by a process called Kreb’s cycle. This results 
in the production of energy rich compounds ATP. (You 
will study about glycolysis and Kreb’s cycle in detail in 
your higher classes).
Most of the living organisms use the energy released 
during aerobic respiration. Examples–humans, 
animals such as dogs, cats, lions, goats, deers, birds, 
lizards, snakes, earthworms, frogs and insects and 
most of the plants. 
Thus, we can conclude that all organisms which obtain 
energy by aerobic respiration cannot live without 
oxygen. This is because if there is no oxygen, they 
cannot get energy from the food which they eat. Since, 
the breakdown of pyruvate giving carbon dioxide, 
water and energy takes place in mitochondria, it is 
said to be the site of aerobic respiration in the cells.

Activity 1.6 – To demonstrate the process of fermentation.

PROCEDURE

Step 1– Take some fruit juice or sugar solution in a 
test tube.

Step 2–  Add some yeast to the test tube. 

Step 3–  Now, close the test tube with a one-holed 
cork.

Step 4–  Fit a glass tube to the cork and dip the 
free end of the glass tube into a test tube 
containing freshly prepared lime water.

Step 5–  Observe the change in lime water.
OBSERVATION

The lime water turns milky.

CONCLUSION

(a)  This shows that carbon dioxide is liberated from 
the mixture of sugar solution and yeast. 

(b)  The fermentation of sugar results in the 
production of ethanol and carbon dioxide.

Now we shall discuss the anaerobic respiration in detail.

(b) Anaerobic Respiration

The word ‘anaerobic’ means ‘without air’. Thus, when 
the respiration takes place in the absence of oxygen, 
it is called anaerobic respiration. During this process 
of respiration, the micro-organism like, Yeast breaks 
down food (glucose) to obtain energy along with 
ethanol and carbon dioxide. This energy is then used 
by micro-organism. Thus, a less amount of energy 
which gets stored in the ATP molecules is produced. 
The breaking down of food (glucose) by Yeast can be 
represented as follows :

2 2→ →Ab. of. O  (Yeast-Fermentation)2Glycolysis

(1 molecule) (Pyruvic acid) Ethanol Carbon dioxide Energy
(2 molecules)

Glucose Pyruvate 2C H OH + 6CO + 2ATP5

However, during this process the respiratory substances 
such as glucose are incompletely broken down to form 
the end products such as ethanol, lactic acid and carbon 
dioxide. In anaerobic respiration, the glucose is initially 
broken down into pyruvic acid in the cytoplasm by the 
process of glycolysis. This pyruvic acid is further broken 
down into ethanol or lactic acid in absence of oxygen by 
micro-organisms like yeast, bacteria etc.
Thus, we can conclude that all the organisms which 
obtain energy by anaerobic respiration can live 
without oxygen. This is because, these organisms can 
obtain energy by the process of anaerobic respiration. 
The whole process of anaerobic respiration takes place 
in the cytoplasm of cells. So, cytoplasm is the site of 
anaerobic respiration.

Fermentation
Fermentation is an anaerobic process of break down of 
carbohydrates by micro-organism to produce alcohol, 
organic acids and other products along with heat and 
waste gases.

We shall explain an activity to demonstrate the process 
of fermentation.
Fermentation are used in many industries like the 
following (Fig. 1.46) :
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Brewing 
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Synthesis of 
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Aromatizaion 
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of curd and 

yoghurt

Fig. 1.46 : Various uses of fermentation process

(i) Brewing industry to produce whisky, beer, wine etc.
(ii) Baking industry to make bread, cakes etc.
(iii)  Cleaning of hides and separating or retting of 

fibres like jute, hemp etc.
(iv) In the production of curd and yoghurt.
(v) Softening and aromatization of tobacco, tea etc.
(vi) Synthesis of vinegar, lactic acid, citric acid etc.
We know that human beings obtain energy by 
aerobic respiration. But do you know that sometimes 
anaerobic respiration takes place in our muscles also.
Let us see how anaerobic respiration takes place in 
human beings.
Anaerobic Respiration in Human Beings
The anaerobic respiration takes place in our muscles 
during vigorous physical exercise. During this 
respiration, oxygen obtained is used up faster in the 
muscle cells, than it can be supplied by the blood. 
This happens as follows : When anaerobic respiration 
takes place in human muscles, the glucose (food) is 
converted to lactic acid with the release of a small 
amount of energy. The sudden accumulation of 

lactic acid in our muscles during vigorous exercise or 
physical activity can cause muscular cramps. During 
any heavy physical activity such as running for long 
time or heavy exercises, we require more energy 
(Fig. 1.47). Usually, the energy required is produced 
by aerobic respiration. But, extra energy is produced 
by anaerobic respiration. To obtain this extra energy, 
the glucose is broken down partially by anaerobic 
respiration with the release of lactic acid. The lactic 

LacticAcid 2ATP→ →Glycolysis Ab. of. O  (muscle tissue)2

(1 molecule) (Pyruvic acid) Energy
(2 molecules)

Glucose Pyruvate 2 +

acid gets stored in the muscles. The accumulation of 
lactic acid in the muscles causes muscle cramps.

Fig. 1.47 : During vigorous exercise or running, the leg muscles respire 
anaerobically which may result in leg cramps

Note 
• The painful contractions of muscles are called 

cramps.

We can get relief from the muscle cramps by taking 
a hot water bath or massage. This is because, the 
hot water bath or massage improves the circulation 
of blood in the muscles which increases the supply of 
oxygen to the muscles. The oxygen breaks down the lactic 
acid accumulated in the muscles into carbon dioxide and 
water. Hence, we get relief from muscle cramps.

Anaerobic respiration also takes place in the muscles of 
animals like tiger, cheetah, lion, deer, puma etc. When 
these animals run very fast, they require more energy 
than normal (Fig. 1.48). Thus, it is possible for these 
animals to get leg cramps due to the accumulation of 
lactic acid in their leg muscles.

Fig. 1.48 : The lions require more energy than normal to catch the zebra. 

So it is possible for them to get leg cramps when chasing

Thus, we can conclude that
(i) Anaerobic respiration in plants like yeast produces 

ethanol and carbon dioxide as end products.
(ii) Anaerobic respiration in animal muscle tissue 

produces lactic acid as end product.
We can schematically represent the breakdown of 
glucose by various pathways as follows (Fig. 1.49) : 

In
cytoplasmGlucose

(6-carbon
molecule)

Pyruvate
(3-carbon
molecule)

+
Energy

(In
mitochondria)

Presence of
oxygen

(in our
muscle cells)

Absence of
oxygen

(in yeast)

Absence of
oxygen Ethanol + Carbon

dioxide + Energy
(2-carbon molecule)

Lactic acid + Energy
(3-carbon molecule)

Carbon dioxide +
Water + Energy

Fig. 1.49 : Schematic representation of breakdown of glucose
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We know that plants also use oxygen from the air 
for respiration and release carbon dioxide. Like 
animals, plants also need energy which they obtain 
by the process of respiration. Since, respiration in 
plants involves oxygen and carbon dioxide, hence 
these are called respiratory gases.
Let us now discuss how plants obtain oxygen in detail.

Plants Obtain Oxygen by Diffusion

We know that plants have a branching shape and a 
large surface area and hence the process of diffusion 
alone is sufficent to supply oxygen to the cells 
required by the plants for respiration. Thus, plants 
get oxygen by diffusion. The process of diffusion 
occurs in all main parts of the plant such as roots, 
stems and the leaves.
We shall discuss how respiration takes place in roots, 
stems and leaves.

Respiration in Roots
Air is found in the spaces between the soil particles. 
This air is taken by the roots of the plant by the process 
of diffusion.
Let us discuss how this happens.
We know that roots possess root hairs. The root hairs 
are the extension of epidermal cells of a root (Fig. 
1.50). The root hairs are always in contact with air in 
the soil. So, the oxygen from air enters the root hair by 
the process of diffusion and reaches all other cells of 

root. The carbon dioxide produced in the cells of the 
roots during respiration moves out through the same 
hairs by the process of diffusion.

Root

Root 
hair

Water Sand 
particle

Clay 
particle

Air  
(wet soil)

Air  
(drying 
soil)

Fig. 1.50 : The oxygen present in between the soil particles is 
absorbed by  the roots through root hairs

Now can you understand why land plants die if their 
roots remain water logged for a considerable period 
of time  ? This is because when you water the plants 
in excess, all the air present in between soil particles is 
expelled. Due to this, oxygen will not be available to 
the roots for aerobic respiration. This makes plants to 
respire anaerobically and results in the production of 
alcohol. That kills the plant.

We shall now discuss how respiration takes place in 
stems.

Respiration in Stems

You would have seen that there are soft, hard and 
woody stems in a plant. The soft stems are present in 
small and herbaceous, plants, whereas the hard and 
woody stems are present in large trees. Though, both 
are plants, but the process of respiration in them are 
different. We are going to discuss how respiration 
takes place in different kind of stems.

The stems of herbaceous plants have stomata in them. 
Hence, the process of exchange of respiratory gases 
i.e., carbon dioxide 
and oxygen takes place 
through stomata and 
reaches all the cells for 
respiration (Fig. 1.51). 
The carbon dioxide 
liberated during 
respiration diffuses out 
into the air through the 
same stomata. But the 

Fig. 1.51 : Respiration in herbaceous 
plants takes place through stomata

Differences between Aerobic and  
Anaerobic Respiration

S. No. Aerobic Respiration
Anaerobic 

Respiration
1. It takes place in the 

presence of oxygen.
It takes place in the 
absence of oxygen.

2. The respiratory 
substances are 
completely broken 
down.

The respiratory 
substrates are 
incompletely broken 
down.

3. It is a common method 
of respiration.

It occurs in a few 
organisms only.

4. It takes place in 
cytoplasm as well as in 
mitochondria.

It takes place only 
in cytoplasm.

5. Considerable amount 
of energy (38 ATP) is 
released. 

Very less amount 
of energy (2 ATP) is 
released.

1.11 RESPIRATION IN PLANTS
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hard and woody plants do not have stomata; instead 
they possess lenticels (Fig. 1.52). The lenticels are small 
area of bark where the cells are loosely packed for the 
exchange of respiratory gases to take place. The oxygen 
from air diffuses into the stem through lenticels and 
reaches all the cells of the stem for respiration. Similarly, 
the carbon dioxide produced in the cells of the stem 
diffuses out into the air through the same lenticels.

Lenticel

Fig. 1.52 : Respiration in hard and woody plants taking place  
through lenticels 

We shall now discuss how respiration takes place in 
leaves.
Respiration in Leaves
We know that there is no special means of transport of 
gases and hence, the exchange of respiratory gases i.e., 
carbon dioxide and oxygen in the leaves takes place 
by the process of diffusion. 

PAPER–PEN TEST : 4 

1.  Explain how exchange of gases takes place in leaves  ?
2. Explain the process of respiration in stems.
3.  Why land plants die if their roots remain water 

logged for a considerable time  ?
4. Explain the process of respiration in roots.
5.  Explain the process of anaerobic respiration in 

yeast.
6. Define fermentation process.
7. Give some uses of fermentation process.
8. How do plants obtain oxygen  ?
9.  Schematically represent the breakdown of 

glucose by various pathways.
10.  Differentiate between aerobic and anaerobic 

respiration.
11.  Why do we take a hot water massage for muscular 

cramps  ?
12.  Is it possible for animals like puma, cheetah to 

get muscular cramps  ?

13.  How anaerobic respiration take place in human 
beings  ?

14.  Explain the anaerobic respiration taking place in 
Yeast.

15.  “All organisms which obtain energy by aerobic 
respiration cannot live without oxygen”. Comment.

16. Name the site of aerobic respiration in the cells.
17. Define glycolysis.
18. Explain aerobic respiration.
19. How energy is converted into ATP  ?
20. What are ADP, ATP and inorganic phosphate  ?
21. What is the main use of respiration  ?
22. Differentiate between respiration and breathing.
23. Why is respiration essential for life  ?
24. What is meant by cellular respiration  ?
25. What are the processes involved in respiration  ?
26. What are the two purposes of assimilated food  ?
27. Schematically represent respiration from food.

Let us now see how exchange of gases takes place.
The leaves of a plant have tiny aeration pores called 
stomata and the exchange of respiratory gases takes 
place by the process of diffusion through the stomata. 
The oxygen from air diffuses into the leaf through 
stomata and reaches all the cells of leaf for respiration 
and the carbon dioxide produced in the cells of the 
leaf diffuses out into the air through the same stomata.

Note
• Photosynthesis takes place only during the  day.

Now a question arises whether stomata will be open 
throughout the day. We can explain this question 
clearly as :
(a)  The process of photosynthesis occurs only 

during the day and so, oxygen is produced and 
carbon dioxide is used. The leaves use some of 
this oxygen for the process of respiration and 
the remaining oxygen is diffused into air. This 
process takes up even more carbon dioxide from 
air. Thus, during day, oxygen diffuses out and 
carbon dioxide diffuses in.

(b)  The process of photosynthesis does not occur 
during night and hence, oxygen is not produced. 
So, the oxygen from air diffuses into leaves to 
carry out the process of respiration and the carbon 
dioxide produced diffuses out into the air. Thus, 
during night oxygen diffuses in and carbon dioxide 
diffuses out.
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Usually all animals take up oxygen from air and release 
carbon dioxide. However, there are different methods of 
respiration in animals. Each animal has its own mode of 
respiration. For instances the land animals use oxygen 
for both breathing and respiration. Hence, the land 
animals have more advantage to obtain oxygen as they 
are surrounded by an oxygen rich atmosphere from 
where they can obtain the required amount of oxygen.
Let us discuss different modes of respiration in 
different animals.
(a)  The organisms which live on land i.e., terrestrial 

organisms, have specialized organs to absorb 
oxygen directly from the air. This happens as 
follows: Oxygen entering skin or lungs, from the 
air is absorbed by the blood and gets transported 
to various tissues of the animal. The blood carries 
carbon dioxide from tissues and brings it to skin 
or lungs to throw it out into the atmosphere.

(b)  Human beings or terrestrial organisms absorb 
oxygen by lungs or skin. Organisms, which live in 
water i.e., aquatic organisms absorb the dissolved 
oxygen from the water by using special organs.

(c)  The aquatic animals also absorb the dissolved 
oxygen either directly through skin or through 
gills. Since the amount of dissolved oxygen in 
water is low as compared to the amount of oxygen 
in air, thus their rate of breathing is faster.

(d)  Insects absorb oxygen through the tiny holes 
called spiracles on their body or by the air tubes 
called tracheae.

We shall now discuss how the process of respiration 
takes place in Amoeba, Earthworm, Fishes and Human 
Beings. 

Respiration in Amoeba

Amoeba is an unicellular animal. In Amoeba, the 
gaseous exchange takes place through the thin cell 
membrane by the process of diffusion. We know that 
Amoeba is an aquatic animal and hence, the oxygen 
from water diffuses into the body through its cell 
mem- brane. Since Amoeba is small in size, the oxygen 
diffused into the body spreads quickly into the whole 
body of Amoeba. Other unicellular organisms like 
Paramoecium, Planaria, etc. also use the surface of their 
cell membranes for respiratory exchange.

Respiration in Earthworms

The skin of the earthworm is thin and moist. The 
earthworm absorbs the oxygen needed for respiration 

through its moist skin (Fig. 1.53). The carbon dioxide 
released is carried back by the blood to be expelled 
from the body of the earthworm through its skin.

Fig. 1.53 : The moist skin of 
earthworm helps in respiration  

This oxygen is transported to all the body cells of the 
earthworm by the blood where it is used for respiration. 
Thus, the respiratory surface of an earthworm is its 
moist skin. The processes of respiration in leeches are 
similar to that of earthworms.

Respiration in Fish

Fig. 1.54 : Respiration in fishes

We know that fish is an aquatic animal. The gaseous 
exchange in fishes takes place through gills which 
are specialized breathing organs. This process is 
also called bronchial respiration. The gills in fishes 
are present on either side of its head. These gills are 
covered by gill covers and hence, are not visible 
superficially (Fig. 1.54).
Let us now discuss how breathing takes place in 
fishes.
In fishes, the water enters through the mouth and 
passes over the gills. When the water passes through 
the gills, the dissolved oxygen is obtained from 
the water. The water is then expelled out through 
the gill slits. In this way, the dissolved oxygen is 
obtained from water. The obtained oxygen is carried 
to all parts of the body by the blood and the carbon 
dioxide produced is expelled into the surrounding 
water by the gill slits. In this way, the dissolved 
oxygen is obtained from water (Fig. 1.55, 1.56).

1.12 RESPIRATION IN ANIMALS
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Mouth
Gills

Gill-cover

Fig. 1.55 : Figure showing the circulation of water through the gills

Fig. 1.56 : Gill system in fishes

When a fish is taken out of water, it dies soon. This 
is because fishes don’t have lungs to get oxygen. The 
gills are the primary respiratory organs in a fish which 
can obtain the dissolved oxygen from water. Hence, it 
is clear that the respiratory surface of fish is its gills.
Let us perform an activity to demonstrate the breathing 
in fish. 

1.13 RESPIRATION IN HUMAN 
BEINGS

As discussed earlier, in all land vertebrates including 
aquatic amphibians, reptiles, birds and mammals, 
the respiratory surfaces are the lungs. A lung has 
numerous alveoli. Each wall of the alveoli has blood 
capillaries. During the mechanism of breathing, 
oxygen diffuses into the blood and carbon dioxide 
passes out of lungs. This process of respiration is 
called pulmonary respiration.
Let us now discuss the organs involved in the process 
of respiration.
The main organs of human respiratory system include 
nose, nasal passage or nasal cavity, trachea, bronchi, 
lungs and diaphragm (Fig. 1.57).

Nostril

Pleura

Nasal cavity

Pharynx
Larynx

Lung

Trachea

Bronchus
Bronchiole

Fig. 1.57 : Human respiratory system

Nose

It has two holes in it called nostrils. They are situated 
at the lower end of the nose (Fig. 1.58).

Fig. 1.58: Structure of 
human nose

Nasal Cavity

The air enters through the nostrils and reaches into 
a pair of nasal cavities. The nasal passages are found 
behind the nostrils. The nasal cavities are separated 
from the oral cavity by a hard, bony palate. The two 

Gill system in
cartilaginous fish

Gill system in
bony fish

Activity 1.7 – To demonstrate the process of 
breathing in fishes.

PROCEDURE 
Observe the mouth of the fish and the gill-slits (or 
the operculum which covers the gill-slits) behind 
their eyes.
OBSERVATION
The fish breathes by taking in water through its 
mouth and then passes it out through gill slits. Thus 
the opening of mouth and the movement of gill-slits 
are coordinated.

RESULTS

The process of breathing in fish is clearly understood.
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nasal cavities are lined with fine hair like structure 
called cilia. The cells of the membrane produce mucus, 
a thick sticky liquid. Mucus contain lysozyme and 
antimicrobial agents for killing the microbes.

When the air passes through the nasal cavity, the dust 
particles and other impurities present in it are trapped 
by the hair and mucus and the clean air enters the 
lungs. The nasal passage is also lined with olfactory 
cells and hence acts as an organ of smell. The nasal 
chambers opens into pharynx and the air enters into 
pharynx.

Pharynx

Epiglottis

Supraglottis
Glottis

Vocal Cord
Subglottis

Oesophagus

Trachea

Fig. 1.59 : The diagram showing the parts involved in pharynx

It is a short, vertical tube located at the back of the 
buccal cavity. It is a common passage for both the 
respiratory and digestive systems. The air from 
pharynx enters into trachea or wind pipe through 
a aperture called glottis. The glottis remains open, 
except during swallowing. The glottis has a leaf  like 
cartilaginous flap called epiglottis. The epiglottis closes 
the glottis to check the entry of food. Now the air 
reaches to the trachea (Fig. 1.59).

Trachea

It is a thin-walled tube commonly called wind pipe, 
which extends through the neck and divides into 
two branches called bronchi. These two branches 
further, divide and redivide. These bear C- shaped 
cartilaginous rings for support. The bronchi divide 
further to produce very fine tubes called bronchioles. 
Bronchioles do not have cartilaginous rings. These 
bronchioles further give rise to alveolar sacs or alveoli 
(Fig. 1.60).

Larynx

Trachea

Primary 
bronchi

Tertiary bronchi

Bronchiole Secondary 
bronchi

Fig. 1.60 : Picture showing wind pipe (Trachea)

The bronchi and their branches resemble a bunch of 
grapes. The alveoli are thin walled, and are surrounded 
by a network of blood capillaries. The large surface 
area aids the exchange of gases. Thus, the actual site 
of gaseous exchange is the alveoli.
Actually, the pigment Haemoglobin (Hb) present in the 
Red Blood Corpuscles (RBCs) of blood aids an efficient 
supply of oxygen to all the cells of the body.
We studied earlier that oxygen is required for both 
breathing and respiration. This oxygen is carried by 
Haemoglobin (Hb) present in our blood. The normal 
range of Hb is 12-18 g/dL in a healthy human male. The 
deficiency of Hb in blood, results in breathing problems, 
tiredness, anemia, etc. 
Note
• Haemoglobin (Hb) is an important respiratory 

pigment in our body.

Lungs

The lungs are a pair of pinkish to greyish, conical, 
spongy respiratory organs. They are located in the 

Right main 
stem bronchus

Right lobes

Trachea

Bronchi

Bronchiolus

Left lobes

Pleural
Pleural 
fluid
Diaphragm

Alveoli

Left main 
stem bronchus

Fig. 1.61 : Structure of lungs
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thoracic cavity one on each side of the heart. Each lung 
is covered by two thin membranes called pleura. In 
between these two membranes there is a thin fluid 
filled space called pleural sac. The bronchi further 
divide into two bronchi which further sub-divides 
into smaller bronchioles, and they resemble a bunch 
of grapes. (Fig.1.61).

The right lung is trilobed and larger whereas the left 
lung is bilobed and smaller. The thoracic cavity is air 
tight and the pleural sacs of the lungs are in contact 
with its inner lining.

Note
• The larynx is also called voice box.
• It is an enlarged upper part of trachea.
• In male, it becomes prominent and protrudes out 

and is called ‘Adam’s apple’. 
• Inside the larynx are the two vocal cords. 
• The vibration in the vocal cords helps in producing   
 sound.

We discussed the breathing in human beings taking 
place in lungs. Now we will discuss the mechanism of  
breathing in detail.

Mechanism of Breathing

The process by which air rich in oxygen is taken inside 
the body of an organism and air rich in carbon dioxide 
is expelled from the body is known as breathing. The 
process of breathing involves the movement of the 
ribcage and diaphragm. 

Before discussing the mechanism of breathing, we 
shall discuss about ribcage and diaphragm.

The respiratory organs or lungs hang in an air–tight 
space in our body called chest cavity. The enclosed 
structure formed by the ribs and the bones to which 
they are attached is called the rib cage. The rib cage 
encloses the lungs in it. The bottom of the chest cavity 
has a curved sheet of muscle called diaphragm. Thus, 
diaphragm forms the floor of the chest cavity.

Now we shall discuss the mechanism of breathing.

The mechanism of breathing involves two processes, 
namely,

(a) Inhalation  (b) Exhalation

We know that breathing is a continuous process which 
goes on throughout our life. When we breathe in air, 

the oxygen in the atmosphere is taken in and used by 
our body and when we breathe out the carbon dioxide 
is removed out as waste product.
The process of taking in oxygen into our body 
during breathing is called inhalation. The process of 
expelling out carbon dioxide from our body is called 
exhalation. Thus, both exhalation and inhalation take 
place regularly.
We shall discuss how these two processes take place 
in the human body.

(a) Inhalation

When we breathe in oxygen, the following two events 
take place :

(i) The muscles between the ribs contract

(ii) The diaphragm also contracts

When muscles between the ribs contract, the rib cage 
moves upward and outward. When the diaphragm 
contracts, it moves downwards thereby increasing the 
volume of the chest cavity and making it larger. So, 
when the chest cavity increases in size, it takes air in 
from outside into the lungs. Now the lungs get filled 
up with air and expand (Fig. 1.62).

Air drawn in

Pleural membranes

Spine

Lungs
expanded

Diaphragm 
contracted and 

lowered

Ribs raised
and

drawn 
outwards

Fig. 1.62 : Diagram showing the process of inhalation

(b) Exhalation

When we breathe out carbon dioxide, the following 
two events take place :

(i) The muscles between the ribs relax

(ii) The diaphragm also relaxes

When muscles between the ribs relax, the rib cage 
moves downward and inward. When the diaphragm 
relaxes, it moves upward and decreases the volume 
of the chest cavity making it smaller. Thus, when the 
chest cavity decreases in size, it pushes the air from 
the lungs to outside (Fig. 1.63).
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Air expelled

Ribs lowered 
and drawn 

inwards
Lungs 

returned     
to normal 
volume

Diaphragm 
relaxed and 

raised

Fig. 1.63 : Diagram showing the process of exhalation

Rate of Breathing
During breathing, oxygen is pumped into our 
body and carbon dioxide is expelled out. Though, 
breathing takes place on its own (involuntarily), the 
rate of breathing is controlled by the respiratory 
centre of the brain. The average breathing rate in an 
adult at rest is about 15 – 18 times per minute. But 
this rate increases with increase in physical activity. 
This is because, when we do some physical exercise, 
our body needs more energy. In order to produce 
more energy through respiration, our body requires 
more oxygen. Rapid breathing provides more 
oxygen to body cells which in turn produces more 
energy for doing physical exercise. So, we breathe 
faster after physical exercise in order to produce 
more energy to compensate for the loss of energy 
by the body during exercise.
You would have heard that deep-sea divers carry 
oxygen gas cylinders when they go under the sea. 
This is because water does not have free oxygen for 
us to breathe and we do not have gills to use the 
dissolved oxygen in water as fishes do (Fig. 1.64).

Fig. 1.64 : Sea diver carries oxygen cylinder for breathing when he goes 
deep under the sea water

Carbon Monoxide Poisoning
Carbon monoxide is formed when a fuel is burnt in 
an insufficient supply of air. We can observe this, 
when petrol burns in a car engine to release lot of 
carbon monoxide. We studied that Haemoglobin 
(Hb) present in our blood carries oxygen to all 
parts of our body. Haemoglobin (Hb) has more 
affinity for carbon monoxide than oxygen. Thus, 
when a person inhales carbon monoxide gas, it 
binds with Haemoglobin (Hb) very strongly and 
prevents Haemoglobin (Hb) from carrying oxygen 
to the brain and other parts of the body. Thus, a 
person becomes unconscious and even dies due to 
the absence of oxygen.
You would have seen in hospitals where a patient 
having serious breathing or respiratory problems is put 
on ‘ventilator’. It is a tube inserted directly into the trachea 
of the patient to help him to breathe freely. (Fig. 1.65).

Mechanical ventilator blows 
air, or air with increased 
oxygen, through tubes into 
the patient’s airways

Air flowing to the patient 
passes through a humidifier 
which warms and moistens 
the air

Endotracheal tube goes 
through patient mouth and 
into the windpipe

Nasogastric tube goes 
through patient nose and 
into the stomach Nurse periodically 

checks the patient.

Exhaled air flowing 
away from the patient

Fig. 1.65 : A patient on ventilation is observed by a doctor

Use of Tobacco

The tobacco epidemic is one of the biggest public 
health threats the world has ever faced, killing more 
than 8 million people a year around the world. 
Tobacco is a plant and its leaves are smoked, chewed, 
or sniffed for a variety of effects. Tobacco contains 
nicotine, an addictive substance. Smoked tobacco 
products include cigarettes, cigars, bidis, and kreteks. 
Tobacco smoke contains more than 7,000 chemicals, at 
least 70 of which are known to cause cancer. Tobacco 
smoking can lead to lung cancer, chronic bronchitis, 
and emphysema. It increases the risk of heart disease, 
which can lead to stroke or heart attack. Smoking has 
also been linked to other cancers, leukemia, cataracts, 
Type-2 Diabetes, and pneumonia.
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1.15 TRANSPORTATION IN PLANTS1.  Explain the process of respiration in terrestrial 
organisms and aquatic animals.

2. Explain the process of respiration in earthworm. 
3. Define pulmonary respiration.
4. How do insects respire ?
5.  How does the process of gaseous exchange takes 

place in Amoeba ?
6. Explain the process of respiration in fishes.
7. What are glottis and epiglottis ?
8. Define bronchi and bronchioles.
9.  What is the function of haemoglobin in red blood 

cells ?
10. Explain the structure of ribcage and lungs.
11.  Explain the process of inhalation and exhalation 

in human beings.
12. Why do we breathe faster after physical exercise ?
13. Comment on ‘carbon monoxide poisoning’.
14. What is a ventilator ?
15. Name any two disease that tobacco smoking can  
 lead to.
16. What is Smokers cough?

PAPER – PEN TEST : 5 

1.14 TRANSPORTATION

We know that the body of an organism is made up of 
cells. All these cells require oxygen, water, minerals 
and organic food for their survival and maintenance 
and also to carry out their vital activities. Some of the 
essential substances are absorbed by the body at a 
few specific sites, whereas the rest of the substances 
are prepared by the body itself at sites different from 
these specific sites. Let us discuss this point in detail 
with examples.

Lung Cancer
Smoking is far and away the leading cause of lung 
cancer. Cigar smoke may contain even more toxic 
substances than cigarettes. Cigarette smoking can 
have major consequences on the lungs at all ages. 
Babies whose mothers smoked during pregnancy may 
have lungs that develop abnormally and teens who 
smoke cigarettes can develop smaller, weaker lungs 
that never grow to full size and never perform at their 
peak capacity. In addition, smoking can destroy the 
cilia—or tiny hairs in the airway that keep dirt and 
mucus out of lungs. When these cilia are destroyed, 
one develop what is known as “smoker’s cough,” a 
chronic cough that is often seen in long-term or daily 
smokers.

Example 1 : Plants absorb water, minerals etc., from 
the soil through root hairs. This water helps plants to 
prepare food in leaves.
Example 2 : The animals take the digested food from 
the alimentary canal and supply it to all the living 
cells of the body. This transport of nutrients and raw 
materials from one part of the body to another is 
facilitated through the mechanism of transportation. 
Thus, we define transportation as,
“The life process by which a substance produced or absorbed 
in one part of the organism is carried to every other part of its 
body.”
This shows that special tissues and organs are required 
for an organism to carry the substance to all parts of 
its body.  
We shall now study how plants and animals transport 
the essential substances from one part of their body to 
another.

We know that the essential substances required by 
the plant cells are carbon dioxide, water, oxygen and 
minerals. These are supplied from outside. The other 
substances required by all living cells are the food and 
hormones which are synthesized by the plant itself. 
Thus, the process of transportation is less elaborated 
in plants as compared to that in animals. Hence, it 
is obvious that the plants need to transport the food 
prepared in the leaves to be distributed to all other 
parts of the plants (Fig. 1.66).
But, now the question arises, how plants absorb water 
and transport food from leaves to various parts of the 
plant ?
There are two means of transportation in plants :
(a) Transportation of food and other substances
(b) Transportation of water and minerals

Roots absorb  
water and dissolved 

minerals from the soil.

1

Water and minerals  
are transported upward from 
roots to shoots as xylem sap.

2

Transpiration, the loss of 
water from leaves  

(mostly through stomata), creates a 
force within leaves that pulls xylem 

sap upward.

3

Through stomata, leaves 
take in CO2 and expel O2. The CO2 provides carbon 

for photosynthesis is used 
in cellular respiration.   

4
Sugars are produced by 

photosynthesis in the leaves.
5

Sugars are transported  
as phloem sap to roots  

and other parts of the plant.
6

Roots exchange gases 
with the spaces of 
soil, taking in O2 and  
discharging CO2. In  
cellular respiration, O2  supports the breakdown 
of  sugars.

7

CO2 O2

H2O

H2O
Minerals

Light
Sugar

O2

CO2

Fig. 1.66 : The picture depicts the transportation in plants

For the transport of food, water and minerals the 
plants have two types of conducting tissues namely,
(a) Xylem  (b) Phloem
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The transport of water and minerals takes place by 
xylem whereas the transport of food takes place by 
phloem.
We shall discuss how the transport of water and 
minerals takes place by xylem.

Transportation of Water and Minerals by Xylem

Xylem is a complex tissue. It has four types of cells 
namely (Fig. 1.67),
(i) Xylem fibres (ii) Xylem parenchyma
(iii) Xylem tracheids (iv) Xylem vessels
Water is a very important solvent in many biological 
processes. It helps in photosynthesis, translocation 
and also in maintaining the internal communication. 
In the leaves, water is used for making food by 
photosynthesis. Water along with the minerals 
dissolved in water move from the roots of the plant 
to its leaves through two kinds of elements of the 
xylem tissue called xylem vessels and tracheids. Both 
these tissues are non-living conducting tissues which 
have thick walls. Let us now discuss xylem vessls and 
tracheids in a little more detail.
Xylem Vessels
A xylem vessel is a non-living, long tube joined end to 
end. The walls of the cells are broken to form an open 
tube. The xylem vessel tube runs from the roots of the 
plant to the leaves through the stem. It also branches 
out into every leaf of the plant. The walls of xylem 
vessels are made up of cellulose and lignin. Lignin is a 
hard substance which provides strength to the stem to 
keep the plant upright. Some times, xylem vessels also 
have pits, where no lignin is deposited. In flowering 
plants, both xylem vessels and tracheids or sometimes 
only xylem vessels are involved in the transportation 
of water and minerals.
Tracheids
These are long, thin, elongated and spindle shaped 
cells, with pointed ends with pits in their thick cell 
walls. They are dead cells with lignified cell walls. 
Water flow, from one tracheid to other tracheid takes 
place through these pits. Though all plants possess 
tracheids, they form the water conducting tissue only 
in the non-flowering plants.

  Tracheid Xylem parenchyma Xylem Fibre Xylem vessel

Fig. 1.67 : Structure of different cells of xylem

Before we discuss the mechanism of transport of 
water from the roots of a plant to the leaves, we 
should know the meaning of certain terms involved in 
the mechanism 
•  Epidermis : It is the outer most layers of cells in the 

root and it is one cell thick.
•  Endodermis : It is the layer of cells around the 

xylem and the phloem in the root.
•  Vascular bundles : It is present in xylem and 

phloem.
•  Root cortex : The part of root found between 

epidermis and endodermis
•  Root xylem : The xylem tissue in the root is called 

root xylem.
Transport of Water and Minerals in Plants

The transport of water and minerals in a plant involves 
two processes, namely :
(a) Absorption of water and minerals.
(b) Upward movement of water. 
(a) Absorption of Water and Minerals.
The plants absorb water along with dissolved minerals 
from the soil through their roots. This water is called 
xylem sap. This xylem sap is carried by xylem vessels 
to various parts of the plant. 
We shall now see how this happens ?
The plants absorb water and minerals from the soil 
in an aqueous form. Both water and minerals enter 
the roots through the epidermal cells and are later 
transported from soil to leaves through xylem cells. 
Since, the root hairs are directly in contact with the 
soil, the water along with dissolved minerals is 
absorbed by the process of diffusion. Now, water 
molecules move from one cell to another by passing 
from epidermis to cortex, from cortex to endodermis 
and from endodermis to xylem vessels and tracheids. 
Similarly, the mineral salts also move from one cell 
to another, reaching the vessels and tracheids. From 
here water and minerals are moved upwards by the 
process called ascent of sap.

Pericycle

Endodermis
Phloem

Passage cells

Cortex

Epiblema

Soil particles

Water
Root 
hair

vacuole

Nucleus
Protoxylem

Metaxylem

Fig. 1.68 : Transport of water and minerals in plants
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(b) Upward Movement of Water and Minerals

There are two important theories which explain the 
upward movement of water and minerals. These are 
(i) Root pressure theory .

(ii) Transpiration pull or cohesion-tension theory.

According to the root pressure theory, the root absorbs 
water and exerts pressure called the root pressure 
which pushes the water upward. But this theory was 
applicable only to small herbaceous plants.

According to cohesion – tension theory, the transpiration 
pull is responsible for the upward movement of water. 
The transpiration pull is caused due to the process of 
transpiration i.e., loss of water from leaf, which creates 
a suction pulling the water sap upwards.

The process of evaporation of water from the leaves of 
a plant is called transpiration. Let us discuss how this 
process takes place in detail. This takes place through 
tiny pores on the surface of the leaves called stomata. 
Since the cells of the leaf lose water, the water from 
xylem vessels travels upward to the cells by the process 
of osmosis, to make up the loss of water. Thus, water is 
constantly being taken away from xylem vessels to the 
leaves. This reduces pressure at the top by creating a 
suction, to pull the water upward.

Thus, it is clear that the process of transpiration helps 
in the movement of water upward (ascent of sap) from 
the root to the leaves through the stem.

Let us perform an activity to demonstrate the process 
of transpiration in movement of water upward.

PROCEDURE 
Step 1–  Take two small pots of approximately the 

same size, having the same amount of soil. 
Step 2–  Keep a plant in one of the pot. 
Step 3–  Now, place a stick of the same height as the 

plant in the other pot.
Step 4–  Cover the soil in both pots with a plastic sheet 

so that moisture cannot escape by evaporation.
Step 5–  Cover both pots, that is the one with the 

plant and the other with the stick, with 
plastic sheets and place in bright sunlight 
for half an hour.

OBSERVATION
(a)  Small drops of water start appearing on the inner 

side of the plastic sheet covered over the plant.
(b)  No drops of water appear in case of pot with stick 

only.
CONCLUSION
This experiment demonstrates that the leaves 
lose water in the form of water vapours which get 
condensed on the inner surface of the smooth plastic 
sheet.

Activity  1.8 – To demonstrate the phenomenon of transpiration.

Transportation of Food and Other Substances

The process of synthesis of food such as carbo-
hydrates takes places in the leaves. The other 
substances such as plant hormones which are 
required for growth and development of the 
plant are synthesized at the root and shoot tips. 
Similarly, food prepared by the leaves has to be 
transported to all parts, where it is needed for 
respiration and other metabolic activities. Similarly 
plant hormones synthesized in one part of the 
plant have to be transported to those parts where 
they are required. This process of transportation of 
food and other substances takes place by a special 
tissue called phloem (Fig. 1.69 and 1.70).
Phloem is a complex tissue running parallel with 
xylem. Phloem tissue is made up of four different 
types of cellular elements namely,
(a) Phloem parenchyma (b) Phloem fibres
(c) Companion cells (d) Sieve tubes

The sieve tube elements are elongated cells, attached 
end to end. Some times, the side walls of sieve elements 
possess sieves plates which allow soluble substance to 
pass through it. These sieve tube elements are living 
cells with cytoplasm, but do not possess nuclei.

Sieve plate

Sieve tube

Phloem
parenchyma

Companion cell

Sieve 
plate

Fibre

Companion 
cell

Sieve 
areas

Sieve element

 Fig. 1.69 : Structure of phloem  Fig. 1.70 : Picture showing 
  phloem elements

Let us now explain how the food is transported 
through phloem. 
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Mechanism of Food Transport in Plants
The phloem elements are in close contact with 
mesophyll cells of the leaves. Thus, the soluble food 
molecules entering mesophyll cells, reach the phloem 
elements. The food is transported downward to the 
roots and the stems, upward for seed germination, 
and sometimes transported in lateral directions also. 
The nutrients are transported in sieve tubes in the 
aqueous form. Such a transport of food from leaves to 
other parts of the plant is called translocation.
Let us now discuss the process of transportation in 
detail.
The food (sugar) prepared by leaves moves into sieve 
tubes of phloem tissue using the energy from ATP. 
Now, water enters along with the food by the process 
of osmosis. This increases the pressure in the phloem 
and so the phloem moves the food to all the parts 
of the plants having less pressure. Thus, the phloem 
transports the food and hormones to all parts of the 
plant according to their needs.

PAPER – PEN TEST : 6 

1.  How do plants absorb water and minerals from 
the soil ?

2. Define transportation.
3.  What are the two types of transportation in  

plants  ? 
4.  What are the two types of conducting tissues for 

transport of water, food and minerals  ?
5.  Differentiate between the two types of conducting 

tissue.
6.  What are the different types of cells in xylem  ?
7. Define xylem vessels and tracheids.
8.  What are the processes involved in the mechanism 

of transport of water and minerals in plant  ?
9. Define xylem sap.
10.  What are the two important theories which 

explain the upward movement of water and 
minerals  ? Explain them.

1.16 TRANSPORTATION IN HUMAN 
BEINGS

In human beings, various substances such as oxygen, 
carbon dioxide, hormones, etc. are transported 
by specialized systems from one point to another. 
Generally, the materials are transported to tissue 
by two specialized systems namely, Blood vascular 
system and Lymphatic system.
We shall first discuss the blood vascular system.

Blood Vascular System

It is also known as Blood circulatory system. A vascular 
system is a system of tubes which are filled with fluid 
that is to be transported from one place to another. 
The blood vascular system includes heart and blood. 
Let us discuss these one by one in detail (Fig. 1.71).

Plasma
Blood 
vessel

Fig. 1.71 : The picture showing plasma and blood vessels such as 
R.B.Cs, W.B.Cs and blood platelets

Blood
It is a fluid connective tissue which circulates in 
our body. It is red in colour due to the presence of 
a red pigment called haemoglobin (Hb) in its cells. It 
circulates in our body. There are two main components 
of blood which includes
(a) Plasma (b) Blood corpuscles
(a) Plasma
It is a straw coloured, slightly alkaline fluid. It is also 
called fluid matrix. It is the liquid part of the blood. It 
constitutes 55% of blood and contains 92% water and 
8% other solutes. The solutes include plasma proteins, 
nutrients, hormones, enzymes, inorganic salts, gases 
and waste products like urea, uric acid etc.
(b) Blood corpuscles or blood cells
These are the blood cells which constitute 45% of the 
blood. There are three types of blood cells namely, 
(i)  RBC or Red Blood Corpuscles or Red Blood Cells 

or Erythrocytes.
(ii)  WBC or White Blood Corpuscles or White Blood 

Cells or Leucocytes.
(iii) Blood Platelets. 
The blood cells are synthesized inside red bone 
marrow such as in ribs, vertebrae and disintegrate in 
spleen and liver.

Like in plants, the process of transportation also takes 
place in human beings. Let us now discuss in detail 
the process of transportation in human beings.
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(i)  RBC or Red Blood Corpuscles
They are also called red blood 
cells or erythrocytes. These 
are circular, bicon-cave, 
non-nucleated cells rich in 
iron containing red pigment 
called haemoglobin (Fig. 1.72) 
They are 7 µm in diameter 
and 2 µm in thickness. The 
life span of red blood corpuscles is 120 days in male 
and 110 days in female. Since, these red blood cells 
disintegrate in spleen, it is called the graveyard of red 
blood cells. When we donate blood, the loss of blood 
can be made up very quickly by the bone marrow. 
Thus, the bone marrow is sometimes called the blood 
bank of the body. 
The haemoglobin (Hb) present in red blood cells helps 
to transport oxygen from lungs to the body tissues. 
The oxygenated form of Haemoglobin (Hb) is called 
oxy-hemoglobin. It also carries some carbon dioxide 
from the body tissue to the lungs. Generally, the count 
of red blood corpuscles in males is–5.2 million/mm3 

and in female, it is 4.5 million/mm3.
(ii) WBC or White Blood Corpuscles

These are also called white blood 
cells or Leucocytes. These are 
colourless, nucleated blood cells 
which vary in size and shape  
(Fig. 1.73). A normal human 
being has about 5000 to 8000 
leucocytes/mm3 of blood; the 
number increases in the presence 
of infection. They have a life span 

of 12 hours to one day. These cells fight infection 
and protect us from diseases. They exhibit amoeboid 
movement. They protect the body against invading 
micro-organisms and remove dead cells from the 
body. Usually these are either spherical or irregular 
in shape.
White blood cells are of two types namely : 
• Granulocytes 
• Agranulocytes. 
The granulocytes have large sized granules in their 
cytoplasm with lobulated nuclei. These granulocytes are 
further classified into three types namely, Neutrophil, 
Basophil and Eosinophil (Fig. 1.74).

Fig. 1.74 : Granulocytes

Agranulocytes do not possess granules but possess 
nucleus. These are of two types namely, Monocytes 
and Lymphocytes (Fig. 1.75).

Fig. 1.75 : Agranulocytes

The white blood cells produce chemical called, 
‘antibodies’ to fight against infection and provides 
immunity. The white blood cells are called ‘soldiers’, 
because they protect the body from pathogens and 
other foreign particles.
(iii) Blood Platelets
These are also called thrombocytes, 
They are colourless and non-nucleated 
cell fragments formed in the bone 
marrow. They do not possess nucleus 
(Fig. 1.76). They help in blood clotting 
or coagulation of blood during a cut 
or wound. They have a life span of 
5-9 days. When a tissue is wounded, 
it starts bleeding and blood flows out through it. If it 
is not checked, it may cause an excessive loss of blood. 
Sometimes the loss of blood may even lead to death. 
But the body has a natural mechanism of preventing 
the loss of blood by forming a ‘blood clot’. The clot 
contracts and solidifies and closes the injury. This 
results in the expulsion of a liquid called serum.

Mechanism of Clotting of Blood

The mechanism for the clotting of blood is illustrated 
in the graphic below :

→Injury Injured Tissue and Ruptured platelets
→Injured Tissue and Platelets ProthromboplastinRuptured

→
2+CaProthromboplastin Thromboplastin  

→
2+Ca /ThromboplastinProthrombin Thrombin    

Fig. 1.72 : Structure of R.B.C.

Fig. 1.73 : Structure of 
W.B.C

Fig. 1.76 : 
Blood platelets
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→ThrombinFibrinogen Fibrin

↓
Fibrin Polymers

↓

Clot
Whole Blood

 Plasma  Formed elements
  
   
 Leucocytes Platelets Erythrocytes
 
  
 Granulocytes Agranulocytes
 Neutrophils 
   
 Eosinophils Lymphocytes Monocytes
 Basophils

Functions of Blood

(a) Hormone Carrier 
  The blood carries hormones from the endocrine 

glands to different organs of the body.
(b) Oxygen Transport
  The blood helps to transport oxygen to tissues for 

respiration.
(c) Waste Product Transport
  The blood carries nitrogenous wastes from various 

parts of the body for the elimination.
(d) Maintaining Water Balance
  The blood circulates water, nutrients and other 

inorganic salts and removes them from the areas 
in which it is present in excess.

(e) Carbon Dioxide Transport
  The blood eliminates the carbon dioxide formed 

during respiration.
(f) Nutrient Transport
  Nutrients such as sugars, minerals, vitamins etc 

are transported to different parts of the body by 
blood.

(g) Regulating Body Temperature
  The blood distributes heat to all parts of the body 

in order to maintain the body temperature.
(h) Maintains pH
  The blood helps to maintain the pH of tissue fluids.

(i) Body Defense
  The phagocytic leucocytes and immunocytes in the 

blood provide defense against foreign substances.
(j) Property of Clotting 
  The blood helps to prevent the loss of body fluids.

PAPER – PEN TEST : 7 

1.  Name the specialized systems meant for 
transportation of materials into tissues  ?

2. What is meant by the vascular system  ?
3.  Name the organs that constitute the in blood 

vascular system.
4. Why is the colour of blood red  ?
5. Name the different components of the blood.
6. Write a note on plasma.
7. What are the three types of blood cells  ?
8.  Differentiate between red blood cells and white 

blood cells.
9. Explain the different types of white blood cells.
10.  Why white blood cells are called ‘soldiers’ of the 

body  ?
11. What are antibodies  ?
12. What are blood platelets  ?
13. What is meant by serum  ?
14.  Give a schematic representation of clotting of 

blood.
15. Give the functions of the blood.

Human Circulatory System

We studied that the blood acts as an important 
medium to carry substances such as oxygen, carbon 
dioxide, hormones, vitamins etc., to various parts 
of the body. But do you know how blood circulates 
around the body and reaches each and every parts 
this mechanism of circulation of blood throughout 
the body is known as the “Blood circulatory system.” 
The blood circulatory system in humans consists of 
a pumping organ, the heart and the blood vessels. 
There is another transport system in human beings 
namely lymphatic system. Usually the substances are 
transported through two different liquids namely, 
(a) Blood (b) Lymph
As we have already discussed the components of 
blood, we shall now discuss about blood vessels, heart 
and lymph.
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Blood vessels

The blood vessels are thin tubes which carry blood 
throughout our body. There are three kinds of blood 
vessels, namely,
(i) Arteries (ii) Veins (iii) Capillaries
(i) Arteries
Arteries are thick-walled and elastic blood vessels 
which carry blood from the heart to various parts 
of the body (Fig. 1.77). The main artery called aorta 
carries oxygenated blood from right ventricle to all parts 
of the body except lungs. But, the pulmonary artery 
carries deoxygenated blood from right ventricle to the 
lungs for purification. The thick walls of arteries allow 
the blood to flow inside with high pressure. When the 
blood is poured into an artery, it expands and then 
contracts partially, making the lumen narrow.

Tunica media
(Smooth muscle)

Tunica interna
(Endothelial cells)

Tunica externa
(Elastin and collagen)

Fig. 1.77 : Structure of an artery

(ii) Veins
Veins are thin walled and less-elastic, blood vessels 
which carry blood from all parts of the body back to 
the heart (Fig. 1.78). Blood flows smoothly and slowly 
inside the veins, because it does not flow under high 
pressure. There are valves in veins which prevent the 
backflow of blood. The main vein, vena cava carries 
deoxygenated blood from all parts of the body except 
lungs, and flows to the heart. But, the pulmonary vein 
carries oxygenated blood from lungs to the heart. Veins 
have a wider lumen than arteries. 

Tunica interna
(Endothelial cells)

Tunica exterma
(Elastin and collagen)

Tunica media
(Smooth muscle)

Fig. 1.78 : Structure of a vein

(iii) Capillaries
These are narrow, thin-walled tubes which connect 
arteries and veins (Fig. 1.79). Since the walls of 
capillaries are thin-walled, various dissolved 
substances like food, oxygen etc., present in the blood, 
enters into the body cells through these capillaries. 

Simultaneously, the waste 
substances like carbon dioxide 
enter into capillaries. Thus, 
the exchange of materials 
takes place between the 
body cells and the blood. The 
oxygenated blood from the 
arteries enters the capillaries 

and the deoxygenated blood from the capillaries 
enters into the veins, joined to the other end of the 
capillaries.
Thus, we can conclude that blood circulates in our 
body in two forms namely, oxygenated blood and 
deoxygenated blood
The blood carrying oxygen is called oxygenated blood. 
The oxygenated blood is formed in the lungs and is 
passed into the blood. The blood which does not carry 
oxygen is called deoxygenated blood. The deoxygenated 
blood is formed in various organs of the body where the 
oxygen is used for respiration.
We shall now discuss the human heart and its 
structure.

Human Heart

The human heart is a hollow, muscular organ 
roughly triangular or conical in shape. Its average 
weight is 300gm in male and 250 gm in female. The 
size of the heart is same as our ‘clenched fist’. It is 
made up of special muscles called cardiac muscles. 
It is reddish-brown in colour. The human heart is 
situated between the two lungs in the middle of 
the thoracic cavity resting over the diaphragm. It is 
covered by a tough, narrow fluid filled membranous 
two-layered sac called pericardium. The pericardium 
helps to reduce friction between the heart wall and 
the surrounding tissues.
Let us now discuss the internal structure of heart.
Internal Structure of Human Heart
Generally heart has two pumps which work 
independently. The left side of heart acts as one of the 
pumps which pumps blood into various parts of the 
body from the lungs and the right side of heart acts as 
another pump which pumps blood only to the lungs. 
These two pumps work independently. Hence, heart 
is said to be a double pump.
Heart is divided into four chambers to prevent mixing 
of oxygenated and deoxygenated blood. The four 
chambers include two upper chambers and two lower 
chambers. The two upper chambers are called auricles 
or atria. The two lower chambers are called ventricles. 

Epithelial 
lining

Nucleus

Fig. 1.79 : Structure of 
capillaries
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The auricles are small and thin-walled whereas the 
ventricles are large and thick-walled. 

Superior vena cava

Right pulmonary
artery

Pulmonary
veins

Pulmonary
veins

Left pulmonary
artery

Aorta

Mitral valve
Left
ventricle

Left
atriumRight

atrium

Tricuspid
valve

Inferior
vena cava

Aortic valve
Pulmonary valve

SeptumRight
ventricle

Fig. 1.80 : The diagram showing structure of a heart

The two auricles receive blood from the two main 
veins. The two ventricles transport blood to the lungs 
and also all parts of the body. There are valve between 
the left atrium and left ventricles and between right 
atrium and right ventricles. The valves between left 
atrium and left ventricles are called bicuspid or mitral 
valve because it has two flaps. The valves between right 
atrium and right ventricles are called tricuspid valve 
because it has three flaps. The valves help the blood to 
flow in one-way direction and prevent the backflow. 
Thus, the blood flows from auricle to ventricle and not 
in the reverse order.
Both the valves are supported by fine fibres called 
chordae tendienae. The right ventricle opens into the 
pulmonary artery by a semi-lunar pulmonary valve. 
Similarly, the left ventricle opens into the aorta by 
semi-lunar aortic valve (Fig. 1.80).
Thus, it is clear that the left side of the heart 
receives oxygenated blood from the lungs and 
pumps it through the systemic arteries to the 
tissues of the body. The partition of oxygenated 
and deoxygenated blood helps to provide efficient 
supply of oxygen to all the body parts.

Now a question arises—Do all animals possess 
partitioned oxygenated and deoxygenated blood ? 
Let us discuss.

The birds and mammals require high-energy 
for keeping the body temperature constant. 
Hence, birds and mammals possess a partition 

that separates oxygenated and de-oxygenated 
blood. The reptiles and amphibians require less 
energy and hence, the mixing of oxygenated and 
deoxygenated blood occurs due to in the plesence 
of a three chambered heart. The fish heart pumps 
only deoxygenated blood and this blood is 
oxygenated in the gills from where the blood flows 
to other parts of the body. Thus, fishes have two 
chambered heart.

Note

•	 The two auricles contract together and relax together. 
Similarly, the two ventricles contract together and 
relax together.

•	 The contraction of two auricles is immediately 
followed by the contraction of two ventricles.

We will now discuss the functioning of the heart in 
detail (Fig. 1.81).

(a) When the muscles of all four chambers of heart 
are relaxed, the oxygenated blood from the lungs 
is poured into left auricles of the heart by the 
pulmonary vein.

(b) Now, when left auricle contracts, the oxygenated 
blood is pushed into the left ventricles through 
bicuspid valve.

(c) When the left ventricle contracts, the oxygenated 
blood enters into the aorta and goes into various 
body parts, except lungs.

(d)  When the oxygenated blood passes through 
the capillaries of the body organs, it gives 
up oxygen to the body cells and becomes 
deoxygenated. At the same time, carbon 
dioxide produced during respiration as waste 
material enters into the blood.

(e)  The deoxygenated blood from the body organs 
enters into the vena cava and is carried to the 
right auricle.

(f)  When the deoxygenated blood reaches the right 
auricle, it contracts and the deoxygenated blood 
is pushed into the right ventricle through the 
tricuspid valve.

(g)  When the right ventricles contracts, the oxygenated 
blood is pumped into the lungs through the 
pulmonary artery.

(h)  In the lungs, the deoxygenated blood releases 
carbon dioxide, absorbs oxygen and becomes 
oxygenated again. 
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Aorta
Superior 

vena cava

Right 
atrium

Left 
atrium

Right 
ventricle

Pulmonary 
artery

Pulmonary 
vein

Left 
ventricle

Fig. 1.81 : Internal structure of heart showing  
the flow of blood

(i)  The oxygenated blood is again sent to the left 
auricle by the pulmonary vein for circulation. 

(j)  Thus, the whole process is repeated continuously 
and the blood keeps circulating in our body 
without stopping. It also helps to remove the 
waste products formed in the body cells.

Do you know that the human blood circulatory system 
is an example of double circulation  ?

Let us now discuss the double circulation in detail.

Double Circulation

When the blood passes through the heart twice, 
it is called double circulation. In other words, the 
blood passes through the heart on the right side first 
and then passes through the left side to complete 
one cycle. The first circulation involves entry of 
deoxygenated blood from various body parts into 
the heart. The second circulation involves entry of 
oxygenated blood from lungs into the heart which 
is then distributed to all other parts of the body  
(Fig. 1.82).

Thus, it is obvious that double circulation has two 
components namely,

(a) Pulmonary circulation (b) Systemic circulation

When the blood passes from the heart to the lungs and 
back to the heart, the process of circulation is called 
pulmonary circulation. When the blood passes from 
the heart to various other parts of the body and then 
back to heart, then the process of circulation is called 
systemic circulation.

Fig. 1.82 : Diagrammatic representation of double circulation

Let us now discuss how the process of double 
circulation takes place in cold-blooded animals such 
as amphibians, reptiles and in warm-blooded animals 
such as birds and mammals.
The animals whose body temperature does not depend 
upon the temperature of the environment are called 
warm-blooded animals. In these animals, the heart is 
four chambered with the auricles and two ventricles. 
Hence, the right side and the left side of the heart 
are completely separated to prevent the mixing of 
oxygenated and deoxygenated blood. This separation 
helps to provide a high supply of oxygen to the 
body cells to produce a lot of energy. This energy is 
important for the warm-blooded animals to maintain 
their body temperature. On the other hand, animals 
whose body temperature depends on the temperature 
of the environment are called cold–blooded animals. 
In these animals such as frogs, lizards etc., the heart is 
three chambered with two auricles and one ventricle. 
Thus, oxygenated and deoxygenated bloods get mixed 
and provide lesser supply of oxygen to the body cells, 
which also produces less energy.
In fish, the heart is two chambered with one auricle 
and one ventricle. Here the heart pumps deoxygenated 
blood to the gills for oxygenation. Then, the oxygenated 
blood from the gills is supplied to the body parts 
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of fish where oxygen is used and carbon dioxide 
makes it deoxygenated. This deoxygenated blood 
enters the heart again and gets pumped into gills for 
oxygenation. Thus, the flow of blood in fish is single 
circulation because the blood passes through the heart 
only once in one complete cycle of the body.

“The process of rhythmic contraction and relaxation of heart 
that results in pumping of blood in our body.”
Usually the heart beats about 70-72 times in a minute 
in the resting stage. The number of beats increases 
during excitement and physical exercises. A doctor 
can listen to our heart beats by using an apparatus 
called Stethoscope. (Fig. 1.83 & 1.84) The process 
of expansion is called diastole and the process of 
contraction is called systole. The number of beats 
increases during excitement and physical exercise. 
The low-pitched sound of longer duration is called 
‘lubb’ and the high-pitched sound of shorter duration 
is called ‘dubb’. The sound ‘lubb’ is produced when 
auriculo-ventricular valves i.e., bicuspid and tricuspid 
valves are closed and the sound ‘dubb’ is produced 
when semi-lunar valves i.e., aortic and pulmonary 
valves are closed (Fig. 1.81).
With every heartbeat the blood forces itself into 

arteries and the arteries 
expand. The process of 
expansion of an artery 
each time when the 
blood is forced into it, 
is called pulse. The rate 
of pulse of a person is 
equal to the number of 
heartbeats per minute. 
Since, we know that the 
rate of heartbeat is 70-
72 per minute, the pulse 

rate is also said to be 70-72 while resting. This may 
increase during excitation and physical exercises.
Can we feel the heart beat or pulse ? Yes.
Let us see how ?
We can feel the heart beat by keeping our hand on the 
chest just above the heart region (Fig. 1.85). We can 
also feel it by using stethoscope which magnifies the 
sound of heart beats for us to hear clearly.
We can feel our pulses in certain parts of our body 
such as wrist, neck by pressing the artery lightly with 
our finger tips (Fig. 1.86).

  

 

Fig. 1.85 : We can feel our 
heart beats if we place “our 
hand on the chest just above 

the heart region.”  

Fig. 1.86 :  We can feel the pulse in 
the wrist

PAPER – PEN TEST : 8 

1. What are the different kinds of blood vessels  ?
2.  Differentiate between oxygenated and deoxy-

genated blood.
3.  What is meant by pulmonary and systemic 

circulation  ?
4. Describe the process of working of heart.
5. Differentiate between arteries and veins.
6. Write a note on capillaries.
7.  What are the two ways in which the blood 

circulates in our body ?
8.  Explain the internal structure of heart with the 

help of a neat labelled diagram.
9. What is meant by double circulation ?
10. Explain double circulation in fishes.
11. Explain double circulation in amphibians.
12.  What is the use of four-chambered heart in 

mammals  ?

We shall now discuss the heart beat.

Heart Beat
The pumping, of blood is the most vital function of 
the heart and this pumping action results into heart 
beat. The heart beats continuously through out life 
of an individual. The 
contraction of the 
heart is called “Systole” 
and the relaxation is 
called “Diastole”. The 
sequence of events 
which takes place 
during the completion 
of heart beat is called 
the cardiac cycle.
We know that heart 
contracts to pump the blood into our arteries and 
relaxes to fill the heart with the blood from pulmonary 
vein. This process of contraction and relaxation of 
heart again and again to pump the blood into the body 
continuously is called heart beat. Thus, we can define 
heart beat as.

Fig. 1.84 : A doctor listens to 
the heartbeat of a patient using 

stethoscope

Fig. 1.83 : A stethoscope used to 
listen the heartbeat of a person
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Blood Pressure

The pressure exerted by the blood on the walls of the 
auricles is called the blood pressure. It is measured 
by an instrument called sphygmomanometer (Fig. 1.87). 
When the heart contracts, the maximum pressure at 
which the blood is pumped from the heart to aorta is 
called systolic pressure.
Similarly, the minimum pressure at which the heart 
relaxes is called diastolic pressure. Thus, the value of 
diastolic pressure is always lower than the systolic 
pressure. The value of blood pressure is measured 
in ‘mmHg’. The normal blood pressure of a person 
is systolic pressure: 120 mm Hg, diastolic pressure: 
80mm Hg. Thus, it is written as 120/80. However, the 
blood pressure of a person varies from time to time 
and also varies with age.
When the blood pressure value is more than 150/90, 
it is called high blood pressure or hypertension. This may 
be due to an increase in the flow of blood. When the 
blood pressure value is less than 110/70, it is called 
low blood pressure or hypotension.
We shall now discuss how 
sphygmomanometer is used to 
measure blood pressure.
Measuring Blood Pressure 
using Sphygmomanometer
In order to measure blood 
pressure, we need to take 
two readings namely systolic 
pressure and diastolic pressure. 
The systolic pressure can be 
measured when the heart is contracting and pumping 
out blood. Similarly, the diastolic pressure can be 
measured when the heart is relaxed to fill in with 
blood. The following steps are done to measure the 
blood pressure of a person using sphygmomano- 
meter : 
(a)  The instrument has a flat rubber tube called the 

rubber cuff, which is wrapped around the person’s 
arm (Fig. 1.88). Then, the rubber cuff is inflated by 
pumping air to give a pressure of 200mmHg to the 
artery, which can be 
noted on the scale of 
the instrument. If a 
stethoscope is placed 
on the artery of the 
arm, no sound will 
be heard through it.

(b)  Now, reduce the cuff 
pressure gradually 
by deflating the 
cuff and keeping stet-hoscope still on the artery. 

When you hear a ‘soft tapping sound’ through 
stethoscope, it gives us systolic pressure.

(c)  When the cuff pressure is reduced further, the 
tapping sound through stethoscope ’disappears’, 
and gives us the diastolic pressure.

We shall now describe the lymphatic system (Fig. 1.89).

Lymphatic System
It is the second important circulatory system in the 
human body that transports the liquid from the body 
tissues to the blood vascular system. The lymphatic 
system consists of the following parts, 
(a) Lymph (b) Lymph nodes (lymph glands)
(c) Lymph capillaries (d) Lymph vessels
Let us now discuss each part in detail.
(a) Lymph
It is a light yellow-coloured fluid. Its colour is due to 
absence of red blood corpuscles. The lymph is also 
called as the extra-cellular fluid as it bathes the tissue 
which is found outside the cells. Lymph flows in only 
one direction i.e., from body tissues to the heart. It 
consists of two parts namely,
(i) Plasma (ii) Lymphocyte
The plasma is a fluid matrix which contains protein 
molecules, digested fats etc. The lymphocyte is a 
special type of white blood corpuscles which helps to 
fight infection and disease. 

Fig. 1.89 : The picture showing human lymphatic system

(b) Lymph Nodes
Lymph nodes are located at intervals on the lymph 
vessels throughout the lymphatic system. In the lymph 

Fig. 1.87 : The 
diagram showing 

sphygmomanometer

Fig. 1.88 : A person checking blood 
pressure using sphygmomanometer



52

CONCISE BIOLOGY - X LIFE PROCESSES

nodes, the lymph is cleaned by lymphocytes, which 
kill germs and also produce antibodies to protect the 
body from disease.
(c) Lymph Capillaries
These are tiny tubes present throughout the body. The 
ends of the lymph capillaries in the body tissues are 
closed and thus, only the tissue fluid can seep into the 
walls of the lymph capillaries.
(d) Lymph Vessels
These are large tubes containing vessels. These are 
formed by joining lymph capillaries. They finally join 
the venous system near the heart. 
Functions of Lymph or Lymphatic System
The functions of lymphatic system include the 
following :
(i) Lymph protects the body by killing the germs.
(ii)  Lymph drains the excess of fluid from extracellular 

spaces back into the blood.
(iii)  Lymph carries carbon dioxide and nitrogenous 

waste materials from tissues to the blood.
(iv)  Lymph is involved in nutritive process by carrying 

the proteins and digested fat. 

1. Define heart beat.
2. What is systole and diastole  ?
3. What is meant by a cardiac cycle ?
4. What is stethoscope ?
5. When is the sound ‘lubb’ and ‘dubb’ produced ?
6. Define pulse.
7. How can we feel heart beat  ?
8. What is meant by blood pressure  ?
9. Define systolic and diastolic pressure.
10.  If we write the blood pressure as 120/80, what 

does this represent  ?
11.  Differentiate between High blood pressure and 

low blood pressure.
12.  How would you measure blood pressure using 

sphygmomanometer  ?

We know that all organisms are made up of cells. 
These cells work continuously and perform 

biochemical reactions for maintaining life of the 
organism. These biochemical reactions may result in the 
production of toxic or poisonous wastes in the body.
The accumulated toxic wastes must be removed 
continuously in order to maintain a favourable 
internal environment. The process of removal is called 
excretion. Thus, we can define excretion as,
” The process of removal of toxic wastes from the body of an 
organism.”
The process of excretion takes place in plants as 
well as in animals. There is another term related 
to the maintenance of the steady state. It is called 
osmoregulation. The process of maintaining the amount 
of water and proper ionic balance in the body fluids is 
called osmoregulation. It helps to maintain a constant 
osmotic pressure of the body by regulating the 
concentration of the body fluids and water content.
We shall now discuss the mechanism of excretion in 
plants.

Excretion in Plants

The main waste products produced by the plants are 
carbon dioxide, oxygen and water vapour. These are 
removed through the stomata in leaves and lenticels 
in stems and released into the atmosphere. Carbon 
dioxide produced during respiration of plants is 
excreted during night time. But, the waste product 
oxygen produced during photosynthesis is excreted 
only during day time. However, the water vapour 
produced is excreted during day as well as night time.
Plants produce waste products such as aromatic oils, 
alkaloids, tannins etc., in very small quantities. But, 
the plants do not have any special organs to remove 
these waste products. Hence, the plants store the waste 
products in their leaves, bark and fruits. Then, these 
wastes are removed by shedding of leaves, peeling of 
bark and falling of fruits. Some plant wastes are stored 
in the fruits in solid forms. These are called raphides. 
The raphides are needle shaped and can be seen in the 
fruit like Actinidia (kiwifruit), pineapple, etc.. These 
wastes are removed when the fruits get detached from 
the plant. 
Let us now discuss the various methods used by the 
plants to get rid of their waste products.

Methods used by Plants to Remove their Waste 
Products

Some of the methods used by plants to get rid of the 
waste products produced by the plants are as follows :
(a)  Some waste products are removed from petals, 

fruits and seeds.

PAPER – PEN TEST : 9

1.17 EXCRETION 
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Excretory or Urinary System in Human Beings
The human body has specialized organs for the removal 
of waste products from the body. These organs include 
lungs and kidneys. The major waste products produced 
by humans are carbon dioxide urea and undigested 
food particles. The decomposition of unused protein 
in the liver results in the production of urea and the 
oxidation of food during respiration results in the 
production of carbon dioxide. When these waste 
materials get accumulated in the body, they become 
poisonous and harmful. Thus, our lungs excrete carbon 
dioxide and our kidneys excrete urea.
The urinary system in human beings consists of a pair 
of kidneys, a pair of ureters, a urinary bladder and a 
urethra (Fig. 1.91).
Kidneys
 These are reddish-brown, bean shaped structures 
lying towards the back of our body above the waist 
on either side of the vertebral column. The left kidney 
lies higher than the right kidney. The blood in our 
body constantly passes through our kidneys. The 
dirty blood from aorta enters into kidneys through 
renal artery and the clean blood is carried away 
from kidneys by the renal veins. Thus, the renal 
artery brings deoxygenated blood from which waste 
products are removed. The function of kidneys is to 
remove the waste products and form of yellowish 
liquid called urine.
Ureter
 These are a pair of whitish, narrow tubes, which open 
from both the kidneys to urinary bladder. In other 
words, ureter connects kidneys to the urinary bladder.
Urinary Bladder
It is a bag which stores urine for some time.
Urethra
 It is a tube through which the urine is passed out from 
the body. The opening of urinary bladder into urethra 
is guarded by muscle called sphincter muscle.

Cortex

Medulla

Vein Artery

Ureter

Kidney

Urinary bladder

(a) A cross sectional                   
view of a kidney

(b) The picture showing urinary 
System in human beings

Urethra

Fig. 1.91 : Human excretory system

Now we shall discuss kidney in detail.

(b)  Some excess organic acids are stored in the form of 
calcium oxalate, calcium pectate etc., in the plant 
cells.

(c)  The waste products produced by aquatic plants 
are diffused directly into the water.

(d)  The oxidation products of aromatic oils are 
removed in the form of resins.

(e)  The degradation products of the cell wall are 
removed in the form of gums.

Let us now discuss how excretion takes place in animals.
Excretion in Animals

Usually animals have definite excretory organs 
through which the waste products and water 
are eliminated. Different animals have different 
excretory organs based on the nature of their diet and 
constitution. The major excretory products of animals 
are nitrogenous compounds such as ammonia, urea, 
uric acid, water, bile pigments etc.
Let us discuss how excretion takes  place in unicellular 
and in multicellular organisms.
(a) Excretion in Unicellular Organisms

Water enters due 
to osmosis

Excess water enters in 
contractile vacuole

Contractile 
vacuole swells

Contractile vacuole 
moves to edge of cell

Contractile vacuole 
bursts and expels water

The cycle is 
repeated

1

2

3

4

5

6

Fig. 1.90 : Excretion in Amoeba

  In single–celled organism such as Amoeba, 
Paramoecium etc., the main waste products are 
carbon dioxide, excess water and nitrogenous 
wastes. The carbon dioxide is removed by diffusion 
through cell membrane. The nitrogenous wastes 
and excess water are removed by the contractile 
vacuole. The contractile vacuole is osmo-regulatory 
organelle which collects water, swells up, reaches 
the surface and bursts to release its content outside 
due to high osmotic concentration inside (Fig. 1.90).

(b) Excretion in Multi-cellular Organism
  Some multi-cellular organisms such as earthworm, 

possess tubular structures called nephridia which 
act as the excretory organs. Apart from this, the 
moist skin of earthworm also acts as an excretory 
organ. In insects, the excretory organ is malpighian 
tubules, in molluscs it is kidneys and in flatworms it 
is flame cells.

 We shall now discuss the excretory system in human 
beings.
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Internally, a kidney is made up of numerous, 
microscopic units called nephrons. Nephron is the 
structural and functional unit of excretion. Each 
kidney has millions of nephrons.

Fig. 1.92 : Structure of a nephron

Each nephron has a cup-shaped cavity called the 
Bowman’s Capsule, at its upper end. The lower end of 
the Bowman’s capsule is a tube called the tubule. The 
tubule is connected to the Bowman’s capsule there at 
one end while the other end is connected to the urine 
collecting duct of the kidney. Within the Bowman’s 
capsule there is a bundle of blood capillaries called the 
glomerulus. One end of the glomerulus is attached to the 
renal artery which brings the dirty blood containing 
urea into it. The other end of the glomerulus exits the 
Bowman’s capsule in the form of a blood capillary, 
surrounds the tubule of the nephron and finally joins 
the renal vein, supplying it with urea free blood (Fig. 
1.92).

Mechanism of Urine formation
The mechanism of urine formation includes three 
steps namely,
(a) Glomerular ultra-filtration 
(b) Tubular reabsorption
(c) Tubular secretion
(a) Glomerular Ultrafiltration
Ultrafiltration of blood takes place in the Malpighian 
body which acts as a biological filter (Fig. 1.93). A 
Malpighian body comprises of Bowman’s capsule and 
glomerulus.

Afferent arteriole Efferent arteriole

Glomerulus

Bowmann’s capsule

Fig. 1.93 : Malpighian capsule

The blood from the kidney flows through the 
capillaries of glomerulus where the blood pressure 
is comparatively high and so brings about effective 
filtration. The hydrostatic pressure of the blood is 
always greater than the opposing pressures existing 
in the plasma protein and renal capillaries. Thus, the 
available net filtering force is chiefly responsible for 
glomerular filtration. The fluid in the capsule which is 
obtained by this process is termed glomerular filtrate. 
In man it is about 125ml/min. In 24 hours, the total 
volume of glomerular filtrate is 170 to 180 litres.
(b) Tubular Reabsorption
Reabsorption takes place in the uriniferous tubules. 
Reabsorption of useful substances is a differential 
or selective process. The glomerular filtrate contains 
many useful substances such as glucose, amino acids, 
mineral salts and vitamins dissolved in large amount 
of water. Substances such as glucose, sodium and 
calcium, are actively reabsorbed in large quantities. 
Substances like urea and uric acid, etc. are reabsorbed 
in small quantities by a simple diffusion process or 
passive reabsorption. Substances like creatinine are 
not reabsorbed. They are completely eliminated.
Proximal convoluted tubule is responsible for the 
reabsorption of water, glucose, sodium phosphate 
and bicarbonates. On entering the distal convoluted 
tubule, the urine becomes nearly isotonic to the 
surrounding tissue fluid due to the active transport 
of sodium and passive transport of water. As urine 
(isotonic) passes into the collecting tubule it becomes 
once again hypertonic by the osmotic reabsorption of 
water under the influence of the hormone, ADH. Thus 
the urine formed contains, 96% of water, 2% urea and 
2% of the metabolic products.
(c) Tubular Secretion
This is the final step in the formation of urine during 
which the walls of tubule actively remove additional 
waste substances which are harmful to the body and 
that have escaped filteration from the blood.
Renal Failure
The reduction in the ability of the kidneys to filter 
waste products from the blood and excrete them in the 
urine is called as renal failure. This can occur due to 
any injection, organ injury to kidney, very high blood 
pressure, very high blood sugar or restricted flow to 
the kidneys. The regulation of the water balance, salt 
balance and control of blood pressure are impaired due 
to kidney failure. Kidney failure also leads to uraemia 
in which urea and waste products get accumulated 
and other chemical disturbances are observed in the 
blood and tissues. This leads to various disorders and 
symptoms.
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The only long-term solution for kidney failure is 
that the patient undergoes a kidney transplant. The 
damaged kidney is replaced with a matching kidney 
from a healthy donor. If a suitable matching kidney 
donor is not immediately available, then the patient 
has to undergo dialysis at regular intervals. In the 
process of dialysis, the blood is circulated through a 
dialysis machine which performs the function of the 
kidney, i.e. cleansing the blood of toxic waste.
Organ Donation

Organ donation is the donation of biological tissue or 
an organ of the human body, from a living or dead 
person to a living recipient in need of a transplantation. 
Organ transplantation is the only option to save lives 
in patients affected by terminal organ failures and 
improve their quality of life.  The donor organ may 
come from both deceased individual as well as from 
a living donor. Organs that can be transplanted from 
the living donor includes one kidney, part of intestine, 
pancreas, islets of Langerhans, bone, part of liver, one 
testis, bone marrow and blood. The organ that can 
be transplanted from the deceased donor are heart, 
kidney, pancreas, stomach, hand, skin, blood vessels, 
lungs, liver, intestine, testis, cornea and heart valve. 

1. Define excretion.
2.  What is meant by osmoregulation  ? 
3.  How does excretion take place in multicellular 

animals  animals and unicellular animals ?
4.  What are the various methods involved in getting 

rid of waste products produced by the plants  ?
5.  With a neat sketch explain the urinary system in 

human beings.
6.  Explain the mechanism of urine formation with 

neat diagram.
7. What is renal failure  ?
8.  Draw the structure of nephron and label its  

parts.
9. What is Organ donation?
10. Which organs can be donated by a brain-dead  
 patient?

PAPER – PEN TEST : 10

The non-living donor is kept on ventilator support 
until the organs have been surgically removed.

Organ donation is significantly beneficial for medical 
science research. Donated organs offer an excellent tool 
for conducting scientific researches and experiments.

•  All plants and animals including human beings 
are said to be living things.

•  There are many criteria to decide whether 
something is alive or dead.

•  The most important criterion is movement, it is the 
most important sign of life in an organism.

•  Animals can move from one place to another or 
move their parts.

•  Plants cannot move from one place to another like 
animals, but can move their body parts such as 
roots, flowers, leaves and shoots. 

•  There are several characters of living thing that 
help to distinguish them from the non-living 
things.

•  The process by which the organisms obtain and 
utilize food is called nutrition. 

•  Respiration is the process of obtaining oxygen 
through breathing and making it available to the 
cells, for break down of the respiratory substrates 
through oxidation, in order to release energy.

•  The process in which the substances such as food 
or oxygen are synthesized in one part of the body 

COMPENDIUM

and are carried to another part of the body is called 
transportation.

•  The process by which the excess or toxic wastes 
are removed from the body is called excretion.

•  The process which helps the living organisms 
to receive information from the surroundings 
and adapt to the changing environment is called 
control and coordination.

•  A permanent increase in the size of the organism 
is called growth.

•  The complete series of changes which an organism 
goes through during its life cycle is called 
development. 

•  When the entire organism moves from one place 
to another, it is called movement.

•  When the organism is fixed and its body parts are 
moving, it is called locomotion.

•  Food is a kind of fuel which provides energy to the 
entire living organism. 

•  Living organisms use chemical energy from food 
to carry out various life processes.
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•  Nutrients are organic as well as inorganic 
substances, required for the maintenance and 
survival of a living organism.

•  Green plants do not depend on outside sources of 
organic nutrients, as they get inorganic nutrients 
from outside and produce their own organic 
nutrients.

•  The method of obtaining food by organisms is 
called mode of nutrition.

•  Based on the method of obtaining nutrients or 
food, all the organisms are classified into two major 
groups namely, Autotrophic and Heterotrophic

•  Autotrophic nutrition is a kind of nutrition in 
which the organisms prepare their own food 
using only inorganic raw materials present in 
their surroundings. Such organisms are called 
autotrophs or autotrophic organisms.

•  Heterotrophic nutrition is a kind of nutrition in 
which the organisms cannot produce their own 
food from inorganic materials and depend on 
other organisms for their food. Such organisms are 
called Heterotrophic organism or Heterotrophs.

•  Heterotrophs can obtain their food from other 
organism in three ways which are as follows :

 (a) Saprophytic nutrition (b) Parasitic nutrition
 (c) Holozoic nutrition
•  Saprophytic nutrition is, ‘the mode of nutrition 

in which an organism obtains its food from dead 
plants, like rotten leaves, dead and decaying, 
animal bodies and other decaying organic matter. 

•  The mode of nutrition in which an organism 
derives its food from the body of another living 
organism is called parasitic nutrition.

•  The nutrition in which an organism takes in the 
complex organic food materials into its body by 
the process of ingestion to be later digested and 
absorbed into the body cells of the organism is 
called holozoic nutrition.

•  Plants make their own food by a process called 
photosynthesis in presence of light. 

•  The energy from the sunlight is used by the plants 
to prepare food, in presence of a green pigment 
called chlorophyll.

•  Photosynthesis is the process by which green 
plants prepare their own food from carbon dioxide 
and water in the presence of light energy using 
chlorophyll.

•  Photosynthesis occurs only in those cells which 
possess the green coloured plastids called 
Chloroplasts.  

•  In a cross section of leaf, chloroplasts occur as 
numerous disc like organelles in the mesophyll 
cells of the leaf. The mesophyll region is divided 
into two layers namely,

 (a) Palisade layer (b) Spongy layer
•  The leaves which are partly green and partly white 

are called “variegated leaves”.
•  The process of splitting of water in presence of 

light energy is called photolysis of water.
•  The gaseous exchange in plants occurs through 

the stomata in leaves.
•  The animals which eat only plants are called 

herbivores.
•  The animals which eat flesh of other animals are 

called carnivores.
•  The animals which eat both plants and other 

animals as food are called omnivores.
•  All the living things on earth depend upon sun, 

for their food.
•  There are five main steps involved in the process 

of nutrition in animals namely,
 (a) Ingestion (b) Digestion 
 (c) Absorption (d) Assimilation 
 (e) Egestion
• The word “phagocytosis” means, “cell feeding”.
•  Teeth are made of ivory–like substance called 

dentine. 
•  The outer part of teeth are covered by a shining 

substance called enamel. 
•  Enamel is the hardest substance of the body.
•  The incisors are sharp and have cutting edges and 

hence help in biting the food. 
•  The canines are pointed and hence help in tearing 

the food. 
•  The pre-molars and molars are broad and hence 

help in grinding the food.
•  The buccal cavity has three pairs of salivary 

glands.
•  About 1.0 – 1.5 l of saliva is produced into buccal 

cavity every day.
• Dental caries is also called dental decay.
•  The structure of the tooth includes four parts 

namely, Enamel, Dentine, Pulp cavity and Gum.
•  The tooth decay begins when we eat sugary food, 

the bacteria Streptococcus mutans in our mouth act 
on the sugary food particles and stick to the teeth.
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•  A soft, thin, yellowish layer of food particles and 
bacterial cells is called dental plaque.

•  The exit of food from stomach is regulated by a 
“sphincter muscle”.

•  Small intestine is the seat of major digestion and 
absorption.

•  Small intestine receives the secretion of two glands 
namely, Liver and Pancreas.

• Liver is the largest gland of the body.
•  Bile has no enzyme and hence it has no chemical 

action on food.
•  Pancreas secretes a digestive fluid called pancreatic 

juice. 
•  The pancreatic juice contains digestive enzymes 

such as trypsin, nuclease, pancreatic lipase and 
pancreatic amylase.

• Pancreas produces two types of hormones namely,  
 Insulin and Glucagon.
•  The inner surface of small intestine is specially 

adapted for the process of absorption of digested 
food by having millions of tiny, finger like 
projections called villi.

•  The process of using digested food is called 
assimilation.

•  The process of egestion takes place in the large 
intestine.

• The large intestine has three parts namely,  
 Caecum,  Colon and Rectum.
•  Respiration is the process of releasing energy from 

food.
• Respiration involves : Breathing (gaseous exchange)  
 and Cellular respiration.
•  Organisms do not use all the energy released 

during the process of respiration, but store it in the 
form of ATP molecules in the body cells.

•  In cytoplasm, the glucose is broken down into 
pyruvic acid by a process called glycolysis.

•  When oxygen is used in respiration, it is called 
aerobic respiration.

•  When the respiration takes place in the absence of 
oxygen, it is called anaerobic respiration.

•  Fermentation is an anaerobic process of breaking 
down of carbohydrates by micro-organisms to 
produce alcohol, organic acids and other products 
along with heat and waste gases. 

•  The sudden accumulation of lactic acid in our 
muscles during vigorous exercise or physical 
activity can cause muscular cramps.

•  Tobacco smoking can lead to lung cancer, chronic 
bronchitis, and emphysema. It increases the risk 
of heart disease, which can lead to stroke or heart 
attack.

•  Smoking can destroy the cilia or tiny hairs in the 
airway that keep dirt and mucus out of lungs 
which develop as “smoker’s cough,” a chronic 
cough that is often seen in long-term or daily 
smokers.

•  The respiration in plants involves oxygen and 
carbon dioxide; these are called respiratory gases.

•  The process of diffusion occurs in all main parts of 
the plant such as roots, stems and the leaves.

• The hard and woody plants possess lenticel.
•  The organisms which live on land i.e., terrestrial 

organism have specialized organs to absorb 
oxygen directly from the atmosphere.

•  The organism which lives in water i.e., aquatic 
organism absorb the dissolved oxygen from the 
water by using special organs.

•  The aquatic animals also absorb the dissolved 
oxygen either directly through skin or through 
gills. 

•  Human beings or terrestrial organism, who absorb 
oxygen by lungs or skin.

•  Insects absorb oxygen through the tiny holes 
called spiracles on their body or by the air tubes 
called tracheae.

•  During the mechanism of breathing, oxygen 
diffuses into the blood and carbon dioxide passes 
out of lungs. This process of respiration is called 
pulmonary respiration.

•  The glottis has a leaf–like cartilaginous flap called 
epiglottis.

•  The air from pharynx enters into trachea or wind 
pipe through a slit–like aperture called glottis.

•  Trachea is a thin-walled tube that extends through 
the neck and divides into two branches called 
bronchi.

•  The bronchi divide further to produce very fine 
tubes called bronchioles.

• The actual site of gaseous exchange is alveoli.
•  Each lung is covered by two membranes called 

pleura.
• The voice box is also called larynx.
•  In male, it becomes prominent and protrudes out 

and is called ‘Adam’s apple’.
•  The process by which air rich in oxygen is taken 

inside the body of an organism and air rich in 
carbon dioxide is expelled from the body is known 
as Breathing.



58

CONCISE BIOLOGY - X LIFE PROCESSES

•  The process of taking in oxygen into our body 
during breathing is called inhalation. 

•  The process of expelling out carbon dioxide from 
our body is called exhalation.

•  During breathing, the oxygen is pumped into our 
body and carbon dioxide is expelled outside.

•  Rapid breathing provides more oxygen to body 
cells which in turn produces more energy for 
doing physical exercise.

•  The normal range of Haemoglobin (Hb) in the 
blood of a healthy adult person is 12–18 g/dl.

•  Ventilator is a tube inserted directly into trachea of 
the patient to help him to breathe freely.

•  The two conducting tissues in plants are (a) xylem 
and (b) phloem.

•  The transport of water and minerals is done by 
xylem whereas the transport of food takes place 
by phloem.

•  The transport of water and minerals takes place 
through tracheids and vessels.

•  The transport of water and minerals in a plant 
involves three processes namely,

 (a) Absorption of water and minerals
 (b) Upward movement of water 
 (c) Minerals transportation.
•  There are two important theories which explain 

the upward movements of water and minerals :
 (a) Root pressure theory 
 (b) Transpiration pull or cohesion-tension theory
•  According to root pressure theory, the root absorbs 

water and exacts a pressure called root pressure 
which pushes the water upward.

•  According to cohesion–tension theory, the 
transpiration pull is responsible for the upward 
movement of water.

•  The specialized systems through which the 
materials are transported to tissues are:

 (a) Blood vascular system 
 (b) Lymphatic system
•  The blood acts as an important medium to carry 

the substances such as oxygen, carbon dioxide, 
hormones, vitamins etc., to various organs of the 
body.

•  Arteries are thick-walled and elastic blood vessels 
which carry blood from the heart to various parts 
of the body.

•  Veins are thin walled and less-elastic blood vessels 
which carry blood from all parts of the body to 
heart.

•  Capillaries are narrow, thin-walled tubes which 
connect arteries to veins.

•  The blood carrying oxygen is called oxygenated 
blood.

•  The blood which does not carry oxygen is called 
deoxygenated blood.

•  The size of the heart is almost the same as our 
‘clenched fist’.

•  Heart is divided into four chambers to prevent 
mixing of oxygenated and deoxygenated bloods.

•  The valves help the blood to flow in a one-way 
direction and prevent the backflow.

•  When the blood passes through the heart twice, it 
is called double circulation.

•  When the blood passes from heart to the lungs and 
back to the heart, then the process of circulation is 
called pulmonary circulation. 

•  When the blood passes from the heart to various 
other parts and then back to heart, then the process 
of circulation is called systemic circulation.

•  Animals, whose body temperature does not 
depend on the temperature of the environment 
are called warm-blooded animals.

•  Animals whose body temperature depends on the 
temperature of the environment are called cold–
blooded animals.

•  The flow of blood in fish is single circulation as the 
blood passes through the heart only once in one 
complete cycle of the body.

•  The contraction of heart is called systole and the 
relaxation called diastole.

•  The process of rhythmic contraction and relaxation 
of heart is called the heart beat.

•  The process of expansion is called diastole and the 
process of contraction is called systole.

•  The low-pitched sound of longer duration is called 
‘lubb’ and the high-pitched sound of shorter 
duration is called ‘dubb’.

•  We can feel our pulses in certain parts of our body 
such as wrist, neck by pressing the artery lightly 
with our finger tips.

•  The pressure exerted by the blood on the wall of 
auricles is called blood pressure. 

•  The blood pressure is measured by an instrument 
called sphygmomanometer. 

•  When the heart contracts the maximum pressure 
at which the blood is pumped from the heart to 
aorta is called systolic pressure.

•  The minimum pressure at which the heart relaxes 
is called diastolic pressure.
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•  The process of removal of toxic wastes from the 
body of the organism is called Excretion.

•  The process of maintaining the amount of water 
and proper ionic balance in the body fluids is 
called osmoregulation.

•  The opening of urinary bladder into urethra is 
guarded by muscle called sphincter muscle.

•  Nephron is the structural and functional unit of 
excretion.

•  The mechanism of urine includes three steps 
namely,

 (a) Glomerular ultra-filtration
 (b) Tubular reabsorption
 (c) Tubular secretion
•  In 24 hours, the total volume of glomerular filtrate 

is 170 to 180 litres.
•  Proximal convoluted tubule is responsible for the 

reabsorption of water, glucose, sodium phosphate 
and bicarbonates.

•  The urine formed contains 96% of water, 2% urea 
and 2% of the metabolic products.

•  The reduction in the ability of the kidneys to filter 
waste products from the blood and excrete them 
in the urine is called as renal failure.

•  The regulation of the water balance, salt balance 
and control of blood pressure are impaired due to 
kidney failure.

•  Organ donation is the donation of biological tissue 
or an organ of the human body, from a living 
or dead person to a living recipient in need of a 
transplantation.

NCERT IN TEXT QUESTIONS
1.  Why is diffusion insufficient to meet the oxygen 

requirements of multicellular organisms like 
humans ?

Ans :  The size of the multicellular organisms is very 
large as compared to the unicellular organisms 
and so, the gases need to travel over a long 
distance. Diffusion is a passive mode of transport 
of substances and so gases can be transferred 
only over small distances by this method. 
This will not be sufficient to meet the oxygen 
requirements of the multicellular organisms.

2.  What criteria do we use to decide whether 
something is alive ?

Ans :  The main criteria to decide whether something 
is alive are as follows:-

 (a) Living things can move by themselves.
 (b) Living things can grow.
 (c) Living things need food, air and water.
 (d)  Living things are sensitive and so respond 

to stimulus.
 (e) Living things can reproduce to have young  
  ones.
 (f) Living things respire and excrete.
3.  What are outside raw materials used for by an 

organism ?
Ans : (a)  In autotrophic mode of nutrition, organisms 

synthesize their own food using only the 
inorganic raw materials like carbon dioxide 
and water present in the surroundings using 
solar energy and chlorophyll.

 (b)  In heterotrophic mode of nutrition, the 
organisms use outside raw material needed 
by their body for growth and development.

 (c)  But most of the organisms use oxygen from 
air as outside material for breaking down 
food and releasing energy by the process of 
respiration.

4.  What processes would you consider essential 
for maintaining life ?

Ans :  The processes essential for maintaining life are 
nutrition, respiration, reproduction, control 
and coordination, excretion and locomotion or 
movement.

5.  What are the differences between autotrophic 
nutrition and heterotrophic nutrition ?

Ans : 
Autotrophic Nutrition Heterotrophic Nutrition
The organism prepares 
its own food, and is not 
dependent on any other 
organism for food.

The organism does not 
prepare its own food and 
is dependent on other 
organisms for food.

Green plants and certain 
bacteria are autotrophs.

All organisms which are 
not among green plants 
are heterotrophic.

6.  Where do plants get each of the raw materials 
required for photosynthesis ?

Ans : 

Raw Materials for Photosynthesis Source
Carbon dioxide Atmosphere
Water Ground water
Solar energy Sun

7. What is the role of acid in our stomach ?
Ans : The functions of hydrochloric acid are as follows:

EXERCISES 
(SOLVED)
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 (a) It softens the food.
 (b)  It creates acidic medium for the function of 

enzymes like pepsin.
 (c) It stops the action of salivary amylase.
 (d)  It kills germs and bacteria to disinfect the 

food.
 (e)  It converts inactive pepsinogen and pro-

rennin into active pepsin and rennin.
8. What is the function of digestive enzymes ?
Ans :  The function of digestive enzymes is to break 

down the complex molecules like proteins, 
carbohydrates, fats etc. into simpler and 
absorbable molecules. This makes it easy for the 
body to absorb them.

9.  How is the small intestine designed to absorb 
digested food ?

Ans :  In the small intestine, the innermost layer is in 
the shape of finger like projections. These are 
known as villi. It has several folds and so they 
increase the absorbing surface area of small 
intestine. The blood capillaries in villi absorb 
simpler molecules from food.

10.  What advantage over an aquatic organism 
does a terrestrial organism have with regard to 
obtaining oxygen for respiration ?

Ans :
Aquatic Organism Terrestrial Organism

The concentration of 
oxygen is good up to a 
certain depth only.

The oxygen is available in 
free form so it is easier to 
absorb.

Since oxygen is dissolved 
in water, so taking 
oxygen from there is not 
a very efficient method.

The terrestrial organisms 
can facilitate better 
utilization of food by the 
way of respiration more 
efficiently.

11.  What are the different ways in which glucose  
is oxidized to provide energy in various 
organisms ?

Ans :  There are two types of respiration for oxidization 
of glucose.

 (a)  Aerobic respiration: This involves complete 
oxidation of glucose in the presence of 
oxygen and so, the optimum output of 
energy is achieved. 

 (b)  Anaerobic respiration: This takes place in 
the absence of oxygen and hence complete 
oxidation of glucose does not take place. 
Usually bacteria show anaerobic respiration. 

12.  How are oxygen and carbon dioxide transported 
in human beings ?

Ans :  In human beings, oxygen is carried from the lungs 
by Haemoglobin found in red blood cells. It has 

high affinity for oxygen. Oxygen and carbon 
dioxide are transported in human beings with the 
help of a transportation system which is mainly 
composed of lungs, heart, veins and arteries.

  Lungs : Lungs help in breathing in oxygen rich 
air and breathing out carbon dioxide rich air.

  Heart : Heart pumps deoxygenated blood to 
lungs for oxygenation and pumps oxygenated 
blood to different organs of body.

  Veins : Veins usually carry deoxygenated blood 
from different body parts to the heart. One 
exception is the pulmonary vein which carries 
oxygenated blood from lungs to heart.

  Arteries : Arteries usually carry oxygenated 
blood from heart to different parts of the body. 
One exception is pulmonary artery which carries 
deoxygenated blood from the heart to the lungs.

13.  How are the lungs designed in human beings to 
maximize the area for exchange of gases ?

Ans :  The bronchioles in lungs finely branch and end 
up in air sacs called alveoli. The alveoli help to 
increase the surface area inside, and provide 
help for exchange of gases.

14.  What are the components of the transport system 
in human beings ? What are the functions of 
these components ?

Ans :  The components of the transport system in 
human beings are blood and lymph. The main 
functions of blood are:

 (a)  It carries hormones from endocrine glands 
to different organs of the body.

 (b)  The blood helps to transport oxygen to 
tissues for respiration.

 (c)  The blood carries nitrogenous wastes from 
various parts of the body for the elimination.

 (d)  The blood circulates water and other 
inorganic salts and removes them in the 
excess areas.

 (e)  The blood eliminates the carbon dioxide 
formed during respiration.

 (f)  Nutrients such as sugars, minerals, vitamins 
etc. are transported to different parts of the 
body by blood.

 (g)  The blood distributes heat to all parts of 
the body in order to maintain the optimum 
body temperature.

 (h)  The blood helps to maintain the pH of the 
tissue fluids.

 (i)  The phagocytic leucocytes and immunocytes 
in the blood help to defend against germs.

 (j)  The blood helps to prevent the loss of body 
fluids.
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 The functions of lymph are as follows :
 (a) Lymph protects the body by killing the germs.
 (b)  Lymph drains the excess of fluid from 

extracellular spaces back into the blood.
 (c)  Lymph carries carbon dioxide and nitrogenous 

waste materials from tissues to the blood.
 (d)  Lymph involves in nutritive process by 

carrying the proteins and digested fat. 
15.  Why it is  necessary to separate oxygenated and 

deoxygenated blood in mammals and birds ?
Ans :  Mammals and birds are warm-blooded animals 

and can control their body temperature. These 
animals do not have to depend on their external 
environment for their body temperature 
regulation. Hence, birds and mammals require 
optimum oxidization of glucose which would 
be possible with a good supply of oxygen. By 
having a four chambered heart, it would be 
possible to completely segregate the oxygenated 
and deoxygenated blood in their bodies which 
is their need because of their habit and habitat.

16.  What are the components of the transport 
system in highly organized plants ?

Ans :  The plant transport system in highly organized 
plants consists of the following:

 (a)  Xylem : To transport water and minerals 
from roots to other parts.

 (b)  Phloem : To transport food from leaves to 
other parts.

17.  How are water and minerals transported in  
plants  ?

Ans :   The transport of water and minerals in a plant 
involves two processes namely,

 (a) Absorption of water and minerals
 (b) Upward movement of water and minerals 
 (a) Absorption of water and Minerals
  The plants absorb water along with dissolved 

minerals from the soil through their roots. This 
water is called xylem sap. This xylem sap is 
carried by xylem vessels to various parts of the 
plant. 

  The plants absorb water and minerals from the 
soil in an aqueous form. Both water and minerals 
enter the roots through the epidermal cells and 
later transported from soil to leaves through 
xylem cells. Since, the root hairs are directly 
in contact with the soil, the water along with 
dissolved minerals is absorbed by the process of 
diffusion. Now, the water molecules move from 
one cell to another by passing from epidermis 
to cortex, from cortex to endodermis and from 

endodermis to xylem vessels and tracheids. 
Similarly, the mineral salts also move from 
one cell to another, reaching the vessels and 
tracheids. From here, both water and minerals 
move upward by the process called Ascent of 
sap.

Pericycle

Endodermis
Phloem

Passage cells

Cortex

Epiblema

Soil particles

Water

Root 
hair

Vacuole

Nucleus
Protoxylem

Metaxylem

 (b) Upward Movement of Water and Minerals
  There are two important theories which explain 

the upward movements of water and minerals. 
These are 

 (a) Root pressure theory 
 (b) Transpiration pull or cohesion-tension theory
  According to root pressure theory, the root 

absorbs water and exerts a pressure called the 
root pressure which pushes the water upward. 
But this theory was applicable only to small 
herbaceous plants.

  According to cohesion–tension theory, the 
transpiration pull is responsible for the upward 
movement of water. Here, the pull is caused 
due to the process of transpiration i.e., loss of 
water in leaf creating a suction which pulls the 
water sap upwards.

  The process of evaporation of water from the 
leaves of a plant is called transpiration. This 
takes place by the presence of tiny pores on 
the surface of the leaf called stomata. Since 
the cells of the leaf lose water, the water from 
xylem vessel travels upward to the cells by the 
process of osmosis, to make up the loss of water. 
Thus, water is constantly being taken away 
from xylem vessels to the leaves. This reduces 
pressure at the top by creating a suction to pull 
the water upward.

18. How is food transported in plants ?
Ans :   The phloem elements are in close contact 

with the mesophyll cells of the leaves. Thus, 
the soluble food molecules enter the phloem 
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elements from the mesophyll cells. Now the 
food from the phloem is transported in upward, 
downward or in lateral directions. The food 
is transported downward to the roots and the 
stems. The food is transported upward during 
seed germination. The nutrients are transported 
through sieve tubes, in aqueous solution. Such 
a transport of food from leaves to other parts of 
the plant is called translocation.

  The mechanism of food transport in plant takes 
place as follows :

  The food (sugar) prepared by leaves moves into 
the sieve tubes of phloem tissue using energy 
from ATP. Now, water enters along with the 
food by the process of osmosis. This increases the 
pressure in phloem and so, the phloem moves 
the food to all the parts of the plants having less 
pressure. Thus, the phloem transports the food 
to all parts of the plant according to their needs.

19.  Describe the structure and function of nephrons.
Ans :  Internally, a kidney is made up of numerous, 

microscopic units called nephrons. Nephron is 
the structural and functional unit of excretion. 
Each kidney has millions of nephrons.

  The mechanism of urine formation includes 
three steps namely,

 (a) Glomerular ultra-filtration
 (b) Tubular reabsorption
 (c) Tubular secretion

Afferent arteriole

Malpighian capsule

Efferent arteriole

Bowman's capsule

Glomerulus

 (a) Glomerular Ultrafiltration
  Ultrafiltration of blood takes place in the 

Malpighian body which acts as a biological filter. 
A Malpighian body comprises of Bowman’s 
capsule and glomeruli.

  The blood from the kidney flows through the 
capillaries of glomerulus where the blood 
pressure is comparatively high and so brings 
about effective filtration. The hydrostatic 
pressure of the blood is always greater than 
the opposing pressures existing in the plasma 
protein and renal capillaries. Thus, the available 
net filtering force is chiefly responsible for 
glomerular filtration. The fluid in the capsule 
which is obtained by the process is termed 
glomerular filtrate. In humans, it is about  
125ml/min. In 24 hours, the total volume of 
glomerular filtrate is 170 to 180 litres.

 (b) Tubular Reabsorption
  Reabsorption takes place in the uriniferous 

tubules. Reabsorption of useful substances is a 
differential or selective process. The glomerular 
filtrate contains many useful substances such as 
glucose, amino acids, mineral salts and vitamins 
dissolved in large amount of water. Substances 
such as glucose, sodium and calcium, are actively 
reabsorbed in large quantities.  Substances like 
urea and uric acid etc. are reabsorbed in small 
quantities by a simple diffusion process or passive 
reabsorption. Substances like creatinine are not 
reabsorbed. They are completely eliminated.

  Proximal convoluted tubule is responsible for 
the reabsorption of water, glucose, sodium 
phosphate and bicarbonates. On entering the 
distal convoluted tubule, the urine becomes 
nearly isotonic to the surrounding tissue fluid 
due to the active transport of sodium and passive 
transport of water. As urine (isotonic) passes 
into the collecting tubule, it becomes hypertonic 
because of the osmotic reabsorption of water 
under the influence of the hormone ADH. Thus 
the urine formed contains 96% of water, 2% urea 
and 2% of the metabolic products.

 (c) Tubular Secretion
  This is the final step in the formation of urine, 

during which the walls of tubule actively remove 
additional waste substances which are harmful 
to the body from the blood that have escaped 
filtration.
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20.  What are the methods used by plants to get rid 
of excretory products ?

Ans :  The various methods to get rid of the waste 
products produced by the plants are as follows:

 (a)  Some waste products are removed through 
petals, fruits and seeds.

 (b)  Some excess organic acids are stored in the 
form of calcium oxalate, calcium pectate, 
etc., in the plant cells.

 (c)  The waste products produced by aquatic 
plants are diffused directly into water.

 (d)  The oxidation products of aromatic oils are 
removed in the form of resins.

 (e)  The degradation products of the cell wall 
are removed in the form of gums.

21. How is the amount of urine produced regulated ?
Ans :  The kidney reabsorbs water from the filtrate 

based on the amount of water left in the body 
and in the filtrate. This concentration of water 
gives a signal to the brain which then takes the 
required corrective action of either reabsorbing 
water or releasing more water. 

NCERT END EXERCISES
1.  The kidneys in human beings are a part of the 

system for :
 (a) Nutrition. (b) Respiration.
 (c) Excretion. (d) Transportation.
Ans : (c)
2. The xylem tissues in plants are responsible for :
 (a) Transport of water. 
 (b) Transport of food.
 (c) Transport of amino acids.
 (d) Transport of oxygen.
Ans : (a)
3. The autotrophic mode of nutrition requires :
 (a) Carbon dioxide and water. 
 (b) Chlorophyll.
 (c) Sunlight.   
 (d) All of the above.
Ans : (d)
4.  The breakdown of pyruvate to give carbon 

dioxide, water and energy takes place in :
 (a) Cytoplasm (b) Mitochondria
 (c) Chloroplast (d) Nucleus

Ans : (b)
5.  How are fats digested in our bodies ? Where 

does this process take place ?
Ans :  Fats are present in the small intestine in the 

form of large globules, which makes it difficult 
for enzymes to act on them. So, bile salts break 
them down into smaller globules increasing the 
efficiency of enzyme action. The pancreas secretes 
pancreatic juice which contains an enzyme called 
lipase for breaking down emulsified fats. The 
enzymes present in it finally convert fats into 
fatty acids and glycerol. The fats are digested 
inside the intestine, where partly digested and 
acidic food comes from stomach.

6.  What is the role of saliva in the digestion of  
food  ?

Ans :  Saliva contains the enzyme salivary amylase 
(ptyalin), which breaks down complex molecules 
such as starch or carbohydrates into sugars.

7.  What are the necessary conditions for autotrophic 
nutrition and what are its byproducts ?

Ans :  Conditions necessary for autotrophic nutrition are 
sunlight, water, carbon dioxide and chlorophyll. 
The byproduct formed is molecular oxygen.

8. (a)  What are the differences between aerobic 
and anaerobic respiration ?

 (b)  Name some organisms that use the anaerobic 
mode of respiration.

Ans : (a) 

Aerobic Respiration Anaerobic Respiration

It takes place in presence 
of oxygen.

It takes place in absence 
of oxygen.

The respiratory 
substances are 
completely broken 
down.

The respiratory substrates 
are incompletely broken 
down.

It is the common method 
of respiration.

It occurs only in few 
organisms only.

It takes place in 
cytoplasm as well as in 
mitochondria.

It takes place only in 
cytoplasm.

Considerable amount of 
energy is released.

Very small amount of 
energy is released.

 (b) Yeast and some bacteria.
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9.  How are the alveoli designed to maximize the 
exchange of gases  ?

Ans :   The wall of alveoli contains a fine network of blood 
capillaries. This ensures maximum exchange of 
gases.

10.  What would be the consequences of a deficiency 
of haemoglobin in our bodies  ?

Ans :   The deficiency of haemoglobin causes anemia 
in our bodies. We will not get sufficient oxygen 
for respiration and so get tired easily and lose 
weight.

11.  Describe double circulation in human beings. 
Why is it necessary  ?

Ans :  The separation of the right side and the left 
side of the heart is useful to keep oxygenated 
and deoxygenated blood from mixing. Such 
separation allows a highly efficient supply of 
oxygen to the body. Fishes, on the other hand, 
have only two chambers to their hearts, and the 
blood is pumped to the gills, is oxygenated there, 
and passes directly to the rest of the body. Thus, 
blood goes only once through the heart in the fish 
during one cycle of passage through the body. 
On the other hand, it goes through the heart 
twice during each cycle in other vertebrates. This 
is known as double circulation.

12.  What are the differences between the transport 
of materials in xylem and phloem  ?

Ans :  Transport in xylem : The transport in xylem is 
upwards from roots and takes place only in one 
direction. This is a kind of passive transport as 
no energy is required. Xylem tissue transports 
only water and minerals. 

  Transport in phloem : The transport in phloem 
is bidirectional. This is an active transport as 
energy is required. Phloem tissue transports 
only food materials. 

13.  Compare the functioning of alveoli in the lungs 
and nephrons in the kidneys with respect to 
their structure and functioning.

Ans : 
Functions of Alveoli in 

Lungs
Functions of Nephron in 

Kidneys
Alveoli are sac like 
structures.

Nephrons are a network 
of very fine tubules.

Exchange of materials 
takes place through 
diffusion.

Exchange of materials 
takes place due to high 
pressure.

It helps in gaseous 
exchange, to purify the 
impure blood.

It purifies blood by 
filtering out its waste 
products in the form of 
urine.

HIGHER ORDER THINKING SKILL QUESTIONS 
(HOTS)
1.  Vimal made a slide of a leaf peel and then 

viewed it under a microscope. He observed 
some green dot like structures, which seemed 
to be tiny pores present on the surface of the 
leaves. He showed the slide to his teacher and 
asked about these structures. Teacher replied 
these are stomata found on the surface of leaves

 (a) What is the function of stomata ? 
 (b)  “Transpiration in plants is very important.” 

Justify the statement by giving two vital 
reasons.

Ans : (a)  The function of stomata is gas exchange 
between the plant and the atmosphere.

 (b) Reasons 
  (i)  It helps in the upward movement of 

cell sap.
  (ii)  It helps in the removal of excess water 

in plants.
2.  In case of kidney failure, an artificial kidney is used 

to replace a non-functional or damaged kidney. In 
the process, blood of the patient is allowed to pass 
through the long cellulose tubes dipped in a tank 
containing dialyzing solution having same ionic 
concentration as plasma. The waste substances 
diffuse out of blood into the tank and the cleansed 
blood is returned back into the patient through a 
vein.

 (a)  Name the structural and functional unit of 
kidney.

 (b) What is the function of kidney  ?
 (c) Name the three main parts of nephron.
Ans : (a) Nephron.
 (b)  The function of kidney is to remove the 

poisonous substances like urea, other waste 
products and excess salt from the blood.

 (c)  Bowman’s capsule, tubules and collecting 
duct.

3.  A pair of bean shaped organs ‘A’ has numerous 
tiny filters ‘B’ to clean the dirty blood by 
removing the waste product ‘C’. The waste 
product along with other wastes, salt and excess 
water forms a yellowish liquid ‘D’. Identify A, B, 
C and D.
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Ans : (a) A – kidney. (b) B – Nephrons.
 (c) C – Urea. (d) D – Urine.
4.  The liquid connective tissue ‘X’ circulates in our 

body continuously without stopping. This tissue 
contains a pigment ‘Y’ imparting it a colour ‘Z’. 
Identify X, Y and Z.

Ans :  (a) X – blood. (b) Y – Haemoglobin.
 (c) Z – Red.
5.  The human body has a double pumping organ 

‘A’. The oxygenated blood from the lungs 
through a blood vessel ‘B’ enters the upper left 
chamber ‘C’ of the pumping organ. Identify A, B 
and C.

Ans : (a) A – Heart. (b) Pulmonary vein.
 (c) C – Left atrium.

6.  When a person breathes in air, the air enters into 
his body through an organ ‘X’ which has two 
holes ‘Y’. The air then passes through a tube ‘Z’ 
which divides into two smaller branches. Identify 
X, Y and Z.

Ans : (a) X – Nose.
 (b) Y – Nostrils. (c) Z – Trachea or wind pipe.
7.  If a person does not clean his teeth properly, 

they get covered with a yellowish layer ‘A’ of 
food particles and bacteria. The alkaline liquid 
‘B’ secreted by the glands ‘Z’ inside the mouth 
cannot reach the teeth surface to neutralise the 
organisms. Identify A, B and Z.

Ans : (a) A – Dental plaque. (b) B – Saliva.
 (c) Z – Salivary glands.

MULTIPLE CHOICE QUESTIONS 
1. The pH of gastric juice released during digestion is :
 (a) Less than 7   (b) More than 7
 (c) Equal to 7  (d) Equal to 0
2. Which of the statement is incorrect ?
 (a) All green plants and blue green are producers 
 (b) Green plants get their food from organic  

 compounds 
 (c) Producers prepare their own food from  

 inorganic compounds 
 (d) Plants convert solar energy into chemical  

 energy
3. Which is the correct sequence of air passage during 

inhalation ? 
 (a) Nostril → larynx → Pharynx → Trachea →  

 Lungs 
 (b) Nasal passage → Trachea → Pharynx → Larynx  

 → Alveoli
 (c) Larynx → Nostril → Pharynx → Lungs
 (d) Nostrils → Pharynx → Larynx → Trachea →  

 Alveoli
4. In which of the following groups of organisms, 

food materials are broken down outside the body 
and absorbed ?

 (a) Mushroom, green plants, Amoeba 

EXERCISES (UNSOLVED)

 (b) Yeast, Mushroom, bread mould 
 (c) Paramecium, Amoeba, Cuscuta 
 (d) Cuscuta, lice, tapeworm 
5. In the given food chain, suppose the amount of 

energy of 4th trophic level is 5KJ, what will be the 
energy available at the producer level ?

 (a) 5 KJ   (b) 50 KJ
 (c) 500 KJ   (d) 5000 KJ  

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 : Aerobic animals are not truly  
  aerobic.
  Reason : They produce lactic acid aerobically.
 2. Assertion : The effect of root pressure in  
  transport of water is more important at night.
  Reason : During the day, stomata is open,  
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  transpiration takes place which help in  
  transport of water.
MATCH THE FOLLOWING

S. No. Digestive 
Glands Secretions Correct 

Match
1. Pancreas Hydrochloric acid
2. Liver Trypsin
3. Salivary 

glands
Maltase

4. Intestinal 
glands

No enzyme

5. Gastric 
glands

Ptyalin 

CONCEPT BASED QUESTIONS
1. Question number (i)-(iv) are based on the table 

given below. Study the table and answer the 
following questions.

S. No. Sub-
stance

Amount fil-
tered (grams)

Amount 
reabsorbed 

(grams)

Amount 
in urine 
(grams) 

1. Water 180 L 179 L 1 L
2. Proteins 10-20 10-20 0
3. Chlorine 635 630 6
4. Sodium 540 535 3

 (i) The urine is produced by which organ system ?
 (ii) What are nephrons ?
 (iii) Define the term urine.
 (iv) What is the final part of the urinary system ?
2. Answer question number (i)-(iv) on the basis of 

your understanding of the following paragraph 
and the related studies concepts.

 Blood is an important fluid connective tissue. It 
is mainly composed of plasma and blood cells. 
There are three types of blood cells namely red 
blood cells, white blood cells, and blood platelets. 
The RBCs have haemoglobin, an iron containing 
complex protein. The WBCs are the cells that help 
in fighting diseases and attack any foreign bodies 
in the blood. The blood platelets are the ones 
that help in clotting of blood. Blood pressure is a 
serious health problem which affects nearly 40 to 
50 percent of the total population. Blood is a fluid 
connective tissue which is carried to all parts of 
our body with the help of the blood vessels called 
arteries. It plays a key factor in providing blood 
(thus oxygen and energy) to organs.

 (i) What is normal blood pressure of an adult  
 person ?

 (ii) Name the measuring instrument for blood  
 pressure measurement of human beings.

 (iii) What do you mean by systolic pressure ?
 (iv) What do you mean by dystolic pressure ?

TRUE OR FALSE
1.  Blood platelets help to kill the bacteria and other 

germs.
2. Tracheids and vessels are the elements of xylem.
3.  Transpiration from leaves results in ascent of sap.
4.  The bacterium Streptococcus mutans acts on food 

particles stuck on teeth and results in dental caries.
5.  Large intestine is the longest part of the alimentary 

canal.

ANSWERS
MULTIPLE CHOICE QUESTIONS
1. (a)  Less than 7
2. (b) Green plants get their food from organic  

 compounds.
3. (d) Nostrils ® Pharynx ® Larynx ® Trachea ®  

 Alveoli
4. (d) Cuscuta, lice, tapeworm 
5. (d) 5000 KJ   

ASSERTION AND REASONS
1. (a) In most animals, tissue oxidation are carried 

out by aerobic respiration. But sometimes in 
aerobically respiring organisms, anaerobic 
metabolism take place in certain tissues like 
skeletal muscles which do not get as much 
as oxygen required and produce lactic acid. 
Thus both assertion and reason are true and 
reason is the correct explanation of the asser-
tion.  

2. (a) During the day transpiration becomes the 
main driving force for pulling up of water is 
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pulled up due to root pressure. Thus, both as-
sertion and reason are true and reason is the 
correct explanation of the assertion. 

MATCH THE FOLLOWING

S. No. Digestive 
Glands Secretions Correct 

Match
1. Pancreas Hydrochloric acid 5
2. Liver Trypsin 1
3. Salivary 

glands
Maltase 4

4. Intestinal 
glands

No enzyme 2

5. Gastric 
glands

Ptyalin 3

CONCEPT BASED QUESTIONS

1. (i)  The formation of urine takes place in the kidney  
 which is a part of the urinary system.

 (ii) Nephron is the first part of the urinary system  
 present inside the kidneys. The wastes and  
 water from blood plasma move to the nephron  
 through hollow tubules. Nephron produces  
 urine, and urine has all the wastes.

 (iii) The waste fluid produced during metabolic  
 activities is known as urine. The wastes and  

 toxins are removed out of the body through  
 urine.

 (iv) Urethra is the final part of the urinary system  
 is known as the urethra. The function of this  
 part is to remove urine out of the body. It is a  
 single tubular structure that is functional  
 when urinary bladder expands and gets filled  
 with urine.

2. (i) The normal blood pressure is 120/80 mm of  
 Hg.

 (ii) Sphygmomanometer is used for measuring  
 blood pressure.

 (iii) The pressure of blood inside the artery during  
 ventricular systole is called systolic pressure.  
 The normal systolic pressure is 120 mm of Hg.

 (iv) The pressure of blood inside the artery during  
 ventricular dystole is called dystolic pressure

  The normal dystolic pressure is 80 mm of Hg.

TRUE OR FALSE

1. False 2. True 

3. True 4. True

5. False 

PREVIOUS YEARS BOARD QUESTIONS

1. List in tabular form three distinguishing features 
between autotrophic nutrition and heterotrophic 
nutrition.            [2019]

 Ans. 

S. No. Autotrophic 
nutrition

Heterotrophic 
nutrition

1. In this mode 
of nutrition 
organisms make 
their own food. 

In this mode of 
nutrition the 
organisms do not 
make their own 
food. 

2. CO2 and H2O are 
required for the 
preparation of food 
as raw materials.

They depend 
on autotrophs 
for their food 
either directly or 
undirectly.

3. Chlorophyll 
and sunlight are 
essentially needed 
they store the food 
in the from of 
starch.

Chlorophyll and 
sunlight are not 
needed they store 
the food in the 
from of glycogen.

2. Write two different ways in which glucose is 
oxidized to provide energy in human body. Write 
the products formed in each case.        [2019] 

 Ans. Glucose is oxidised in two forms to provide 
energy to the body:

1. C H O Pyruvate6 12 6
In

cytoplasm
Glucose

Presence
of oxygen

 →

 → CO + H O + 38ATP2 2
energy

 This is an example of Aerobic Respiration that 
happens in presence of oxygen. 

 2. C H O Pyruvate6 12 6
In

cytoplasm
Glucose
Absence

of oxygen

 →

 → C H OH + CO + 2ATP2 5 2
Ethanol energy
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General Instructions :
• All questions are compulsory.
• There is no choice in any of the questions.
• Question numbers 1 to 3 are one mark questions. 

These are to be answered in one word or one 
sentence.

• Question numbers 4 to 18 are three mark questions. 
These are to be answered in about 50 words each.

• Question numbers 19 to 24 are five mark questions. 
These are to be answered in about 70 words each.

1. Explain growth.
2.  Name the addictive substance found in tobacco.
3. What is osmoregulation ? 
4.  What is excretion ? How do unicellular organisms 

remove their wastes ?
5.  Name two glands associated with the digestive 

system in humans. Name their secretions.
6.  State any two differences between arteries and 

veins ?
7.  In human alimentary canal, name the site of 

complete digestion of various components of 
food. Explain the process of digestion.

8. Name any two disease that tobacco smoking can 
lead to.

9.  Give three kinds of blood vessels present in 
human circulatory system and write their 
functions in tabular form.

10.  List two functions performed by dilute 
hydrochloric acid in our stomach.

11. What is lymph ?  List two functions of lymphatic 
system.

12.  Give any three differences between arteries and 
veins.

13. What are stomata ?  What is opening and closing 
of stomata ?

14.  With the help of schematic flow chart show the 
break-down of glucose in a cell to provide energy:

 (a) In the presence of oxygen.
 (b) In the absence of oxygen.
15. Name the following:
 (a) The gland which secretes bile juice ?
 (b)  The organ which absorbs water from 

unabsorbed food ?
16. Give reasons for the following :
 (a)  Oxygenated and deoxygenated blood is 

separated in the heart of mammals.
 (b)  Herbivores have longer small intestine as 

compared to carnivores.
17. (a)  Why do ventricles have thicker and more 

muscular walls than atria ?
 (b) What are peristaltic movements ?
18. (a)  Why do we feel cramps in our muscles 

during sudden physical activity ?
 (b)  List two major steps involved in the formation 

of urine and state in brief their functions ?
19. (a)  Explain the process of nutrition in Amoeba 

with the help of a diagram. 
 (b) Explain the structure of tooth, with a  

  suitable diagram.
20. (a)  Draw the diagram of cross section of a leaf 

and label the chloroplast and cuticle.
 (b)  A gas is released during photosynthesis. 

Name the gas and also state the way in which 
the gas is evolved.

MOCK TEST - 1

Time : Two Hours Max Marks: 75

 This is an example of Anaerobic Respiration.
3. List two types of the transport system in human 

beings and write the functions of any one of 
these.           [2019]

 Ans. Lymphatic system and blood circulatory 
system are two types of the transport system in 
human beings.

 Functions of blood circulatory system: 
 1. It carries nutrients and oxygen to all cells in the  

    body. 
 2. Removes CO2 from the body cells. 
 3. It carries digested food from the small intestine  

    to other parts of the body. 
 4. It carries hormones from endocrine glands to  

    different organs of the body.
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General Instructions :
• All questions are compulsory.
• There is no choice in any of the questions.
• Question numbers 1 to 3 are one mark questions. 

These are to be answered in one word or one 
sentence each.

• Question numbers 4 to 18 are three mark questions. 
These are to be answered in about 50 words each.

•  Question numbers 19 to 24 are five mark questions. 
These are to be answered in about 70 words each.

1. What process in plants is known as transpira-
tion  ? 

2.  What is the role of saliva in the digestion of food  ?
3. What is the role of acid in our stomach  ?
4.  Which is the internal energy reserve in plants  ? 

Do animals have the same energy reserve  ?
5.  What are the final products of carbohydrates, 

proteins and fats after their digestion  ?
6.  What happens to glucose, amino acids, salts and 

water that enter the nephron along with filtrate  ?
7.  What is Smokers cough?
8. (a)  Give one difference between autotrophic 

and heterotrophic nutrition.
 (b) What is the mode of nutrition in bacteria  ?
9. (a)  Why do aquatic animals have a faster rate  

of breathing as compared to terrestrial  
animals  ?

 (b)  Name the enzyme present in saliva and state 
its function.

10. Mention the role of the following in digestion : 
 (a) Pepsin (b) Saliva (c) Villi

11. (a) Explain the following :
 (i)  Blood goes only once through the heart in fishes. 
 (ii) Plants have low energy needs.
 (b) What are capillaries ?
12.  List three characteristics of lung which make it an 

efficient respiratory surface.
13. (a)  Explain the role of bile juice in digesting food. 
 (b) Mention the purpose of urine formation.
14.  Name the enzymes present in pancreatic juice 

and give their functions.
15. (a)  Name the different glands associated with 

the digestive system in humans. 
 (b) Also name their secretions.
16.  List the events that occur during the process of 

photosynthesis ?
17. Define transpiration. State its two functions.
18. (a)  Why do the walls of the trachea not collapse 

when there is less air in it ? 
 (b) What are villi ? Explain their function in the  

 digestive system.
19. (a)  State two advantages of transpiration to the 

plant body.
 (b)  List in tabular form two ways in which 

‘transpiration’ is different from translocation. 
 (c) Why do plants have a slow transport system ?
20. (a)  Draw a diagram to show open stomatal pore 

and label guard cells and chloroplast.
 (b)  How do guard cells regulate the opening and 

closing of stomatal pore ?
21. (a)  Draw a diagram of an excretory unit of a 

human kidney and label Bowman’s capsule, 
glomerulus, collecting duct and renal artery.

Time : Two Hours Max Marks: 75

MOCK TEST - 2

21. (a)  Draw a well labelled diagram of human 
alimentary canal and label the following 
parts :

  (i) Liver (ii) Small intestine 
22.  Draw a diagram of human excretory systems and 

label the part,
 (i) In which urine is produced.
 (ii) Which stores the urine.

 (iii) Which connects (i) and (ii).
 (iv) Which urine is passed out.
23.  Draw a sectional view of the human heart and 

label :
 (i) Pulmonary artery (ii) Right ventricle
 (iii) Vena cava (iv) Pulmonary vein
24. What developmental defects can babies suffer if 

pregnant mothers smoke?



70

CONCISE BIOLOGY - X LIFE PROCESSES

 (b)  Write the important function of the structural 
and functional unit of kidney.

 (c)  Write  any one function of an artificial kidney.
22. Draw a diagram of human respiratory system 

and label the following:
  (a)  Part where air is filtered by fine hair and 

mucus.
  (b)  Part which terminates in balloon-like 

structures.

  (c)  Part which separates chest cavity from 
abdominal cavity.

23. (a)  Draw a schematic representation the 
mechanism of Blood clotting.

 (b)  During breathing cycle, what is the advantage 
of residual volume of air in lungs  ? Explain.

24. Which organs can be donated by a brain-dead 
patient?
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One of the most important characteristics of all plants 
and animals i.e., living organisms is movement. Different 
organisms show different kinds of movements. This 
explains that all plants and animals respond and react 
to the changes in the environment. Movement may be 
of two types, namely,

(a) Growth movements   

(b) Non-growth movements

In plants, the growth movements include growth of 
germinating seed and the non-growth movements 
include folding and drooping of leaves. Some 
examples of non-growth movements in animals are, a 
running cat, playing children, etc. (Fig. 2.1).  

  
 

(a) Cat running (b) Children swinging
Fig. 2.1 : Non-growth movements in animals 

‘The changes in the environment to which the organisms 
respond and react are called stimuli.’

It is obvious that all the movements of living organisms 
occur in response to changes in the environmental 
factors or stimuli such as heat, light, pressure, cold, 
touch, water, smell, sound, etc. 

 (a) Cat chasing a mouse (b) Plants growing towards light
Fig. 2.2 : Movements in organisms 

We can observe this in our everyday activities such 
as cat chasing mouse, plants growing towards light, 
withdrawing our hand on touching hot objects, etc.  
(Fig. 2.2 & Fig. 2.3). We can thus, conclude that, 
movements in living organism takes place to provide 
some advantage to them. In all of the above cases, 
there is stimulus and response.

CONTROL &
COORDINATION
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 (a) (b)
Fig. 2.3 : All living things respond to stimuli acting on them(a) seed 

germinating in presence of light, water, soil etc. (b) the leaves of sensitive 
plant folds when touched with a finger.

For example, if we touch a hot object, we pull our hand 
away from it. Here, heat is the stimulus and pulling of 
our hands away is the response. Similarly, we close 
our eyes on exposure to bright light. Here, bright light 
is the stimulus and closing of our eyes is the response. 
Hence, we can conclude that the response to stimuli is 
a characteristic property of the living organisms. 
Though, both plants and animals respond to stimuli, 
different organisms respond differently to each 
stimulus. You can observe this in plants which bend 
towards light whereas, animals do not bend towards 
light. Among animals, simple organisms responds to 
the stimuli by moving towards them or away from 
them. For example, a unicellular organism Amoeba 
reacts to the presence of food particles by showing 
a positive response to the food acts as a stimulus. In 
similarly, Amoeba responds to the heat stimulus in 
warm water by aggregating together. Here, the heat 
is the stimulus and Amoeba trying to avoid it is the 
response. This is a negative response. 
Thus, it is clear that simple organisms show 
movements in response to stimuli in different ways. 
This is because animals possess nervous system and 
an endocrine system or the hormonal system. However, 
the plant’s response to the stimuli is limited. This is 
because, plants do not possess nervous system, but 
they use hormones to respond to the stimuli.
Hence, we can conclude that when a stimulus acts on 

our body, we respond 
in a manner that is 
favourable to our body.
The response which 
we give to the stimulus 
involves many organs 
of our body. Therefore, 
it is necessary that all 
the concerned organs 
of the body should co-
ordinate in a specific 
manner to produce the 
response. Thus,

‘The working together of various parts of an organism in a 
systematic manner to produce a response to a stimulus is 
called co-ordination.’
Thus, we can say that movements are highly 
controlled and co-ordinated. A movement always 
depends on the environment triggering it. The word 

‘co-ordination’ refers to the harmonious working of 
different inter-related parts to perform one or more 
activities in our body. 
Let us illustrate the concept of co-ordination with an 
example, when we take food, eyes locate the food, 
nose smells the food, hands pick up the food to the 
mouth, tongue receives the taste of food, teeth and jaw 
muscles masticate the food, saliva moistens the food 
and moves the food to the stomach (Fig. 2.4). 
Let us now discuss how control and co-ordination 
take place in plants.

2.1 CONTROL AND CO-ORDINATION 
IN PLANTS

We all know that plants do not have nervous system, 
muscles or sense organs like animals but, they respond 
to various environmental stimuli such as water, light, 
touch, gravity etc. The response to stimuli by plants 
is due to the presence of hormones. Plants show two 
types of movement in response to stimuli namely,
(a) Growth independent movements
(b) Growth dependent movements
Plants possess only chemical co-ordination i.e., 
hormones which make plants to behave in the 
following two different ways :
(a)  Showing growth in plants due to which plants 

show movement.
(b)  Affecting the shape of the plants by swelling or 

shrinking 
The plant movements are called movements of 
curvature because the parts of the plant change 
its position in response to stimuli like elongating, 
bending, twisting etc. The regions of the plant which 
detects the stimuli is called the perceptive region. The 
part of the plant which shows response is called the 
responsive region. Thus, there must be a conduction of 
stimulus from the perceptive region to the responsive 
region in order to respond to a stimulus.

 (a) At night (b) During day.
Fig. 2.5 : Sunflowers always face the sun. Sunlight is the stimulus  

and sunflower plants respond by bending towards sun. 

Since the plants respond to various stimuli very 
slowly by growing, it cannot be observed immediately  
(Fig. 2.5). Thus, we can conclude that : 

Fig. 2.4 : Response to food  
stimulus
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‘The function of control and co-ordination in plants is 
performed by the chemical substance called plant hormones.’
The plant hormones are also called ‘phytohormones’.
We shall now discuss briefly about the phytohormones 
and its types.

2.2  PHYTOHORMONES OR PLANT 
HORMONES

Phytohormones or plant hormones are naturally 
occuring organic, diffusible chemical substances 
present in plants, which brings about control and co-
ordination of various activities such as regulating 
growth, development, differentiation etc. Since, 
the plant hormones either stimulate or retard 
growth; these are also called ‘plant growth regulators’ 
or ‘plant growth substances’. Besides growth, the 
phytohormones also control activities like promotion 
of dormancy, breaking of dormancy, control of 
stomata, falling of leaves, growth of fruit, ripening of 
fruits, ageing in plants, etc.
Note 
Dormancy
•	 It is an inactive or resting condition during which 

the metabolism stops. Examples – Seed of the 
plants, bud etc. 

Breaking of dormancy
•	 A seed must have certain conditions such as 

air, water, warmth, hormones, etc., to break the 
dormancy and germinate to form a seedling. A 
bud also requires certain plant hormones along 
with air, water, etc., to break the dormancy to 
form a branch, a leaf or a flower.

Let us now discuss five major types of plant hormones 
in detail.

Types of Plant Hormones

The plant hormones are produced in small quantities 
in one part of the plant and diffuse to another part 
where they undergo specific physiological processes. 
There are five main types of plant hormones namely,
(a) Auxins (b) Gibberellins (c) Cytokinins
(d) Abscisic acid (e) Ethylene 
Based on their effect on plants, the phytohormones 
are divided into two groups namely,
(i) Growth promoters (ii) Growth inhibitors
Among the phytohormone, auxins, gibberellins 
and cytokinin are growth promoters while abscisic 
acid and ethylene are growth inhibitors. This means 
that auxins, gibberellins and cytokinin are the plant 

hormones which promote the growth of a plant, 
On the other hand, abscisic acid is a plant hormone 
which prevents or inhibits the growth of plants. But, 
ethylene is the plant hormone which has dual function 
of inhibition as well as promotion of growth of plants.
Let us now describe the detailed functions of various 
plant hormones.
(a) Auxins
The growth of a plant can be divided into three stages 
namely, 
(i) Cell division  (ii) Cell enlargement 
(iii) Cell differentiation
These stages have particular locations in a plant. The 
most common natural auxin is IAA (Indole 3-acetic acid).  
IBA (Indole butyric acid) is both natural as well as artificial.
Functions
(i)  Auxins promote growth by cell enlargement and 

cell differentiation, of fruit and stem. 
(ii)  Auxins control the plants response to light and 

gravity and hence are responsible for phototropic 
and geotropic responses of the plants. 

(iii)  The artificial auxins are used in the field of 
agriculture and horticulture. 

(iv)  Auxins are essential for root formation on stem 
cuttings of plants. 

(v)  Auxins stimulate respiration to provide energy 
for many active processes. 

(vi)  Auxins are used to induce parthenocarpic fruits in 
a number of plants.

Note
•	 Parthenocarpy is the process of producing seedless 

fruits without fertilization.
(b) Gibberellins
The hormone ‘gibberellins’ is named after the fungus, 
Gibberella fujikuroi. The most common gibberellin is 
gibberellic acid (GA3). Rosette plants show profuse 
leaf development, but have reduced internode growth 
(Fig 2.6 and 2.7). 
Functions
(i)  Gibberellin promotes growth in stems and leaves 

of the plant. Example – sugarcane.

 (a) Normal growth (b) Growth of grapes
 of grapes after inducing
  gibberellins

Fig. 2.6 : Effect of gibberellin hormone on the growth of grapes.
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(ii)  Gibberellin also promotes cell enlargement and 
cell differentiation in presence of auxins.

(iii)  Gibberellin helps in breaking dormancy of buds 
and seeds.

(iv)  Gibberellin increases the growth of internodes 
which is called bolting in rosette plant

Note  

•	 Rosette plants show profuse leaf development but 
have reduced internode growth.

Fig. 2.7 : Effect of gibberellins hormone on growth of Meteor dwarf pea.

(c) Cytokinins
The first natural cytokinin was ‘zeatin’. Kinetin is an 
artificial cytokinin. Cytokinins are produced in the 
root tips and are carried to the shoots. 
Functions
(i)  Cytokinins are essential for cell division in plants, 

differentiation of cells and phloem transport. 
(ii)  Cytokinins delay ageing of plant organs. 
(iii)  Cytokinins promote opening of stomata and 

growth of fruit. 
(iv)  Cytokinins also increase the resistance of the 

plants against diseases.
(d) Abscisic Acid (ABA)
Abscisic acid is a naturally occurring compound 
in plants. Because it is synthesized partially in 
the chloroplasts, it makes sense that biosynthesis 
primarily occurs in the leaves. The production of 
ABA is accentuated by stresses such as water loss 
and freezing temperatures. It was called “abscisin II” 
originally because it was thought to play a major role 
in abscision of fruits. At about the same time another 
group was calling it “dormin” because they thought 
it had a major role in bud dormancy.
Functions
(i)  Abscisic acid promotes the seed and bud 

dormancy, closing of stomata, wilting and falling 
of leaves. 

(ii)  Abscisic acid checks the action of growth 
promoting hormones. 

(iii)  Abscisic acid causes the detachment of flowers 
and fruits.

(e) Ethylene

Ethylene is a gaseous hormone. Ethylene is produced 
in all higher plants and is produced from methionine 
essentially in all tissues. Production of ethylene varies 
with the type of tissue, the plant species, and also 
the stage of development. Ethylene has been used 
in practice since the ancient Egyptians to stimulate 
ripening. The ancient Chinese would burn incense in 
closed rooms to enhance the ripening of pears. Later, 
it was found that the ethylene gas from street lights 
showed stunting of growth, twisting of plants, and 
abnormal thickening of stems.

Functions

(i)  Ethylene promotes transverse growth and inhibits 
the longitudinal growth. 

(ii)  Ethylene promotes the growth and ripening of 
fruits such as banana, apple etc.

(iii)  Ethylene promotes senescence and abscission of 
leaves and flowers.

(iv) Ethylene breaks the dormancy in seeds and buds.
(v) Ethylene stimulates the opening of flowers. 

Note 
• The wilting and falling of leaves is called abscission. 
• The ageing of plant is called senescence.

Let us now tabulate plant hormones and their functions.

S. No. Plant 
Hormones Functions 

1. Auxins (a)  Promote cell enlargement and 
cell differentiation in plants.

(b)  Promote stem and fruit growth.
(c) Induce parthenocarpy.

2. Gibberellins (a)  Promote cell enlargement and 
cell differentiation in plants.

(b)  Promote stem and fruit growth.
(c) Induce parthenocarpy.
(d) Rosette plants show bolting.

3. Cytokinins (a) Promote cell division.
(b)  Help in breaking dormancy of 

seeds and buds.
(c)  Promote opening of stomata 

and fruit growth.
(d)  Delay ageing in leaves (senes-

cence).
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PAPER–PEN TEST : 1 

S. No. Plant 
Hormones Functions 

4. Abscisic 
acid

(a)  Helps in breaking dormancy of 
seeds and buds.

(b)  Promotes falling of leaves 
(abscision).

(c)  Delays ageing in leaves 
(senescence).

(d)  Promotes closing of stomata 
and wilting of leaves.

5. Ethylene (a)  Promotes growth and ripening 
of fruits.

(b)  Helps in breaking dormancy of 
seeds and buds.

(c)  Promotes yellowing of leaves.
(d)  Delays ageing in leaves 

(senescence).

1. Define movement. 
2. What are the different types of movements  ?
3. Define stimuli.
4.  What is meant by negative and positive  

response  ? Give examples.
5. Define coordination.
6. Why plants respond to stimuli ?
7.  What are the different types of movements in 

response to stimuli  ?
8. Define senescence and abscission.
9. What are the movements of curvature  ?
10.  Differentiate between responsive and perceptive 

regions.
11. What is meant by plant hormones  ?
12. Define plant growth regulators.
13. What is dormancy  ?
14. How does breaking of dormancy take place  ?
15. What are the different types of phytohormones  ?
16. Classify plant hormones. 
17. What are the different stages of plant growth  ?
18. Name the most common natural auxin.
19.  Classify phytohormones into growth inhibitors 

and growth promoters.
20. Name the first natural cytokinin.
21. Name one natural as well as an artificial auxin.
22. Mention any five functions of auxin.

23. What is the most common gibberellin  ?
24. What are the functions of abscisic acid  ?
25. What is meant by parthenocarpy  ?
26.  Name the fungus from which the hormone 

gibberellin is extracted.
27. Where is the hormone cytokinin produced  ?
28. Give the functions of gibberellins.
29. What are the functions of cytokinin  ?
30. Name the first artificial cytokinin.
31. What are the functions of ethylene  ?

We shall now discuss in detail about the co-ordination 
in plants.

2.3 CO-ORDINATION IN PLANTS

We know that the plants are fixed at a place with their 
roots grounded and hence, they cannot move from one 
place to another. Plants do not show locomotion, but 
the movements of the individual parts of a plant such 
as roots, shoots, leaves etc., is possible when exposed 
to external stimuli like light, water, gravity, touch, etc.
Generally, plants show movements at a very slow rate. 
The movements of the plant parts are caused by an 
unequal growth due to the action of phytohormones 
under the influence of stimulus. This can be explained 
as follows :
If one side of a stem has more auxin than the other side, 
then the side of stem having more auxin hormone will 
grow faster causing the stem to bend (Fig. 2.8). 
This bending of the stem is a growth movement. 

Sun
Auxin

Shoot

Bends

More growth

Fig. 2.8 : A young stem bends towards the sunlight due to effect of auxin.

The movement of a plant in response to an external 
stimuli is classified into two types, namely, Tropic 
movements and  Nastic movements.
We will now discuss these movements in plants in 
response to external stimuli.

2.4 TROPIC MOVEMENTS

The tropic movements are also called tropism. All 
kinds of tropisms are growth movements. Tropism is 
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a directional movement of a plant parts in response to 
an external stimuli towards it or away from it. Thus, 
‘The directional or growth movement of a part of plant in 
response to an external stimulus in which the growth response 
depends, on the direction of stimuli is called tropism.’

The tropic movements are very slow. Based on the 
response towards the stimulus or away from the 
stimulus, the movement of the plant part may be of 
two types namely,
(a) Positive tropism (b) Negative tropism
When the growth of plant part is towards the stimulus, 
it is called positive tropism and when the growth of plant 
part is away from the stimulus, it is called negative 
tropism.
Let us now discuss the different types of tropisms.

Types of Tropisms

Based on the following external stimuli, the tropisms 
are classified into five types;
(a) Light (b) Chemicals  (c) Water 
(d) Gravity (e) Touch
The responses of plants to these stimuli are termed 
phototropism, chemotropism, hydrotropism, geotropism and 
thigmotropism. The different types of tropisms are named 
according to the stimulus as follows :

S. No. Type of Tropism Stimulus 
1. Phototropism Light
2. Geotropism Gravity
3. Chemotropism Chemicals
4. Hydrotropism Water
5. Thigmotropism Touch 

Let us now discuss the different types of tropism with 
an example.

Different Types of Tropic Movement

(a) Phototropism 
The directional move-
ment of the plant part 
in response to light is 
called phototropism. 
If the part of the 
plant respond in the 
direction of light i.e., 
moves towards light, 
it is called positive 
phototropism (Fig. 2.9). On the other hand, when the 
part of plant responds away from the direction of light 

Activity 2.1–To study response of parts of plant 
to light.

PROCEDURE 
Step 1–  Fill a conical flask with water.
Step 2–  Cover the neck of the flask with a wire mesh.
Step 3–  Keep two or three freshly germinated bean 

seeds on the wire mesh.
Step 4–  Take a cardboard box and keep the flask in 

the box, in such a manner that the open side 
of the box faces light coming from a window. 

Step 5–  Observe the seeds after two or three days.
Steps 6– Now turn the flask so that the shoots are 

away from light and the roots towards light. 
Step 7–  Leave it undisturbed.
Step 8–  Observe after a few days.

OBSERVATION

(a)  The shoots bend towards light and roots away 
from light.

(b)  The shoots grow by bending towards light and 
the roots grow 
by bending away 
from light.

CONCLUSION

The shoots of 
plants respond by 
showing growth 
towards light 
positive photo- 
tropism and the 
roots of the plants 

respond by showing growth away from the light, 
thus exhibiting negative phototropism.

i.e., moves away from the light, it is called negative 
phototropism.
Examples
(a)  Roots of a plant move away from light, it is 

negative phototropism.
(b)  Stems of a plant move towards light, it is positive 

phototropism.
Let us perform an activity to study the response of 
plant towards light.

Fig. 2.10 : Plant responds towards light

Fig. 2.9 : Phototropism in shoots

Light
Light
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(b) Geotropism 
The directional move-
ment of the plant part 
in response to gravity 
is called geotropism. 
When the parts of 
the plant respond 
in the direction of 
gravity i.e., move towards gravity, it is called positive 
geotropism. On the other hand, when the parts of plant 
respond away from the direction of gravity i.e., move 
away from the gravity, it is called negative geotropism 
(Fig. 2.11).
Examples
(a)  Roots of a plant move towards gravity, it is positive 

geotropism.
(b)  Stems of a plant move away from gravity, it is 

negative geotropism.
(c) Chemotropism
The directional movement of the plant 
part in response to chemicals is called 
chemotropism (Fig. 2.12). When 
the parts of the plant respond to 
the chemicals i.e., move towards 
chemicals, it is called positive 
chemotropism. On the other hand, 
when the part of plant respond away from the 
chemicals i.e., move away from the chemicals, it is 
called negative chemotropism.
Examples : During fertilization, the growth of pollen 
tube towards the ovule 
is an example of positive 
chemotropism.
(d) Hydrotropism 
The directional movement 
of the plant parts in 
response to water is called 
hydrotropism. When the 
parts of the plant respond 
towards water i.e., move towards water, it is called 
positive hydrotropism. On the other hand, when the part 
of plant responds away from water i.e., move away 
from the water, it is called negative hydrotropism (Fig. 
2.13).
Examples : Roots of the plant respond towards 
water and hence, it is an example of positive 
hydrotropism and shoots growing away from 
water is an example of negative hydrotropism.

(e) Thigmotropism 
The directional move-
ment of the plant parts 
in response to touch is 
called thigmotropism. 
When the parts of the 
plant respond to touch 
i.e., move towards 
touch, it is called positive 
thigmotropism. On the other hand, when the part of 
plant does not respond to touch, it is called negative 
thigmotropism (Fig. 2.14).
Examples : The climbing parts of plants such as twiner 
or tendril which wind around the support in touch are 
positively thigmotropic. 

Uses of Tropic Movements 

The uses of tropic movements in plants are as follows:
To obtain water and nutrients from soil and light from 
the sun which are necessary for their growth and 
survival. This can be explained as, when the seed is 
planted upside down, then its root will grow towards 
gravity showing positive geotropism. Similarly, 
the shoot will grow upwards showing negative 
geotropism and it grows towards light showing 
positive phototropism.
We shall now discuss the nastic movements with 
examples.

2.5 NASTIC MOVEMENTS

The non-directional movements that occurs due to 
change in turgor i.e., the amount of water is called 
nastic movement. This movement is an immediate 
response to stimuli, but does not involve growth. 
Thus, we can define nastic movement as

‘The movement of a plant part in response to an external 
stimulus in which the direction of response is not determined 
by the direction of stimuli.’

Thus, nastic movements are induced by external 
stimuli such as light, touch, temperature, etc.

Hence, it is clear that from whichever direction the 
stimulus is applied; it affects all the parts of a plant 
equally. The nastic movements are exhibited by flat 
parts of the plant such as leaves, petals of flowers, etc.

Let us illustrate this movement with a few examples.

Petals of Moon Flower

 The petals of moon flower close in morning and open 
at night. Here, the stimulus is light.

Fig. 2.11 : The potted plant showing 
positive and negative geotropism.

Fig. 2.12 : Pollen 
tube growing 
towards ovule 

showing positive 
chemotropism

Pollen

Pollen
tube

Fig. 2.13 : Roots showing 
positive hydotropism and 
shoots showing negative 

hydrotropism

Fig. 2.14:  Tendril responds to 
touch and climb up a support

Negative
geotropism

Positive
geotropism
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Leaves of Sensitive Plants

  The leaves of a sensitive (Mimosa pudica) plant 
folds on touching. Here, the stimulus is touch.

 (a) (b)
Fig. 2.15 : (a) Petals of moonflower open at night (b) Leaves of  

sensitive plant fold on touch 

In the above example, the folding up of the leaves of 
a sensitive plant (Mimosa pudica) on touching is not 
a growth movement, but the closing and opening 
of petals of flowers in presence of light is a growth 
movement (Fig. 2.15).
Note
•	 All tropic movements are growth movements, 

but nastic movement may or may not be growth 
movements.

We shall now discuss the different types of nastic 
movements in detail with examples.

Different Types of Nastic Movements

The nastic movements include two types namely,
(a) Thigmonastic or seismonastic movements
(b) Nyctinastic or sleep movements
(a) Thigmonastic Movement

It is the seismonastic movement of a plant part in 
response to touch and hence the stimulus is ‘touch’. In 
other words, we can say that

‘The non-directional movement of a plant part in response to 
the touch is called the thigmonasty’.

These movements are quick and best seen in the 
sensitive plant ‘Mimosa pudica’ (Touch-me-not). When 
we touch the leaves of ‘touch-me-not’ plant with our 
finger, we can see that all its leaves immediately fold 
up and droop. However, after sometime the leaves 
regain their original position. Thus, it is obvious that 
growth is not involved. But, there is change in the 
amount of turgor (water) which results in folding up 
and drooping of leaves. 

The complete mechanism is as follows. 

The plant has pad like swellings at the base of each 
leaf called as ‘pulvini’. It contains a lot of water in its 
cells and also has large intercellular spaces between 
its cells. Due to internal water pressure (turgor) in it, 
it is very firm and holds the leaf in upright position. 
When the leaves are touched they fold up, because 
there is a sudden loss of water from the pulvini which 
makes the pulvini lose its firmness causing the leaves 
to droop and fall (Fig. 2.16).
When the leaves are touched then an electric impulse 
is generated which travels through the cells and acts 
on plant hormone. The plant hormone makes the 
water migrate from cells of pulvini to intercellular 
spaces. It causes the pulvini to lose its firmness and 
the leaves collapse and fold up. After a few minutes 
water diffuses back into the same cells of pulvini and 
the leaves return to their original position.

(a) Before (b) After

 
Fig. 2.16 : Sensitive plant (Mimosa pudica) showing  

seismonastic movements when touched

(b) Nyctinastic Movements
The Nyctinastic movements is also called sleep 
movement (Fig. 2.17). 
‘The movement which involves the diurnal variation (day and 
night) in the position of flowers and leaves of plants is called 
nyctinastic movement.’

(a) Before (b) After

 Fig. 2.17 : Plant showing nyctinastic movements at day and night

It is classified into two types namely,
(i) Photonastic movement 
(ii) Thermonastic movement
(i) Photonastic Movement
The Photonastic movement is a nastic movement of 
a plant part in response to light. Thus, we can say 
that :
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1. Define tropism.
2. Are all types of tropisms growth movements ?
3. What are the different types of tropism ?
4. Define the different types of tropisms.
5. Classify tropisms based on the external stimuli.
6. Explain any three types of tropisms with examples.
7. Differentiate between the following :
 (a) Positive and negative geotropism.

‘The non-directional movement of a plant part i.e., the petals of 
flowers in response to light is called photonasty.’
Here, the stimulus is ‘light’. Let us explain this 
movement with few examples.
Example 1 : Dandelion flowers
The petals of dandelion flower open in the morning in 
presence of light, but closes in the evening in response 
to the absence of light showing photonasty.
Example 2 : Moon flowers
The petals of moon flower open in evening, but 
closes in the morning in response to light showing 
photonasty.
(ii) Thermonastic Movements
The thermonastic movement is a type of nastic 
movement in which plant parts respond to variations 
in temperature. Examples, the opening and closing of 
the flowers of crocuses and tulips.
Note
•	 The opening and closing of flowers in response 

to light are growth movements. This is because, 
when the inner surfaces grow more than the outer 
surfaces, the petals open. On the other hand, 
when the outer surfaces grow more than the inner 
surfaces, the petals close.

Differences between Nastic and Tropic Movements

S. No. Nastic Movements Tropic Movements
1. Non-directional 

autonomic 
movements of 
growth.

Directional autonomic 
movements of growth.

2. It is classified into 
two types namely, 
hyponasty and 
epinasty.

It is classified into 
phototropism, 
geotropism, 
hydrotropism, 
thigmotropism and 
chemotropism.

PAPER–PEN TEST : 2

We shall now discuss how control and co-ordination 
takes place in animals.

2.6 CONTROL AND CO-ORDINATION 
IN ANIMALS

Animals possess two modes of control and co-
ordination namely,
(a) Nervous system
(b) Chemical or endocrine system  
These two constitute neuroendocrine system.
Let us first discuss the nervous system in animals.

2.7 NERVOUS SYSTEM IN ANIMALS

The unicellular organisms such as Amoeba responds 
to environmental stimuli by moving towards or away 
from the stimulus. This response is called taxis. The 
taxis may be positive or negative.

When unicellular organisms move towards the 
external stimuli, their response is called positive taxis. 
When unicellular organisms move away from the 
external stimuli, response is called negative taxis. But, 
the response of multicellular animals to the stimuli 
is complex and so requires a good control and co-
ordination of activities of various cells of the body 
which includes :

(a)  Collecting the information about the changes 
taking place in the external environment.

 (b) Positive and negative phototropism.
 (c) Positive and negative chemotropism.
 (d) Positive and negative hydrotropism.
 (e) Positive and negative thigmotropism.
8. What are the uses of tropic movements  ?
9. What is meant by nastic movements  ?
10.  Explain the movement of petals of moon flower 

and leaves of sensitive plant.
11.  What are the different types of nastic movements 

? Give their other names.
12. Explain thigmonasty with examples.
13.  What are the different types of nyctinastic move-

ments ?
14.  Differentiate between Photonastic and Thermo-

nastic movements ?
15.  Explain the photonastic movements in dandelion 

and moon flower. 
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(b)  Transmitting the information to the internal cells 
which are away from the body surface.

(c)  Exchanging the information between the cells 
located away from each other.

Thus, the co-ordination takes place by the presence of 
nervous system in lower multicellular animals. But, in 
higher multicellular organisms such as human beings, 
the co-ordination is possible only when both the 
control systems i.e., nervous system and endocrine 
system are present.

Nervous System 

The nervous system is made 
up of specialized cells called 
nerve cells or neurons (Fig. 
2.18) These nerve cells 
control the activities by 
sending the electrical signals 
called nerve impulses. Thus, 
we define nerve cell as :
‘The structural and functional 
unit of a nervous system is called a neuron or a nerve cell’. 
All higher multicellular animals have nervous tissue 
that consist of specialized cells called neurons or nerve 
cells to respond. These nerve cells respond to stimuli 
and co-ordinate animal activities.
We shall now discuss the structure of neuron.

Structure of Neuron

A neuron is a nerve cell capable of passing messages 
from one end to the other. It consists of a specialized 
structure that helps to receive, conduct and transmit 
impulses (Fig. 2.19). The size and shape of neuron 
varies greatly. The neurons are the largest cells present 
in the human body. The neuron consists of three parts 
namely,
(a) Cell body (b) Dendrites (c) Axon
We shall now discuss these parts in detail.

(a) Cell Body
The cell body of neuron is called cyton. It is the 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. The Nissl gran-
ules are the characteristic of nerve cells. The cell body 
helps in :

(i) Metabolic and growth maintenance.
(ii)  Receiving nerve impulses from dendrites and 

transmitting it to axon.

(b) Dendrites
The cell body of a neuron stretches its protoplasmic 
processes into several short, tapering branches called 
dendrites. The dendrites contain Nissl granules and 
neurofibrils. The dendrites help to gather information. 
This information travels as an electric impulse towards 
the cell body of a neuron.
(c) Axon  
A long, single, cylindrical protoplasmic processes 
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 and ends in nerve fibres that 
are connected to a muscle forming a neuromuscular 
junction or forms synapses with dendrites of other 
neurons. The axon helps to conduct the nerve 
impulses away from the cell body. The axon is 
covered with one or two sheath. The sheathed axon 
is called ‘nerve fibre’. 
Neurilemma is the outermost layer of nerve fibers, 
which is nucleated and made up of Schwann cells. It 
surrounds the axon of the neuron. It is the cytoplasm 
of the nerve fibres. The second sheath, that is, 
myelin sheath is a modified cellular membrane 
wrapped around the axon of the neurons. The 
neurons which posses the myelin sheath are known 
as 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 nerve fibres conduct 
impulses more efficiently than non-myelinated 
fibres. The myelinated fibres are not continuous. At 
intervals, it possesses non-myelinated areas, called 
Nodes of Ranvier. 

Dendrite

Cell body

Nucleus
Myelin

Schwann cell

← Axon →

Node of 
Ranvier

Axon 
terminal

Fig. 2.19 : A neuron or nerve cell

Neurons transmit messages in the form of nerve 
impulses. This is because they possess the following 
special properties :
(i) Neurons do not divide.
(ii) Neurons are not repaired when injured.
(iii)  Neurons die if they do not get oxygen for over five 

minutes.

Fig. 2.18 : Nerve cells have long 
thin fibres which carry messages 

around our body.
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(iv)  Neurons only use glucose as a respiratory  
substrate.

(v) The neurons are formed shortly after birth.
Let us now discuss the different types of neurons.

Types of Neurons

The neurons are of three types namely,
(a) Sensory neurons  (b) Motor neurons
(c) Relay neurons
(a) Sensory Neurons
These are also called receptors (Fig. 2.20). They help 
to transmit nerve impulse from the sensory cells or 
receptors towards central nervous system i.e., spinal 
cord and brain.
(b) Motor Neurons

Fig. 2.20 : Sensory and motor neurons

These are also called effectors. They help to transmit 
nerve impulses from the central nervous system i.e., 
spinal cord and brain towards the muscle cells or 
effectors organs.
(c) Relay Neurons
These are also called connectors. They occur in central 
nervous system and they act as a link between neurons.

Differences between Sensory Neuron and 
 Motor Neuron

S. No. Sensory Neuron Motor Neuron
1. It conducts impulses 

towards central 
nervous system.

It carries impulses 
away from central 
nervous system.

2. It brings information 
from a receptor or 
sensory organ.

It carries information 
towards a receptor.

3. It picks up information 
from a dendrite.

It transmits information 
through an axon.

We shall now try to understand how a nerve impulse 
is passed. But, before that, we need to know certain 

terms such as stimulus, response, impulse, effectors, 
receptors etc.
The nervous system is a network of nervous organs, 
nerves and neurons that control and co-ordinate 
body activities using electrical impulses produced in 
response to the stimuli. The agent which brings about 
a reaction in the organism with respect to the change 
in the environment is called stimulus. The reaction of 
the organism to the stimulus is called response.
A self-propagated electric current that runs along 
the surface of the nerve fibre to pass the information 
is called an impulse. In order to perceive stimuli 
and provide response, the nervous system requires 
effectors and receptors. The effectors are muscles, 
glands, tissues or cells which produce suitable 
response to the message received from the nervous 
system. The receptors are cells, tissues and organs 
which possess the ability to receive particular stimuli 
or particular change in the environment and initiate 
the impulses which are carried by sensory nerves.
All higher multicellular organisms receive many 
external stimuli through specialized neurons termed 
as sensory neurons or sensory receptors. The animals 
have different sensory organs at specific regions of 
the body for receiving different stimuli which are 
tabulated below.
The eyes have light receptors which can detect light 
and are known as photoreceptors. The ears have sound 
receptors which can detect the sound and are known as 
phonoreceptors. The nose has smell receptors which can 
detect smell and are known as olfactory receptors. The 
tongue has taste receptors which can detect taste and 
these receptors are known as gustatory receptors. The skin 
has receptors for detecting touch, heat or cold, pain are 
known as thermoreceptors (Fig. 2.21).

Large taste buds

Small taste buds

(d) Tongue
Fig. 2.21 : Sensory organs having sensory receptors

Let us now perform an activity to study about 
receptors.

(a) Eye
(b) Nose (c) Ear
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We shall now explain how nerve impulses are 
transferred from one neuron to another neuron. 
The neurons are not connected. There is a minute gap 
between two neurons called a synapse. The nerve 
impulses are carried over the synapse by means of a 
chemical substance called neurotransmitters.
Now, we will explain how the conduction of an electric 
nerve impulse takes place through a synapse.
Consider two neurons ‘X’ and ‘Y’ near each other. 
Let ‘X’ be a sensory 
neuron which is directly 
connected to the receptor. 
The gap between the 
neuron ‘X’ and neuron ‘Y’ is the synapse. Now, the 
receptor i.e., sensory neuron (dendrite) present in the 
body receives the stimulus. When a stimulus acts on 

Activity 2.2–To study about the response in taste.

PROCEDURE 
Step 1–  Intake a few grams of sugar. 
Step 2–  Observe the taste.
Step 3–  Now, block your nose by pressing it between 

your thumb and index finger and eat sugar 
again. 

Step 4–  Observe the taste.  
Step 5–  Now, while eating lunch, block your nose 

in the same way and notice you can not 
fully appreciate the taste of the food you are 
eating.

OBSERVATION
(a) We feel sweet taste of sugar.
(b) No difference in taste.
(c) We cannot fully appreciate the taste of food.
CONCLUSION
(a)  This is because of the gustatoreceptors present 

in our tongue get stimulated on eating the sugar. 
This sends message in the form of nerve impulses 
to specific region of the brain.

(b)  This is because, blocking of nose controls the 
stimulation of olfactoreceptors present in our 
nose. However, gustatoreceptors get stimulated.

(c)  Usually the lunch contains both tasty and aromatic 
substances which stimulate both olfactoreceptors 
and gustatoreceptors. So, we would be able to 
appreciate the taste  of food. But when nose is 
blocked, olfactoreceptors are not stimulated and 
so we cannot feel the smell of food. However, 
we feel the taste of food due to gustatoreceptors. 
Thus, we cannot fully appreciate the taste of food.

the receptor, a chemical reaction takes place producing 
an electric impulse. This electric impulse travels from 
dendrite of sensory neuron ‘X’ to the axon through its 
cell body (cyton). 

Fig. 2.22 : Transmission of impulse from one neuron to another  
across a synapse

When the impulse reaches the end of the axon of neuron 
‘X’, the electrical impulse releases small amount of 
a chemical substance called neurotransmitter on the 
synapse which reaches the dendrite of the neuron ‘Y’. 
From the dendrite, the electrical impulse is carried to 
the cell body and then to the end of the axon of the 
neuron ‘Y’. This process goes on till the electrical 
impulse reaches the relay neurons in the central 
nervous system i.e., spinal cord and brain. Similarly, 
the relay neurons and the motor neurons connect, 
to bring electrical impulses from the central nervous 
system i.e., brain and spinal cord to the effectors i.e., 
glands and muscles (Fig. 2.22).
Thus, it is obvious that synapses acts as a one way 
valve to conduct nerve impulse in one direction. 
This is because the chemical substance called 
neurotransmitter is secreted only on one side of the 
gap, which carries the nerve impulses across the 
synapse, and passes it to the dendron of the other 
neuron. Now, the dendrites of a neuron acquires the 
information which travels from the dendron to the 
cell body, axon and finally to the dendron of the other 
neuron through a synapse.
The pathway of nerve impulse can be shown as follows :

Note 
•	 The neurotransmitter includes glutamic acid, 

acetylcholine, noradrenaline etc.

Stimulus → Dendrite → Cell body → Axon → Axon end → Synapse → Dendrite 
  (Neuron 1) (Neuron 2)
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Let us now discuss the different organs involved in 
the human nervous system.
The main organs of the nervous system includes, brain, 
spinal cord and nerves. The other organs included are 
the sense organs such as ears, nose, eyes, skin and 
tongue. These organs also help in the functioning of 
nervous system.
We will discuss about the main organs in detail. First, 
let us discuss about the nerves.

1.  What are the different modes of control and 
coordination in animals  ?

2. What is meant by taxis  ?
3.  What are the different types of taxis ? Give 

examples.
4.  Why do multicellular animals need control and 

coordination of activities  ?
5. What are neurons  ?
6. What are nerve impulses  ?
7. Explain the different parts of a neuron ?
8. Explain the functions of cell body of a neuron.
9. Give the function of a dendrite.
10.  Comment : “Neurons transmit messages in the 

form of nerve impulses.”
11.  What are the different types of neurons ? 

Differentiate between them with the help of their 
functions.

12.  Differentiate between sensory and motor 
neurons.

13. What is meant by stimulus and response ?
14. Define impulse.
15. Differentiate between effectors and receptors.
16.  Tabulate the different stimuli and different 

sensory organs in animals.
17.  How are nerve impulses transferred from one 

neuron to another neuron  ?
18. What is meant by a synapse  ?
19. What is a neurotransmitter  ?
20.  Explain how conduction of electric nerve 

impulses takes place through synapse  ?
21. Show the pathway of nerve impulse.
22. Name a few neurotransmitters.
23. What are the main organs of a nervous system  ?

PAPER–PEN TEST : 3 2.8 NERVES

Each nerve is packed with hundreds of wire-like cells 
called neurons. The nerves are distributed all over the 
body. They help the brain and spinal cord to connect 
to all the sense organs. There are three types of nerves 
namely, 
(a) Cranial nerves (b) Spinal nerves 
(c) Visceral nerves
There are 12 pairs of cranial nerves and 31 pairs of 
spinal nerves. The cranial nerves connect the brain to 
various parts of the head, neck and trunk. The spinal 
nerves connect the remaining parts like muscles, skin 
etc. to the spinal cord. The visceral nerves connect the 
internal organs of the body to the spinal cord and a 
few to the brain also (Fig. 2.23).
The three different types of nerves can be grouped 
into two types of nerves namely,
(a) Sensory nerves (b) Motor nerves

Cranial 
nerves

Spinal 
nerves

Peripheral 
nervous 
system

Fig. 2.23 : The human nervous system

The nerves which carry messages from the different 
parts of the body to the brain or spinal cord are called 
sensory nerves. The nerves which carry messages from 
the brain or spinal cord to the different parts of the 
body for action are called motor nerves.
We shall now discuss the working of nervous system.
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2.9 WORKING OF NERVOUS SYSTEM

When the sense organs such as eyes, ears, nose, 
tongue or skin present in our body are affected, 
they carry the messages to the brain in the form 
of nerve impulse through the sensory neurons. The 
brain analyses the message and then sends out the 
instructions i.e., action to be taken to the muscles of 
the concerned or specific body part through the motor 
nerves. The concerned body part act according to the 
instructions sent by the brain.
Note

•	 Only the complicated responses which require 
thinking involve both the brain and the spinal 
cord.  But, simple responses which do not require 
thinking involve only spinal cord.

Let us now discuss about the parts involved in the 
nervous system (Fig. 2.24).

Parts of the Nervous System
The nervous system is divided into two parts namely, 
Central nervous system and Peripheral nervous 
system 
The parts can be represented in the chart as follows :

Nervous System

Central Nervous System 
(brain, spinal cord)

Peripheral Nervous System 
(cranial nerves, spinal nerves)

Sensory neurons 
(afferent neurons)

Motor neurons 
(efferent neurons)

Somatic 
nervous system 

(voluntary)

Sympathetic 
nervous system 
(fight or flight)

Parasympathetic 
nervous system 

(rest and digestion)

Skeletal muscles Cardiac muscles 
Smooth muscles 

Glands

Autonomic 
nervous system 

(involuntary)

Fig. 2.24 : Parts of nervous system

Peripheral Nervous System

All the nerves of the body i.e., cranial nerves, spinal 
nerves and visceral nerves together form the peripheral 
nervous system. The spinal nerves arise from the spinal 
cord and spread along the length of the spinal cord, 
throughout the body except the head. Since, the spinal 
nerves carry both the sensory neurons as well as the 
motor neurons, these are also called mixed nerves. 
The cranial nerves arise from the brain and spread 

throughout the head. Since, the cranial nerves also 
carry both the sensory neurons as well as motor 
neurons, they are also called mixed nerves. The 
visceral nerves arise from the spinal cord or from the 
brain, which are connected to the internal organs of 
the body.
The peripheral nervous system is further classified 
into two parts namely,
(a) Voluntary nervous system
(b) Autonomic nervous system
(a) Voluntary Nervous System
It is under the control of our will which consists of 
nerves that arise directly from the central nervous 
system and reaches the different body parts for the 
control of brain. 
Reflex Action and Reflex Arcs
Reflex action is the simplest form of response in the 
nervous system. It is a rapid and automatic response to 
a stimulus. Let us illustrate the process of reflex action 
with a few examples in order to understand it clearly.
The reflex actions include moving of our hand away on 
touching hot objects, a knee jerk, coughing, yawning, 
blinking of eyes and sneezing (Fig. 2.25). But do you 
know how these reflex actions occur ? Generally, the 
receptors present in our body parts receive stimuli and 
transmit information in the form of nerve impulses. 
This message is then sent to the respective part of 
the body through motor neurons to act accordingly. 
The whole process takes some-time. But, in certain 
situations, an immediate response is required. In such 
situations, the reflex action takes place.

(a)  Yawning                (b) Coughing                       (c) Sneezing
Fig. 2.25 : Yawning, coughing and sneezing all are Reflex actions

Thus, we can say that
‘A spontaneous, automatic and mechanical response to a 
stimulus without involving the brain is called reflex action.’

Hence, we can also say that the reflex actions are 
the actions which we do without thinking to protect 
ourselves. Examples – Coughing is a reflex action 
which clears our wind pipe. The pupils of our eyes get 
smaller in bright light protecting the retina of our eyes 
from getting damaged due to bright light. The pupils 
of our eyes get bigger in dim light so as to help us see 
properly even in dim light.
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During reflex action, the dendrites of receptors quickly 
relay a message in the form of an electric impulse 
through the sensory nerves to the spinal cord. The 
spinal cord then sends the information i.e., impulse 
to effectors i.e., muscles through the motor nerves to 
show a response. The path taken by the nerve impulse 
to carry out a reflex action is called reflex arc (Fig. 2.26).

Stimulus Received
By the Receptor

(Sensory Neurons)

Effector(Muscle
or Gland)

Effector  (Muscle
 Or Gland)Electrical Impulse

Electrical Impulse

Electrical Impulse

Stimulus Received
By The Receptor 

(Sensory Neurons)

Fig. 2.26 : A reflex arc

Let us now explain reflex arc and the functional 
components involved in it.
Reflex Arc and the Parts Involved
It consists of five functional components namely,
(i) Sensory receptor (Reacts to Stimuli)
(ii)  Sensory or afferent neuron (takes information to 

the CNS) 
(iii)  Integration center (Spinal Cord or Brain, processes 

the information)
(iv)  Motor or efferent neuron (Carries signal away 

from CNS.
(v) Effector organ (muscles or glands).
(i) Receptor
It is a group of cells or organs which receives a stimulus 
and creates a sensory impulse.
(ii) Sensory nerve
It carries the sensory impulse from the receptor to 
central nervous system.
(iii) A part of central nervous system
Integration center, can be spinal cord or brain. It 
analyses and interprets the sensory impulses and 
sends an appropriate motor impulse. The reflexes may 
be called spinal reflexes, if only spinal cord is involved 
and cerebral reflex, if only brain is involved.
(iv) Motor nerve
It carries the motor impulse from the central nervous 
system to a specific effector.
(v) Effector
It includes muscle fibres or gland cells. It responds as 
per the instructions received from the central nervous 
system.

(b) Voluntary and Involuntary Actions 
The actions performed by an animal without its will 
are called involuntary actions. These actions control 
and coordinate the functions of internal organs and 
occurs automatically. Examples–blood pressure, heart 
beating, salivation, vomiting, movement of diaphragm 
during normal respiration etc. These involuntary 
actions are controlled by the hind brain.
The actions performed by an animal with its will, are 
called voluntary actions. These actions are controlled 
by cerebellum. These actions maintain the posture and 
balance of the body. Example - on seeing a snake, one 
may run away or call for help or try to kill it. These 
voluntary actions are controlled by the cerebellum, a 
part of the hind brain.
We shall now explain reflex arc with an example.

Spinal cord 
(CNS) Message to brain

Sensory neuron

Receptors = Heat/Pain 
receptors in skin

Motor 
neuron

Effector = Muscle in arm

Relay 
neuron

Fig. 2.27 : Reflex action and its path (reflex arc)

When our finger or hand accidently touches a hot 
object, the heat is sensed by the thermoreceptor in our 
hand. Here, the stimulus is ‘heat’. The receptor now 
produces an impulse in the sensory neuron, which 
transmits the impulse to the spinal cord, which passes 
the impulse to a relay neuron, which in turn passes 
it to the motor neuron. The motor neuron passes the 
impulse to a muscle in our arm. Thus, the muscle 
contracts, and we pull our hand away from the hot 
plate. This type of reflex, which involves only spinal 
cord is called a spinal reflex (Fig. 2.27 and Fig. 2.28).
The reflex arc is as follows : 

Distribution within gray horns to 
other segments of the spinal cord

Flexors 
stimulated

Extensors 
inhibited

Painful 
stimulus

Fig. 2.28 : Spinal reflex
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These reflex actions which involve only brain are called 
cerebral reflexes (Fig. 2.29).
We know that cerebral reflexes involves the organs of the 
head region, like our eyes. When a person enters into a 
hall having a dim light, then the pupil dilates (enlarges in 
size) in order to adjust the amount of light entering into 
the eyes, so that the person can see properly even in dim 
light. Similarly, when a person enters a room having bright 
light, then the pupil automatically contracts (reduces in 
size) to protect the retina.
Let us see how cerebral reflex occurs, through this 
example. When a bright light falls on the eye, the 
light receptors i.e., photoreceptors in the eyes produce 
impulses in the sensory nerves which carry the 
message of bright light to the brain. The brain in turn 
produces a response, which is carried by the motor 
nerves to the effector, i.e., the iris. The iris controls the 
size of the pupil, and thus adjusts the amount of light 
entering into the eye.
Let us now discuss how the effectors cause the action.
Action Performed by the Effectors
When the motor nerve impulse sent by the brain or 
spinal cord, reaches the effector such as muscles, they 
act according to the instruction received from the 
brain or spinal cord. It takes place as follows : 
The muscles are made up of muscle cells which 
contain special proteins. These proteins change their 
arrangement according to the stimulus caused by 
the impulse. This causes muscle contraction. When 
the muscles contract, they pull the bones and thus, 
moves the body part. When a motor nerve impulse 
sent by the brain or spinal cord reaches the effector 
i.e., muscles, the upper arm get stimulated and causes 
the muscles to contract. This in turn pulls the bones of 
the lower arm and moves it away from the hot object 
by lifting the hand.

Fig. 2.29 : Cerebral reflex

Note

•	 The contraction of muscles caused, in response to 
the electrical impulses, is a reversible process.

(b) The Autonomic Nervous System or ANS
The word ‘Auto’ means ‘self’ and ‘Nomo’ means 
‘governing’. Thus, the autonomic nervous system refers 
to the self-governing nervous system. It controls the 
activities of the organs inside our body automatically 
without our will (Fig. 2.30). The autonomic nervous 
system has a specific network of nerves in our 
body, which controls and regulates the functions of 
internal organs of our body, involuntarily. It includes 
breathing, sweating, heartbeat, digestion etc. The 
nerves of autonomic nervous system are attached to 
the smooth muscles of various internal organs of the 
human body that help to maintain our life.

Fig. 2.30 : Autonomic nervous system

1. What are the different types of nerves  ?
2. Mention the function of different types of nerves.
3. Differentiate between sensory and motor nerves.
4. Explain the working of nervous system.
5. What are the parts involved in nervous system  ?
6. What is peripheral nervous system  ?
7.  What are the different types of peripheral nervous 

system  ?
8. Define mixed nerves.
9.  Differentiate between voluntary and autonomic 

nervous system.
10. What is meant by reflex action  ?
11. Explain the process of reflex action with examples.

PAPER–PEN TEST : 4
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We shall now discuss the central nervous system in 
detail.

The Central Nervous System

The central nervous system includes the brain and the 
spinal cord. The function of central nervous system is 
to direct the incoming messages to the motor neurons 
that are connected to the specific parts of the body, 
which in turn responds to a stimulus. In other words, 
the function of the central nervous system is to collect 
all the information from all the receptors of our body 
and send them to the effectors. 
Let us now describe the two organs of the central nervous 
system, namely brain and spinal cord in detail.

Brain

The brain is also called 
encephalon, the uppermost 
part of central nervous 
system. It is said to be the 
highest coordinating centre 
of the body. The brain is 
protected by a bony box in 
the skull called the cranium. 
It is situated in the cranial cavity of the skull in the head 
region. The brain is soft, whitish organ surrounded 
by three membranes, known as meaninges. The space 
between these membranes is filled with a fluid, called 
the cerebrospinal fluid, which protects the brain from 
mechanical shocks (Fig. 2.31).
Brain is divided into three main regions, namely,
(a) Fore brain    (b) Mid brain  (c) Hind brain
(a) Fore Brain
The forebrain forms the greater part of the brain. It 
consists of three parts namely,
(i) Cerebrum or cerebral hemispheres 
(ii) Olfactory lobes (iii) Diencephalon

(i) Cerebrum
Cerebrum forms the largest part of the brain. It is 
divided into two hemispheres, right hemisphere, and left 
hemisphere by a deep longitudinal fissure. But, the base of 
two hemispheres is connected by a sheet of nerve fibres 
called corpus callosum. The surface of the cerebrum has 
several folds called gyri. The gyri help to increase the 
surface area of the cortex. The outer surface of cerebrum 
is called the grey matter or cortex. The inner surface of 
the cerebrum is called the white matter or medulla. The 
depressions or shallow grooves found in-between 
the gyri are called sulci or sylci. Each of the cerebral 
hemispheres is divided into four lobes namely, frontal 
lobe, parietal lobe, occipital lobe, temporal lobe.
Frontal lobe is at the front of the head (anterior), 
parietal lobe is at the top of the head (middle), occipital 
lobe is at rear (posterior) and temporal lobe is at the side 
(lateral). Each cerebral hemisphere possesses a fluid-
filled cavity called the lateral ventricle (Fig. 2.32).

Cerebrum

Parietal lobe

Occipital 
lobe

Cerebellum

Frontal 
lobe

Temporal lobe
Pons

Brain stem

Fig. 2.32 : Four lobes of cerebrum

(ii) Olfactory lobes
These are a pair of club-shaped, small structures fully 
covered by the cerebral hemispheres. Each olfactory 
lobe consists of a bulb and a stalk. These lobes receive 
impulses from olfactory receptors and relay sense of 
smell to the temporal lobe of the cerebrum. It is visible 
only in ventral view of the brain.
(iii) Diencephalon
It is located on 
the inferior side 
of the brain. It is 
visible only in the 
ventral view  of 
brain (Fig. 2.33). 
It is the region 
between cerebrum 
and brain stem. 
It consists of three regions namely, Thalamus, 
Hypothalamus, and Epithalamus

Thalamus Epithalamus

Hypothalamus

Fig. 2.33 : Diencephalon

12. What happens during reflex action ?
13. What do you understand by the term ‘reflex arc’  ?
14. What are the parts involved in reflex arc ? Explain.
15.  Explain voluntary and involuntary actions with 

examples.
16.  Name some reflex actions which involve only 

brain.
17.  Differentiate between spinal reflexes and cerebral 

reflexes.
18. How do effectors cause the action ?
19. What is meant by autonomic nervous system ?
20. Give the function of autonomic nervous system  ?

Forebrain

Midbrain

Hindbrain

Fig. 2.31: The human brain
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The roof of diencephalon is called epithalamus. The 
sides of diencephalon are called thalamus and the 
floor of diencephalon is called hypothalamus. The 
thalamus has a cluster of nuclei which acts as relays, 
for particular sensory pathways.
The hypothalamus contains reflex centres, linked to 
the autonomic system. There is a funnel shaped stalk 
called infundibulum, which extends from its floor. It 
has a narrow cavity, called the third ventricle.
Functions of Fore Brain
(i) The cerebrum is the main thinking centre of brain.
(ii) The cerebrum is the site of learning, reasoning, 

intelligence and memory.
(iii) The cerebrum controls our sensations, actions, 

movements and thoughts.
(iv) The cerebrum has different areas to form 

different functions.
(v) The cerebrum has associated areas to control 

the thinking and memory, and hence, stores 
information and experiences.

(vi) The cerebrum has motor areas to send 
instructions to muscles, to do various activities.

(vii) The cerebrum has sensory areas to gather 
information from sense organs like skin, tongue, 
nose, eyes and ears and give us sensation or 
feeling.

(viii) The cerebrum controls all the voluntary actions.
(b) Mid Brain
The mid brain is also called mesencephalon. It is a 
small region consisting of two fibre tracts and four 
swellings. The fibre tracts connect the hind brain with 
the fore brain. The four swellings are collectively 
called, corpora quadrigemina.
Functions of Mid Brain
(i) It controls the reflex movements of the head, neck 

and trunk in response to visual and auditory stimuli.
(ii) It also controls the reflex movements of the eye 

muscles, like the changes in pupil’s size and shape 
of the eye lens.

(c) Hind Brain
The hind brain is also called Rhombencephalon. It 
consists of three parts namely,
(i) Cerebellum
(ii) Pons varoli
(iii) Medulla oblongata
The medulla oblongata, pons 
varoli and mid brain form 
the brain stem (Fig. 2.34).

(i) Cerebellum 
The cerebellum is the second largest part of the 
brain. It lies behind the cerebrum and above 
medulla oblongata. The cerebellum consists of two 
hemispheres. Its surface has many ridges called 
folia. It has three parts namely,
• Small anterior flocco nodular lobe 
• A narrow ventral vermis
• Two large lateral hemispheres. 
(ii) Pons Varoli
Pons varoli is located superior to medulla oblongata. 
It contains ascending and descending nerve tracts.
(iii) Medulla Oblongata
The medulla oblongata is continuous with spinal 
cord. It acts as a bridge between the brain and spinal 
cord. It contains a fluid filled cavity called the fourth 
ventricle. It connects spinal cord to the brain.
Functions of Hind Brain
(i) Cerebellum maintains posture, equilibrium and 

muscle tone.
(ii) Pons varoli controls some activities of respiration 

and act as a relay centre for different parts of the 
brain.

(iii) Medulla oblongata controls the rate of heart beat, 
breathing, contraction and expansion of blood 
vessels, swallowing, coughing, sneezing and 
vomiting.

Differences Between Cerebrum and Cerebellum

S. No. Characteristics Cerebrum Cerebellum 
1. Part It is a part of 

fore brain.
It is a part of 
hind brain.

2. Size It is the largest 
part constituting 
80% of the 
brain.

It constitutes 
12.5% of the 
brain.

3. Position It forms the 
superior, front 
and lateral 
sides of the 
brain.

It forms the 
posterior 
region of the 
brain.

4. Components It has two parts 
called right and 
left cerebral 
hemispheres.

It has three  
parts namely, 
two lateral 
cerebral he-
mispheres and 
one central 
vermis.Fig. 2.34 : Hind brain

Pons
Medulla Spinal 

cord

Cerebrum
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S. No. Characteristics Cerebrum Cerebellum 
5. Functions It controls 

movement, 
speech, sight, 
smell, taste, 
hearing etc.

It maintains 
equilibrium 
of the body.

6. Seat It is the seat of 
intelligence and 
memory.

It coordinates 
muscular 
activity.

Spinal Cord

The spinal cord is a 
cylindrical structure which 
begins in conti-nuation with 
medulla oblongata of brain 
and extends downwards 
to the lumbar region. The 
spinal cord is shorter than 
the vertebral column. There 
are two enlargements in the 
spinal cord namely,
(a)  Cervical enlargement 
(b)  Lumbar enlargement
Below the lumbar enlarge-
ment there is a cone-
like region called conus 
medullaris. The spinal cord 
extends inferiorly from this cone-region to the end of 
the vertebral column as a connective tissue filament, 
called the filum terminale. All these together resemble 
a horse’s tail and so, are called cauda equina. The spinal 
cord is enclosed in a vertebral column, which protects 
it. Internally, the spinal cord possesses a narrow, fluid 
–filled cavity called central canal. The spinal cord is 
also surrounded by meninges. The 31 pairs of spinal 
nerves arise from the spinal cord (Fig. 2.35).
Functions of Spinal cord
(i)  It conducts sensory and motor impulses to and 

from the brain.
(ii)  It acts as a reflex centre in order to reduce brain’s 

work.
Functions of Brain
(i)  The brain receives information in the form of nerve 

impulses from all sensory organs.
(ii)  The brain sends the instructions to the effectors, to 

function properly.
(iii)  The brain correlates with various stimuli.

(iv)  The brain 
coordinates 
the mechanism 
and chemical 
reaction of the 
body activities 
to work 
efficiently.

(v)  The brain stores 
information to 
make itself organ of thought and intelligence (Fig. 
2.36).

Let us now discuss the endocrine system for the 
coordination in human beings.

2.10 ENDOCRINE SYSTEM
The endocrine system includes, 
(a)  Hormones (b) Glands
Let us first discuss hormones.

(a) Hormones

Hormones are chemical substances secreted by 
specialized ductless endocrine glands, in very small 
amounts. The hormones are secreted in specific parts 
of the body, in response to the changes in external 
or internal environmen t. The hormone helps 
to coordinate the activities of living organisms and 
growth. Thus, hormones may be defined as,
‘The substance secreted by ductless endocrine glands which 
coordinates the activities of living organisms.’
The cells of endocrine glands release hormones 
into the blood which carries the hormones to the 
site of action. The hormones act on specific organs 
called target organs. Though, blood contains all the 
hormones, the cells of a target organ take only the 
required hormone. This takes place by the presence 
of a specific protein molecule, called a receptor, on its 
surface or on its cytoplasm.
Since non-target cells lack these receptors, they do not 
respond to the hormones in the blood. Thus, the hormone 
binds to a specific receptor and sends the message to the 
target cell by changing the shape of the receptor.
Let us discuss few characteristics of hormones.
Characteristics of Hormones
(i)  The hormones are produced by ductless or 

endocrine glands in small amounts.
(ii)  The hormones are released into the blood, which 

carry them to the different parts of the body.
(iii)  The hormones act upon specific cells or tissues or 

organs called target sites.

Central sulcusMotor 
control

Speech

Smell

Hearing

Touch and pressure
Taste

Vision
Face recognition

Fig. 2.36 : Different functions of brain

Fig. 2.35 : Spinal cord
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(iv)  The hormones are non-nutrient in nature and 
hence, are not responsible in providing energy.

(v)  The hormones are involved in stimulation or 
inhibition of various physiological processes.

(vi)  The hormones are produced in response to any 
specific stimuli.

(vii) The hormones are chemical messengers of the glands.

(b) Glands 
A structure which produces a specific substance in the 
body is called a gland. It is made up of a group of cells 
or tissues. The glands are of three types namely,
(i) Exocrine glands (ii) Endocrine glands 
(iii) Heterocrine glands
(i) Exocrine Glands
The glands which secrete through ducts or tubes 
are called exocrine glands. These secretion performs 
a metabolic activity. The salivary gland secretes the 
saliva into a duct called salivary duct. Therefore, the 
salivary gland is an exocrine gland. Other examples 
include, sweat gland, milk gland etc.
(ii) Endocrine Glands
The glands which secrete directly into circulatory 
system are called endocrine glands. This gland secretes 
a chemical substance called hormone. Since, the 
endocrine glands do not have ducts or tubes to secrete 
their hormones; they are also called ductless glands. 
The hormones are of different types and perform 
different functions.
Differences Between Exocrine and Endocrine Glands 

S. No. Characteristics Exocrine 
Glands

Endocrine 
Glands

1. Ducts They possess 
ducts.

They do not 
possess ducts.

2. Occurrence They do 
not occur in 
isolation. 

They occur in 
isolation.

3. Target site The target sites 
are adjacent to 
the glands.

The target sites 
are generally 
far away from 
the glands.

4. Secretions They secrete 
various 
enzymes, 
mucus, 
lubricants etc.

The secrete 
hormones

5. Drainage These glands  
pour their 
secretions to 
the target, 
either directly 
or through 
ducts.

These 
glands pour 
secretions into 
the blood.

(iii)  Heterocrine glands 
These glands are also called mixed glands, they consist 
of both exocrine and endocrine functions. In this gland, 
the exocrine tissue secretes through duct whereas the 
endocrine tissue secretes into blood. Pancreas and 
gonads i.e., ovaries and testes are heterocrine glands. 
The exocrine part of pancreas secretes pancreatic juice 
into pancreatic duct. The endocrine part of pancreas 
secretes insulin and glucagon hormones directly 
into the blood. Similarly, the endocrine part of testes 
secretes testosterone hormone directly into the blood 
while the exocrine part of testes release sperms into the 
duct. The endocrine part of ovaries secretes oestrogen 
and progesterone hormones directly into the blood and 
the exocrine part of ovaries release ova into the duct. 
Let us now study human endocrine glands and their 
hormonal secretions.

2.11 ENDOCRINE GLANDS

The endocrine system is made up of a group of 
endocrine glands which produce different hormones.
The endocrine system in our body consists of a large 
number of glands, which prepare, store and release 
chemicals called hormones. An endocrine system 
is made up of a group of endocrine glands which 
produce different hormones. The study of endocrine 
glands, hormones and their effects is called endocrinology. 
The number of endocrine glands present in the human 
body includes,
(a) Pineal gland (b) Hypothalamus gland
(c) Pituitary gland (d) Thyroid gland
(e) Parathyroid gland (f) Thymus
(g) Pancreas (h) Adrenal glands
(i) Testes in male and ovary in female. 
These glands are located in different parts of our body 
(Fig. 2.37). 

 (a) Male (b) Female
Fig. 2.37 : Positions of endocrine glands in the human body
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These glands produce different types of hormones to 
act upon different organs of our body. The function of 
endocrine glands is controlled by our nervous system. 
Thus, we can conclude that the hormones produced 

by endocrine gland serve as messages between the 
nervous system and organs of our body.
Let us discuss various endocrine glands, their hormonal 
secretion and the functions of these hormones in our 
body in detail.

S. 
No.

Endocrine 
Glands Location Secretion Function Deficiency/Excess of 

Hormone
1. Hypothalamus Brain Releasing and 

inhibiting 
hormones

It regulates the secretion of 
hormones produced by the 
pituitary gland.

Hypothalamic disease 

2. Pituitary gland Just below 
the brain

Growth 
hormone (GH)

It controls the development of 
muscles and bones.

Deficiency leads to dwarfism 
and on excess the person 
becomes giant.

3. Thyroid gland Attached to 
the wind pipe 
of the body

Thyroxine It controls the rate of 
metabolism of fats, proteins and 
carbohydrates.

Deficiency leads to goitre. 
Generally, iodine is important 
for making thyroxine hor-
mone. That is why iodised salt 
should be included in our diet 
as it contains an approximate 
amount of the iodine com-
pounds which makes suffi-
cient thyroxine for our body.

4. Parathyroid 
gland

Embedded in 
thyroid gland

Parathormone It regulates the calcium and 
phosphate levels in  
the blood.

Hypoparathyroidism.

5. Thymus gland Lower part of 
the neck and 
the upper 
part of chest

Thymus Development of immune system 
of the body.

Little or no immune response.

6. Pancreas Below the 
stomach

Insulin, 

Glucagon

It lowers the blood sugar level.

It increases the blood sugar level.

Deficiency leads to diabetes 
which is characterized by 
large quantities of sugar in 
blood or urine.
Deficiency leads to decreased 
amount of sugar in the blood 
and urine.

7. Adrenal gland 
or Emergency 
gland

At the top of 
two kidneys 
and thus 
occur in pairs

Adrenaline, 
Nor-adrenaline

They regulate the heartbeat, 
breathing rate, blood pressure 
and carbohydrate metabolism.

Excess of hormones speeds 
up the heart beat, breathing, 
raises the blood pressure.
Excess of nor-adrenaline 
decreases the rate of heart 
beat, breathing and blood 
pressure.

8. Testes Present in 
males

Testosterone To control the development of 
male sex gametes called sperms.

Decrease in muscle mass, 
with an increase in body fat 
and weight gain

9. Ovaries Present in 
female

Oestrogen and 
progesterone

The oestrogen controls the 
development of female sex 
organs and the progesterone 
controls the changes taking 
place in uterus during menstrual 
cycle, helps in maintenance of 
pregnancy and in producing 
female gametes, ova.

Fertility disorders, menstrual 
disorders etc.
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Activity 2.3 – Identifying endocrine glands.

PROCEDURE
Look at figure below and identify the endocrine glands mentioned in the figure.

 Fig. 2.38 : The position of endocrine glands in the female and male
OBSERVATION
Hypothalamus, pituitary gland, pineal gland, thyroid gland, parathyroid glands, pancreas, adrenal glands, testes in male 
and ovaries in female.

2.12 HOMEOSTASIS AND FEEDBACK MECHANISM

Homeostasis 

Homeostasis refers to the ‘maintenance of internal environment with the help of many factors such as hormones’. 
Thus, the concentration of hormones must be maintained at optimum levels. This can be done by feedback 
mechanism.
Feedback Mechanism
It is a regulatory mechanism which helps to promote or inhibit further formation of certain substances. This 
mechanism is useful as the excess or deficiency of hormones results in harmful effect on our body. The feedback 
control is usually negative and very rarely positive (Fig. 2.39).

Receptor

Stimuli

Co-ordinator

Feedback

Effector

Response

Fig. 2.39 : Feedback control

Negative Feedback Control
Let us discuss this control using an example. The deficiency of insulin hormone results in a disease called diabetes, 
whereas excess of insulin hormone results in coma. Thus, it is important that hormones are secreted by the glands 
in appropriate quantities as required for the normal functioning of the body. This mechanism helps to regulate 
the production and release of hormones in the body. 
Thus, we can conclude that the amount of hormones secreted by the glands is controlled by the feedback 
mechanism which is developed in our body. Similarly, when the sugar level in the blood increases, it is identified 
by the pancreatic cells which respond. When the blood sugar falls to a certain level and the secretion of insulin 
is reduced automatically.
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COMPENDIUM

•  Auxins, gibberellins and cytokinins are the plant 
hormones which promote the growth of plants.

•  Abscisic acid is a plant hormone which prevents or 
inhibits the growth of plants.

•  Ethylene is the plant hormone which has dual 
function of inhibition as well as promotion of growth 
of plants.

•  The growth of a plant can be divided into three stages 
namely, 

 (a) Cell division   (b) Cell enlargement 
 (c) Cell differentiation
•  The most common natural auxin is IAA (Indole 

3-acetic acid).  
•  IBA (Indole butyric acid) is both natural as well as 

artificial auxin.
•  Parthenocarpy is the process of producing seedless 

fruits without fertilization.
•  The hormone ‘gibberellins’ is named after the fungus, 

Gibberella fujikuroi. 
•  The most common gibberellin is gibberellic acid 

(GA3). 
• The first natural cytokinin was ‘zeatin’. 
• The kinetin is an artificial cytokinin. 
• Cytokinins are produced in the root tips and are 

carried to the shoots. 
• The wilting and falling of leaves is called abscission. 
• The ageing of plant is called senescence.
•  The movement of the plant in response to external 

stimuli is classified into two types, namely,
 (a) Tropic movements (b) Nastic movements
• The tropic movements are also called tropism.
•  ‘The directional or growth movement of a part of 

plant in response to an external stimulus in which 
the growth response depends on the direction of 
stimuli is called tropism’.

•  Based on the response towards the stimulus or away 
from the stimulus, the movement of the plant part 
may be of two types namely,

 (a) Positive tropism
 (b) Negative tropism
•  When the growth of a plant part is towards the 

stimulus, it is called positive tropism.
•  When the growth of a plant part is away from the 

stimulus, it is called negative tropism.
•  Based on the external stimuli, the tropisms are 

classified into five types namely,
 (a) Phototropism (b) Chemotropism
 (c) Hydrotropism (d) Geotropism
 (e) Thigmotropism

•  Different organisms show different kinds of 
movements.

• This movement may be of two types, namely,
 (a) Growth movements
 (b) Non-growth movements
•  ‘The changes in the environment to which the 

organisms respond and react are called stimuli’.
•  All movements in living organisms occur in response 

to changes in the environmental factors such as heat, 
light, pressure, cold, touch, water, smell, sound etc.

•  The response to a stimuli is the characteristic property 
of living organisms.

•  Though, both plants and animals respond to stimuli, 
different organisms respond differently to each 
stimulus.

•  Among animals, simple organism responds to the 
stimuli by moving towards them, or away from 
them.

•  The response which we give to the stimulus involves 
many organs of our body.

•  ‘The working together of various parts of an organism 
in a systematic manner to produce a response to a 
stimuli is called co-ordination’.

•  The word ‘co-ordination’ refers to the harmonious 
working of different inter-related parts to perform 
one or more activity in our body.

•  Plants do not have nervous system, muscles or sense 
organs like animals.

•  Plants show two types of movement in response to 
stimuli namely,

 (a) Independent of growth
 (b) Dependent on growth
•  The plant movements are called movements of 

curvature.
•  The region of the plant which detects the stimuli is 

called perceptive region. 
•  The part of the plant which shows response is called 

responsive region.
•  ‘The function of control and co-ordination in plants 

is performed by chemical substances called plant 
hormones.’

•  Since, the plant hormones either stimulate or retard 
growth; these are also called ‘plant growth regulators’ 
or ‘plant growth substances’.

•  Dormancy is an inactive or resting condition, during 
which metabolism stops.

•  There are five main types of plant hormones namely,
 (a) Auxins  (b) Gibberellins
 (c) Cytokinins (d) Abscisic acid
 (e) Ethylene 
•  The phytohormones are divided into two groups 

namely,
 (a) Growth promoters (b) Growth inhibitors
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•  The directional movement of the plant part in 
response to light is called phototropism.

•  The directional movement of the plant part in 
response to gravity is called geotropism.

•  The directional movement of the plant part in 
response to chemicals is called chemotropism.

•  The directional movement of the plant part in 
response to water is called hydrotropism.

•  The directional movement of the plant part in 
response to touch is called thigmotropism.

•  The non-directional movement that occurs due to 
change in turgor i.e., the amount of water is called 
nastic movement.

•  The movement of a plant part in response to an 
external stimulus in which the direction of response 
is not determined by the direction of stimuli is 
known as nastic movement.

•  All tropic movements are growth movements, 
but nastic movement may or may not be growth 
movements.

•  The nastic movements include two types namely,
 (a) Thigmonastic or seismonastic movements
 (b) Nyctinastic or sleep movements
•  The non-directional movement of a plant part in 

response to the touch is called the thigmonasty.
•  The movement which involves the diurnal variation 

(day and night), in the position of flowers and 
leaves of plants is called ‘nyctinastic movement.

• It is classified into two movements namely,
 (a) Photonastic movement
 (b) Thermonastic movement
•  The non-directional movement of a plant part e.g., 

the petals of flower in response to light is called 
photonasty.

•  Animals possess two modes of control and co-
ordination namely,

 (a) Chemical or endocrine system
 (b) Nervous system
•  Neuron is the structural and functional unit of 

nervous system.
• The neuron consists of three parts namely,
 (a) Cell body (b) Dendrites
 (c) Axon
• The neurons are of three types namely,
 (a) Sensory neurons (b) Motor neurons
 (c) Relay neurons
•  The nervous system is a network of nervous organs, 

nerves and neurons that controls and co-ordinates 
body activities using electrical impulses, produced 
in response to the stimuli. 

•  The agent which brings about a reaction in the 

organism with respect to the changes in the 
environment is called a stimulus.

•  A self-propagated electric current that runs 
along the surface of the nerve fibre to pass the 
information is called an impulse.

•  All higher multicellular organism receive many 
external stimuli through specialized neurons 
termed as sensory neurons or sensory receptors.

•  The eyes have light receptors which detect light 
and are called photoreceptors. 

•  The ears have sound receptors which detect the 
sound and are called phonoreceptors.

•  The nose has smell receptors which detect smell 
and are called olfactory receptors. 

•  The tongue has taste receptors which detect taste 
and are called gustatory receptors. 

•  The skin has receptors for detecting touch, heat or 
cold or pain, and are called thermoreceptors.

•  There is a minute gap between two neurons which 
is called synapse. 

•  The nerve impulses are carried over the synapse 
by means of chemical substances, called 
neurotransmitter’s.

•  When a stimulus acts on the receptor, a chemical 
reaction takes place producing an electric impulse.

•  Synapses act as a one way valve, to conduct nerve 
impulse in one direction, because the chemical 
substance called neurotransmitter is secreted 
only at one side of the gap. This neurotransmitter 
carries the nerve impulses across the synapse and 
passes it to the dendrites of the other neuron.

•  The main organs of the nervous system are, brain, 
spinal cord and nerves. 

•  The nerves are wire-like network distributed all 
over the body. 

•  The nerves help the brain and spinal cord connect 
with all the sense organs.

• There are three types of nerves,
 (a) Cranial nerves (b) Spinal nerves
 (c) Visceral nerves
•  There are 12 pairs of cranial nerves and 31 pairs of 

spinal nerves.
•  The nerves which carry messages from the 

different parts of the body to brain or spinal cord 
are called sensory nerves. 

•  The nerves which carry messages from the brain 
or spinal cord to different parts of the body, for 
various actions, are called motor nerves.

•  The nervous system is divided into two parts 
namely,

 (a) Central nervous system
 (b) Peripheral nervous system
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•  The peripheral nervous system is further classified 
into two parts namely,

 (a) Voluntary nervous system
 (b) Autonomic nervous system
•  Reflex action is the simplest form of response in 

the nervous system. 
•  A spontaneous, automatic and mechanical 

response to a stimulus without the involvement of 
brain is called a reflex action.

• Reflex arc consists of five parts namely,
 (a) Sensory receptor
 (b) Sensory or Afferent neuron
 (c) Integration center 
 (d) Motor or Efferent neuron 
 (e) Effector organ
•  The actions performed by the animal without its 

will are called involuntary actions. 
• Involuntary actions control and coordinate 

the functions of internal organs and happens 
automatically.

•  The actions performed by the animal with its will 
are called voluntary actions.

• Voluntary actions are controlled by the cerebellum. 
•  Voluntary actions maintain the posture and 

balance of the body.
•  The reflex which involves only spinal cord is called 

spinal reflexes.
•  There are some reflex actions which involve only 

brain and are called cerebral reflexes.
•  The contraction of muscles caused by the action of 

electrical impulses is a reversible process.
•  The autonomic nervous system refers to self-

governing nervous system. 
•  It controls the activities of the organs inside our 

body automatically without our will.
•  The autonomic nervous system is a specific 

network of nerves in our body which controls and 
regulates the function of internal organs of our 
body involuntarily.

•  The nerves of autonomic nervous system are 
attached to the smooth muscles of various internal 
organs of the human body to maintain life.

•  The central nervous system includes the brain and 
the spinal cord. 

•  The function of central nervous system is to direct 
the incoming messages to the motor neurons, 
that are connected to the part of the body which 
responds to a stimulus.

•  The brain is also called encephalon and it is the 
uppermost part of central nervous system. 

•  Brain is said to be the highest coordinating centre 
in the body.

• Brain is divided into three main regions namely,
 (a) Fore brain    (b) Mid brain 
 (c) Hind brain
• The fore brain consists of three parts namely,
 (a) Cerebrum or cerebral hemispheres 
 (b) Olfactory lobes  (c) Diencephalon
• Cerebrum forms the largest part of the brain.
•  The cerebellum is the second largest part of the 

brain.
•  The pons varoli is located above the medulla 

oblongata.
•  The medulla oblongata continues with the spinal 

cord. 
• The medulla oblongata acts as a bridge between 

brain and spinal cord.
•  The spinal cord is a cylindrical structure which 

begins in continuation with medulla oblongata 
of brain and extends downwards to the lumbar 
region.

• The endocrine system includes, 
 (a) Hormones  (b) Endocrine glands
•  Hormones are chemical substances secreted by 

specialized ductless endocrine glands in very 
small amounts.

•  The hormones act on specific organs called target 
organs.

•  A structure which produces a specific substance in 
the body is called a gland. 

• It is made up of a group of cells or tissues. 
• The glands are of three types namely,
 (a) Exocrine glands (b) Endocrine glands 
 (c) Heterocrine glands
•  The glands, which secrete through ducts or tubes 

are called exocrine glands.
•  The glands, which secrete directly into circulatory 

system are called endocrine glands.
• Heterocrine glands mixed glands perform both  
 exocrine and endocrine functions.
•  A group of endocrine glands which produce 

various hormones is called an endocrine system.
•  The function of endocrine glands is controlled by 

our nervous system.
•  Homeostasis refers to the maintenance of internal 

environment of an organism with the help of 
hormones.

• A regulatory mechanism helps to promote or 
inhibit the further formation of a certain substance.

•  The deficiency of insulin hormone results in a 
disease called diabetes, whereas excess of insulin 
hormone results in coma.
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NCERT IN TEXT QUESTIONS
1.  What is the difference between a reflex action and 

walking ?
Ans :  Walking is a voluntary action that takes place with 

one’s will. On the other hand, reflex action is an 
involuntary, spontaneous response to a stimulus 
without one’s will. 

2.  What happens at the synapse between two 
neurons ? 

Ans :  Transmission of nerve impulses between two 
neurons takes place through synapse. The axon 
terminal of a neuron releases specialized chemicals 
called neurotransmitters, that travel through 
the synapse and reach the dendrites of the next 
neuron. 

3.  Which part of the brain maintains posture and 
equilibrium of the body ?

Ans : Cerebellum.
4.  How do we detect the smell of an incense stick  

(agarbatti) ?
Ans :  The olfactory receptors present in the nostrils, pick 

the smell and send signals to the brain. The brain 
interprets those signals and we detect the smell of 
an incense stick.

5. What is the role of the brain in reflex action ?
Ans :  Brain has no direct involvement in reflex action. 

Reflex action is mainly controlled by the spinal 
cord. However, the input reaches the brain.

6. What are plant hormones ?
Ans :  Plant hormones are special naturally occurring 

chemicals which regulate the co-ordination of 
various activities in plants. 

7.  How is the movement of leaves of the sensitive 
plant different from the movement of a shoot 
towards light ?

Ans :  The movement of leaves of the sensitive plant 
is a nastic movement, i.e. it does not depend on 
the direction of the stimulus and this movement 
does not involve growth. On the other hand, the 
movement of a shoot towards light is a tropic 
movement, i.e. it depends on the direction from 
which light is coming. This movement involves 
growth.

8.  Give an example of a plant hormone that promotes 
growth.

Ans : Auxin. 
9.  How do auxins promote the growth of a tendril 

around a support ?
Ans :  Auxin increases in concentration in the part 

of the tendril which is away from the support. 
This results in increased cell division as the part 
which is nearer to the support has lesser rate of 
cell division. As a result, the external part of the 

tendril grows more than the internal part and the 
tendril coils around the support.

10.  Design an experiment to demonstrate 
hydrotropism.

Ans :  Materials Required: Seeds of bean, a deep tray, 
sand and a porous pot.

 Procedure :
 (a)  The tray should be big enough to 

accommodate the porous pot.
 (b)  Fill the tray with sand and insert some seeds 

in it.
 (c)  Make a pit in the sand and insert the porous 

pot in it.
 (d)  Fill the porous pot with water everyday.
 (e)  Leave the set up for about a week.
 (f)  Observe the plant.

Observation :
  After a week, it is observed that the root of 

seedling is bent towards the direction of porous 
pot containing water. 

 Conclusion :
  This shows the response of roots of a seedling 

towards water i.e., hydrotropic movement in 
roots.

11.  How does chemical coordination take place in 
animals  ?

Ans :  Chemical coordination in animals takes place 
through hormones. These hormones directly 
enter into the blood, which circulates them 
to all the tissue cells. These cells have specific 
molecules to identify specific hormones. 
Hormones regulate different functions in the 
body. For example, insulin is a hormone which 
regulates the blood sugar level.

12. Why is the use of iodised salt advisable ?
Ans :  Iodine is an important constituent of the hormone 

thyroxine. Thyroxine regulates carbohydrates, 
proteins and fat metabolism in the body for 
growth. Iodine deficiency leads to a disease 
called goitre. Iodised salt is advised to prevent 
chances of goitre.

EXERCISES (SOLVED)

Water in porous pot

Seed

Sand
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13.  How does our body respond when adrenaline is 
secreted into the blood ?

Ans :  Adrenaline is also known as ‘fight or flight’ 
hormone or emergency hormone. It prepares 
the body for emergency situations. Increased 
secretion of adrenaline in the blood increases 
the blood supply to limbs and to the facial area. 
It increases the heart rate and breathing rate so 
that more oxygen could be supplied to the limbs. 

14.  Why are some patients of diabetes treated by 
giving injections of insulin ?

Ans :  Insulin is a hormone which is produced and 
secreted by a gland called pancreas. This 
hormone helps to lower the blood sugar levels. 
During deficiency of insulin hormone in the 
body, the blood sugar levels raise leading to a 
disease called diabetes. The high sugar levels in 
the blood may lead to many harmful effects in 
the body. Some people having diabetes (Insulin 
Dependent Diabetes Mellitus, IDDM) are treated 
by giving insulin injections. The addition of 
insulin to blood directly through injections 
lowers the blood sugar levels and lessens the 
harmful effects.

NCERT END EXERCISES
1. Which of the following is a plant hormone ?
 (a) Insulin (b) Thyroxine
 (c) Oestrogen (d) Cytokinin
Ans : (d) Cytokinin
2. The gap between two neurons is called :
 (a) Dendrite (b) Synapse
 (c) Axon (d) Impulse
Ans : (b) Synapse
3. The brain is responsible for :
 (a) Thinking  
 (b) Regulating the heart beat
 (c) Balancing the body
 (d) All of the above
Ans : (d) All of the above
4.  What is the function of receptors in our body ? 

Think of situations where receptors do not work 
properly. What problems are likely to arise ?

Ans :  Receptors provide information about the external 
environment so that the brain can instruct a related 
organ to take necessary action. Receptors play 
an important role in our survival. Let us take the 
example of a person with hearing impairment. 
Certain ordinary tasks would be very difficult for 
that person. For example; while walking on the 
road, the person needs to hear the sound of vehicles 
moving near him. Without hearing those sounds, he 
would not be in a position to move safely on the road.

5.  Draw the structure of a neuron and explain its 
function.

Ans : Functions of a Neuron :

  Neuron helps to detect changes in the 
environment and transmit nerve impulses to 
effectors for response.

6. How does phototropism occur in plants ?
Ans :  The bending of the plant stem towards light 

is called phototropism. This response of plant 
stem to light is due to the presence of “Auxin 
hormone.” The auxin hormone is usually 
located at the tip of the stem of growing plant. 
This hormone also perfer to be located in the 
shaded portion (away from light) of the stem. 
When light falls on the stem towards one side, 
the auxin gets concentrated on the other side of 
the stem and promotes cell division. This causes 
the stem to bend towards the source of light, 
thereby promoting phototropism.

7.  Which signals will be disrupted in case of a 
spinal cord injury ?

Ans : Reflex actions (except cerebral reflexes) and 
involuntary actions are primary affected during  
 spinal cord injury.

8.  How does chemical coordination occur in  
plants ?

Ans :  Plant hormones play a main role in chemical 
coordination. Most of the plant hormones 
promote growth in certain plant parts, e.g. 
auxins, gibberellins and cytokinins. Specific 
hormones are secreted in one part and they 
diffuse to reach the specific sites, to produce 
their effect. Abscissic acid is a plant hormone 
which inhibits growth. Shedding of leaves or 
ripening of fruits is facilitated by abscissic acid.

9.  What is the need for a system of control and 
coordination in an organism ?

Ans :  A living being does not live in isolation. It has to 
constantly interact with its external environment 
and has to respond properly for its survival. 
For example, when a hungry lion spots a deer, 
the lion has to quickly make a move so that it 
can have its food. On the other hand, the deer 
needs to quickly make a move, run for its life. 
Thus, the control and coordination is required 
in multicellular animals where the body is 
complex.

10.  How are involuntary actions and reflex actions 
different from each other ?

Ans : Reflex actions are rapid and spontaneous actions 
which are not under the conscience control of 

Dendrite

Axon Myelin sheath

Axon
terminals

Cyton

Neuron
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the brain whereas, involuntary actions are the 
set of movements which do not require thinking 
but are controlled by the brain.

11.  Compare and contrast nervous and hormonal 
mechanisms for control and coordination in 
animals.

Ans :  Nervous control is fast, and temporary while 
hormonal control is slow and comparatively 
permanent. Nervous control is facilitated by 
neurotransmitters, while hormonal control is 
facilitated by hormones.

12.  What is the difference between the manner in 
which movement takes place in a sensitive plant 
and the movement in our legs ?

Ans :  The movement in a sensitive plant is facilitated 
by chemical control, while the movement in our 
legs is facilitated by nervous control.

HIGHER ORDER THINKING SKILL QUESTIONS 
(HOTS)
1.  Mohan’s father was not well, so he took him to 

the Doctor. Doctor asked his father to reduce his 
sugar intake and gave him some prescription.

 (a)  Name the disease he is suffering from and 
the hormone whose deficiency causes the 
disease.

 (b) Identify the gland that secretes it.
Ans : (a) Diabetes, Insulin.
 (b) Pancreas.
2.  Gita and Sita were playing in the ground. They 

were tired and return back to their homes. Sita 
was feeling very hungry and she asked her 
mother for food. Her mother entered the kitchen 
and touched a hot object. Without thinking, 
automatically she removed her hand quickly 
from that hot object. Sita was amazed to see the 
reaction of her mother. She asked her teacher 
about this incident ?

 (a) What is the automatic response or action  
  called ?
 (b) Who control this action ?
Ans : (a) This automatic response is known as the  
  reflex action.
 (b)  Reflex actions are controlled by the spinal 

cord.
3.  Feeling nervous can be a normal to stressful, 

unknown circumstance. Whether you are waiting 
for the question paper or you are waiting for your 
turn to give a presentation before your class, you 
ought to be nervous. While the stimulations that 

give raise to nervousness, triggers, the changes 
that occur because of an increase in the amount 
of stress hormones released by our body.

 (a)  Name the stress hormone and the gland by 
which it is separated.

 (b)  Mention any three physical changes that 
occur when you are nervous.

 (c)  As a person what suggestion will you advise 
others to reduce nervousness ?

Ans : (a)  Hormone – adrenaline secreted by Adrenal 
Gland.

 (b) Physical Changes :
  (i) Sweating, restlessness, tension
  (ii) Rapid heart beat
  (iii) Breathlessness
 (c)  Suggestion – deep breathing is the way by 

which we can get rid of negative feelings in 
order to concentrate and visualize well.

4.  The two glands ‘X’ and ‘Y’ which occur in pairs 
are present in the endocrine system of human. 
The gland ‘X’ is found only in females whereas 
the gland ‘Y’ occurs only in males. 

 (a) Identify ‘X’ and ‘Y’.
 (b)  Name the two hormones secreted by the 

gland ‘X’.
 (c) Name the hormone secreted by the gland ‘Y’.
Ans : (a) X is Ovaries and Y is Testes.
 (b) Oestrogen and progesterone.
 (c) Testosterone.
5.  There are two similar glands ‘X’ located on 

the top of two similar organs ‘Y’ in the human 
body. The gland ‘X’ is also called the emergency 
hormone and secretes a hormone ‘Z’. Identify 
‘X’, ‘Y’, and ‘Z’.

 (a) X- Adrenal glands.  (b) Y – Kidneys.
 (c) Z-Adrenaline.
6.  There are four major types of phytohormones A, 

B, C and D. ‘A’ promotes the wilting and falling 
of leaves. ‘B’ is responsible for the phenomenon 
of phototropism in plants. ‘C’ is involved in 
shoot extensions and ‘D’ helps in breaking the 
dormancy of seeds and buds.

 Identify A, B, C and D.
Ans :  A – Abscisic acid, B – Auxin, C – Gibberellin and 

D – Cytokinin
7.  There are three plants, X, Y and Z. The flower of 

plant ‘X’ opens its petals in bright light during 
the day, but closes at night. The flower of plant 
‘Y’ opens its petals at night during the night, but 
closes in morning. The leaves of plant ‘Z’ fold 
and droop when touched with fingers. 

 (a) Identify X, Y and Z.
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EXERCISES (UNSOLVED)

MULTIPLE CHOICE QUESTIONS 
1. Which of the endocrine glands is known as master 

gland ?
 (a) Pituitary   (b) Adrenal 
 (c) Thyroid   (d) Parathyroid
2. Short stretching’s on the cell body of the neuron is 

called :
 (a) Dendrites  (b) Axon
 (c) Cyton    (d) None of these
3. …………. hormone is secreted by thyroid.
 (a) Thyroxine   (b) Insulin 
 (c) Glucagon   (d) None of these 
4. In a neuron, conversion of electrical signal to a 

chemical signal occurs at/in :
 (a) Cell body   (b) Axonal end 
 (c) Dendritic end   (d) Axon 
5. Involuntary actions in the body are controlled by :
 (a) Medulla in fore brain  
 (b) Medulla in mid brain
 (c) Medulla in hind brain 
 (d) Medulla in spinal cord

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 : In spite of not having nervous  
  system, plants can sense things.
  Reason : Plants can sense things with the help  
  of hormones.

 2. Assertion : Synapse is a gap through which  
  nerve impulse pass from one neuron to the  
  next.
  Reason : Neuron is the functional unit of  

 nervous system.     
MATCH THE FOLLOWING

S. No. Column I Column II Correct 
Match

1. Winding of tendril 
around a support

Chemotropism 

2. Growing of roots 
towards the earth

Thigmotropism

3. Bending of root 
towards water

Phototropism 

4. Growth of pollen 
tube towards ovule 

Geotropism 

5. Bending of a shoot 
towards light

Hydrotropism

FILL IN THE BLANKS
1.  A neuron which carries an impulse to the brain is 

called a ______________ neuron.
2.  A plant root grows downward, in response to 

______________.
3.  Tendrils wind around a support in response to 

______________.
4.  The response of leaves to the sunlight is called 

______________.
5.  The ______________ hormone causes phototropism 

in plants.

CONCEPT BASED QUESTIONS
1. Nastic movements in plants are not directional 

movements. They are not dependent on stimulus 
and are growth independent. Depending on the 
quantity, they either swell up or shrink. Plant 
hormones or phytohormones are responsible 
for the control and coordination of plants. There 
are different types of hormones, which affect the 
growth of a plant. These hormones are diffused 

 (b)  Name the phenomenon shown by the 
flowers of plant X and plant Y.

 (c)  Name the phenomenon shown by the leaves 
of plant Z.

Ans : (a)  X – Dandelion flower, Y – Moon flower and 
Z – Touch-me-not.

 (b) Photonasty.
 (c) Thigmotropism.

8.  The gland X is located just below the stomach 
in the human body. The gland ‘X’ secretes 
a hormone ‘Y’. The deficiency of this hormone 
causes a disease ‘Z’ in which the blood sugar 
level of a person rises too much. Identify X, Y 
and Z.

Ans: X – Pancreas, Y – Insulin and Z – Diabetes.
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around the plant cells. They have a role to play in the 
cell division, cell enlargement, cell differentiation, 
fruit growth, falling of leaves, ripening of fruits, 
ageing of plants etc.

 (i)  Name the phenonmenon called for the  
 movement in growth of plants ? 

 (ii) What do you mean by Nastic movement ?
 (iii) What are the different types of harmones of  

 plants ?
 (iv) The plant harmone help in the cell growth at  

 the shoot tips by elongating the cells is :
  (a) Auxins   (b) Gibberellins 
  (c) Cytokinins   (d) Abscisic Acid
2. Study these tables related to blood sugar levels 

and answer the questions that follow : 
 Table A : Blood glucose chart

Blood Glucose Level (mg/dL)
Doctor’s advice 
needed

380 

350
315
280
250
215

Good 180
150

Excellent 115
80
50

 Table B : Blood Report of Patient X and Y

Time of check Blood Glucose 
Ranges (mg/dL)

Patient X Patient Y
Before breakfast 
(Fasting)

< 100 70 - 130 

Before lunch, 
supper and snack

< 100 70 - 130

Two hours after 
meals

< 140 < 180

Bedtime < 120 90 - 15
 (i) Refer to Table B showing the blood report of  

 the levels of glucose of patients X and Y. Infer  
 the disease which can be diagnosed from the  
 given data. 

 (ii) Identify the hormone whose level in the blood  
 is responsible for the above disease. 

 (iii) Which one of the following diets would you  
 recommended to the affected patient ? 

  (a) High sugar and low fat diet 
  (b) Low sugar and high protein diet.
  (c) High fat and low fibre diet 
  (d) low sugar and high fibre diet.
 (iv) Refer to the Table A and suggest the value  

 of the mean blood glucose level beyond which  
 doctor’s advice is necessary : 

  (a) 180 mg/dL  (b) 115 mg/dL
  (c) 50 mg/dL  (d) 80 mg/dL

ANSWERS 
MULTIPLE CHOICE QUESTIONS 
1. (a) Pituitary  2. (a) Dendrites 
3. (a) Thyroxine   4. (a) Cell body
5. (c) Medulla in hind brain 

ASSERTION AND REASONS
1. (a) Plant hormones help them to sense changes 

in the environment even if they don’t have 
eyes, ears or nose. Thus both assertion and 
reason are true and reason is the correct ex-
planation of the assertion.

2. (b) Synapse and neuron has no relation regard-
ing function. Neuron is the functional unit 
but that doesn’t define synapse. Thus both 
assertion and reason are true, but reason is 
not the correct explanation of the assertion.

MATCH THE FOLLOWING

S. No. Column I Column II Correct 
Match

1. Winding of tendril 
around a support

Chemotropism 4

2. Growing of roots 
towards the earth

Thigmotropism 1

3. Bending of root 
towards water

Phototropism 5
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4. Growth of pollen 
tube towards ovule

Geotropism 2

5. Bending of a shoot 
towards light

Hydrotropism 3

FILL IN THE BLANKS
1. Sensory 2. Gravity
3. Touch 4. Phototropism
5. Auxin

CONCEPT BASED QUESTIONS
1. (i) Growth-dependent movements are called  

 the Tropic Movements (towards or away from  
 a stimulus).

 (ii) Non-growth dependent movements called the  
 Nastic Movements (independent of stimulus).

 (iii) The different types of phytohormones are :
  (a) Auxins   (b) Gibberellins 
  (c) Cytoknins    (d) Abscisic Acid
 (iv) (a) Auxin.
2. (i) Diabetes.  (ii) Insulin.
 (iii) (d) Low sugar and high fibre diet.
 (iv) (a) 180 mg/dL.

PREVIOUS YEARS BOARD QUESTIONS

1. List in proper sequence four steps of obtaining 
germinating dicot seeds.          [2019]

 Ans. 1. The root is formed when radicle of seed 
grows. 

 2. The root grows downward into the soil and 
absorbs water and minerals from the soil. 

 3. The shoot is formed from the upward growth of 
plumule. 

 4. The green leaves are developed when shoot 
comes above the ground.

2. (a) Name one gustatory receptor and one olfactory 
receptor present in human beings. (b) Write a and 
b in the given flow chart of neuron through which 
information travels as an electrical impulse.

  Dendrite → a → b → End point of Neuron
             [2018]
 Ans. (a) Tongue is the gustatory receptor present 

in the human body. (b) Dendrite → Cell body → 
Axon → End point of Neuron.

3. Name the hormones secreted by the following 
endocrine glands and specify one function of each: 
(a) Thyroid (b) Pituitary (c) Pancreas        [2018]

 Ans. (a) Thyroid gland secretes thyroxine. It 
regulates the metabolism and blood pressure 
of human beings. (b) Pituitary secretes growth 
hormone. It helps the bones and other body organs 
to grow properly. (c) Pancreas secretes insulin. 
Insulin helps to lower blood sugar level.

General Instructions :
• All questions are compulsory.
• There is no choice in any of the questions.
•  Question numbers 1 to 5 are one mark questions. 

These are to be answered in one word or one 
sentence.

•  Question numbers 6 to 17 are three mark questions. 
These are to be answered in about 50 words each.

•  Question numbers 18 to 19 are five mark questions. 
These are to be answered in about 70 words each.

1.  Name the mechanism by which amount of hormone 
in the blood is regulated 

2. What is meant by tropic movements ?
3.  All information of our environment is detected by 

specialized tips of some nerve cells. Mention the 
name given to such tips. Where are  they located ?

4.  What are nastic and curvature movements ? Give 
one example of each.

5. State the role of brain in reflex action.
6.  Describe an activity to illustrate the phenomenon of 

phototropism and explain why this occurs ?
7.  What happens at the synapse between two neurons ?
8.  A florist sprinkled a plant hormone to prevent 

wilting of leaves. Name the hormone he must have 
used. Give two more examples of plant hormones 
and also write their functions.

MOCK TEST - 1
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9.  How does our body respond when adrenal gland 
secretes its hormone ?

10. Define the following : 
 (a) Reflex action    (b) Synapse 
11.  Draw the structure of a neuron and label cell body 

and axon. 
12.  Name the hormone secreted by thyroid gland and 

state its function.
13. (a)  Name the hormone released by Thyroid gland. 

Also write the function of this hormone. 
 (b)  Which disease develops due to deficiency of 

iodine in our diet ?

14. (a)  Name two hormones secreted by pancreas. 
Write one function of each hormone.

 (b)  How does our body respond when adrenaline 
is secreted into the blood ?

15.  Name the main thinking part of the human brain. 
List four major functions of this part.

16. What happens at the synapse between two neurons ?  
 How is brain protected ?
17.  Explain how the human body responds when 

adrenaline is secreted into the blood.
18.  Draw a diagram of reflex arc and label in it sensory 

neuron, motor neuron, relay neurons, receptors.
19.  Explain why plants appear to bend towards light.

General Instructions :
• All questions are compulsory.
• There is no choice in any of the questions.
•  Question numbers 1 to 5 are one mark questions. 

These are to be answered in one word or one 
sentence.

•  Question numbers 6 to 17 are three mark questions. 
These are to be answered in about 50 words each.

•  Question numbers 18 to 19 are five mark questions. 
These are to be answered in about 70 words each.

1.  Name the sensory receptors found in the nose and 
on the tongue ?

2. Define phototropism.
3. What is a synapse ?
4.  How does our body maintain blood sugar levels ?
5.  Explain the cause of shoots of the plant bending 

towards light.
6.  List any two responses shown by our body when 

adrenaline hormone is secreted into the blood.
7.  Write the names and functions of any two parts of 

the hindbrain.
8.  Define reflex action. Give one example. Show 

with the help of a flow diagram, the path of reflex 
action.

9.  “Brain and Spinal Cord are two vital organs of 
our body.” How is our body designed to protect  
them  ?

10. How do auxins promote the growth of a tendril  
 around a support ? Explain briefly.
11.  How do auxins help in bending of stem towards 

light ? Explain

12.  Electrical impulses are an excellent means of 
quick transfer of information in animals but there 
are limitations to the use of electrical impulses. 

 (a) List such two limitations. 
 (b)  State the other means of communication used 

by most multicellular organisms between the 
cells.

13.  Name a hormone secreted by (a) Pancreas  
(b) Pituitary (c) Thyroid. 

14. (a) Name the part of brain which controls - 
  (i) Voluntary action
  (ii) Involuntary action
 (b)  What is the significance of the peripheral 

nervous system ?
15. Draw a diagram of human brain. State the role of  
 cerebellum.
16. Mention one role of each of the following :
 (a) Cerebellum  (b) Fore brain
17.  List in tabular form three differences in the 

movement of leaves of a “touch me not” plant 
(the plant of Mimosa family) when touched and 
movement of a tendril towards a support.

18. (a)  Name the plant hormone that promotes 
growth. 

 (b)  How do these hormones bring about 
phototropism in the shoots of a plant ?

19. (a)  What constitutes the central and peripheral 
nervous systems ? 

 (b)  How are the components of central nervous 
system protected ?

Time : Two Hours Max. Marks : 50
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