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AN OPEN LETTER

Dear Friend,

We would like to talk to you for a few minutes, just to give you an idea of
some of the special features of this book. Before we go further, let us tell you
that this book has been revised according to the NCERT syllabus prescribed
by the Central Board of Secondary Education (CBSE) based on new
“Continuous and Comprehensive Evaluation” (CCE) pattern of school
education. Just like our earlier books, we have written this book in such a
simple style that even the weak students will be able to understand biology
very easily. Believe us, while writing this book, we have considered
ourselves to be the students of Class X and tried to make things as simple as
possible.

The most important feature of this revised edition of the book is that we have
included a large variety of different types of questions as required by CCE for
assessing the learning abilities of the students. This book contains :

(i) Very short answer type questions (including true-false type questions
and fill in the blanks type questions),
(ii) Short answer type questions,
(iii) Long answer type questions (or Essay type questions),
(iv) Multiple choice questions (MCQs) based on theory,
(v) Questions based on high order thinking skills (HOTS),
(vi) Multiple choice questions (MCQs) based on practical skills in
science,
(vii) NCERT book questions and exercises (with answers), and
(viii Value based questions (with answers).

)

Please note that answers have also been given for the various types of
questions, wherever required. All these features will make this book even
more useful to the students as well as the teachers. “A picture can say a
thousand words”. Keeping this in mind, a large number of coloured pictures
and sketches of various scientific processes, procedures, appliances and



everyday situations involving principles of biology have been given in this
revised edition of the book. This will help the students to understand the
various concepts of biology clearly. It will also tell them how biology is
applied in the real situations in homes, transport and industry.
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We are sure you will agree with us that the facts of biology are just the same
in all the books, the difference lies in the method of presenting these facts to
the students. In this book, the various topics of biology have been explained
in such a simple way that while reading this book, a student will feel as if a
teacher is sitting by his side and explaining the various things to him. We are
sure that after reading this book, the students will develop a special interest in



biology and they would like to study biology in higher classes as well.

We think that the real judges of a book are the teachers concerned and the
students for whom it is meant. So, we request our teacher friends as well as
the students to point out our mistakes, if any, and send their comments and
suggestions for the further improvement of this book.

Wishing you a great success,

Yours sincerely,

Ma;j}} kacs

396, Nilgiri Apartments,
Alaknanda, New Delhi-110019
E-mail : singhlakhmir@hotmail.com

DISCLAIMER

While the authors of this book have made every effort to avoid any mistake or omission and have
used their skill, expertise and knowledge to the best of their capacity to provide accurate and updated
information, the authors and the publisher do not give any representation or warranty with respect to
the accuracy or completeness of the contents of this publication and are selling this publication on the
condition and understanding that they shall not be made liable in any manner whatsoever. The
publisher and the authors expressly disclaim all and any liability/responsibility to any person,
whether a purchaser or reader of this publication or not, in respect of anything and everything
forming part of the contents of this publication. The publisher and authors shall not be responsible
for any errors, omissions or damages arising out of the use of the information contained in this
publication. Further, the appearance of the personal name, location, place and incidence, if any; in
the illustrations used herein is purely coincidental and work of imagination. Thus the same should in
no manner be termed as defamatory to any individual.
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Life Processes

S omething wh g(hot de, . In most simple
terms, ‘alive’ me g [ife’. Alivie is"cal led; ‘zinda’ in Hindi.
We are alive and !J .;_ .1 alive. 4ho \ ,:_ s , p alive are called
‘living things’. ts”?\;pg udis an beings) are
alive or living t New g st on ?I'IS What criteria do
we use to decide 1 grjﬁ{‘ 8:% alivy Fhis is“disel88ed below.

The most impor & " criter ‘h to etﬁe%ether ething is alive
(or not) is the ement. Move n 2Nt is one ‘of the mos portant signs of
life in an orgamiSin. All thesliving things (which ag@lalive) move by
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living things are f[qulite fast which } y us but in other
cases the move th difficulty. For
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Figure 1. Living™th e. These pictures
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moves when it SWils in y > Figlire 1). Olifflands when we

beings are alive (or liy

The plants are : a pla o they cannot move like
animals from place to place. The plants can only move parts of their body
such as leaves, flowers, shoots and roots. The plant parts move towards a
stimulus such as sunlight, gravity or water, etc. For example, the shoot, the
leaves and flower of a sunflower plant move by bending towards the sun so
as to face the sunlight (see Figure 2). The leaves of a Mimosa pudica plant
(sensitive plant) move by folding up when touched with a finger. Plants also
show movement by growing their roots and shoots bigger.
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Figure 2. Plants are also living things. Since plants are fixed af 4 blace, they can show movement only
by bending their body parts in response to ceffaify/Stimuli. Thi Shflower plant is showing movement

Non-living things ich are nof'alive) cannot move by themselves.
For example, a stone is % -1ig ing thing which cannot move by itself from
one place to another or sheW dny/éi of movement. We will have to
move it by applying force fron butside:

All the living things (plares and animals) are made up of tiny living
units called cells. The cells themselyes are made up of still smaller particles
called molecules. The mdveinentyleverhary small scale (as those in the
molecules of living thingy)/igré G@iviible™o the naked eye. The invisible
molecular movement is, howe\ﬂﬂ},‘tnség@ssary for the existence of life. In fact,
viruses do not show any molecular movement in them (until they infect some
cell) and this has created controversy about whether they are truly alive or
not. In addition to movement, the living things also show some other
characteristics. These are discussed below.

All the living things (which are alive) have some common
characteristics (or features) which make them different from non-living
things. The characteristics of living things are as follows :

(i) Living things can move by themselves.
(if) Living things need food, air and water.
(iii) Living things can grow.
(iv) Living things can respond to changes around them. They are
sensitive.
(v) Living things respire (release energy from food).
(vi) Living things excrete (get rid of waste materials from their
body).
(vii Living things can reproduce. They can have young ones.

)

What are Life Processes



All the organisms perform some basic functions to keep themselves
alive. The basic functions performed by living organisms to maintain
their life on this earth are called life processes. The basic life processes
common to all the living organisms are : Nutrition and Respiration;
Transport and Excretion; Control and Coordination (Response to
stimuli); Growth; Movement and Reproduction. The process of nutrition
involves the taking of food inside the body and converting it into smaller
molecules which can be absorbed by the body. Respiration is the process
which releases energy from the food absorbed by the body. Transport is the
process in which a substance absorbed or made in one part of the body is
moved to other parts of the body. Excretion is the process in which the waste
materials produced in the cells of the body are removed from the body.

Control and coordination (or response to stimuli) is a process which
helps the living organisms to survive in the changing environment around
them. The process of growth involves the change from a small organism to a
big organism (or an adult organism). In movement, the organism either
moves from one place to another or moves its body parts while remaining at
the same place. The process of reproduction involves the making of more
organisms from the existing ones, so that organisms could live on this earth
for ever.

Energy is Needed for the Life Processes

All the living organisms need energy to perform various life processes.
They get this energy from food. Food is a kind of fuel which provides
energy to all the living organisms. The living organisms use the chemical
energy for carrying out various life processes. They get this chemical energy
from food through chemical reactions. Actually, living organisms
continuously need energy for their various life processes and other activities
which they perform. For example, energy is required by an organism even
during sleep. This is because when we are asleep, a number of biological
processes keep on occurring in the body which require energy. Our heart
beats non-stop even when we are asleep to pump blood throughout the body.
And this beating of heart requires energy. Thus, the working of heart requires
a continuous supply of energy.

The energy required by an organism comes from the food that the
organism eats. Thus, food is the basic requirement of all the living
organisms for obtaining energy. In this chapter we will first study the process



of intake and utilisation of the food by an organism (called nutrition) and the
liberation of energy from the food (called respiration). After that we will
study the process of moving the digested food and other materials to the
various parts of the body (called transport) and the removal of waste
materials from the body (called excretion). Let us start with nutrition.

NUTRITION

Food is an organic substance. The simplest food is glucose. It is also
called simple sugar. A more complex food is starch. Starch is made from
glucose. The general name of substances like glucose (sugar) and starch is
‘carbohydrates’. Carbohydrates are the most common foods for getting
energy. Fats and proteins are also foods. (A wider definition of food,
however, also includes mineral salts, vitamins and water which are essential
for the normal growth and development of an organism). The process of
taking in food (consuming food) and utilising it is called nutrition. It is a
process in which food is obtained in order to utilise it to provide energy for
performing various metabolic activities of the organism. Actually, the term
‘nutrition’ comes from the word ‘nutrient’. A nutrient is an organic or
inorganic substance required for the maintenance of life and survival of a
living organism. In most simple terms, a nutrient can be said to be a
particular type of food. A nutrient can 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 (like tissues and organs).
For example, carbohydrates and fats are the nutrients which are used by
an organism mainly as a source of energy whereas proteins and mineral
salts are nutrients used by an organism for the biosynthesis of its body
constituents like skin, blood, etc.
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Modes of Nutrition

Modes of nutrition means methods of procuring food or obtaining
food by an organism. All the organisms do not obtain their food in the same
way. Different organisms have different methods of procuring food or
obtaining food. In other words, organisms differ in their modes of nutrition.
Depending on the mode (or method) of obtaining food, all the organisms can
be classified into two groups: autotrophic and heterotrophic. Thus : There
are mainly two modes of nutrition :

1. Autotrophic, and

2. Heterotrophic.

We will now discuss the autotrophic mode of nutrition and the
heterotrophic mode of nutrition in detail, one by one.

m" studygear
1. Autotrophic Mode of N

The word ‘auto’ means PRs HHI 'i-o means ‘nutrition’. Thus

makes (or synthesizes) its own Ll'
carbon dioxide and water present in 3 surroundings by using the sunlight
energy. We can now say that : Autotrophic nutrition is that mode of



nutrition in which an organism makes (or synthesizes) its own food from
the simple inorganic materials like carbon dioxide and water present in
the surroundings (with the help of sunlight energy). Please note that food
is an organic material (like glucose, etc.). This means that, in autotrophic
nutrition, organic material (food) is made (or synthesized) from inorganic
materials like carbon dioxide and water by utilizing the sunlight energy. The
green plants have an autotrophic mode of nutrition. The autotrophic
bacteria also obtain their food by the autotrophic mode of nutrition
(though most bacteria are not autotrophic). The organisms having autotrophic
mode of nutrition are called autotrophic organisms or just autotrophs.

Figure 5. The green plants have autotrophic mode of nutrition. The green plants make their own food
by combining carbon dioxide from air and water from ground m the presence of sunlight energy. This
process is called phot ' is

PXY0en

Figure 6. Corn is a food. Thi e B.y corn n..‘- S he process of photosynthesis.

/

Figure 7. Carrots & n' plants by the process of

Those QrSaMISINSWVH chy camr miak ¢\ thi\ ok Sfgodifrom carbon
dioxide and {yaterrafe=called| 5. fCart Gidesind water are
inorganic sub wetm 100 ¢ gtisims which can
make their Oiibafoddi ot t! 4 idondan/es feessSPpiesent in the
environment, are call ‘ dants are autotrophs
(because they can mak substances like carbon
dioxide and water on-green plants are,
however, not autotroj otrophic bacteria’ are
also autotrophs.

The autotrophi
pigment called chlora
This trapped sunlight ophs to make food by
combining inorganic materials like carbon dioxide and water present in the
environment by the process of photosynthesis. Thus, autotrophs make their

contain the green
ping sunlight energy.



own food by photosynthesis. So, autotrophs are the producers of food. The
food produced by autotrophs (green plants) is also used by human beings and
many, many other animals.

2. Heterotrophic Mode of Nutrition

The word ‘heteros’ means ‘others’ and ‘trophe’ refers to ‘nutrition’.
Thus, ‘heterotrophic’ means ‘nutrition obtained from others’. In heterotrophic
nutrition, the organism cannot make (or synthesize) its own food from the
inorganic raw materials like carbon dioxide and water, and uses the food
made by autotrophic organisms directly or indirectly. We can now say that :
Heterotrophic nutrition is that mode of nutrition in which an organism
cannot make (or synthesize) its own food from simple inorganic
materials like carbon dioxide and water, and depends on other
organisms for its food. A heterotrophic organism is a consumer which
derives its nutrition from other organisms. That is, a heterotrophic organism
has to eat other organisms for its nutrition. All the animals have a
heterotrophic mode of nutrition. Most bacteria and fungi also have
heterotrophic mode of nutrition. The organisms having heterotrophic mode
of nutrition are called heterotrophic organisms or just heterotrophs.
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Thus, man, dog, cat, d ear, lion, cow, et@ are all heterotrophs. The
non-green plants (lik ‘ =_1re also heterol;r_ hs. Heterotrophs depend
on autotrophs and other heterotrophs for their food. In other words, animals
are heterotrophs which depend on plants or other animals for their food.
From the above discussion we conclude that green plants make their

own food. Non-green plants and animals cannot make their own food. They
obtain food from plants and other animals. We will now discuss the various

types of the heterotrophic mode of nutrition.
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Types of Heterotrophic Nutrition

A heterotrophic organism (or heterotroph) can obtain its food from
other organisms in three ways. So, the heterotrophic mode of nutrition is of
three types :

1. Saprotrophic nutrition,

2. Parasitic nutrition, and

3. Holozoic nutrition.

We will now discuss the three types of heterotrophic nutrition in detail,
one by one. Let us start with the saprotrophic nutrition.
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organisms having saprotrophic mode of nutrition are called saprophytes. We
can now say that : Saprophytes are the organisms which obtain their food
from dead plants (like rotten leaves), dead and decaying animal bodies,
and other decaying organic matter (like rotten bread). Fungi (like bread
moulds, mushrooms, yeast), and many bacteria are saprophytes. We know
that fungi and bacteria are a kind of plants. So, we can also say that
saprophytes are the plants which feed on dead and decaying organic matter.
The saprophytes break down the complex organic molecules present in dead
and decaying matter and convert them into simpler substances outside their
body. These simpler substances are then absorbed by saprophytes as their
food. Please note that saprotrophic nutrition is also known as saprophytic
nutrition.

Figure 9. ' . Thi ushrooms
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bacteria, a few plants like Cuscuta (amarbel) and some animals like
Plasmodium and roundworms. Thus, the micro-organism ‘Plasmodium’
(which causes malaria disease) is a parasite. Roundworm which causes
diseases in man and domestic animals (like dogs and cattle) is also a parasite.
Roundworms live inside the body of man and his domestic animals. Several
fungi and bacteria, and plants like Cuscuta (amarbel) are also parasites. Some
other examples of parasites are ticks, lice, leeches and tapeworms.
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now say that : The holozoic nutrition is that nutrition in which an
organism takes the complex organic food materials into its body by the
process of ingestion, the ingested food is digested and then absorbed into
the body cells of the organism. The undigested and unabsorbed part of the
food is thrown out of the body of the organism by the process of egestion.
The human beings and most of the animals have a holozoic mode of
nutrition. In other words, man, cat, dog, cattle, deer, tiger, lion, bear, giraffe,
frog, fish and Amoeba, etc., have the holozoic mode of nutrition.

Figure 11. Giraffe has a holozoic mode of \ : mfaffe eating the leaves from
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mind, we can now define the process of photosynthesis as follows :
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green leaves of a plant make the food by combining carbon dioxide and water
in the presence of sunlight and chlorophyll. This is shown clearly in Figure
15. The carbon dioxide gas required for making food is taken by the plant
leaves from the air. This carbon dioxide enters the leaves through tiny pores
in them called stomata. Water required for making food is taken from the
soil. This water is transported to the leaves from the soil through the roots
and stem. The sunlight provides energy required to carry out the chemical
reactions involved in the preparation of food. The green pigment called
chlorophyll present in green leaves helps in absorbing energy from sunlight.
Oxygen gas is produced as a by-product during the preparation of food by
photosynthesis. This oxygen gas goes into the air.
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Please note that the three steps involved in photosynthesis need not take
place one after the other immediately. They can take place at different times.
For example, desert plants take up carbon dioxide at night and prepare an
intermediate product which is acted upon by the sunlight energy absorbed by
chlorophyll when the sun shines during the next day.

Conditions Necessary for Photosynthesis

It has been found by experiments that the presence of sunlight,



chlorophyll, carbon dioxide and water is necessary for the process of
photosynthesis. So, we can say that : The conditions necessary for
photosynthesis to take place are :

1. Sunlight,

2. Chlorophyll,

3. Carbon dioxide, and

4. Water.

Please note that the conditions necessary for photosynthesis are also the
conditions necessary for autotrophic nutrition. We will now describe some
experiments to show that sunlight, chlorophyll and carbon dioxide are
necessary for photosynthesis by green plants. These experiments will also
show that leaves finally make ‘starch’ as food by photosynthesis.

The experiments on photosynthesis depend on the fact that green leaves
make starch as food. And that starch gives a blue-black colour with
iodine solution. Now, ordinarily all the plants have starch in their green
leaves, so before we can use a plant in a photosynthesis experiment, the
initial starch present in its leaves must be removed. In other words, we
should destarch the leaves of a plant before using it in a photosynthesis
experiment. The green leaves of a plant are destarched by keeping this plant
in a completely dark place in a room for at least three days.

When the plant is kept in a dark place, it cannot make more starch
(food) by photosynthesis because there is no sunlight. So, the plant kept in
dark place uses the starch already stored in its leaves during respiration. The
plant will use up all the starch stored in its leaves in about three days’
time. So, after about three days, the plant leaves will not have any starch left
in them. And we say that the leaves have been destarched. This plant with
destarched leaves can now be used in the photosynthesis experiments. Please
note that we will be using a plant growing in a pot in these experiments. The
‘plant growing in a pot’ is called ‘potted plant’. Let us describe the
experiments now.

1. Experiment to Show that Sunlight is Necessary for
Photosynthesis

1. We take a potted plant having green leaves and place it in a
completely dark place for about three days to destarch its leaves. So,
in the beginning of the experiment, the leaves do not have any starch
in them.



2. Take a thin strip of aluminium foil (or black paper) and wrap it in the
centre of one leaf on both the sides (while the leaf is still attached to
the plant) [see Figure 17(a)]. The aluminium foil should be fixed
tightly to the leaf by using paper clips so that sunlight may not enter
it from the sides. The aluminium foil should cover only a small part
of the leaf so that the remaining part of the leaf remains uncovered
and exposed to sunlight [see Figure 17(a)]. We have covered the
centre part of the leaf with aluminium foil so that sunlight may not
fall on this covered part of the leaf.

3. Keep this potted plant (with partially covered leaf) in bright sunshine
for three to four days [see Figure 17(a)].

4. Pluck the partially covered leaf from the plant and remove its
aluminium foil. Immerse this leaf in boiling water for a few minutes.
This will break down the cell membranes of leaf cells and make the
leaf more permeable to iodine solution (so that it may reach the
starch present inside the leaf cells). This leaf is now to be tested for
the presence of starch. But before testing for starch, chlorophyll has
to be removed from the leaf. This is because chlorophyll interferes
in the test for starch due to its green colour.
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. Boil the green leaf in alcohol till all its green pigment ‘chlorophyll’

is removed. The leaf will now become almost colourless or pale

(and the alcohol will turn green).

. Remove the colourless leaf from alcohol and wash it thoroughly with

hot water to soften it and remove any chlorophyll which may be

sticking to it.

9. Place the colourless leaf in a petri-dish [see Figure 17(c)]. Drop

iodine solution over the decolourised leaf with the help of a dropper.
Observe the change in colour of leaf.

10. The middle part of leaf which was covered with aluminium foil does

not turn blue-black on adding iodine solution showing that no starch
is present in this middle part of the leaf [see Figure 17(d)]. This is
because sunlight could not reach the covered ‘middle part’ of the



leaf due to which the covered ‘middle part’ of leaf could not do
photosynthesis to make starch.

11. The uncovered part of leaf (on both sides of the aluminium foil)
which was exposed to sunlight turns blue-black on adding iodine
solution showing that starch is present in this part of leaf [see Figure
17(d)]. This means that the part of leaf which was exposed to
sunlight could do photosynthesis to make starch.

12. Since the part of leaf which was covered and hidden from sunlight
does not contain starch but the part of leaf which was exposed to
sunlight contains starch, therefore, we conclude that sunlight is
necessary for photosynthesis (to make food like starch).

From the above experiment, we actually get two conclusions. That :

(i) sunlight is necessary for the process of photosynthesis, and

(ii) leaves make starch as food by photosynthesis.

Most of the common plants have leaves which are totally green
(because all the parts of such leaves contain the green pigment called
chlorophyll). But there are some plants whose leaves are partly green and
partly white. The green part of such a leaf contains chlorophyll but the white
part of such a leaf does not contain chlorophyll. The leaves which are partly
green and partly white are called ‘variegated leaves’. The plants such as
croton and Coleus have variegated leaves which are partly green and partly
white. We will use a plant having variegated leaves in the next experiment to
show that chlorophyll is necessary for the process of photosynthesis in plants.
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6. Pour iodine solution %@@%@'%l‘o‘%ﬁlﬁéé leaf and observe the change
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7. We will find that the outer part of leaf that was originally white
(without chlorophyll) does not turn blue-black on adding iodine
solution showing that no starch is present in this outer part of the
leaf [see Figure 19(c)]. From this observation we conclude that the
photosynthesis to make starch does not take place without
chlorophyll.

8. The inner part of leaf which was originally green (contained
chlorophyll) turns blue-black on adding iodine solution showing that
starch is present in this inner part of the leaf [see Figure 19(c)].
From this observation we conclude that the photosynthesis to make
starch takes place in the presence of chlorophyll. In other words,
chlorophyll is necessary for the process of photosynthesis to take
place.

3. Experiment to Show that Carbon Dioxide is Necessary for
Photosynthesis

1. We take a potted plant having long and narrow leaves and place it in
a completely dark place for about three days to destarch its leaves.
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Take a glass bottle having a wide mouth and put some potassium
hydroxide solution (KOH solution) in it. (This potassium hydroxide
solution is to absorb the carbon dioxide gas from the air present in
the glass bottle so that no carbon dioxide is left in the air inside the
glass bottle).

Take a rubber cork which fits tightly into the mouth of the glass
bottle and cut it into two halves.

Put a destarched leaf of the potted plant (while it is still attached to
the plant), in-between the two halves of the cut cork and then fit the
cork in the mouth of the glass bottle. The upper half of the leaf
should remain outside the glass bottle and only the lower half of the
leaf should be inside the glass bottle [as shown in Figure 20(a)].

The potted plant (with its one destarched leaf half inside the glass
bottle containing potassium hydroxide solution) is kept in sunlight
for 3 to 4 days. During this period, the upper half of the leaf (which
is outside the glass bottle) gets carbon dioxide from the air but the
lower half of the leaf (which is inside the glass bottle) does not get
any carbon dioxide. This is because all the carbon dioxide of the air
present in the glass bottle has been absorbed by potassium
hydroxide solution. And no fresh air can come into the closed glass
bottle.
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9. We will find that the lower half part 0‘11 the leaf (which was inside the
glass bottle having no carbon dioxide around it), does not turn blue-
black on adding iodine solution showing that no starch is present in
this lower half of the leaf [see Figure 20(c)]. From this observation
we conclude that the photosynthesis to make starch in the leaf
does not take place without carbon dioxide.

10. The upper half part of the leaf (which was outside the glass bottle,

having carbon dioxide around it) turns blue-black on adding iodine

solution showing that starch is present in this upper half of the leaf

[see Figure 20(c)]. From this observation we conclude that

photosynthesis (to make starch) takes place in the presence of carbon

dioxide. In other words, carbon dioxide is necessary for the

process of photosynthesis to take place.

Figure 20. Experiment to show thg

Raw Materials for Photosynthesis

The preparation of carbohydrates (food) by plants by the process of

photosynthesis requires two materials (or substances) : carbon dioxide, and
water. Thus, the raw materials for photosynthesis are :

(i) Carbon dioxide, and
(i) Water.
We will now describe how these two raw materials become available to

plants for photosynthesis.

1. How the Plants Obtain Carbon Dioxide

There are a large number of tiny pores called stomata on the surface of



the leaves of plants (The singular of stomata is stoma). The green plants
take carbon dioxide from air for photosynthesis. The carbon dioxide gas
enters the leaves of the plant through the stomata present on their surface [see
Figure 21(a)]. Each stomatal pore (or stoma) is surrounded by a pair of guard
cells. The opening and closing of stomatal pores is controlled by the guard
cells. When water flows into the guard cells, they swell, become curved and
cause the pore to open [see Figure 21(a)]. On the other hand, when the guard
cells lose water, they shrink, become straight and close the stomatal pore [see
Figure 21(b)]. A large amount of water is also lost from the cells of the plant
leaves through open stomatal pores. So, when the plant does not need carbon
dioxide and wants to conserve water, the stomatal pores are closed. The
oxygen gas produced during photosynthesis also goes out through the
stomatal pores of the leaves. Please note that in addition to leaves, the
stomata are also present in the green stems (or shoots) of a plant. So, the
green stems (or shoots) of a plant also carry out photosynthesis. It is clear
from the above discussion that stomata allow the movement of gases in and
out of plant cells. In other words, the gaseous exchange in plants takes place
through the stomata in leaves (and other green parts). Please note that in most
broad-leaved plants, the stomata occur only in the lower surface of the leaf
but in narrow-leaved plants, the stomata are equally distributed on both the
sides of the leaf. Another point to be noted is that the aquatic plants (or water
plants) use the carbon dioxide gas dissolved in water for carrying out
photosynthesis.

Chloroplast
Surface
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Guard cells

Figure 21. The plantsftaké‘eq diexyi ipe {osynthesis from air through the stomata
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Figure 22. The stomata gh a microscope.
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NUTRITION IN ANIM&E cells

We have just studied the nutrition in plants. We have learnt that plants
are autotrophic organisms which can manufacture their own food. So, plants
don’t have to look to others for getting their food. They are food producers
themselves. But this is not so in the case of animals. Animals are heterotrophs
and hence they depend on other organisms for their food. Thus, animals need
an external source of food. We will now discuss how animals obtain their
food.

Animals Obtain their Food from Plants or Other Animals

Since animals cannot make their own food, they depend on readymade
food. This readymade food comes either from ‘plants’ or from ‘other
animals’. Thus, animals obtain their food from plants or other animals
(which they eat). We (human beings) are also animals. We obtain the foods
like wheat, rice, pulses (dal), fruits and vegetables from plants. And the foods
like milk, curd, cheese and eggs are obtained from animals. Some people also
eat meat, chicken and fish as food. These foods are also obtained from
animals.

Many other animals obtain their food by eating the flesh of other
animals. For example, the fish, birds, snakes and insects, all obtain their food



from other animals. The big fish eats small fish; the birds eat worms and
insects; the snake eats frogs and the insects eat dead bodies of animals. The
non-green plants (which cannot make their own food by photosynthesis) also
obtain their food from other plants and animals. Yeast plant is one such
example. Even the plants can eat insects. For example, the pitcher plant and
the venus fly-trap are the two plants which eat insects.

prey)
such plant.

basis of their

food habits (or

We will now di in somewhat
detail. Let us st

1. Herbivores

Some animals eat only plants (or their products). Those animals which
eat only plants are called herbivores. The herbivores may eat grasses,
leaves, grains, fruits or the bark of trees. Some of the examples of herbivores
are : Goat, Cow, Buffalo, Sheep, Horse, Deer, Camel, Ass, Ox, Elephant,
Monkey, Squirrel, Rabbit, Grasshopper and Hippopotamus. Cow is called a
herbivore because it eats only plants as food. Thus, herbivores are plant
eaters. Herbivores are also called herbivorous animals.
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carnivores. CarnivOrgiaait oy tre<t i AR
can also say that : Those animalS®whick i at (or flesh) of other
animals are called carnivores.”S > carnivores are :
Lion, Tiger, Frog, Vulture, Kingfisher, Lizard, Wolf, Snake and Hawk. Lion
is called a carnivore because it eats only the meat (or flesh) of other animals
like deer, rabbit, goat, etc. Thus, carnivores are meat eaters. Carnivores are
also called carnivorous animals.

3. Omnivores

Some animals eat both, plants as well as other animals as food. Those
animals which eat both, plants and animals, are called omnivores. In
other words, the omnivores eat plant food as well as the meat (or flesh) of
other animals. Some of the examples of omnivores are : Man (Human
beings), Dog, Crow, Sparrow, Bear, Mynah, and Ant. Man is called an
omnivore because he eats the plant food (such as grains, pulses, fruits and
vegetables) as well as the meat of animals (such as goat, chicken and fish).
Thus, omnivores are plant eaters as well as meat eaters. Omnivores are
also called omnivorous animals.

All the living things on earth actually depend on the sun for their food.
This has been shown clearly in Figure 27 given below :
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Different Steps in the Process of Nutrition in Animals

There are five main processes concerned with the use of food by
animals. In other words, there are five steps in the process of nutrition in
animals. These are : Ingestion, Digestion, Absorption, Assimilation and
Egestion. All these steps are discussed below :

1. Ingestion

In order to provide the energy necessary for growth and carry on life’s
activities, we must ‘eat food’ or ‘take food into the body’. The process of
taking food into the body is called ingestion. In most simple terms,
ingestion means ‘eating of food’ by the animal. When we put food into our
mouth with hands, we are ingesting (the food).

2. Digestion

The food of most animals consists of large insoluble molecules which
cannot be absorbed by the animal’s body in this form. So, before the food can
be used by the animal for various functions like getting energy or for growth,
it must be broken down into small, water soluble molecules which can be



absorbed by the body. The process in which the food containing large,
insoluble molecules is broken down into small, water soluble molecules
(which can be absorbed by the body) is called digestion. In most simple
terms, digestion is the dissolving of the solid food. Digestion makes the food
soluble so that it can be utilised by the animal’s body. Most animals use both,
physical and chemical methods for digesting (breaking up) the large food
molecules. Physical methods include chewing and grinding the food in mouth
and chemical methods include the addition of digestive juices (enzymes) to
food by the body itself.

Figure 28. Our fo ) ‘ b : _ and proteins which
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then enters .”- r producing

energy, growth and repair, is called assimilation.

5. Egestion

The whole food which we eat is not digested by our body. A part of the
food which we eat remains undigested (or insoluble) which cannot be used by
the body. This undigested part of the food is then removed from the body in
the form of faeces when we go to toilet. The process in which the
undigested food is removed from the body is called egestion.

Nutrition in Simple Animals



Amoeba and Paramecium are two very simple animals. The body of
each one of them consists of a single cell only. They are called unicellular
animals. In unicellular animals, all the processes of nutrition are
performed by the single cell. This point will become more clear from the
following example of the nutrition in Amoeba.

NUTRITION IN AMOEBA

Amoeba is a unicellular animal. Amoeba eats tiny (microscopic) plants
and animals as food which float in water in which it lives. The mode of
nutrition in Amoeba is holozoic. The process of obtaining food by Amoeba is
called phagocytosis (‘Phagocytosis’ means ‘cell feeding’). The various steps
involved in the nutrition of Amoeba are : ingestion, digestion, absorption,
assimilation, and egestion. All the processes of nutrition are performed by the
single cell of Amoeba. This is described below.

1. Ingestion

Amoeba has no mouth or a fixed place for the ingestion of food (intake
of food). Amoeba ingests food by using its pseudopodia. When a food
particle comes near Amoeba, then Amoeba ingests this food particle by
forming temporary finger-like projections called pseudopodia around it [see
Figure 29(a)]. The food is engulfed with a little surrounding water to form a
food vacuole inside the Amoeba. This food vacuole can be considered to be a
‘temporary stomach’ of Amoeba.

Pseudopodia

(a) Ingeglon \l

Enzymes enterlng
food vacuole

(b) Digestion




Digested food
diffuses out

grows
(d) Assi$ilation

Undigested food
thrown out
(e) Egestion

Figure 29. Different dges B: tri@n (feeding) of Amoeba.

2. Digestion

In Amoeba, food is diggs _
The enzymes from surroundipg: eytoplass
break down the food into smalt#ad settble molecules by chemical reactions
[see Figure 29(b)]. Thus, digestion in Amoeba takes place inside the food
vacuole due to which the food dissolves (or food becomes soluble).

enter into the food vacuole and

3. Absorption

The digested food present in the food vacuole of Amoeba is absorbed
directly into the cytoplasm of Amoeba cell by diffusion [see Figure 29(c)].
Since Amoeba consists of only one small cell, it does not require blood
system to carry the digested food. The digested food just spreads out from the
food vacuole into the whole of Amoeba cell. After absorption of food, the
food vacuole disappears.

4. Assimilation

A part of the food absorbed in Amoeba cell is used to obtain energy
through respiration. The remaining part of absorbed food is used to make the
parts of Amoeba cell which lead to the growth of Amoeba. Thus, on
assimilating food Amoeba grows in size [see Figure 29(d)]. And then Amoeba
can reproduce by dividing into two daughter cells.

5. Egestion

Amoeba has no fixed place (like anus) for removing the undigested part
of food. When a considerable amount of undigested food collects inside



Amoeba, then its cell membrane suddenly ruptures at any place and the
undigested food is thrown out of the body of Amoeba [see Figure 29(e)].

Paramecium is also a tiny unicellular animal which lives in water.
Paramecium uses its hair like structures called cilia to sweep the food
particles from water and put them into its mouth (see Figure 30). The
Paramecium has thin, hair-like cilia all over its body. The cilia move back
and forth rapidly in water. When the cilia present around the mouth region of
Paramecium move back and forth, they sweep the food particles present in
water into the mouth of Paramecium (see Figure 30). This is the first step in
the nutrition of Paramecium which is called ingestion. Ingestion is followed
by other steps such as digestion, absorption, assimilation and egestion (as
explained in the case of Amoeba).

Cilia

@.ﬁg%c@#ed alimentary canal.

digestion and absorpti 3\ i
1y . Let us now study the nutrition in human

Alimentary canal is also
beings.

NUTRITION IN HUMAN BEINGS
(Human Digestive System)

The nutrition in human beings (or man) takes place through human
digestive system. The human digestive system consists of the alimentary
canal and its associated glands. The various organs of the human digestive
system in sequence are : Mouth, Oesophagus (or Food pipe), Stomach,
Small intestine and Large intestine. The glands which are associated with
the human digestive system and form a part of the human digestive



system are : Salivary glands, Liver and Pancreas. The human alimentary
canal which runs from mouth to anus is about 9 metres long tube. The ducts
of various glands open into the alimentary canal and pour the secretions of
the digestive juices into the alimentary canal. The human digestive system is
shown in Figure 32. We will now describe the various steps of nutrition in
human beings (or man).

of food. It is
‘Me mouth. The
food is put int

In huma \ the di outh itself. In
) r mouth. This
happens as follows : The I ' ontains teeth,
tongue, and salivary glands. The teeth cut the food into small pieces, chew
and grind it. So, the teeth help in physical digestion. The salivary glands in
our mouth produce saliva. Our tongue helps in mixing this saliva with food.
Saliva is a watery liquid so it wets the food in our mouth. The wetted food
can be swallowed more easily. Many times we have observed that when we
see or eat a food which we really like, our mouth ‘waters’. This watering of
mouth is due to the production of saliva by the salivary glands in the mouth.
The salivary glands help in chemical digestion by secreting enzymes. The
human saliva contains an enzyme called salivary amylase which digests the
starch present in food into sugar. Thus, the digestion of starch (carbohydrate)
begins in the mouth itself. Since the food remains in the mouth only for a
short time, so the digestion of food remains incomplete in mouth.
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active only in the presence of an acid. [So, the functidg of hvdrochloﬂ‘ﬁsacid in
the stomach is to make the medium of gastric juice acidic so that the enzyme
pepsin can digest the proteins properly. Another function of hydrochloric acid
is that it kills any bacteria which may enter the stomach with food. The
mucus helps to protect the stomach wall from its own secretions of
hydrochloric acid. If mucus is not secreted, hydrochloric acid will cause the
erosion of inner lining of stomach leading to the formation of ulcers in the
stomach. The partially digested food then goes from the stomach into the
small intestine. The exit of food from stomach is regulated by a ‘sphincter
muscle’ which releases it in small amounts into the small intestine.
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the length of the small intes
type of food they eat. For exe
digested with difficulty. So, the mals like cow which eat grass
need a longer ‘small intestine’ to a the cellulose present in grass to be
digested completely. On the other hand, meat is a food which is easier to
digest. So, the carnivorous animals like tigers which eat meat have a shorter
‘small intestine’.

The small intestine in human beings is the site of complete digestion
of food (like carbohydrates, proteins and fats). This happens as follows :

(a) The small intestine receives the secretions of two glands : liver
and pancreas. Liver secretes bile. Bile is a greenish yellow liquid made in
the liver which is normally stored in the gall bladder. Bile is alkaline, and
contains salts which help to emulsify or break the fats (or lipids) present in
the food. Thus, bile performs two functions : (i) makes the acidic food
coming from the stomach alkaline so that pancreatic enzymes can act on it,
and (ii) bile salts break the fats present in the food into small globules
making it easy for the enzymes to act and digest them. Pancreas is a large
gland which lies parallel to and beneath the stomach (see Figure 32).
Pancreas secretes pancreatic juice which contains digestive enzymes like
pancreatic amylase, trypsin and lipase. The enzyme amylase breaks down the
starch, the enzyme trypsin digests the proteins and the enzyme lipase breaks
down the emulsified fats.

16 small intestine is very
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Figure 34. The glands ing hydrochloric acid,

Figure 35. Liver secretegfbile into the sma gall bladder in this picture

(b) The wa e e Siiall=intés ines et tain glands which secrete
intestinal juice. Thg§ ‘-L‘zif"_: liice contains a number of enzymes which
complete the digeg .
amino acids and fat§&inte Toe
acids and glycerol aresmiallg®WVater soluble molecules. In this way, the
process of digestion converts the large and insoluble food molecules into
small, water soluble molecules. The chemical digestion of food is brought
about by biological catalysts called enzymes.

3. Absorption

After digestion, the molecules of food become so small that they can
pass through the walls of the small intestine (which contain blood capillaries)
and go into our blood. This is called absorption. The small intestine is the
main region for the absorption of digested food. In fact, the small intestine
is especially adapted for absorbing the digested food. The inner surface of
small intestine has millions of tiny, finger-like projections called villi. The
presence of villi gives the inner walls of the small intestine a very large
surface area. And the large surface area of small intestine helps in the rapid
absorption of digested food. The digested food which is absorbed through the
walls of the small intestine, goes into our blood.
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5. Egestion

A part of the food which we eat cannot be digested by our body. This
undigested food cannot be absorbed in the small intestine. So, the undigested
food passes from the small intestine into a wider tube called large intestine
(see Figure 32) (It is called large intestine because it is a quite wide tube).
The walls of large intestine absorb most of the water from the undigested
food (with the help of villi). Due to this, the undigested part of food becomes
almost solid. The last part of the large intestine called ‘rectum’ stores this
undigested food for some time. And when we go to the toilet, then this
undigested food is passed out (or egested) from our body through anus as
faeces or ‘stool’ (see Figure 32). The act of expelling the faeces is called
egestion or defecation. The exit of faeces is controlled by the anal sphincter.

Let us solve one problem now.

Sample Problem. 1 mL of very dilute starch solution (1% starch



solution) is taken in a test-tube and 1 mL of saliva is added to it. After
keeping this mixture for half an hour, a few drops of dilute iodine solution are
added to the test-tube. There is no change in colour on adding iodine solution.
What does this tell you about the action of saliva on starch ?

Answer. When a mixture of dilute starch solution and saliva is kept in a
test-tube for half an hour, it does not produce a blue-black colour with iodine
solution showing that no starch is left in the test-tube. This tells us that the
action of saliva has broken down starch into some other substance which
does not give any colour with iodine solution. Actually, saliva contains an
enzyme ‘amylase’ which converts starch into a sugar.

Dental Caries

The hard, outer covering of a tooth is called enamel (see Figure 40).
Tooth enamel is the hardest material in our body. It is harder than even
bones. The part of tooth below enamel is called dentine. Dentine is similar to
bone. Inside the dentine is pulp cavity. The pulp cavity contains nerves and
blood vessels. The formation of small cavities (or holes) in the teeth due
to the action of acid-forming bacteria and improper dental care is called
dental caries. This happens as follows.

Enamel

Dentine
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ulp cavity
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Figure 41. Tooth decay startg on the mere one tooth touches another.
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sticky, yellowish Tdye¢ rticle eria cells called ‘dental
plaque’. Since plaque covers the teeth forming a layer over them, the alkaline
saliva cannot reach the tooth surface to neutralise the acid formed by bacteria
and hence tooth decay sets in. Brushing the teeth regularly, after eating food,
removes the plaque before bacteria produces acids. This will prevent dental
caries or tooth decay. Before we go further and discuss respiration, please
answer the following questions :

Very Short Answer Type Questions

1. Which is the basic requirement of living organisms for obtaining energy ?
2. Which of the following type of energy is used by living organisms to perform vital life
processes ? Kinetic energy, Chemical energy, Potential energy, Nuclear energy
Which of the following is an autotroph ? Green plant or Man
Name two inorganic substances which are used by autotrophs to make food.
What is the mode of nutrition in fungi ?
Name one organism each having saprophytic, parasitic and holozoic modes of nutrition.
Name the process by which plants make food.
In addition to carbon dioxide and water, state two other conditions necessary for the process of
photosynthesis to take place.
9. Apart from sunlight and chlorophyll, what other things are required to make food by
photosynthesis ?
10. (a) Name a gas used in photosynthesis.
(b) Name a gas produced in photosynthesis.
11. The leaves of a plant first prepare food A by photosynthesis. Food A then gets converted into
food B. What are A and B ?
12. Which substance is used to remove chlorophyll from a green leaf during photosynthesis
experiments ?
13. Why do we boil the leaf in alcohol when we are testing it for starch ?
14. (a) Name the pigment in leaves which absorbs sunlight energy.
(b) What is the colour of this pigment ?
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15. Name the pigment which can absorb solar energy.
16. Name the organelle of plant cells in which photosynthesis occurs.
17. Apart from carbon dioxide and water, name four other raw materials which are needed by the
plants.
18. Where is chlorophyll mainly present in a plant ?
19. What is the name of those cells in the leaf of a plant which control the opening and closing of
stomata?
20. Name an animal whose process of obtaining food is called phagocytosis.
21. All the animals can be divided into three groups on the basis of their eating habits. Name the
three groups.
22. What is the scientific name of the animals which are :
() only meat eaters ?
(i) only plant eaters ?
(iii) both, plant and meat eaters ?
23. Name the green pigment present in the leaves of a plant.
24. Arrange the following processes involved in the nutrition in animals in the correct order (in
which they take place) :
Assimilation, Egestion, Ingestion, Absorption, Digestion
25. How does Amoeba engulf the food particle ?
26. What substances enter into the food vacuole in Amoeba to break down the food ?
27. From which part of the body, undigested food is egested in Amoeba ?
28. Name a unicellular animal which uses cilia to move food particles into its mouth.
29. Name the enzyme present in human saliva. What type of food material is digested by this
enzyme ?
30. Which of the organs perform the following functions in humans ?
(i) Absorption of food
(ii) Absorption of water
31. What moves the food in the digestive organs ?
32. What is the other name of food pipe ?
33. What substance is mixed with food in the mouth during chewing by the teeth ?
34. What is the name of tiny projections on the inner surface of small intestine which help in
absorbing the digested food ?
35. In which part of the digestive system is water absorbed ?
36. What is the name of the opening in the human body through which undigested food is thrown
out ?
37. Where is digested food absorbed into blood in human body ?
38. Name the biological catalysts which bring about chemical digestion of food.
39. Fill in the following blanks with suitable words :
(a) All green plants are..................
(b) All non-green plants and animals are ..............
(c) Heterotrophs depend on............. and other................... for food.
(d) Green plants use............. yee e and............... to make food.
(e) lodine turns blue-black on reacting with........................

Short Answer Type Questions

40. (a) What is chlorophyll ? What part does chlorophyll play in photosynthesis ?
(b) (i) Which simple food is prepared first in the process of photosynthesis ?
(ii) Name the food which gets stored in plant leaves.
41. (a) What criteria can be used to decide whether something is alive ?



42.

43.

44.

45.

46.

47.

48.

49.

50.
51.
52.
53.

54.
55.

56.

57.

58.

(b) What is meant by life processes ? Name the basic life processes common to all living
organisms which are essential for maintaining life.
(a) What are autotrophs ? Give one example of autotrophs.
(b) What are the conditions necessary for autotrophic nutrition ?
(a) What are heterotrophs ? Give one example of heterotrophs.
(b) What is the difference between autotrophic nutrition and heterotrophic nutrition ?
(a) Define a nutrient. Name four important nutrients present in our food.
(b) What are the various types of heterotrophic nutrition ?
(a) Photosynthesis converts energy X into energy Y. What are X and Y ?
(b) State the various steps involved in the process of photosynthesis.
(a) How do plants obtain food ?
(b) Why do plants need nitrogen ? How do plants obtain nitrogen ?
Define (i) saprophytic nutrition (ii) parasitic nutrition, and (iii) holozoic nutrition. Give one
example of each type.
Define (i) saprophyte, and (ii) parasite. Name two saprophytes and two parasites.
(a) How does carbon dioxide from the air enter the leaves of a plant to be used in
photosynthesis ?
(b) How does water from the soil reach the leaves of a plant to be used in photosynthesis ?
What substances are contained in gastric juice ? What are their functions ?
What substances are contained in pancreatic juice ? What are their functions ?
(a) What is the role of hydrochloric acid in our stomach ?
(b) What is the function of enzymes in the human digestive system ?
(a) Which part of the body secretes bile ? Where is bile stored ? What is the function of bile ?
(b) What is trypsin ? What is its function ?
What are the functions of liver and pancreas in the human digestive system ?
Match the organisms given in column I with the processes given in column II :

Column I Column II
(i) Leech (a) Holozoic nutrition
(ii) Amoeba (b)  Autotrophic nutrition
(iii) Mushroom (c)  Parasitic nutrition
(iv) Green plant (d)  Saprophytic nutrition

Name the following :

(a) The process in plants which converts light energy into chemical energy.

(b) Organisms that cannot prepare their own food.

(c¢) Organisms that can prepare their own food.

(d) The cell organelle where photosynthesis occurs.

(e) The cells which surround a stomatal pore.

(f) An enzyme secreted by gastric glands in stomach which acts on proteins.
Match the terms in column I with those in column IT :

Column I Column II
(i) Trypsin (a) Liver
(ii) Amylase (b) Gastric glands
(iii) Bile (© Pancreas
(iv) Pepsin (d) Saliva

(a) What is common for Cuscuta, ticks and leeches ?
(b) Name the substances on which the following enzymes act in the human digestive
system :
(i) Trypsin
(if) Amylase



(iii) Pepsin
(iv) Lipase
(c) Why does absorption of digested food occur mainly in the small intestine ?
59. (a) Why is small intestine in herbivores longer than in carnivores ?
(b) What will happen if mucus is not secreted by the gastric glands ?
(c) What causes movement of food inside the alimentary canal ?
60. (a) How do guard cells regulate opening and closing of stomatal pores ?
(b) Two similar green plants are kept separately in oxygen free containers, one in dark and
the other in continuous light. Which one will live longer ? Give reasons.
61. (a) What would happen if all the green plants disappear from the earth ?
(b) If a plant is releasing carbon dioxide and taking in oxygen during the day, does it mean
that there is no photosynthesis occurring ? Justify your answer.
62. (a) Leaves of a healthy potted plant were coated with vaseline. Will this plant remain healthy
for long ? Give reason for your answer.
(b) What will happen to the rate of photosynthesis in a plant under the following
circumstances ?
(i) cloudy day in morning but bright sunshine in the afternoon
(ii) no rainfall in the area for a considerable time.
(iii) gathering of dust on the leaves

Long Answer Type Questions

63. (a) What is photosynthesis ?
(b) Write a chemical equation to show the process of photosynthesis in plants.
(c¢) Explain the mechanism of photosynthesis.
64. (a) Name the raw materials required for photosynthesis. How do plants obtain these raw
materials ?
(b) What are the various conditions necessary for photosynthesis ?
(c) Name the various factors which affect the rate of photosynthesis in plants.
65. (a) Define nutrition. Why is nutrition necessary for an organism ?
(b) What are the different modes of nutrition ? Explain with one example of each mode of
nutrition.
(c) Name the mode of nutrition in (i) roundworm, and (ii) Plasmodium.
66. (a) What are herbivores, carnivores and omnivores ? Give two examples of each.
(b) Classify the following into herbivores, carnivores and omnivores : Lion, Man, Dog,
Goat, Crow, Elephant, Snake, Hawk, Rabbit, Deer
(c) Name the five steps which occur in the process of nutrition in animals.
67. (a) Describe the process of nutrition in Amoeba. Draw labelled diagrams to show the various
steps in the nutrition in Amoeba.
(b) What is the mode of nutrition in Amoeba known as ?
(c) What is the process of obtaining food by Amoeba called ? What does it mean ?
68. (a) Draw a labelled diagram of the human digestive system. With the help of this diagram,
describe the process of digestion of food in man (humans).
(b) Describe one way in which the small intestine is adapted for the absorption of digested
food.
(c) What is the special name of the contraction and expansion movement which pushes the
food further in our digestive tract (or alimentary canal) ?
69. (a) Describe the parts of our tooth with the help of a labelled diagram.
(b) What is meant by dental caries ? How are they caused ?
(c) What is dental plaque ? What harm can it do ? How can the formation of plaque be



prevented ?
70. (a) Name the main organs of the human digestive system. Also name the associated glands.
(b) How do carbohydrates, fats and proteins get digested in human beings ?

Multiple Choice Questions (MCQs)

71. Which of the following has the longest small intestine ?
(a) carnivore
(b) omnivore
(c) herbivore
(d) autotroph
72. The process of obtaining food by Amoeba is known as :
(a) dialysis
(b) cytokinesis
(c) phagocytosis
(d) amoebiasis
73. The organism having parasitic mode of nutrition is :
(a) Penicillium
(b) Plasmodium
(c) Paramecium
(d) Parrot
74. One of the following organisms has a saprophytic mode of nutrition. This organism is :
(a) mushroom
(b) malarial parasite
(c) leech
(d) lice
75. The length of small intestine in a human adult is about :
(@) 45m
(b) 1.5m
(¢c) 3.5m
(d) 6.5m
76. The process of digestion of food in humans begins in :
(a) stomach
(b) food pipe
(c) mouth
(d) small intestine
77. The process of digestion in humans is completed in :
(a) oesophagus
(b) small intestine
(c) stomach
(d) large intestine
78. In human digestive system, bile is secreted by :
(a) pancreas
(b) liver
(c) kidneys
(d) stomach
79. Two of the following organisms have a holozoic mode of nutrition. These organisms are :
(a) Paramecium and Plasmodium
(b) Plasmodium and Parakeet
(c) Parakeet and Paramecium
(d) Paramecium and Parasite



80.

81.

82.

83.

84.

85.

86.

87.

88.

The autotrophic mode of nutrition requires :
(a) carbon dioxide and water
(b) chlorophyll
(c) sunlight
(d) all of the above
The correct order of steps occurring in nutrition in animals is :
(a) Ingestion = Absorption = Digestion — Assimilation ——>
Egestion
(b) Ingestion S Digestion — Assimilation —> Absorption S—
Egestion
(c) Ingestion = Digestion S— Absorption — Assimilation—>
Egestion
(d) Ingestion — Assimilation—> Digestion S— Absorption S—
Egestion
In human digestive system, the enzymes pepsin and trypsin are secreted respectively by :
(a) pancreas and liver
(b) stomach and salivary glands
(c¢) pancreas and gall bladder
(d) stomach and pancreas
When carrying out the starch test on a leaf, why is it important to boil the leaf in alcohol ?
(a) to dissolve the waxy cuticle
(b) to make the cells more permeable to iodine solution
(c) toremove the chlorophyll
(d) to stop chemical reactions in the cells.
Pancreatic juice contains enzymes which digest :
(a) proteins and carbohydrates only
(b) proteins and fats only
(c) fats and carbohydrates only
(d) proteins, fats and carbohydrates
Which of the following is the correct statement regarding bile ?
(a) secreted by bile duct and stored in liver
(b) secreted by gall bladder and stored in liver
(c) secreted by liver and stored in bile duct
(d) secreted by liver and stored in gall bladder
Where are proteins first digested in the alimentary canal ?
(a) small intestine
(b) oesophagus
(c) mouth
(d) stomach
The inner lining of stomach is protected by one of the following from the harmful effect of
hydrochloric acid. This is :
(a) pepsin
(b) mucus
(c) saliva
(d) bile
Which part of alimentary canal receives bile from the liver ?
(a) oesophagus
(b) small intestine
(c) stomach
(d) large intestine



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Which of the following component of our food is digested by an enzyme which is present in
saliva as well as in pancreatic juice ?
(a) proteins
(b) fat
(c¢) minerals
(d) carbohydrate
If the saliva is lacking in salivary amylase, then which of the following processes taking place
in the buccal cavity will be affected ?
(a) proteins breaking down into amino acids
(b) starch breaking down into sugars
(c) fats breaking down into fatty acids and glycerol
(d) intestinal layer breaking down leading to ulcers
Which of the following are the correct functions of two components of pancreatic juice trypsin
and lipase ?
(a) trypsin digests proteins and lipase carbohydrates
(b) trypsin digests emulsified fats and lipase proteins
(c) trypsin digests starch and lipase fats
(d) trypsin digests proteins and lipase emulsified fats
The oxygen liberated during photosynthesis by green plants comes from :
(a) glucose
(b) water
(c) carbon dioxide
(d) chlorophyll
Which of the following is an incorrect statement ?
(a) energy is essential for life processes
(b) organisms grow with time
(c) movement of molecules does not take place among cells
(d) organisms must repair and maintain their body
The internal energy (cellular energy) reserve in autotrophs is :
(a) proteins
(b) fatty acids
(c) glycogen
(d) starch
Which of the following events does not occur in photosynthesis ?
(a) conversion of light energy into chemical energy
(b) reduction of carbon dioxide to carbohydrates
(c) oxidation of carbon to carbon dioxide
(d) absorption of light energy by chlorophyll
The opening and closing of the stomatal pores depends upon :
(a) oxygen
(b) water in guard cells
(c) temperature
(d) concentration of CO» in stomata

Most of the plants absorb nitrogen in one of the following forms. This is :
(a) proteins
(b) nitrates and nitrites
(c) urea
(d) atmospheric nitrogen
The first enzyme to mix with food in the digestive tract is :

(a) pepsin



(b) cellulose

(c) amylase

(d) trypsin

99. Which of the following is the correct statement ?

(a) heterotrophs synthesise their own food

(b) heterotrophs utilize solar energy for photosynthesis

(c) heterotrophs do not synthesise their own food

(d) heterotrophs are capable of converting carbon dioxide and water into carbohydrates

100. In which of the following groups of organisms the food material is broken down outside the

body and then absorbed ?

(a) Mushroom, Green plants, Amoeba

(b) Yeast, Mushroom, Bread mould

(c) Paramecium, Amoeba, Cuscuta

(d) Cuscuta, Lice, Tapeworm

101. Which of the following is the correct sequence of parts as they occur in the human alimentary

canal ?

(a) Mouth —> Stomach — > Small intestine ———> Oesophagus S—
Large intestine

(b) Mouth S Oesophagus —> Stomach———> Large intestine —
Small intestine

(c) Mouth — Stomach ——> Oesophagus — Small intestine — >
Large intestine

(d) Mouth S Oesophagus —> Stomach — > Small intestine ———>

Large intestine

Questions Based on High Order Thinking Skills (HOTYS)

102. When a person eats sugary food, then organisms A present in his mouth act on sugar to
produce a substance B. The substance B first dissolves the calcium salts from the top part C
of the tooth and then from its middle part D forming holes E. These holes ultimately reach
the part F in the lower part of tooth which contains nerves and blood vessels. The substance
B irritates the nerve endings inside the tooth causing toothache.

(a) What are (i) organisms A, and (ii) substance B ?

(b) What are (i) part C, and (ii) part D, of tooth known as ?

(c) By what name are the holes E in the tooth known ?

(d) Name the part F of the tooth.

(e) What will happen if organisms A reach part F of the tooth ?

103. If the teeth are not cleaned regularly, they become covered with a sticky yellowish layer W of
food particles and bacteria. Since layer W covers the teeth, the alkaline liquid X secreted by
glands Y inside the mouth cannot reach the teeth surface to neutralise the acid formed by the
action of organisms Z on sugary food, and hence tooth decay sets in.

(a) What is W known as ?

(b) Whatis (i) X, and (ii) Y ?

(c) What are organisms Z ?

(d) State one way of removing layer W from the teeth.

104. When a person puts food in his mouth, then teeth cut it into small pieces, chew and grind it.
The glands A in the mouth secrete a substance B which is mixed with the food by tongue.
The substance B contains an enzyme C which starts the digestion of food in the mouth. The
slightly digested food from the mouth goes down a tube D. The special type of movements
E in the walls of tube D push the food into stomach for further digestion. The stomach wall



secretes gastric juice containing three substance F, G and H. One of the functions of F is to
kill bacteria which may enter the stomach with food. The substance G protects the inside
layer of stomach from the damaging effect of substance F whereas substance H is an
enzyme for digestion. The partially digested food then enters into small intestine for further
digestion.

(a) What is (i) gland A (ii) substance B, and (iii) enzyme C ?

(b) Name the tube D.

(c) What is the movement E known as ?

(d) What are (i) F (ii) G, and (iii)) H ?

105. The partially digested food coming from the stomach of a person enters a long and narrow
organ A in his body. The organ A receives the secretions of two glands : liver and pancreas.
Liver secretes a greenish-yellow liquid B which is normally stored in the organ C. Pancreas
secretes pancreatic juice which contains three digestive enzymes D, E and F. The intestinal
juice completes the process of digestion of food. The inner wall of organ A has millions of
tiny finger-like projections G which help in the rapid absorption of digested food into blood
stream. The undigested part of food then passes into wider tube H which absorbs most of the
water from undigested food. The last part of tube H called I stores this undigested food (or
waste) for some time. The undigested food is then passed out though opening J as faeces in
the process known as K.

(a) Name the organ A.

(b) Name (i) liquid B, and (ii) organ C.

(c) What are the digestive enzymes D, E and F ?

(d) Name the projections G present on the inner wall of organ A.
(e) Name (i) tube H (ii) part I (iii) opening J, and (iv) process K.

106. A unicellular animal P having no fixed shape ingests a food particle by forming temporary
finger-like projections Q. The food particle is engulfed with a little surrounding water to
form a temporary stomach R inside it. The chemicals S from surrounding cytoplasm enter
into R and break down food into small and soluble molecules by chemical reactions. The
digested food is absorbed directly into cytoplasm by the process T. The undigested food is
thrown out of the body by the rupture of a cell organelle U in a process called V.

(a) Name the unicellular animal P.

(b) What are (i) Q, and (ii)) R ?

(c) Name (i) chemical S, and (ii) process T.
(d) Name (i) organelle U, and (ii) process V.

107. There are four organisms A, B, C and D. The organism A eats only the flesh of other animals
as food. The organism B can eat grains, fruits and vegetables as well as meat and fish. The
organism C can make the food itself from simple inorganic substances present in the
environment by utilising sunlight energy. On the other hand, organism D eats only plants
and their products as food.

(a) Which organism is (i) omnivore (ii) herbivore, and (ii) carnivore ?

(b) Which organism is an autotroph ?

(c) Which organism is/are heterotroph(s) ?

(d) Which organism can be a producer ?

(e) Which organism is/are consumer (s) ?

(f) Give one example each of organisms which could be like (i) A (ii) B (iii) C, and (iv) D

108. The organisms A, B and C can obtain their food in three different ways. Organism A derives its
food from the body of another living organism which is called its D, without killing it. The
organism B takes in the solid food by the process of ingestion, digests a part of this food and
throws out undigested food in the process called E. The organism C obtains its food from

dead and decaying plants.



(a) What is the mode of nutrition of (i) organism A (ii) organism B, and (iii) organism C ?

(b) What is the organism like D called ?

(c¢) Name the process E.

(d) Give one example each of organisms like (i) A (ii) B, and (ii) C.

(e) What is the general name of three modes of nutrition exhibited by organisms A, B and C
b}

109. An organism A which cannot move from one place to another, makes a simple food B from the
substances C and D available in the environment. This food is made in the presence of a
green coloured substance E present in organs F in the presence of light energy in a process
called G. Some of the simple food B also gets converted into a complex food H for storage
purposes. The food H gives a blue-black colour with dilute iodine solution.

(a) What is (i) organism A (ii) food B, and (iii) food H ?
(b) What are C and D ?

(c) Name (i) green coloured substance E, and (ii) organ F.
(d) What is the process G ?

110. X is a wild animal which eats only the flesh of other animals whereas Y is a domestic animal

which feeds mainly on green grass.

(a) What are animals like X known as ?

(b) What are animals like Y known as ?

(c) Which animal, X or Y, has a longer small intestine ? Why ?
(d) Name one animal which is like X.

(e) Name one animal which is like Y.

ANSWERS

1. Food 2. Chemical energy 3. Green plant 10. (a) Carbon dioxide (b) Oxygen 11. A is glucose ; B
is starch 19. Guard cells 20. Amoeba 31. Peristaltic movement 39. (a) autotrophs (b) heterotrophs
(c) plants ; animals (d) carbon dioxide, water, sunlight (e) starch 40. (b) (i) Glucose (ii) Starch 45.
(a) X : Light energy ; Y : Chemical energy 55 (i) c (ii) a (iii) d (iv) b 56 (a) Photosynthesis (b)
Heterotrophs (c) Autotrophs (d) Chloroplast (e) Guard cells (f) Pepsin 57. (i) c (ii) d (iii) a (iv) b
58. (a) Parasitic mode of nutrition (b) (i) Proteins (ii) Starch (iii) Proteins (iv) Fats (c) Due to the
presence of a large number of villi 60. (b) Plant kept in continuous light will live longer because it
will be able to produce oxygen required for its respiration by the process of photosynthesis 61. (a)
Green plants are the source of food for all the organisms. If all the green plants disappear from the
earth, then all the organisms (herbivores, carnivores and omnivores) will die due to starvation (b)
When photosynthesis occurs during the day, the carbon dioxide released by plants by respiration is
all used up and not released. Similarly, some of the oxygen produced during photosynthesis is
used up in respiration. Since the plant here is releasing carbon dioxide and taking in oxygen even
during the day, it means that no photosynthesis is taking place 62. (a) This plant will not remain
healthy for long because vaseline coating closes the stomatal pores on the leaves due to which (i)
plant will not get oxygen for respiration (ii) plant will not get carbon dioxide for photosynthesis,
and (iii) plant will not get water (and minerals) due to stoppage of transpiration (b) (i) Decreases
in morning but increases in the afternoon (ii) Decreases (iii) Decreases 71. (c) 72. (c) 73. (b) 74.
(a) 75. (d) 76. (c) 77. (b) 78. (b) 79. (c) 80. (d) 81. (c) 82. (d) 83. (c) 84 (d) 85. (d) 86. (d) 87. (b)
88. (b) 89. (d) 90. (b) 91. (d) 92. (b) 93. (c) 94. (d) 95. (c) 96. (b) 97. (b) 98. (c) 99. (c) 100. (b)
101. (d) 102. (a) (i) Bacteria (ii) Acid (b) (i) Enamel (ii) Dentine (c) Dental caries (d) Pulp cavity
(e) Inflammation and infection will occur leading to severe pain 103. (a) Dental plaque (b) (i)
Saliva (ii) Salivary glands (c) Bacteria (d) Brushing the teeth regularly after eating food 104. (a)
(i) Salivary gland (ii) Saliva (iii) Salivary amylase (b) Oesophagus (c) Peristaltic movement (d) (i)
Hydrochloric acid (ii) Mucus (iii) Enzyme pepsin 105. (a) Small intestine (b) (i) Bile (ii) Gall
bladder (c) Pancreatic amylase, Trypsin and Lipase (d) Villi (e) (i) Large intestine (ii) Rectum (iii)



Anus (iv) Egestion 106. (a) Amoeba (b) (i) Pseudopodia (ii) Food vacuole (c) (i) Enzymes (ii)
Diffusion (d) (i) Cell membrane (ii) Egestion 107. (i) B (ii) D (iii) A (b) C (c) A, B and D (d) C (e)
A, B and D (f) (i) Lion (ii) Human (Man) (iii) Green plant (iv) Cow 108. (a) (i) Parasitic (ii)
Holozoic (iii) Saprophytic (b) Host (c) Egestion (d) (i) Tapeworm (ii) Man (iii) Mushroom (e)
Heterotrophic nutrition 109. (a) (i) Green plant (ii) Glucose (iii) Starch (b) Carbon dioxide and
Water (c) (i) Chlorophyll (ii) Green leaf (d) Photosynthesis 110. (a) Carnivores (b) Herbivores (c)
Animal Y has a longer small intestine. The animal Y is a herbivore which eats grass (and other
green plants). The grass contains a carbohydrate called cellulose which is digested with difficulty.
A longer small intestine allows the cellulose present in grass to be digested completely. (d) Tiger
(e) Cow

RESPIRATION

We have just studied that digested food is assimilated into the body of
the living organisms. The assimilated food is used mainly for two purposes :

1. Assimilated food is used as a fuel to get energy for various life

processes, and

2. Assimilated food is used as a material for the growth and repair

of the body.

We will now describe how energy is released from the food which is
absorbed and assimilated in the cells of the body. Please note that food is the
‘fuel’ for energy production in cells. Let us see how energy is actually
obtained.

Most living things need oxygen (of air) to obtain energy from food. This
oxygen reacts with the food molecules (like glucose) present in the body cells
and burns them slowly to release energy. The energy thus released is stored
in ATP molecules in the cells. The body can use this stored energy whenever
it wants to do so.

The process of releasing energy from food is called respiration.
When oxygen burns the food in the cells of the body to release energy, then
carbon dioxide and water are produced as waste products which are to be
eliminated from the body (see Figure 43). The process of respiration
involves taking in oxygen (of air) into the cells, using it for releasing
energy by burning food, and then eliminating the waste products (carbon
dioxide and water) from the body. The process of respiration can be written
in the form of a word equation as follows :

Food + Oxygen —— Carbon dioxide + Water + Energy

The process of respiration which releases energy takes place inside
the cells of the body. So, it is also known as cellular respiration. The process



of cellular respiration is common to all the living organisms. It provides
energy to the cells. There are two by-products of cellular respiration : carbon
dioxide and water. Out of these only carbon dioxide is considered the real
waste product of respiration because its accumulation in the body is harmful
to the organism. Water produced during respiration is not harmful to the
body. It is rather beneficial for the body. Please note that respiration is
essential for life because it provides energy for carrying out all the life
processes which are necessary to keep the organisms alive.

Food Oxygen
(Glucose) (From air)

Figure 43. Respiration takes placefih every cell in our body (and thbse of other organisms). Respiration
pro from f. ose).
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Respiration is actual hich occurs in stages and
requires many enzymes. iration is the release of
energy from the oxidation dfxsimple food elecules like glucose. The
energy released during respiration is used for carrying out the biological
functions which are necessary for the maintenance of life and survival of an
organism. Please note that respiration is just opposite of photosynthesis.
This is because photosynthesis makes food (like glucose) by using carbon
dioxide, water and sunlight energy, and releasing oxygen; whereas
respiration breaks food (like glucose) by using oxygen, and releasing carbon
dioxide, water and energy.

How Energy Released During Respiration is Stored

All the energy released during respiration is not used immediately by an
organism (plant or animal). The energy produced during respiration is
stored in the form of ATP molecules in the cells of the body and used by



the organism as and when required. In order to understand this we should
first know the meaning of ADP, ATP and inorganic phosphate. These are
given below.

ADP is a substance called Adenosine Di-Phosphate. The molecules
of ADP are present in a cell. ADP has low energy content. ATP is a
substance called Adenosine Tri-Phosphate. It is also present inside a cell.
ATP has a high energy content. Inorganic phosphate is a substance which
contains a phosphate group made up of phosphorus and oxygen. Inorganic
phosphates are also present in a cell. Inorganic phosphate can be represented
by writing just ‘Phosphate’. The inorganic phosphate can also be represented
by the symbol P; (where P stands for phosphate and i for inorganic). ADP

contains two phosphate groups whereas ATP contains three phosphate groups
in its molecule.

Food

ced trom food like glucose during respiration is stored in the form of ATP
body. This stored energy can be utilised by the body for various purposes
e the contraction of muscles to make us walk or run).

molecules in the cells of t
(say,

(i) The ener
molecules from A
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during respiration tgfiorm ATP mole
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using water to reled§e ener ;gﬁ’ﬂ contract
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The energy eqggvalent to 30.5 kJ/mole is released in tlgllzs0 Ii)}’lc;’gelslg“i]#g
energy releasedalyordldXide used to carry out all the endothermic reactions
taking place in thedéMater

Please note that ADP can be converted to ATP by absorbing energy
produced during respiration, and ATP can be converted back to ADP
releasing energy to be used by the cells, again and again. This ensures a



continuous supply of energy to the organism.

Just as a battery can provide electrical energy for different purposes
such as lighting, heating, running radio and computer, etc., in the same way,
the energy stored in ATP is used by the body cells for various purposes
like contraction of muscles, conduction of nerve impulses, synthesis of
proteins, and many other activities related to the functioning of cells. In
fact, ATP is known as the energy currency of cells.

An Important Discussion

In most of the cases, the organisms (plants and animals) carry out
respiration by using oxygen (called aerobic respiration). There are, however,
some organisms which carry out respiration without using oxygen (called
anaerobic respiration). Before we describe aerobic respiration and anaerobic
respiration, we should keep the following points in mind which will help us
in understanding the two types of respiration.

1. Glucose is CgH,0g. It is a six carbon atom compound. It is the

simple food which is oxidised in the cells of organisms during
respiration.

2. The oxidation of glucose to pyruvic acid (or pyruvate) is called
glycolysis. It occurs in the cytoplasm of a cell and not in
mitochondria. The oxidation of glucose to pyruvic acid does not
require oxygen. One molecule of glucose on glycolysis produces
two molecules of pyruvic acid (or pyruvate).

3. Pyruvic acid is a three carbon atom compound. It is also called
pyruvate. The formula of pyruvic acid or pyruvate is

CHy—C—COOH.
o)

4. The fate of pyruvate formed during respiration depends on whether
oxygen is present in the cells or not. If oxygen is present in the cells,
then pyruvate is completely oxidised to carbon dioxide and water,
and a lot of energy is produced (in the form of ATP). If, however,
oxygen is not present in the cells (that is, in the absence of oxygen),
pyruvate is converted to either ‘ethanol and carbon dioxide’ or
‘lactic acid’ depending on whether such a process is taking place in
a plant cell or an animal cell. Much less energy is released in this
case.

It is a ketonic carboxylic acid.



5. Lactic acid is also a three carbon atom compound. It is also called
lactate. The formula of lactic acid or lactate is

CHs—CH—COOH.
OH

It is a hydroxy carboxylic acid.

TYPES OF RESPIRATION

So far we have studied that respiration takes place in the presence of
oxygen (of air). Respiration can, however, also take place in the absence of
oxygen (of air), though it is very rare. This means that oxidation of food to
obtain energy can occur in the presence of oxygen as well as in the absence
of oxygen. Based on this, we have two types of respiration : aerobic
respiration and anaerobic respiration.

1. Aerobic Respiration

The respiration which uses oxygen is called aerobic respiration. It is
called aerobic respiration because it uses air which contains oxygen
(‘aerobic’ means ‘with air’). In aerobic respiration, the glucose food is
completely broken down into carbon dioxide and water by oxidation. Aerobic
respiration produces a considerable amount of energy for use by the organism
which gets stored in the ATP molecules. The breaking down of glucose
(food) during aerobic respiration (which is carried out by most of the
organisms) can be represented as follows :

Glycolysis Oxygen (Kreb’s cycle) |
Glucose (incym%}luslﬂ Pyruvate (in miochondria) 6C0, + 6HO + B AIP

1 1, Please note that dyring aerobic respiration (shown above), 1 molecule of
%lﬂ“ch()lsk.lﬁﬁ(food) produce }é%%ehmﬁgy—rich ATP molecg/ié?srﬁtfleasewl;?l(ﬁ)rrl not v%%g'g
qu

ene
about the name ‘Kreb’&z%}@f@“&vriuen in the above tion. We will study
this in higher classes). All the organisms which obtain energy by aerobic
respiration, cannot live without oxygen (of air). This is because if there is no
oxygen, they cannot get energy from the food which they eat. Mitochondria
are the sites of aerobic respiration in the cells (see Figure 45). Thus, the
breakdown of pyruvate to give carbon dioxide, water and energy takes place
in mitochondria.

The energy released during aerobic respiration is used by the organism.
Most of the living organisms carry out aerobic respiration (by using
oxygen of air). For example, humans (man), dogs (see Figure 46), cats, lions,



elephants, cows, buffaloes, goat, deer, birds, lizards, snakes, earthworms,
frogs, fish, and insects (such as cockroach, grasshopper, houseflies,
mosquitoes and ants, etc.) and most of the plants carry out aerobic respiration
by using oxygen of air (to obtain energy)

. A . T
Figure 45. The orange organe Cthis e aerobic respiration in a cell
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glucose (food) during anaerobic respiration carried out by yeast (plants) can

be represented as follows :

(lewlyms In ab%ncc of nxygcn

Glucose e laﬁm] yruvate " » 2GH:OH + 200, + 2ATP
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of glucose (food) pr energy r1ch ATP molecul

organisms such as yeast p ants nd certain bacteria (called anaero 1C ?)acterla)
can obtain energy from food in the absence of oxygen by the process of
anaerobic respiration. Please note that all the organisms which obtain energy
by anaerobic respiration can live without oxygen (of air). For example, the



single-celled, non-green plant called ‘yeast’ can live without oxygen because
it obtains energy by the process of anaerobic respiration (see Figure 47).
From this discussion we conclude that all the cells do not use oxygen to
produce energy. Energy can be produced in cells even without oxygen.
Please note that the whole process of anaerobic respiration takes place in the
cytoplasm of cells.

We can carry out the fermentation of sugar by using the anaerobic
respiration of yeast as follows : Take some sugar solution (or fruit juice) in
a test-tube and add a little of yeast to it. Close the mouth of the test-tube with
a cork and allow it to stand for some time. Now, open the cork and smell. A
characteristic smell of ethanol (ethyl alcohol) is obtained from the test-tube.
A gas is also evolved during this process. When this gas is passed through
lime-water, the lime-water turns milky showing that it is carbon dioxide gas.
This experiment tells us that the products of fermentation of sugar brought
about by yeast are ethanol and carbon dioxide.

We (the human beings) obtain energy by aerobic respiration. But
anaerobic respiration can sometimes take place in our muscles (or the
muscles of other animals). For example, anaerobic respiration takes place
in our muscles during vigorous physical exercise when oxygen gets used
up faster in the muscle cells than can be supplied by the blood. When
anaerobic respiration takes place in human muscles (or animal muscles), then
glucose (food) is converted into lactic acid with the release of a small amount
of energy. The breaking down of glucose (food) during anaerobic respiration
in muscles can be represented as follows :

Glycolysis [n absence of oxygen

2} - > ¥ - anHA A B
Glucose 7, ks Pyruvate ys s 2Lacticacid  +  2ATI
| The sudden build of lactic acid in our muscles during vigarous
|111U]t,’t'l.ll.i . yruvic acd) , . ;O herey
hysical activity can cause muscular ‘cramps’. (The painful contractions

muscles are called cramps).M6EWE8) discuss this in a little more detail. During
heavy physical exercise (or any other heavy physical activity), most of the
energy in our muscles in produced by aerobic respiration. Anaerobic
respiration in muscles provides only some extra energy which is needed
under the conditions of heavy physical activity (like running very fast or
running for a long time) (see the people running a long distance race in
Figure 48). The anaerobic respiration by muscles brings about partial
breakdown of glucose (food) to form lactic acid. This lactic acid accumulates
in the muscles. The accumulation of lactic acid in the muscles causes



muscle cramps. Thus, muscle cramps occur due to the accumulation of lactic
acid in muscles when the muscles respire anaerobically (without oxygen)
while doing hard physical exercise. We can get relief from cramps in
muscles caused by heavy exercise by taking a hot water bath or a
massage. Hot water bath (or massage) improves the circulation of blood in
the muscles. Due to improved blood flow, the supply of oxygen to the
muscles increases. This oxygen breaks down lactic acid accumulated in
muscles into carbon dioxide and water, and hence gives us relief from
cramps. The anaerobic respiration does not take place only in the muscles of
human beings, it also takes place in the muscles of other animals such as lion,
tiger, cheetah, deer, and many other animals when they run very fast and
require much more energy than normal. This means that even the animals like
lion, tiger, cheetah and deer, etc., can get leg cramps due to the accumulation
of lactic acid in leg muscles if they run very fast for a considerable time.
Please note that :
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respiration _is that~ir bo “energy ‘is produced by the
breakdown of food like glucose. The main differences between aerobic
respiration and anaerobic respiration are given below.

Differences between Aerobic and Anaerobic Respiration

Aerobic respiration Anaerobic respiration




. Aerobic respiration takes place in the presence
of oxygen.

. Complete breakdown of food occurs in aerobic
respiration.

. The end products in aerobic respiration are
carbon dioxide and water.

. Aerobic respiration produces a considerable
amount of energy.

. Anaerobic respiration takes place in the
. Partial breakdown of food occurs in anaerobic

. The end products in anaerobic respiration may

. Much less energy is produced in anaerobic

absence of oxygen.
respiration.

be ethanol and carbon dioxide (as in yeast
plants), or lactic acid (as in animal muscles).

respiration.

Let us answer one question now.

Sample Problem. The breakdown of pyruvate to give carbon dioxide,
water and energy takes place in :

(a) cytoplasm

(b) mitochondria

(c¢) chloroplast

(d) nucleus
(NCERT Book Question)

Answer. (b) mitochondria

RESPIRATION IN PLANTS

Like animals, plants also need energy. The plants get this energy by the
process of respiration. Plants also use oxygen of air for respiration and
release carbon dioxide. Thus, the respiration in plants also involves the
exchange of oxygen and carbon dioxide. So, oxygen and carbon dioxide are
called respiratory gases. The respiration in plants differs from that in
animals in three respects :

1. All the parts of a plant (like root, stem and leaves) perform
respiration individually. On the other hand, an animal performs
respiration as a single unit.

2. During respiration in plants, there is a little transport of respiratory
gases from one part of the plant to the other. On the other hand,
respiratory gases are usually transported over long distances inside
an animal during respiration.

3. The respiration in plants occurs at a slow rate. On the other hand, the
respiration in animals occurs at a much faster rate.

Plants get Oxygen by Diffusion



Plants have a branching shape, so they have quite a large surface area in
comparison to their volume. Therefore, diffusion alone can supply all the
cells of the plants with as much oxygen as they need for respiration.
Diffusion occurs in the roots, stems and leaves of plants.

1. Respiration in Roots

Air is present in-between the particles of soil. The roots of a plant take
the oxygen required for respiration from the air present in-between the soil
particles by the process of diffusion. The extensions of the epidermal cells of
a root are called root hair. The root hair are in contact with the air in the soil.
Oxygen (from air in the soil particles) diffuses into root hairs and reaches all
the other cells of the root for respiration. Carbon dioxide gas produced in the
cells of the root during respiration moves out through the same root hairs by
the process of diffusion. Thus, the respiration in roots occurs by the diffusion
of respiratory gases (oxygen and carbon dioxide) through the root hairs (see
Figure 50). It has been found that the land plants die if their roots remain
waterlogged for a considerable time. This is because too much water expels
all the air from in-between the soil particles. Due to this, oxygen is not
available to the roots for aerobic respiration. Under these conditions, the roots
will respire anaerobically, producing alcohol. This may kill the plant.

In order to understand the respiration in stems of plants we should
remember that the soft stems of small, herbaceous plants have stomata in
them whereas the hard and woody stems of large plants and trees have
lenticels in them. Lenticel is a small area of bark in a woody stem where the
cells are loosely packed allowing the gaseous exchange to take place between
the air and the living cells of the stem.

2. Respiration in Stems

The stems of herbaceous plants (or herbs) have stomata. So, the
exchange of respiratory gases in the stems of herbaceous plants takes place
through stomata. The oxygen from air diffuses into the stem of a herbaceous
plant through stomata and reaches all the cells for respiration. The carbon
dioxide gas produced during respiration diffuses out into the air through the
same stomata. The hard and woody stems of big plants or trees do not have
stomata. In woody stems, the bark (outer covering of stem) has lenticels for
gaseous exchange (see Figure 51). The oxygen from air diffuses into the stem
of a woody plant through lenticels and reaches all the inner cells of the stem



for respiration. The carbon dioxide gas produced in the cells of the stem
during respiration diffuses out into the air through the same lenticels.
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The leaves use some of this oxygen for respiration and the rest of oxygen
diffuses out into air. Again, during day time, carbon dioxide produced by
respiration is all used up in photosynthesis by leaves. Even more carbon
dioxide is taken in from air. Thus, the net gas exchange in leaves during
day time is : O, diffuses out ; CO, diffuses in.

(i) At night time, when no photosynthesis occurs and hence no oxygen
is produced, oxygen from air diffuses into leaves to carry out respiration. And
carbon dioxide produced by respiration diffuses out into air. So, the net gas
exchange in leaves at night is : O, diffuses in; CO, diffuses out.

RESPIRATION IN ANIMALS




Different animals have different modes of respiration. For example :

(i) In simple unicellular animals like Amoeba, respiration takes place
by the simple diffusion of gases through the cell membrane.
Most of the animals have, however, specific organs for respiration.

(ii) The animals like earthworms which live in the soil use their skin to
absorb oxygen from air and remove carbon dioxide. So, the
respiratory organ in the earthworm is the skin.

(iii The aquatic animals like fish, prawns and mussels have gills as the

) respiratory organs which extract oxygen dissolved in water and take
away carbon dioxide from the body.

(iv) In the insects like grasshopper, cockroach, housefly and a mosquito,
the tiny holes called spiracles on their body and the air tubes called
tracheae are the respiratory organs (see Figure 53).

(v) The respiratory organs of the land animals such as man (humans),
birds, lizard, dog, and frog, etc., are the lungs. (Frogs, however,
breathe both by lungs and skin).
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oxygen.

2. All the respiratory organs have thin walls for easy diffusion and
exchange of respiratory gases.

3. All the respiratory organs like skin, gills and lungs have a rich blood
supply for transporting respiratory gases (only in the tracheal system
of respiration, air reaches the cells directly).

The animals which live in water (aquatic animals) use the oxygen
dissolved in water to carry out respiration. Since the amount of dissolved
oxygen in water is low as compared to the amount of oxygen in the air,
therefore, the rate of breathing in aquatic animals in much faster than in
terrestrial animals (or land animals). A faster rate of breathing provides
more oxygen to the aquatic animal. The terrestrial animals (or land animals)
use the oxygen of air or atmosphere for breathing and respiration. Thus, a
terrestrial animal has an advantage over an aquatic animal in regard to
obtaining oxygen for respiration that it is surrounded by an oxygen-rich
atmosphere from where it can take any amount of oxygen. We will now
describe the process of respiration in Amoeba, earthworm, fish and human
beings.

Respiration In Amoeba

Amoeba is a single-celled animal. Amoeba depends on simple
diffusion of gases for breathing. The diffusion of gases takes place through
the thin cell membrane of Amoeba. In other words, the exchange of gases in
Amoeba takes place through its cell membrane. Let us discuss this in
somewhat detail. Amoeba lives in water. This water has oxygen gas dissolved
in it. The oxygen from water diffuses into the body of Amoeba through its
cell membrane (see Figure 54). Since the Amoeba is very small in size, so the
oxygen spreads quickly into the whole body of Amoeba. This oxygen is used
for respiration (energy release) inside the Amoeba cell. The process of
respiration produces carbon dioxide gas continuously. This carbon dioxide
gas diffuses out through the membrane of Amoeba into the surrounding water
(see Figure 54). Thus, the breathing surface (or respiratory surface) of
Amoeba is its cell surface membrane. In addition to Amoeba, other simple
animals like Paramecium and Planaria also depend on the simple diffusion
of gases for breathing and respiration. Thus, Amoeba, Paramecium and
Planaria all breathe through their cell membranes.
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the body cells. This will become more clear from the following example.

Diffusion is insufficient to meet the oxygen requirements of large
multicellular organisms like humans because the volume of human body
is so big that oxygen cannot diffuse into all the cells of the human body
quickly. This is because oxygen will have to travel large distances inside the
human body to reach each and every cell of the body. Diffusion being a very
slow process will take a lot of time to make oxygen available to all the body
cells. For example, it has been estimated that if diffusion were to provide
oxygen in our body, then it would take about 3 years for a molecule of
oxygen from our lungs to reach our toes by the process of diffusion. On the
other hand, the blood circulatory system in humans carries oxygen to all the
parts of the body quickly (and removes carbon dioxide). Actually, human
blood contains a respiratory pigment called haemoglobin which carries
the oxygen from the lungs to all the body cells very efficiently.
Haemoglobin is present in red blood corpuscles. We will now discuss the
process of breathing and respiration in some large animals like earthworm,
fish and humans.
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oxygen is absorbed by the blood and carried to all the parts of the fish. The
carbon dioxide produced by respiration is brought back by the blood into the
gills for expelling into the surrounding water. The fish has no lungs like us,
the gaseous exchange in fish takes place in the gills. So, the respiratory
surface of a fish is the surface of its gills. It is a common observation that
when a fish is taken out from water it dies soon (even though there is a lot of
oxygen in the air around it). This is because a fish does not have lungs to
utilise the oxygen of air for breathing and respiration. The fish has gills
which can extract only dissolved oxygen from water and provide it to fish.
Gills cannot take in the oxygen from air on land. Since fish does not get
oxygen for breathing when taken out of water, it dies. In addition to fish,
many other aquatic animals like prawns and mussels also have special organs
called ‘gills’ for breathing and respiration.
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breathing in—aif. Theé oxygen helps to break down the food absorbed in the
body to release energy. This energy is used for maintaining our life. The
process by which energy is released from food in our body is called
respiration. Carbon dioxide and water are the two by-products of respiration.
The process of respiration takes place inside the cells of our body. It involves



our respiratory system. The function of respiratory system is to breathe in
oxygen for respiration (producing energy from food), and to breathe out
carbon dioxide produced by respiration. The breathing organs of human
beings are lungs (see Figure 61). It is in the lungs that the gases are
exchanged between the blood and air. The gases exchanged between blood
and air are oxygen and carbon dioxide. We will now describe the human
respiratory system in detail. Before we go further and describe the human
respiratory system in detail, it is necessary to learn the process of breathing
which is an important part of respiration. This is discussed below.
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is called ‘exhalation’. Both, inhalation and exhalation take place regularly
during breathing. A breath means ‘one inhalation plus one exhalation’.
We know that air contains oxygen. So, when we breathe in air, it is actually
the oxygen gas present in air which is utilised by our body (to break down
food and produce energy). Thus, we ‘breathe in’ air to supply oxygen to the
cells of our body (for the breakdown of food to release energy), and we
‘breathe out’ to remove waste product carbon dioxide from our body (which
is produced during the breakdown of food in the cells). Breathing is a
continuous process which goes on all the time throughout our life.

We will now learn the mechanism of breathing. That is, we will now




learn how air from outside is sucked into our lungs during inhaling (breathing
in), and how air from our lungs is pushed out during exhaling (breathing out).
The process of breathing takes place in our lungs. Lungs are connected to our
nostrils (holes in the nose) through nasal passage (or nasal cavity) and
windpipe. When we inhale air, it enters our nostrils, passes through nasal
passage and windpipe, and reaches our lungs. Our two lungs hang in an
airtight space in our body called ‘chest cavity’. Around the sides of the chest
cavity is the rib cage with sheets of muscles between the ribs. The rib cage
encloses the lungs in it [see Figure 63(a)]. At the bottom of the chest cavity is
a curved sheet of muscle called diaphragm [see Figure 63(a)]. Diaphragm
forms the floor of chest cavity. Breathing involves the movements of the
rib cage and the diaphragm. This happens as follows :

(a) Breathing in. When we breathe in (or inhale), then two things
happen at the same time : (i) the muscles between the ribs contract causing
the rib cage to move upward and outward, and (ii) the diaphragm contracts
and moves downward [see Figure 63(a)]. The upward and outward
movement of rib cage, as well as the downward movement of diaphragm,
both increase the space in the chest cavity and make it larger [see Figure
63(a)]. As the chest cavity becomes larger, air is sucked in from outside
into the lungs. The lungs get filled up with air and expand.

(a) Breathing in : chest cavity becomes bigger, air is sucked into lungs
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(b) Breathing out : chest cavity becomes smaller, air is pushed out of lungs

Air out&'.gu.l‘.ﬁ G)fﬁvexechanism of breathing.
(b) Breathing out. When welbreathe out (or exhale), even then two
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As the chest cavity becomes: ; "f pushed out from the lungs.

RESPIRATORY SYS3EMIN HUMANS (OR MAN)

moves
In human beings, many orge%r@ke part in the process of respiration.

We call them organs of respiratory system. The main organs of human
respiratory system are : Nose, Nasal passage (or Nasal cavity), Trachea,
Bronchi, Lungs and Diaphragm. The human respiratory system is shown in
Figure 64.

The human respiratory system begins from the nose. Our nose has two
holes in it which are called nostrils (see Figure 64). There is a passage in the
nose behind the nostrils which is called nasal passage (or nasal cavity). The
air for respiration is drawn into our body through the nostrils present in
the nose. This air then goes into nasal passage. The nasal passage is
separated from the mouth cavity (buccal cavity or oral cavity) by a hard,
bony palate so that we can breathe in air even when we are eating food (and
the mouth cavity is filled with food). The nasal passage is lined with fine hair
and mucus (Mucus is secreted by the glands inside the nasal passage). When
air passes through the nasal passage, the dust particles and other impurities
present in it are trapped by nasal hair and mucus so that clean air goes into
the lungs. The part of throat between the mouth and wind pipe is called
pharynx. From the nasal passage, air enters into pharynx and then goes into
the wind pipe (or trachea) (see Figure 64).




Figure 64. The human respiratprypgiaiéem.
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chest also help in breathing in and breathing out.




Figure 67. Alveoli i rramlxide gases takes place.
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combines with the digested food (glucose) present in the cells to release
energy. Carbon dioxide gas is produced as a waste product during respiration
in the cells of the body tissues. This carbon dioxide diffuses into the blood
(due to its higher concentration in body tissues). Blood carries the carbon
dioxide back to the lungs where it diffuses into the alveoli. When we breathe
out air, the diaphragm and the muscles attached to the ribs relax due to which
our chest cavity contracts and becomes smaller. This contraction movement
of the chest pushes out carbon dioxide from the alveoli of the lungs into the
trachea, nostrils and then out of the body into air. In this way the process of
gaseous exchange is completed in the human respiratory system.

Please note that during the breathing cycle, when air is taken in (or
inhaled) and let out (or exhaled), the lungs always contain a certain residual
volume of air so that there is sufficient time ‘for the oxygen to be absorbed’
into the blood and ‘for the carbon dioxide to be released’ from the blood.



Another point to be noted is that carbon dioxide is more soluble in water
(than oxygen), so it is mostly transported in the dissolved form in our blood.

Experiment to Show That Carbon Dioxide is Produced During
Respiration

We know that carbon dioxide gas turns lime-water milky. The fact that
carbon dioxide is produced during respiration can be shown by demonstrating
the effect of inhaled air and exhaled air on lime-water. The apparatus to
demonstrate the effect of inhaled air and exhaled air on lime-water is shown
in Figure 68. The apparatus consists of two boiling tubes A and B fitted with
two-holed corks. The boiling tubes A and B are connected through a special
type of glass tube C. The left arm of glass tube C is short which goes in the
boiling tube A. The right arm of glass tube C is long and dips in lime-water in
boiling tube B (see Figure 68). The boiling tube A has another bent glass tube
D whose longer side dips in lime-water contained in it. The boiling tube B
has also another short, bent tube E in it which does not dip in lime-water.

To perform the experiment, we put the top end of the tube C in mouth
and ‘breathe in’ and ‘breathe out’ gently. When we breathe in, then the
inhaled air (fresh air) enters the glass tube D and passes through the lime-
water in boiling tube A. And when we breathe out, then the exhaled air
(coming from our lungs) passes through the lime-water in boiling tube B. We
continue to breathe in and breathe out for about five minutes. We will find
that the lime-water in boiling tube A (in which inhaled air is passed) turns
milky only slightly but the lime-water in boiling tube B (in which exhaled air
is passed) turns milky appreciably. This shows that less carbon dioxide is
present in inhaled air but much more carbon dioxide is present in
exhaled air. From this observation we conclude that carbon dioxide is
produced during respiration (which comes out in exhaled air).
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We can see from the above figures that the air which we inhale contains
a greater proportion (21 per cent) of oxygen. Now, some of the oxygen of
inhaled air is used up in breaking down glucose food during respiration, so
the exhaled air which comes out after the process of respiration contains a
lower proportion (16.4 per cent) of oxygen. The air which we inhale contains
a lower proportion (0.04 per cent) of carbon dioxide. Now, during respiration,
when oxygen breaks down glucose food, then a lot of carbon dioxide is
produced, so the exhaled air which comes out after respiration contains a
much higher proportion (4.4 per cent) of carbon dioxide. Again, the air which
we inhale contains only a little of water vapour. Now, when glucose food is
broken down by oxygen during respiration, then water is also produced
(alongwith carbon dioxide). So, the exhaled air contains a lot more water
vapour than inhaled air.

Rate of Breathing

The process of breathing pumps in oxygen into our body (and removes



carbon dioxide). Breathing occurs involuntarily (on its own) but the rate of
breathing is controlled by the respiratory system of brain. The average
breathing rate in an adult man at rest is about 15 to 18 times per minute.
This breathing rate increases with increased physical activity. For example, if
we do some physical exercise (like sit-up exercise), then our breathing rate
goes up considerably. This is because when we do some physical exercise,
then our body needs more energy. And to produce more energy through
respiration, our body requires more oxygen gas. Rapid breathing supplies
more oxygen to body cells for producing more energy required for doing
physical exercise. Thus, we breathe faster after exercise so as to produce
more energy to compensate the loss of energy suffered by our body in doing
exercise.
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Many times we have heard of carbon monoxide poisoning. This
happens as follows. Carbon monoxide gas (CO) is formed whenever a fuel
burns in an insufficient supply of air. For example, if coal (or charcoal) is



burned in a closed space (like a room with closed doors and windows), then a
lot of carbon monoxide is formed. Carbon monoxide is also produced when
petrol burns in a car engine. Now, we know that haemoglobin present in our
blood carries oxygen to all the parts of our body. Haemoglobin has more
affinity (or attraction) for carbon monoxide than oxygen, So, if carbon
monoxide gas is inhaled by a person, then this carbon monoxide binds very
strongly with haemoglobin in the blood and prevents it from carrying
oxygen to the brain and other parts of the body. Due to lack of oxygen,
the person cannot breathe properly. If carbon monoxide is inhaled for a long
time, then the person becomes unconscious and can even die due to oxygen
starvation.

The persons having breathing problems (or respiratory problems) are
given oxygen masks to facilitate breathing. In serious cases, the patient is put
on a machine called ‘ventilator’ in which a tube is inserted directly into the
trachea (or wind pipe) of the patient to help him in breathing comfortably.
Before we go further and describe the transport of materials in plants and
animals, please answer the following questions :

Very Short Answer Type Questions

1. Do all cells use oxygen to produce energy ?
2. Name one substance which is produced in anaerobic respiration by an organism but not in
aerobic respiration.
3. Name one organism which can live without oxygen.
4. In which type of respiration, aerobic or anaerobic, more energy is released ?
5. Name the substance whose build up in the muscles during vigorous physical exercise may
cause cramps.
Which part of roots is involved in the exchange of respiratory gases ?
7. Name the process by which plant parts like roots, stems, and leaves get oxygen required for
respiration.
8. Name the pores in a leaf through which respiratory exchange of gases takes place.
9. Name the areas in a woody stem through which respiratory exchange of gases takes place.
10. What is the name of the extensions of the epidermal cells of a root which help in respiration ?
11. Out of photosynthesis and respiration in plants, which process occurs :
(a) all the time ?
(b) only at daytime ?
12. Name the organs of breathing in fish.
13. Name an animal which absorbs oxygen through its moist skin.
14. Name an animal which depends on simple diffusion of gases for breathing.
15. Name two animals which breathe through gills.
16. The trachea divides into two tubes at its lower end. What is the name of these tubes ?
17. Where does the blood absorb oxygen in the human body ?
18. Name the red pigment which carries oxygen in blood.
19. Which gases are exchanged in your lungs ?
20. Where in the lungs does gas exchange take place ?

&



21.
22,
23.
24.

25.

26.

What is the name of tiny air-sacs at the end of smallest bronchioles in the lungs ?
What is the other name of wind-pipe ?
What organs are attached to the two bronchi ?
In the lungs :
(a) what substance is taken into the body ?
(b) what substance is removed from the body ?
State whether the following statements are true or false :
(a) During respiration, the plants take CO> and release O».

(b) Energy can be produced in cells without oxygen.
(c) Fish and earthworm exchange gases during respiration in the same way.
Fill in the following blanks with suitable words :
(a) The organs of respiration in man are the.................
(b) The actual exchange of gases takes place in the................ of the lungs.
(o) I in the lungs provide a very large surface area for gaseous exchange.
(d) Yeast undergoes................. respiration whereas Amoeba undergoes..................
respiration.
(e) Gills are the breathing organs in................

Short Answer Type Questions

27.
28.

29.

30.

31.

32.
33.

34.

35.
36.

37.
38.
39.
40.

41.

Explain why, a land plant may die if its roots remain waterlogged for a long time.
What are the differences between aerobic and anaerobic respiration ? Name some organisms
that use anaerobic mode of respiration.
Name the final product/products obtained in the anaerobic respiration, if it takes place :
(a) in a plant (like yeast).
(b) in an animal tissue (like muscles).
What type of respiration takes place in human muscles during vigorous physical exercise ?
Give reason for your answer.
Name the type of respiration in which the end products are :
(a) CyH50H and COy
(b) COp and HYO
(c¢) Lactic acid
Give one example of each case where such a respiration can occur.
Define breathing. State the differences between breathing and respiration.
What are the different ways in which glucose is oxidised to provide energy in various
organisms ? Give one example of each.
Explain why, when air is taken in and let out during breathing, the lungs always contain a
residual volume of air.
Explain why, it is dangerous to inhale air containing carbon monoxide.
Describe the process of respiration in Amoeba. State whether it is anaerobic respiration or
aerobic respiration.
State the three common features of all the respiratory organs like skin, gills and lungs.
Describe the process of respiration in fish.
What would be the consequences of deficiency of haemoglobin in our bodies ?
Describe the process of respiration in the following parts of a plant :
(a) Root
(b) Stem
(c) Leaves
(a) What is meant by aquatic animals and terrestrial animals ?
(b) From where do the aquatic animals and terrestrial animals obtain oxygen for breathing



and respiration ?
42. Why do fishes die when taken out of water ?
43. Why is the rate of breathing in aquatic organisms much faster than in terrestrial organisms ?
44. Name the energy currency in the living organisms. When and where is it produced ?
45. Explain why, plants have low energy needs as compared to animals.
46. Explain how, it would benefit deep sea divers if humans also had gills.

Long Answer Type Questions

47. (a) What is the function of the respiratory system ?
(b) What are the major organs of respiratory system in man (or humans) ?
(c) Draw a labelled diagram of the human respiratory system.
48. (a) Explain how, the air we breathe in gets cleaned while passing through the nasal passage.
(b) Why do the walls of trachea not collapse when there is less air in it ?
(c) How are oxygen and carbon dioxide exchanged in our body during respiration ?
(d) How are lungs designed in human beings to maximise the exchange of gases ?
49. (a) Give the main points of difference between respiration in plants and respiration in
animals.
(b) Describe the exchange of gases which takes place in the leaves of a plant (a) during
daytime, and
(b) at night.
(c) Which contains more carbon dixoide : exhaled air or inhaled air ? Why ?
50. (a) “Respiration is a vital function of the body”. Justify this statement.
(b) What is the main difference between aerobic respiration and anaerobic respiration ?
Give one example of each.
(c) What type of repiration takes place (i) in yeast, and (ii) in humans ?
51. (a) Why is diffusion insufficient to meet the oxygen requirements of large multicellular
organisms like humans ?
(b) What type of arrangement exists in the bodies of large animals to meet their oxygen
requirements adequately ?
(c) What advantage a terrestrial animal has over an aquatic animal with regard to obtaining
oxygen for respiration ?

Multiple Choice Questions (MCQs)

52. Which of the following is not produced during anaerobic respiration in unicellular fungus ?
(a) CoH50H
(b) Hp0
(c) COy
(d) ATP
53. One of the following organisms can live without oxygen of air. This organism is :
(a) Amoeba
(b) Yak
(c) Yeast
(d) Leech
54. During respiration, the exchange of gases takes place in :
(a) bronchi
(b) alveoli
(c¢) bronchioles
(d) trachea



55.

56.

57.

58.

59.

60.

61.

62.

63.

In one of the following organisms, the gaseous exchange during repiration does not take place
through cell membrane/skin. This organism is :
(a) Electric eel
(b) Leech
(c) Earthworm
(d) Amoeba
Which of the following is correct for the process of anaerobic respiration ?

Carbon dioxide A lot of energy
Which of the following 1@%%@&51111%’9@%%@#5 when they are lacking 1{1? é%gg# ?

(&?) carbon dioxide No Yes
) lactose
(ib)) lactic acid No No
) uric acid
l{éjrnal respiration may be defineggs. No
( ‘% breathing in and releasing oix@g/gen in the tissue Yes
the oxidation of food substances to release energy

(c) the building up (synthesis) of complex substances
(d) getting rid of carbon dixode that would accumulate in the tissues.
When air is blown from mouth into a test-tube containing lime water, the lime water turns
milky due to the presence of :
(a) oxygen
(b) carbon dioxide
(c) nitrogen
(d) water vapour
Which of the following is the correct sequence of air passage during inhalation ?

(a) nostrils S— larynx S— pharynx — trachea —> lungs

(b) nasal passage — trachea — > pharynx —2 larynx — alveoli
(c) larynx — nostrils —> pharynx S— lungs

(d) nostrils — pharynx S— larynx — trachea — > alevoli

Lack of oxygen in muscles often leads to cramps in the legs of sprinters. This is due to
conversion of pyruvate to :
(a) ethanol
(b) carbon dioxide
(c) acetic acid
(d) lactic acid
During the deficiency of oxygen in tissues of human beings, pyruvic acid is converted into
lactic acid in :
(a) cytoplasm
(b) chloroplast
(c) mitochondria
(d) golgi body
Which of the following statements are correct ?
(i) pyruvate can be converted into ethanol and carbon dioxide by yeast
(ii) fermentation takes place in the case of aerobic bacteria
(iii) fermentation takes place in mitochondria
(iv) fermentation is a form of anaerobic respiration

(a) (i) and (iii)



64.

65.

66.

67.

68.

69.

70.

71.

72.

(b) (ii) and (iv)
() (i) and (iv)
(d) (ii) and (iii)
Which of the following statements are true about respiration ?
() during inhalation, ribs move inward and diaphragm is raised.
(ii) the gaseous exchange takes place in the alveoli.
(iii) haemoglobin has greater affinity for carbon dioxide than oxygen.
(iv) alveoli increase surface area for the exchange of gases
(a) (i) and (iv)
(b) (ii) and (iii)
(c) (i) and (iii)
(d) (ii)and (iv)
Which of the following is known as the energy currency of cells in biology ?
(a) DTP
(b) PDP
(c) ATP
(d) DDT
The two organisms which breathe only through their moist skin are :
(a) fish and frog
(b) frog and earthworm
(c) leech and earthworm
(d) fish and earthworm
One of the following animals does not use tracheae as the respiratory organs. This animal is :
(a) grasshopper
(b) prawn
(c) mosquito
(d) cockroach
The photosynthesis in a plant is not taking place during the day time if the plant is releasing :
(a) water vapour
(b) oxygen
(c¢) carbon dioxide
(d) all the above
The breathing and respiration in woody stem of a plant takes place through :
(a) root hair
(b) lenticels
(c) closed stomata
(d) open stomata
One of the following organism does not depend on simple diffusion of gases for breathing and
respiration. This organism is :
(a) Amoeba
(b) Prawn
(c¢) Planaria
(d) Bryophyllum
During marathon, we sometimes get painful contractions of leg muscles due to the
accumulation of one of the following in leg muscles. This is :
(a) carbon dioxide
(b) alcohol
(c) lactose
(d) lactic acid
In cockroaches, air enters the body through :



(a) lungs

(b) gills

(c) spiracles

(d) skin

73. Which of the following is most likely to have a much higher breathing rate ?

(a) man

(b) fish

(c) dog

(d) sparrow

Questions Based on High Order Thinking Skills (HOTS)

74. During the respiration of an organism A, 1 molecule of glucose produces 2 ATP molecules
whereas in the respiration of another organism B, 1 molecule of glucose produces 38 ATP
molecules.

(a) Which organism is undergoing aerobic respiration ?

(b) Which organism is undergoing anaerobic respiration ?

(c¢) Which type of organism, A or B, can convert glucose into alcohol ?
(d) Name one organism which behaves like A.

(e) Name two organisms which behave like B.

75. A, B and C are three living organisms. The organism A is a unicellullar fungus which can live
without air. It is used in the commercial production of an organic compound P from
molasses. The organism B is a unicellular animal which lives in water and feeds and moves
by using pseudopodia. It breathes through an organelle Q. The organism C is a tiny animal
which acts as a carrier of malarial parasite. It breathes and respires through a kind of tiny
holes R and air-tubes S in its body.

(a) What are organisms (i) A (ii) B, and (iii) C ?

(b) Name (i) P (ii) Q (iii) R, and (iv) S.

(c) Which organism/organisms undergo aerobic respiration ?
(d) Which organism/organisms undergo anaerobic respiration ?

76. There are five animals P, Q, R, S and T. The animal P always lives in water and has gills for
breathing. The animal Q can stay in water as well as on land and can breathe both, through
moist skin and lungs. The animal R lives in soil and breathes only through its skin. The
animal S lives on land and breathes through spiracles and tracheae. And animal T lives in
water and breathes through its cell membrane.

(a) Which of the animals could be Amoeba ?
(b) Which of the animals could be frog ?

(c) Which animal could be fish ?

(d) Which animal could be grasshopper ?
(e) Which animal could be earthworm ?

77. Some sugar solution is taken in a test-tube and a little of substance X in powder form is added
to it. The mouth of test-tube is closed with a cork and allowed to stand for sometime. On
opening the cork, a characteristic smell of substance Y is obtained and a gas Z is also
observed to be formed. The gas Z extinguishes a burning matchstick.

(a) What could be (i) X, (ii) Y, and (iii) Z ?
(b) What is the process of converting sugar into substance Y by the action of X known as ?
(c) What type of respiration is exhibited by X in the above process ?

78. Consider the following chemical reactions which take place in different organisms/tissues

under various conditions :



(i) Glucose __Respiration . Ethanol + Carbon dioxide + Energy
(if) Glucose __Respiration » Carbon dioxide + Water + Energy

(iii) Glucose __Respiration s Lactic acid + Energy

(a) Name one organism which respires according to equation (i) above.

(b) Name one organism which respires according to equation (ii) above.

(c) When and where does respiration represented by equation (iii) above take place ?
(d) Which equation/equations represent aerobic respiration ?

(e) Which equation/equations represent anaerobic respiration ?

(f) Which of the above reactions produces the maximum amount of energy ?

79. When a person breathes in air, the air enters into his body through an organ A having two
holes B in it. The air then passes through pharynx and larynx and enters into a tube C. The
tube C divides into two smaller tubes D at its lower end. The two smaller tubes are attached
to two respiratory organs E. Each smaller tube divides inside the organs E to form a large
number of still smaller tubes called F. The smallest tubes F have air-sacs G at their ends in
which gaseous exchange takes place in the body of the person. What are A, B, C, D, E, F
and G ?

80. An organism X having breathing organs A lives on land. When organism X goes under water,
it cannot survive for a long time unless carrying an oxygen cylinder. On the other hand, the
organism Y having breathing organs B always lives in water and if taken out of water, it dies
after a short while. A third organism Z having breathing organs C and D which lives on the
banks of ponds, lakes and rivers can survive on land as well as in water equally well.

(a) What could organism X be ? Name the breathing organs A.

(b) What could organism Y be ? Name the breathing organs B.

(c) What could organism Z be ? Name the breathing organs C and D.

(d) Outof X, Y and Z, which organism is (i) amphibian, (ii) aquatic, and (iii) terrestrial ?

ANSWERS

1. No 2. Ethanol 5. Lactic acid 7. Diffusion 10. Root hair 11. (a) Respiration (b) Photosynthesis
17. Alveoli in lungs 24. (a) Oxygen (b) Carbon dioxide 25. (a) False (b )True (c) False 26. (a)
lungs (b) alveoli (c) Alveoli (d) anaerobic; aerobic (e) fish 31. (a) Anaerobic respiration in yeast
(b) Aerobic respiration (c¢) Anaerobic respiration in muscle tissue of animals 44. ATP 46. The
deep sea divers could remain under sea water even without carrying oxygen cylinders for
breathing (because they could then extract dissolved oxygen from water for breathing purpose just
like fish) 52. (b) 53. (c) 54. (b) 55. (a) 56. (b) 57. (c) 58. (b) 59. (b) 60. (d) 61. (d) 62. (a) 63. (¢)
64. (d) 65. (c) 66. (c) 67. (b) 68. (c) 69. (b) 70. (b) 71. (d) 72. (c) 73. (b) 74. (a) B (b) A (c) A (d)
Yeast (e) Man, Dog 75. (a) (i) Yeast (ii) Amoeba (iii) Mosquito (b) (i) Ethanol (ii) Cell membrane
(iii) Spiracles (iv) Tracheae (c) B and C (d) A 76. (a) T (b) Q (c) P (d) S (e) R 77. (a) (i) Yeast (ii)
Ethanol (iii) Carbon dioxide (b) Fermentation (c) Anaerobic respiration 78. (a) Yeast (b) Man (c)
In animal’s muscles ; When the animal needs extra energy for doing heavy physical activity (d)
(i) (e) (i) and (iii) (f) (ii) 79. A = Nose; B = Nostrils ; C = Trachea (or Windpipe) ; D = Bronchi ;
E = Lungs ; F = Bronchioles ; G = Alveoli 80. (a) Man; Lungs (b) Fish ; Gills (c) Frog ; Lungs
and Skin (d) (i) Z (ii) Y (iii)) X

TRANSPORT

The body of every organism (plant or animal) is made up of cells. A




large organism has millions and millions of cells in its body. In order that the
organism may be able to maintain its life and survive, all its cells must be
supplied with essential substances like food, oxygen, water, etc. So, some
arrangement is required inside an organism which can carry the
essential substances to all its parts so that they reach each and every cell
of its body.

In everyday language, ‘transport’ means ‘to carry things from one place
to another’. In biology, transport is a life process in which a substance
absorbed (or made) in one part of the body of an organism is carried to
other parts of its body. Large organisms (large plants and animals) need
transport systems in their bodies to supply all their cells with food, oxygen,
water, and other materials. In fact, special tissues and organs are needed for
the transport of substances in plants and animals because these tissues and
organs can pick up the essential substances like food, oxygen, water, etc., at
one end of their body and carry them to all other parts.

We will now study the transport system of plants and of human beings,
and describe the parts which make up these systems. In other words, we will
learn how plants and animals carry substances from one part of their body to
another.

TRANSPORT IN PLANTS

Transport system in plants is less elaborate than in animals (including
human beings). Plants are less active, so their cells do not need to be supplied
with materials so quickly. Also, due to the branching shape of a plant, all the
cells of a plant can get oxygen for respiration and carbon dioxide for
photosynthesis directly from the air by diffusion. So, the only substances
which are to be supplied to a plant through a transport system are water and
minerals (which they can’t get from the air). Another job of the transport
system of plants is to transport food prepared in the leaves to the various
parts of the plant like stems, roots, etc. The plants have two types of
conducting tissues called xylem and phloem. Xylem tissues carry water and
minerals whereas phloem tissues carry the food prepared by the plants (see
Figure 71). We can now say that :
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Lelldilfs requesdvater-for>makin od by’ photosynthesis. Plants also
need mmeral salts for various purposes (such as making proteins, etc.). Water
and minerals are absorbed from the soil by the roots of the plant and
transported to the various parts of the plant like stem, leaves and flowers. In
the leaves, water is used in making food by photosynthesis. The water and
minerals dissolved in it move from the roots of the plant to its leaves through
the two kinds of elements of the xylem tissue called xylem vessels and
tracheids. Xylem vessels and tracheids are both non-living conducting
tissues which have thick walls. Let us discuss xylem vessels and tracheids in
a little more detail.

1. Xylem Vessels

The xylem vessel is a non-living, long tube which runs like a
drainpipe through the plant [see Figure 72(a)]. A xylem vessel is made of
many hollow, dead cells (called vessel elements), joined end to end. The end
walls of the cells have broken down so a long, open tube is formed. Xylem
vessels run from the roots of the plant right up through the stem and reach the
leaves. The xylem vessels branch into every leaf of the plant.

Xylem vessels do not contain the cytoplasm or nuclei. The walls of



xylem vessels are made of cellulose and lignin. Lignin is a very hard and
strong substance, so xylem vessels also provide strength to the stems and help
to keep the plant upright. Wood is made almost entirely of lignified xylem
vessels. Xylem vessels have pits in their thick cell walls. Pits are not open
pores. Pits are the thin areas of the cell wall where no lignin has been
deposited. Pits have unthickened cellulose cell wall. In flowering plants,
either only xylem vessels transport water or both xylem vessels and
tracheids transport water.
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epidermis and endodermis is called root cortex. And the xylem tissue present
in roots is called root xylem. Please note that in a root, the root hair are at its
outer edge but the root xylem vessels (which carry water to the other parts of
plant) are at the centre of the root. And in-between the root hair and root
xylem are epidermis, root cortex and endodermis. So, before water absorbed
by root hair from the soil reaches the root xylem, it has to pass through the
epidermis, root cortex and endodermis.

Another point to be noted is that the minerals needed by the plants are
taken up by the plants in inorganic form such as nitrates and phosphates.
These minerals are present in the soil. The minerals present in soil dissolve in
water to form an aqueous solution. So, when water is transported by the root
of the plant to its leaves, then the minerals dissolved in it also get transported
along with it.

Xylem

Tracheids vessels
Figure 74. This is the scanning electron micr@ggraph of the xylem tissues in the stem of a plant. We can
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suck a straw, we are reducing the pressure at the top of the straw. The cold
drink at the bottom of the straw is at a higher pressure (which is atmospheric
pressure), so the cold drink flows up the straw into our mouth. The same
thing happens with the water in the xylem vessels. The pressure at the top of
the xylem vessels (in the leaves) is lowered whereas the pressure at the
bottom of the xylem vessels remains high. Due to this water flows up the
xylem vessels into the leaves. An important question now arises : How is the
pressure at the top of the xylem vessels reduced ? The pressure at the top of
xylem vessels in a plant is reduced due to transpiration. This is discussed
below :

The evaporation of water from the leaves of a plant is called
transpiration. The leaves of a plant have tiny pores on their surface which
are called stomata. A lot of water from the leaves keeps on evaporating into
the air through the stomata. This loss of water (as water vapour) from the
leaves of a plant is called transpiration. Since the cells of the leaf are losing
water by transpiration, so water from the xylem vessels in the leaf will travel
to the cells by osmosis to make up this loss of water. Thus, water is
constantly being taken away from the top of the xylem vessels in the leaves



to supply it to the cells in the leaves. This reduces the effective pressure at the
top of the xylem vessels, so that water flows up into them (from the soil).
Thus, the continuous evaporation of water (or transpiration) from the
cells of a leaf creates a kind of suction which pulls up water through the
xylem vessels. In this way, the process of transpiration helps in the upward
movement of water (and dissolved minerals) from the roots to the leaves
through the stem.

Transport of Food and Other Substances

Leaves make food by the process of photosynthesis. The food made by
leaves is in the form of simple sugar (glucose). Other types of substances
called plant hormones are made in the tips of roots and shoots. Now, every
part of the plant needs food. So, food made in the leaves of a plant has to be
transported (or carried) to all the parts of the plant like branches, stem and
roots, etc. The food manufactured by the leaves of a plant is transported to its
all other parts through a kind of tubes called phloem (which are present in all
the parts of a plant). The transport of food from the leaves to other parts
of the plant is called translocation. Thus, phloem translocates the food (or
sugar) made in the leaves. The movement of food materials (and other
substances like hormones) through phloem depends on the action of living
cells called sieve tubes.

Phloem Contains Sieve Tubes

Like xylem vessels, phloem is made of many cells joined end to end
to form long tubes (see Figure 76). However, the end walls of the cells
which form phloem are not completely broken down. The end walls of cells
in the phloem form sieve plates, which have small holes in them. These holes
in the sieve plates allow the food to pass along the phloem tubes. The cells of
phloem are called sieve tubes (or sieve elements). Sieve tubes which form
phloem are living cells which contain cytoplasm but no nucleus. The sieve
tube cells do not have lignin in their walls. Each sieve tube cell has a
companion cell next to it (see Figure 76). The companion cell has a nucleus
and many other organelles. Companion cells supply the sieve tubes with
some of their requirements.
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Water now enters into sieve tubes containing sugar by the process of osmosis
due to which the pressure in the phloem tissue rises. This high pressure
produced in the phloem tissue moves the food to all the parts of the plant
having less pressure in their tissues. This allows the phloem to transport food
according to the needs of the plant. For example, in spring, even the sugar
stored in the root or stem tissue of a plant would be transported through
phloem to the buds which need energy to grow. Let us answer one question
now.

Sample Problem. The xylem in plants are responsible for :

(a) transport of water

(b) transport of food

(c) transport of amino acids

(d) transport of oxygen

Answer. (a) transport of water.
(NCERT Book Question)

BL.OOD

Blood is a red coloured liquid which circulates in our body. Blood is red
because it contains a red pigment called haemoglobin in its red cells. Blood is
a connective tissue. Blood consists of four things : plasma, red blood
corpuscles, white blood corpuscles and platelets. Thus, the main
components of blood are :

1. Plasma,

2. Red Blood Corpuscles (or Red Blood Cells),

3. White Blood Corpuscles (or White Blood Cells), and

4. Platelets.
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dissolved in it. Plasma contains about 90 per cent water. Plasma also contains
dissolved substances such as proteins, digested food, common salt, waste
products (like carbon dioxide and urea), and hormones. Plasma carries all
these dissolved substances from one part to another part in the body. Red
blood cells, white blood cells and platelets are immersed in this liquid called
plasma.

Red Blood Cells

Red blood cells are red in colour due to the presence of a red pigment
called haemoglobin inside them (see Figure 81). Red blood cells (RBC) are
carriers of oxygen. Red blood cells carry oxygen from the lungs to all the
cells of the body. It is actually the haemoglobin present in red blood cells
which carries oxygen in the body. Haemoglobin performs a very important
function of carrying oxygen from lungs to body tissues. Haemoglobin also
carries some of the carbon dioxide from body tissues to the lungs (most of
carbon dioxide is carried by plasma of blood in the dissolved form). Red
blood cells are circular in shape. Red blood cells do not have nuclei. Red
blood cells have to be made quickly because they do not live for very long.
Each red blood cell lives for about four months. One reason for the short life
of red blood cells is that they do not have nuclei. It has been estimated that



about three million red blood cells of the human blood die everyday but four
times that number are made in the bone marrow everyday. So, when we
donate blood to save the life of a person, then the loss of blood from our
body can be made up very quickly, within a day. This is because red blood
cells are made very fast in our bone marrow. Please note that most of the cells
in blood are red blood cells.
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Platelets

Platelets are the tiny fragments of special cells formed in the bone
marrow (see Figure 81). Platelets do not have nuclei. Platelets help in the
coagulation of blood (or clotting of blood) in a cut or wound. For
example, when a cut or wound starts bleeding, then platelets help clot the



blood (make the blood semi-solid) due to which further bleeding stops (see
Figure 83). All the blood cells are made in the bone marrow from the cells
called stem cells.
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1. Blood carries oxygen trom the lungs to different parts of the body.

2. Blood carries carbon dioxide from the body cells to the lungs for

breathing out.

3. Blood carries digested food from the small intestine to all the parts

of the body.

4. Blood carries hormones from the endocrine glands to different

organs of the body (where they are needed).

5. Blood carries a waste product called urea from the liver to the

kidneys for excretion in urine.

6. Blood protects the body from diseases. This is because white blood

cells kill the bacteria and other germs which cause diseases.

7. Blood regulates the body temperature. This is because the blood

capillaries in our skin help to keep our body temperature constant at
about 37°C.
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rfi¢s are shown in red colour and veins in blue
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Figure 84. Blood circulatory system in hurpns

colour. Capillaries which \

Transport in Humans

The main transpor ystem-ix Fpraiheings (or man) is the ‘blood
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HUMAN CIRCULATORY SYSTEM

The organ system of human beings (and other animals) which is
responsible for the transport of materials inside the body is called circulatory
system. The various organs of the circulatory system in humans are :
Heart, Arteries, Veins and Capillaries. Blood is also considered a part of
the circulatory system. So, the human circulatory system consists of the
heart, arteries, veins, capillaries, and blood. In the circulatory system, the




heart acts as a pump to push out blood. The arteries, veins and capillaries act
as pipes (or tubes) through which the blood flows. These tubes which carry
blood are called
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heart (see Figure 85). The chambers of the heart are separated by a partition
called septum.

The arteries, veins and capillaries are a kind of thin pipes (or tubes)
through which blood flows in the body. Arteries, veins and capillaries are
called blood vessels. Arteries are the thick walled blood vessels which
carry blood from the heart to all the parts of the body. Arteries have thick
walls because blood emerges from the heart under high pressure. Arteries are
found in the whole of our body. The main artery (called aorta) is connected to
the left ventricle of the heart through a valve V; (see Figure 85). The main




artery carries oxygenated blood from the left ventricle to all the parts of the
body (except the lungs). Another artery called pulmonary artery is connected
to the right ventricle of the heart through another valve V, (see Figure 85).

The pulmonary artery carries deoxygenated blood from the right ventricle to
the lungs (see Figure 85).

The capillaries are thin walled and extremely narrow tubes or
blood vessels which connect arteries to veins. Thus, the capillaries are in-
between the arteries and veins (see Figure 86). The blood from arteries enters
the capillaries in the body. Every living cell of our body is close to a
capillary. The walls of capillaries are only one-cell thick. The various
dissolved substances (like oxygen, food, etc.) present in blood pass into the
body cells through the thin walls of the capillaries (see Figure 86). At the
same time, the waste substances (like carbon dioxide) formed in the cells
enter into capillaries. Thus, the exchange of various materials like oxygen,
food, carbon dioxide, etc., between the blood and the body cells takes
place through capillaries. The other end of capillaries is joined to some
wider tubes called veins. The deoxygenated blood (or dirty blood) coming
from the capillaries enters into veins.
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We have just studied that the heart is a kind of pump which pumps
blood around our body continuously, without stopping. Actually, heart is not
a single pump. Heart is really a double pump. The left side of heart (left
atrium and left ventricle) acts as one pump which pumps blood into the whole
body, except the lungs. The right side of heart (right atrium and right
ventricle) acts as another pump which pumps blood only into the lungs. We
can see from Figure 85 that the left side of heart is completely separated from
the right side by a partition called septum. So, the two pumps in the heart
work independently. The separation of left and right sides of the heart is
necessary to prevent the mixing of the oxygenated blood on the left side with
the deoxygenated blood on the right side.

Before we describe the circulation of blood in the human body with the
help of a diagram, we should keep the following two points in mind : First
that the blood circulates in our body in two forms : oxygenated blood and
deoxygenated blood. The blood carrying oxygen in it is called oxygenated
blood. We get oxygenated blood in the lungs where the fresh oxygen of air
passes into the blood. The blood having no oxygen in it is called
deoxygenated blood. The deoxygenated blood is formed in all the organs of
the body (except the lungs). This is because when the oxygenated blood

fry blood from all
need thick walls



passes through the organs of the body, the body cells use up its oxygen and
make it deoxygenated. The deoxygenated blood, however, carries carbon
dioxide in it (which is produced during respiration in body cells). The second
point to remember is that when blood circulates in the body, then it supplies
oxygen, digested food and other chemicals (like hormones) to all the cells of
the body. It also carries back waste products like carbon dioxide, etc., from
the body cells.

The heart beats non-stop all the time. The heart beat is due to the
rhythmic contraction and relaxation of the heart muscles which make up the
atria and the ventricles. Please note that the two atria (left atrium and right
atrium) contract together and relax together. Similarly, the two ventricles (left
ventricle and right ventricle) contract together and relax together. The
contraction of two atria is immediately followed by the contraction of the two
ventricles.
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The heart beats (or beﬁ v Et) circulates the blood in the
human body. We will now d je tpqtedculation of blood in the human
body with the help of a highly sig " J ram (see Figure 88)

1. When the muscles of alf {5 % rnbers of the heart are relaxed,
the pulmonary vein brings the e, blood (oxygen-carrying blood)
from the lungs into the left atriurmof the I art (see step 1 in Figure 88).

2. When the left atrium contracts, the oxygenated blood is pushed into
the left ventricle through the valve V; (see step 2 in Figure 88).

3. When the left ventricle contracts, the oxygenated blood is forced into
the main artery called ‘aorta’ (see step 3 in Figure 88). This main artery then
branches into smaller arteries which go into different body organs (except the
lungs). The smaller arteries (called arterioles) further branch into capillaries
(The smaller arteries and capillaries have not been shown in Figure 88 to
keep the diagram simple).
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GDedxygendded the right ventricle contracts, the deoxygendirdd)lood is
pumped into tRORSAgs through the pulmonary artery (see step 6|in Figure 88).
In the lungs, deoxygenated releases its| carbon dioxid¢ and absorbs
fresh oxygen from ia—1—1='—€re,— again. This
oxygenated blood is again sen of heart by pulmonary vein
for circulation in the body.

This whole process is repeated continuously. In this way, the blood
keeps on circulating in our body without stopping due to which all the body
parts keep on getting oxygen, digested food and other materials all the time.
The blood circulation also keeps on removing waste products formed in the
cells of the body.

The blood circulatory system in human beings is an example of double
circulation. This can be explained as follows : A circulatory system in
which the blood travels twice through the heart in one complete cycle of
the body is called double circulation. In the human circulatory system the
pathway of blood from the heart to the lungs and back to the heart is called
pulmonary circulation; and the pathway of blood from the heart to the rest
of the body and back to the heart is called the systemic circulation. These
two types of circulation taken together make double circulation.

The animals such as mammals (including human beings), and birds
have four-chambered heart (which consists of two atria and two




ventricles). In a four-chambered heart, the left side and right side of the heart
are completely separated to prevent the oxygenated blood from mixing with
deoxygenated blood. Such a separation allows a highly efficient supply of
oxygen to the body cells which is necessary for producing a lot of energy.
This energy is useful in warm-blooded animals (like mammals and birds)
which have high energy needs because they constantly require energy to
maintain their body temperature. All the animals having four-chambered
hearts have double circulation in which the blood passes through the heart
‘twice’ in one complete cycle of the body.
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amphibians and reptiles have, however, a double circulation that delivers
blood to the lungs and the rest of the body, respectively.

The fish has a two-chambered heart (which consists of one atrium
and one ventricle). The fish does not have lungs, it has gills to oxygenate
blood. In a fish, the heart pumps deoxygenated blood to the gills.
Oxygenation of blood takes place in the gills. The oxygenated blood from the



gills is supplied to the body parts of the fish where oxygen is utilised and
carbon dioxide enters into it making it deoxygenated. This deoxygenated
blood returns to the heart to be pumped into gills again. The flow of blood in
a fish is called single circulation because the blood passes through the heart
of fish only once in one complete cycle of the body.

Heart Beats

The heart pumps blood into our arteries by contracting. When the heart
contracts, it becomes smaller in size and pushes the blood into main artery
with a great force. Then the heart relaxes (comes back to its original size) and
gets filled up with blood from pulmonary vein. In this way, the heart keeps
on contracting and relaxing again and again to pump blood into the body
continuously. One complete contraction and relaxation of the heart is
called a heart beat. The heart usually beats about 70 to 72 times in a minute
when we are resting. This means that the heart pumps out blood to the
arteries about 70 to 72 times per minute. We can feel our heart beats if we
place our hand on the chest just above the heart region (see Figure 93). A
doctor listens to our heart beats by using an apparatus called stethoscope (see
Figures 94 and 95). The stethoscope magnifies the sound of heart beats so
that the doctor can hear the heart beats clearly.

Figure 93. We can feel our heartbeats if we g on the chest, just above the heart region.
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Every time the heart beats, blood is forced into arteries. This blood
makes the arteries expand a little. The expansion of an artery each time the
blood is forced into it, is called pulse. Each heartbeat generates one pulse in
the arteries, so the pulse rate of a person is equal to the number of heartbeats
per minute. Since the heart beats about 70 to 72 times per minute, therefore,
the pulse rate of an adult person while resting is 70 to 72 per minute.
Thus, the pulse rate is the same as the heart rate. Just like heartbeats, the
pulse rate of a person is higher after a physical exercise or when a person is
excited.

Most of our arteries lie deep inside our body and hence cannot be used
to feel the pulse. But at some places in our body like the wrist, temple and
neck, the arteries are close to the surface of skin and pass over bones. So, we
can feel the pulse at wrist, temple and neck by pressing the artery lightly with
our finger tips. The pulse is traditionally taken above the wrist. We can
feel our own pulse and find the pulse rate as follows :

1



Figure 96. Feeling the pulse in the wrist.

The pulse can ~1t with fingers placed gently on arteries at the wrist.
We place the first m;d' fingers (index finger and middle finger) of our right
hand on the inner side of our left and press it gently (see Figure 96). We
will feel some wayes touching our s. These waves are the pulse. We
can count the number of such waves (or thimpings) in one minute by using a
watch. This will give us the pulse'rate (per minute).

We usually see“the doctor taking the pulse rate of a patient by keeping
his fingers on the wrist of the patient and at the same time looking into his
watch. Doctors can tell by counting the pulse rate and listening to heartbeats
whether a person is well or not. This is because the pulse rate and heartbeats
change according to the condition of our heart.

Blood Pressure

The pressure at which blood is pumped around the body by the
heart is called blood pressure. The blood pressure of a person is always
expressed in the form of two values called ‘systolic pressure’ and ‘diastolic
pressure’. In order to understand this, we should first know the meaning of
‘systole’ and ‘diastole’. The phase of the heart beat when the heart contracts
and pumps the blood into arteries is called ‘systole’. And the phase of heart
beat when the heart relaxes (or expands) and allows the chambers to fill with
blood is called ‘diastole’.

The maximum pressure at which the blood leaves the heart through
the main artery (aorta) during contraction phase, is called the systolic
pressure. This high pressure in the main artery maintains a steady flow of
blood in all the arteries towards the capillaries. The minimum pressure in
the arteries during the relaxation phase of heart is called the diastolic
pressure. The value of diastolic pressure is always lower than that of the
systolic pressure. The blood pressure of a person is expressed in terms of
millimetres of mercury (which is written as mm Hg). The normal blood
pressure values are :

Systolic pressure : 120 mm Hg

Diastolic pressure : 80 mm Hg

This is usually written as 120/80

The blood pressure values vary from person to person and from time to



time. They also vary with age. For example, a young person may have blood
pressure of 110/75 but at the age of 60 years it could be 145/90. High blood
pressure is called hypertension. High blood pressure is caused by the
constriction (narrowing) of very small arteries (called arterioles) which
results in increased resistance to blood flow. Very high blood pressure can
lead to rupture of an artery and internal bleeding.

How to Measure Blood Pressure

Blood pressure is measured by using an instrument called
sphygmomanometer. Two readings of blood pressure are taken : systolic
pressure (when the heart is contracting and pumping out blood), and
diastolic pressure (when the heart relaxes and fills with blood). The various
steps in measuring the blood pressure of a person are as follows :

(i) A rubber cuff (which is a flat rubber tube) is wrapped around the
person’s arm [see Figure 97(a)]. The rubber cuff is inflated by pumping air
into it to give a pressure of about 200 mm Hg to the brachial artery (which
runs down the arm). This pressure can be seen on the scale of the instrument
sphygmomanometer. If a stethoscope is now placed on the artery of the arm,
no sound is heard through it.

Brachial artery
(arm artery)

(agf)%wqulgﬁgﬁméq@?scope : cuff pressixe i

Sreater than systolic pressure

Pressure of
inflated
cuff

Brachial
artery
closed;
No blood




(b) When tapping sound first heard : uff?ssure is equal to systolic pressure
7

(c) When tapping sound just digappears : cuff pressure is equal to diastolic pressure
Figure 97. Measuring of blogd prgssure by using a mercury sphygmomanometer.
rrmittent

(i) With stethoscope sgjll placeti on artery pthfowuff pressure is reduced
q pressure when the heart beat is first heard
oh the stethoscope gives us the systolic pressure

gradually by deflating it. Th
as a soft tapping sound throu
[see Figure 97(b)]

(iii) The cuff pressure is
The cuff pressure when the tappiRg
gives us the diastolic pressure [see Ki%

The above observations carnb@&explained as follows : When a high
pressure of about 200 mm Hg is ap
brachial artery gets closed fully and hg o\blood flows in it [see Figure
97(a)]. Since no blood flows in the brachtahartery at this stage, therefore, no
tapping sound is heard in the stethoscope. When the cuff pressure is reduced
and becomes equal to the systolic pressure, then the brachial artery opens up
slightly and there is an intermittent blood flow in it due to which a soft
tapping sound just begins to be heard in the stethoscope [see Figure 97(b)].
And finally, when the cuff pressure is reduced further and it becomes equal to
diastolic pressure, then the brachial artery opens up fully, the blood flow in it
is fully restored and hence the tapping sound just disappears [see Figure
97(c)].

dicad fergher byndeflating it more and more.
duend! in ETethwscope just disappears,



Figure 98. A doctor measurmg the blood pressure of a patlent by usi omanometer.
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most of the tissue capillaries. " The remaining
tissue fluid carrying large protein molecules, digested fat, germs from the
cells and fragments of dead cells, enters into another type of tiny tubes called
lymph capillaries and it becomes lymph. This lymph (alongwith its contents)
is returned to the blood by another type of transport system in the human
body called lymphatic system. We will now describe the lymphatic system in
brief.

LYMPHATIC SYSTEM

A system of tiny tubes called lymph vessels (or lymphatics) and
lymph nodes (or lymph glands) in the human body which transports the
liquid called lymph from the body tissues to the blood circulatory system
is called lymphatic system. The lymphatic system consists of the following
parts :

(i) Lymph capillaries,

(if) Larger lymph vessels,
(iii) Lymph nodes (or Lymph glands), and
(iv) Lymph.



Lymph capillaries are tiny tubes which are present in the whole body
(just like blood capillaries) (see Figure 99). Lymph capillaries, however,
differ from blood capillaries in two ways : lymph capillaries are closed ended
(the end of lymph capillaries in the tissues of the body is closed), and the
pores in the walls of lymph capillaries are bigger in size (than that of blood
capillaries). Since the ends of the lymph capillaries in the body tissues are
closed, so the tissue fluid can only seep into the walls of the lymph capillaries
present in the body tissues. Moreover, since the pores in the walls of the
lymph capillaries are somewhat bigger, so even large protein molecules
present in the tissue fluid can enter into lymph capillaries (which could not
pass into blood capillaries).

The lymph capillaries join to form larger lymph vessels. The lymph
vessels have lymph nodes (or lymph glands) at intervals (see Figure 99). The
lymph nodes contain special type of cells called lymphocytes. Lymph nodes
containing lymphocytes are involved in the cleaning of lymph and protecting
the body from disease. The lymph vessels are connected to large veins of the
blood circulatory system (see Figure 99).

Lymph is a light yellow liquid which is somewhat similar in
composition to blood plasma. Lymph is not red like blood because it does not
contain red blood cells. Lymph contains large protein molecules and digested
food (which come into it from the tissue fluid between the cells). It also
contains germs from the cells and fragments of dead cells. Lymph is another
medium of circulation in the human body. But lymph flows in only one
direction — from body tissues to the heart. Since lymph is derived from the
tissue fluid which remains outside the cells of the body, so it is also called
extracellular fluid. Lymph contains a special type of white blood cells
called lymphocytes which help in fighting infection and disease.
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3. Lymph (or Iymphatic system) helps in removing the waste products
like fragments of dead cells, etc.

EXCRETION

All the organisms (plants and animals) are made up of cells. These cells
work all the time for sustaining the life of the organism. Most of the work of
the cells is in the form of biochemical reactions which they carry out all the




time. The biochemical reactions taking place in the cells of an organism may
produce toxic wastes (poisonous wastes) in the body. The accumulation of
toxic wastes in the body harms an organism. So, for an organism to lead a
normal life, the toxic wastes being produced in its body must be removed
continuously. The process of removal of toxic wastes from the body of an
organism is called excretion. Excretion takes place in plants as well as in
animals.

EXCRETION IN PLANTS

Like animals, plants also produce a number of waste products during
their life processes. As compared to animals, the plants produce waste
products very slowly and in very small amounts. The plants have no special
organs for waste removal like the animals. The plants remove their waste
products by different methods. Some of the important plant wastes and the
methods by which they are removed are described below.

The main waste products produced by plants are carbon dioxide,
water vapour and oxygen. Carbon dioxide and water vapour are produced
as wastes during respiration by plants whereas oxygen is produced as a waste
during photosynthesis. The gaseous wastes of respiration and
photosynthesis in plants (carbon dioxide, water vapour and oxygen) are
removed through the ‘stomata’ in leaves and ‘lenticels’ in stems and
released to the air. The plants excrete carbon dioxide produced as a waste
during respiration only at night time. This is because the carbon dioxide
produced during respiration in day time is all used up by the plant itself in
photosynthesis. The plants excrete oxygen as a waste only during the day
time (because oxygen is produced by photosynthesis only during the day time
when the sunlight is there). Water vapour produced as a waste by respiration
is, however, excreted by plants all the time (day as well as night). This waste
water is got rid of by transpiration.

The plants also store some of the waste products in their body parts.
For example, some of the waste products collect in the leaves, bark and fruits
of the plants (or trees). The plants get rid of these wastes by shedding of
leaves, peeling of bark and felling of fruits. So, when the dead leaves, bark
and ripe fruits fall off from a tree, then the waste products contained in them
are got rid of (see Figure 101). Some of the plant wastes get stored in the
fruits of the plant in the form of solid bodies called raphides. These wastes
are removed when the fruits get detached from the plant. For example, the




fruit called ‘yam’ (zamikand) has needle-shaped raphides on its surface. The
plants secrete their wastes in the form of gum and resins from their stems and
branches (see Figure 102). The plants also excrete some waste substances
into the soil around them.

J

Figure 101. The plants store some of the;i-v!&e}ggéﬁncts in old leaves which fall in autumn.
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Different animals have idiffi¢ organs) for excretion,
which depend on the constitu _’ mple :

1. In Amoeba (and ot , the waste material
carbon dioxide is removed by diffusion through the cell membrane,
but nitrogenous wastes (like ammonia) and excess water are
removed by the contractile vacuole.

2. In earthworm, the tubular structures called nephridia are the
excretory organs. In addition to nephridia, the moist skin of
earthworm also acts as an excretory organ.

3. In human beings, the microscopic thin tubules form nephron, which
functions as excretory unit. About 1 million nephrons taken together
form the excretory organ of human beings called kidney.



Figure 103. This coy is excreting carbon dioxide, and urea (in the form of [IRina), as waste products.
Carbon dioxide is beiRgex ted by the lungs of the cow (while ‘exhaling’)/angl uyea is being excreted
< by the kidneys in the form of uripe.

/ )

Removal of e Products in HumanS, n i

All thzr/tﬁﬁKbC(leven whe g are asleepou 03 mees waste

substances.” Théitifiajor waste BPL uced by th€huryay y are : Carbon
dioxide and Urea. Carbon dioxid€ is produced as a waste’b‘“Tﬁe oxidation of
food during the process of respiration. Urea is produced as a waste by the
decomposition of unused proteins in the liver. Our body must get rid of these
waste materials because their accumulation in the body is poisonous and
harms us. Waste removal is called excretion.

The human body has different organs for the removal of wastes from
the body. These are our lungs and kidneys. Our lungs excrete carbon
dioxide. Our kidneys excrete urea. The kidneys are the main excretory
organs of the human body. So, the main excretory system in human beings
involves the kidneys. We will first describe how lungs excrete carbon dioxide
and then study the main excretory system of human body.

The lungs remove respiratory waste carbon dioxide. This happens as
follows : Carbon dioxide is produced as a waste product in the body by the
oxidation of food during respiration. This carbon dioxide enters from the
body tissues into the blood stream by diffusion. Blood carries this carbon
dioxide to the lungs. When we breathe out, then the lungs excrete carbon
dioxide which goes into the air through nostrils. Thus, our lungs act as the
excretory organs for removing the waste product carbon dioxide from
the body.
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(containing waste substances) into the kldneys The function of kidneys is to
remove the poisonous substance urea, other waste salts and excess water
from the blood and excrete them in the form of a yellowish liquid called
urine. Thus, kidneys clean our blood by filtering it to remove unwanted
substances present in it. The cleaned blood is carried away from the kidneys
by the renal vein (or kidney vein). The ureters (or excretory tubes), one from
each kidney, opens into urinary bladder (see Figure 107). Ureters are the
tubes which carry urine from the kidneys to the bladder. Urine is stored in the
bladder. The bladder is a bag which stores urine till the time we go to the
toilet. The urethra is a tube. The urine collected in the bladder is passed out
from the body through the urethra (see Figure 107). We will now describe a
kidney in detail.

m”’;stu dygear




Figure 106. This picture‘ are.

Renal vein Renal artery

(Kidney vein)  (Kidney artery)
Figure 10 The hu

u\@;tory syste .
idney—wh &s been cut gpen to show the inner
d : 1y i

structure. Eac
called nephrons

The nephron has a cup-shdped d which is called Bowman’s
capsule. The lower end of aped and it is called a
tubule. The Bowman’ d ltleftubule talen together make a
nephron. One end of the tubule is |f : s capsule and
its other endlrédetonnepted i heelainey. The
Bowman’s capsule cogtains a bun blood capilldries which is called
glomerulus (plural glomeruli). One nd of he glomerul 1s is attached to the
renal artery which brirjgs the dlrty b ) ea waste into it (see

pwmap a é:arpsule as
a bloodmggpdiégry, surfounds the tub le Zmephron and finally joins a renal

vein (putomtgpiliren-
the flow
of urine

Urethra




Glomerulus

The function of glom ssidgndirough it. Only
the sma molecules of s ! wer: o\ 7688, amino acids,
salts, ur 2 ar'i?f’ WateT, elL., RIS ; 210 lus and [collectRighfiltrate
MegheRowman’s cap le, Photaree Nk&protelng and b?

cannot pass, ot throygh th glC 5 capillari d hgnge remain behind
in the Blood. The finction oj,if%f n il to /allp th;\)c'selectlve
reabsorptlon of the usefu Gu,-"’*” ike g ¢| Bpdingfc S, eal neand

/" aste material
eabsorbed into
the wor g @l the excretory
. 7 vein

In order to understand the working of_tHeyexcretorly system of humans,
agniﬁed\ diagram.gt"a a, Yephron shown in Figure 1009.
The dirty blood containihg waste 11ke~urea.(br gint byehal artery) enters the
glomerulus (see Figure . The glomeptlys @ this blood. During
filtration, the substances like g no Acids, salts, water and urea, etc.,
present in the blood pass into Bowman’s P4pi§tile and then enter the tubule of
nephron. When the filtrate containing useful substancbéig well as the waste
substances passes through the tubule, then the useful substances like all
glucose, all amino acids, most salts, and most water, etc., are reabsorbed into
the blood through blood capillaries surrounding the tubule. Only the waste
substances urea, some unwanted salts and excess water remain behind in the
tubule. The liquid left behind in the tubule of nephron is urine. The nephron
carries this urine into the collecting duct of the kidney from where it is
carried to ureter. From the ureter, urine passes into urinary bladder. Urine is
stored in the bladder for some time and ultimately passed out of the body
through urethra. Please note that the human urine contains water, some salts
and nitrogenous substances, most of which is urea (and some uric acid).
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Very Short Answer Type Questions

14.
15.
16.
17.
18.
19.

20.

What substance/substances are transported in plants by :
(a) xylem vessels and tracheids ?
(b) sieve tubes (or phloem) ?
Which organ acts as a pump in the circulatory system ?
Veins and arteries carry blood. Which of these carry blood :
(a) away from the heart ?
(b) back to the heart ?
Where does blood absorb oxygen ?
What stops blood from flowing backwards through the heart ?
Name (i) largest artery, and (ii) largest vein, in our body.
What gaseous waste products are excreted by plants ?
Where is the dirty blood in our body filtered ?
Name the procedure used in the working of artificial kidney.
From the following terms, choose one term which includes the other four : Plasma, Platelets,
Blood, RBC, WBC
What are the components of the transport system in highly organised plants ?
Out of xylem and phloem, which one carries materials :
(a) upwards as well as downwards ?
(b) only upwards ?
Name two liquids which help in the transport of substances in the human body.
What is the other name of main vein ?
Name the conducting tissue of plants which is made of sieve tubes alongwith companion cells.
Name the conducting tissue in plants which is made of (a) living cells, and (b) dead cells.
State the term used for the transport of food from leaves to other parts of plant.
Which process in a plant is accomplished by utilising energy from ATP : transport of water
and minerals or transport of food ?
Name the two types of transport systems in the human beings.



21.

22,
23.

24.

25.
26.
27.
28.
29.

Name a waste gas released by the plants (a) only during the day time, and (b) only during the
night time.
Name one animal having single circulation of blood and another having double circulation.
State whether the following statements are true or false :
(a) Some organisms store wastes in body parts.
(b) The value of systolic pressure is always lower than that of diastolic pressure.
Name the two parts of a plant through which its gaseous waste products are released into the
air.
What happens to the glucose which enters the nephron tubule alongwith the filtrate ?
Name the two waste products of the human body which are produced in the body cells.
What is the role of glomerulus in the kidney ?
What is the the other name of ‘high blood pressure’ ?
Fill in the following blanks with suitable words :
(a) Gums and resins are the ................. products of plants.
(b) Bowman'’s capsule and tubule taken together make a...................
(c) The organs which extract the nitrogenous wastes from the blood are ..................
(d) The extracellular fluid which always flows from body tissues to the heart is
called..................
(e) The .c.cevvenennnn.e blood cells make antibodies whereas................. blood cells help in
respiration.

Short Answer Type Questions

30.

31.

32.

33.

34.

35.
36.

37.
38.
39.

40.

What is xylem tissue ? Name the two kinds of cells in xylem tissue. State whether these cells
are living or dead.
What is phloem tissue ? Phloem contains two types of cells joined side by side. Name these
two types of cells. State whether these cells are living or dead.
(a) What is transpiration ?
(b) What do you mean by ‘translocation’ with respect to transport in plants ?
(c) Which plant tissue is involved in translocation : xylem or phloem ?
(a) Draw a labelled diagram of (i) a xylem vessel, and (ii) a sieve tube (or phloem).
(b) What are the differences between the transport of materials in xylem and phloem ?
Match the terms in column I with their uses in column II

Column I Column II
(i) Heart (a) Pipes for transport in humans
(ii) Arteries and Veins (b) Clotting of blood
(iii) Xylem vessels (¢c) Pumping organ
(iv) RBC (d) Water transport in plants
(v) Platelets (e) Carrier of oxygen

Define excretion. Name the excretory unit of a kidney.
(a) What job is done by the kidneys ?
(b) What do kidneys excrete ?
(c) What is the name of the tubes which connect the kidneys to bladder ?
(d) What does the bladder in our body do ?
Why do some people need to use a dialysis machine ? What does the machine do ?
What is the liquid part of the blood called ? What is the function of platelets in the blood ?
(a) How many types of blood vessels are there in the human body ? Name them.
(b) Why does the heart need valves ?
A dialysis machine contains long tubes coiled in a tank containing dialysing solution :

(i) Of what substance are the tubes made ?



41.
42.

43.
44.
45.

46.
47.

48.
49.

(ii) What does the dialysing solution contain ?

(iiif) Name the main waste which passes into the dialysing solution.
State the differences between artery, vein and capillary.
(a) What are the upper parts of the heart called ?
(b) What are the lower parts of the heart called ?
(c) What is the name of blood vessels which connect arteries to veins ?
(d) (i) Which side of the heart pumps blood into the lungs ?
(i) Which side of the heart pumps blood into entire body (except the lungs) ?
(a) What are the methods used by plants to get rid of their waste products ?
(b) How are waste products excreted in Amoeba ?
(a) What is lymph ? State two major functions of lymph.
(b) What is meant by saying that the blood pressure of a person is 120/80 ?
What is hypertension ? Why is it caused ? What harm can it do ?
What are the various components of blood ? State their functions.
With which human organ systems (or human systems) are the following associated ?
(i) vena cava
(ii) glomerulus
(iii) alveoli
(iv) villi
What is meant by ‘systolic pressure’ and ‘diastolic pressure’ ? What are their normal values ?
(a) What is meant by ‘heart beat’ ? What is the usual heart beat rate at rest ?
(b) What change occurs in heart beats if a person runs for a while ? Why ?

Long Answer Type Questions

50.

51

52.

53.

54.

55.

56.

(a) What is blood ? Why is it red ?
(b) State the functions of blood in our body.
(c) Name a circulatory fluid in the human body other than blood.
(a) What is meant by human circulatory system ? Name the organs of the circulatory system
in humans.
(b) Draw a diagram of the human heart and label its parts.
(c) What is meant by the terms ‘single circulation’ and ‘double circulation’ ?
Describe the working of human blood circulatory system with the help of a suitable diagram
which shows all the steps involved.
(a) Name the red pigment which carries oxygen in the blood.
(b) Why is it necessary to separate oxygenated and deoxygenated blood in mammals and
birds ?
(c) How many chambers are there in the heart of : (i) an amphibian, (ii) a mammal, and (iii)
a fish ?
(d) Describe the circulatory system in a fish.
(a) What is lymphatic system ? What are its functions ?
(b) What is blood pressure ? What are the two factors used to express the blood pressure of
a person ?
(c) Name the main nitrogenous waste in the human blood. How is it removed from the
blood ?
(a) Name the various organs of the human excretory system.
(b) Draw a neat labelled diagram of the human excretory system.
(c) What is the function of excretory system in humans ?
(a) Describe the mechanism of urine formation in human excretory system. Draw a labelled
diagram to illustrate your answer.



(b) Where is urine carried through ureters ?
(c) What is urethra ?
57. (a) What is meant by dialysis ? What type of patients are put on dialysis ?
(b) Explain the principle of dialysis with the help of a labelled diagram.
58. (a) Why is transport of materials necessary in an organism (plant or animal) ?
(b) What is the need of special tissues or organs for transport of substances in plants and
animals ?
(c) How are water and minerals transported in plants ?
(d) How is food transported in plants ?

Multiple Choice Questions (MCQs)

59. One of the following does not have a nucleus. This one is :
(a) red blood cell
(b) white blood cell
(c) guard cell
(d) epidermal cell
60. The component of blood which makes chemicals known as antibodies is :
(a) platelets
(b) white blood cells
(c) red blood cells
(d) plasma
61. An animal in which the oxygenation of blood does not take place in the lungs is :
(a) cow
(b) fish
(c) frog
(d) fox
62. Which of the following carries substances upwards as well as downwards in a plant ?
(a) xylem
(b) companion cells
(c) phloem
(d) tracheids
63. One of the following is not a constituent of blood. This one is :
(a) red blood cells
(b) white blood cells
(c) sieve plates
(d) platelets
64. If a patient is put on dialysis, he is most likely suffering from a severe ailment of the :
(a) circulatory system
(b) respiratory system
(c) excretory system
(d) digestive system
65. Water absorption through roots can be increased by keeping the potted plants :
(a) in the shade
(b) indim light
(c) under the fan
(d) covered with a polythene bag
66. A blood vessel which carries blood back to the heart is :
(a) artery
(b) vein
(c) capillary



67.

68.

69.

70.

71.

72.

73.

74.

75.

(d) platelet
Blood is pumped from the heart to the entire body by the :
(a) lungs
(b) ventricles
(c) atria
(d) nerves
The blood leaving the tissues becomes richer in :
(a) carbon dioxide
(b) water
(c) haemoglobin
(d) oxygen
What prevents the backflow of blood inside the heart during contraction ?
(a) thick muscular walls of ventricles
(b) wvalves
(c) thin walls of atria
(d) all of the above
Which of the following is the correct path taken by urine in our body ?
(a) kidney — ureter — > urethra — bladder
(b) kidney —— bladder ——— urethra ——— ureter
(c) kidney — ureter — > bladder — > urethra
(d) bladder — > kidney > ureter > urethra
In which of the following vertebrate group/groups, heart does not pump oxygenated blood to
different parts of the body ?
(a) pisces and amphibians
(b) amphibians and reptiles
(c) amphibians only
(d) pisces only
Which vein brings clean blood from the lungs into the heart ?
(a) renal vein
(b) pulmonary vein
(c¢) vena cava
(d) hepatic vein
Which blood vessel does not carry any carbon dioxide ?
(a) pulmonary artery
(b) vena cava
(c) hepatic vein
(d) pulmonary vein
It has been found that people living in very high mountains have many more red corpuscles in
their blood than people living in plains. Which one of the following best accounts for this
phenomenon ?
(a) the cold climate stimulates the production of red corpuscles to keep the body warm
(b) people of high mountains breathe more quickly
(c) the low air pressure requires more red corpuscles to supply the body cells with oxygen.
(d) the low air pressure in high mountains speeds up the blood circulation so that more red
corpuscles are needed
The phloem tissue in plants is responsible for the transport of :
(a) water
(b) water and minerals
(c) sugar
(d) all of the above




76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Which of the following has a three-chambered heart ?
(a) pigeon
(b) lizard
(c) fish
(d) lion
In which of the following are the largest amounts of nitrogen excreted from a mammalian body
b)
(a) breath
(b) sweat
(c) urine
(d) faeces
Which one of the following has cytoplasm but no nucleus :
(a) xylem vessel
(b) sieve tube
(c) tracheid
(d) companion cell
The process of carrying food from the leaves to other parts of a plant is called :
(a) transpiration
(b) transportation
(c) translocation
(d) transformation
Which of the following is the only conducting tissue in non-flowering plants ?
(a) xylem vessels
(b) sieve tubes
(c) companion cells
(d) tracheids
Which of the following helps in the upward movement of water and dissolved minerals from
the roots to the leaves through the stem ?
(a) transportation
(b) translocation
(c) tropic movement
(d) transpiration
Which one of the following does not have valves ?
(a) heart
(b) arteries
(c) capillaries
(d) veins
Which of the following is accomplished in a plant by utilising the energy stored in ATP ?
(a) transport of food
(b) transport of water and minerals
(c) transport of oxygen
(d) transport of water, minerals and food
Coagulation of blood in a cut or wound is brought about by :
(a) plasma
(b) platelets
(c) WBC
(d) RBC
The blood vessel which carries oxygenated blood from the lungs to the heart is :
(a) main artery
(b) pulmonary artery



86.

87.

88.

89.

90.

91.

92.

93.

94.

(c) main vein
(d) pulmonary vein
The instrument for measuring blood pressure is called :
(@) manometer
(b) sphygmomanometer
(c) barometer
(d) potentiometer
The excretory unit in the human excretory system is called :
(a) nephron
(b) neuron
(c) nephridia
(d) kidneyon
The substance which is not reabsorbed into the blood capillaries surrounding the tubule of a
nephron is mainly :
(a) glucose
(b) amino acid
(c) urea
(d) water
The procedure of cleaning the blood of a person by using a kidney machine is known as :
(a) ketolysis
(b) hydrolysis
(c) dialysis
(d) photolysis
The excretory organs in an earthworm are :
(a) nephridia
(b) nephrons
(c) raphides
(d) ureters
The cells in our blood which destroy disease-causing germs, are :
(a) platelets
(b) skin cells
(c) RBCs
(d) WBCs
The wave of expansion of an artery when blood is forced into it is called :
(a) flow
(b) heart beat
(c) pulse
(d) ticking
In autotrophs, water is transported through :
(a) root hair
(b) phloem
(c) stomata
(d) xylem
An animal having double circulation in a three-chambered heart is :
(a) fish
(b) snake
(c) deer
(d) sparrow

Questions Based on High Order Thinking Skills (HOTYS)



95. The transport system in plants consists of two kinds of tissues X and Y. The tissue X is made
up of living cells and consists of two components A and B. The component A has tiny pores
in its end walls and contains only cytoplasm but no nucleus. On the other hand, component
B has cytoplasm as well as nucleus. The tissue Y is made up of dead cells and consists of
two components C and D. The component C has open ends whereas component D does not
have open ends. In flowering plants, either only C or both C and D transport water but D is
the only water conducting tissue in non-flowering plants.

(a) What is (i) tissue X (ii) component A, and (iii) component B ?
(b) What is (i) tissue Y (ii) component C, and (iii) component D ?

96. Water and dissolved minerals get into the root hair of a plant by a process called A and enter
the conducting tissue B. The process C helps the water and dissolved minerals to move up
through the tissue B in roots and stem, and reach the leaves of a plant. In the leaves food is
made by a process D. This food is then transported to all the parts of a plant through tissue
E. The process of distributing food made in the leaves to all the parts of the plant is called F.
(a) What are (i) A (ii) B (iii) C (iv) D (v) E, and (vi) F ?

(b) Which tissue is made up of living cells : B or E ?
(c) Which tissue, B or E, contains sieve tubes ?
(d) Which tissue, B or E, contains tracheids ?

97. The liquid connective tissue A circulates in our body continuously without stopping. This
tissue contains a pigment B which imparts it a colour C. The tissue A consists of four
components D, E, F and G. The component D fights infection and protects us from diseases.
The component E helps in the clotting of tissue A if a person gets a cut. The component F is
a liquid which consists mainly of water with many substances dissolved in it and component
G carries oxygen from the lungs to all the parts of the body.

(a) What is (i) tissue A (ii) pigment B, and (iii) colour C ?

(b) Name (i) D (ii) E (iii) F, and (iv) G.

(c) Name one substance (other than oxygen) which is transported by tissue A in the human
body.

(d) Which two components of tissue A are the cells without nucleus ?

(e) Name any two organisms (animals) which do not have liquid like A in their body.

98. The human body has an organ A which acts as a double pump. The oxygenated blood coming
from the lungs through a blood vessel B enters the upper left chamber C of the double pump.
When chamber C contracts, then blood goes into lower left chamber D. The contraction of
chamber D forces the blood to go into a blood vessel E which supplies oxygenated blood to
all the organs of the body (except the lungs). The deoxygenated blood coming out of the
body organs is taken by a blood vessel F to the right upper chamber G of pumping organ.
Contraction of chamber G forces the deoxygenated blood into right lower chamber H. And
finally the contraction of chamber H sends the deoxygenated blood into lungs through a
blood vessel 1.

(a) What is organ A ?

(b) Name the blood vessel (i) B (ii) E (iii) F, and (iv) I.
(c) What are chambers (i) C, and (ii) D ?

(d) What are chambers (i) G and (ii) H ?

99. A liquid X of colour Y circulates in the human body only in one direction : from body tissues
to the heart. Among other things, liquid X contains germs from cells and dead cells. The
liquid X is cleaned of germs and dead cells by a special type of white blood cells called Z.
This cleaned liquid is then put into blood circulatory system in subclavian veins.

(a) What is (i) liquid X, and (ii) colour Y ?
(b) What are Z ?
(c) The liquid X is somewhat similar to a component of blood. Name this component.



(d) Why is liquid X not red ?

100. There is a pair of bean-shaped organs P in the human body towards the back, just above the
waist. A waste product Q formed by the decomposition of unused proteins in the liver is
brought into organ P through blood by an artery R. The numerous tiny filters S present in
organ P clean the dirty blood by removing the waste product Q. The clean blood goes into
circulation through a vein T. The waste substance Q, other waste salts, and excess water
form a yellowish liquid U which goes from organ P into a bag-like structure V through two
tubes W. This liquid is then thrown out of the body through a tube X.

(a) What is (i) organ P, and (ii) waste substance Q ?

(b) Name (i) artery R, and (ii) vein T.

(c) What are tiny filters S known as ?

(d) Name (i) liquid U (ii) structure V (iii) tubes W, and (iv) tube X.

101. The organs A of a person have been damaged completely due to which too much of a
poisonous waste material B has started accumulating in his blood, making it dirty. In order
to save this person’s life, the blood from an artery in the person’s arm is made to flow into
long tubes made of substance E which are kept in coiled form in a tank containing solution
F. This solution contains three materials G, H and I in similar proportions to those in normal
blood. As the person’s blood passes through long tubes of substance E, most of the wastes
present in it go into solution. The clean blood is then put back into a vein in the arm of the
person for circulation.

(a) What are organs A ?

(b) Name the waste substance B.

(c) What are (i) E, and (ii) F ?

(d) Name G, H and 1.

(e) What is the process described above known as ?

ANSWERS

4. (a) Arteries (b) Veins 6. Valves 7. (i) Aorta (ii) Vena cava 11. Blood 13. (a) Phloem (b) Xylem
14. Blood and Lymph 15. Vena cava 16. Phloem 17. (a) Phloem (b) Xylem 18. Translocation 19.
Transport of food 21. (a) Oxygen (b) Carbon dioxide 23. (a) True (b) False 24. Lenticels and
Stomata 25. It is reabsorbed into the blood through blood capillaries surroundings the tubule 26.
Carbon dioxide and Urea 28. Hypertension 29. (a) waste (b) nephron (c) kidneys (d) lymph (e)
white ; red 34. (i) c (ii) a (iii) d (iv) e (v) b 40. (i) Cellulose (ii) Water, glucose and salts in similar
concentrations to those in normal blood (iii) Urea 42. (a) Atria (b) Ventricles (c) Capillaries (d) (i)
Right side (ii) Left side 47. (i) Circulatory system (ii) Excretory system (iii) Respiratory system
(iv) Digestive system 50. (c) Lymph 59. (a) 60. (b) 61. (b) 62. (c) 63. (c) 64. (c) 65. (c) 66. (b) 67.
(b) 68. (a) 69. (b) 70. (c) 71. (d) 72. (b) 73. (d) 74. (c) 75. (c) 76. (b) 77. (c) 78. (b) 79. (c) 80. (d)
81. (d) 82. (c) 83. (a) 84 (b) 85. (d) 86. (b) 87. (a) 88. (c) 89. (c) 90. (a) 91. (d) 92. (c) 93. (d) 94.
(b) 95. (a) (i) Phloem (ii) Sieve tube (iii) Companion cell (b) (i) Xylem (ii) Xylem vessel (iii)
Tracheids 96. (a) (i) Diffusion (ii) Xylem (iii) Transpiration (iv) Photosynthesis (v) Phloem (vi)
Translocation (b) E (c) E (d) B 97. (a) (i) Blood (ii) Haemoglobin (iii) Red (b) (i) White blood
cells (ii) Platelets (iii) Plasma (iv) Red blood cells (c) Digested food (d) E (Platelets) and G (Red
blood cells) (e) Amoeba and Grasshopper 98. (a) Heart (b) (i) Pulmonary vein (ii) Aorta (iii) Vena
cava (iv) Pulmonary artery (c) (i) Left atrium (ii) Left ventricle (d) (i) Right atrium (ii) Right
ventricle 99. (a) (i) Lymph (ii) Light yellow (b) Lymphocytes (c) Plasma (d) It does not contain
red blood cells having the red pigment haemoglobin 100. (a) (i) Kidneys (ii) Urea (b) (i) Renal
artery (ii) Renal vein (c) Nephrons (d) (i) Urine (ii) Bladder (iii) Ureters (iv) Urethra 101. (a)
Kidneys (b) Urea (c) (i) Cellulose (ii) Dialysing solution (d) Water, Glucose and Salts (e) Dialysis.
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! (or moving) towards
the sun. We eat food energy). In this case,
hunger is the stim pd. From the above
discussion we concl is a characteristic
property of the living organisms. Another word which is also used in place
of ‘reaction’ is ‘response’. So, we can also say that the response to stimuli is
a characteristic property of the living organisms.

Both, plants and animals react (or respond) to various stimuli
around them. But the method of reacting to stimuli is not similar in plants
and animals. They react to stimuli in different ways. For example, plants
bend towards light but animals do not bend towards light. The animal
Amoeba reacts to the presence of food by moving towards the food particle.
Similarly, Amoebae tend to aggregate (collect together) in moderately warm
water which is their reaction to the stimulus called heat. Amoeba and other
protozoa react to the mechanical obstacles by avoiding them. We find that the
Amoeba (which is an animal) can react to different stimuli in different ways.
The animals can react to stimuli in many different ways because they
have a nervous system and an endocrine system involving hormones. The
plants, however, react to stimuli in a very limited way. This is because the
plants do not have a nervous system like the animals have. The plants use
only the hormones for producing reaction to external stimuli.

From all the above examples we conclude that when a stimulus acts on
our body, then we react (or respond) in a manner which is in the best interest
of our body. The reaction (or response) which we give to the stimulus
involves many organs of our body. It is, therefore, necessary that all the
concerned organs should work with one another in a systematic manner so as
to produce the required reaction. In other words, the various organs should
co-operate with one another to provide proper reaction to the stimulus. The



working together of the various organs of an organism in a systematic
manner so as to produce a proper response to the stimulus, is called
coordination. We will now discuss the control and coordination in plants,
animals and human beings, one by one. Let us start with control and
coordination in plants.

CONTROL AND COORDINATION IN PLANTS

The plants do not have a nervous system and sense organs like eyes,
ears, or nose, etc., like the animals, but they can still sense things. The
plants can sense the presence of stimuli like light, gravity, chemicals, water,
and touch, etc., and respond to them. The plants can sense things like light,
gravity, chemicals, water, and touch, etc., by the action of hormones in them.
The stimuli like light, gravity, chemicals, water, and touch, etc., are called
environmental changes. So, we can also say that the plants coordinate their
behaviour against environmental changes by using hormones. The
hormones in plants do not act the same way as in animals. The hormones in
plants coordinate their behaviour by affecting the growth of a plant. And the
effect on growth of the plant can result in the movement of a part of the plant
like shoot (stem) or root, etc.

Animals use both nervous system and hormones for coordination of
their activities. Plants have no nervous system, so plants use only
hormones for coordination. Thus, the reaction (or response) of plants to
different stimuli like light, gravity, chemical substances, water, and touch
etc., is due to the effect of hormones. Please note that animals can respond
quickly because they have a nervous system. Plants cannot respond quickly
because they have no nervous system. The plants respond to various
stimuli very slowly by growing. So, in most of the cases, the response of a
plant to a stimulus cannot be observed immediately. It usually takes a
considerable time to observe the effect of a stimulus on a plant.
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hormones. Keeping these points in mind, we will now discuss the various
types of plant hormones.

Plant Hormones (or Phytohormones)

The control and coordination in plants is done by plant hormones
(or phytohormones). The plant hormones coordinate the activities of the
plant by controlling one or the other aspect of the growth of the plant. So, the
plant hormones are also known as plant growth substances. The growth of a
plant can be divided into three stages : cell division, cell enlargement and cell
differentiation (or cell specialisation), and these stages have particular
locations in a plant. These three stages of plant growth as well as promotion
of dormancy, breaking of dormancy, stomata control, falling of leaves, fruit
growth, ripening of fruits and ageing in plants are controlled by the various
plant hormones.

There are four major types of plant hormones (or phytohormones)
which are involved in the control and coordination in plants. These are :

1. Auxins,

2. Gibberellins,

3. Cytokinins, and

4. Abscisic acid (ABA).
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(iii Cytokinins are the plant hormones which promote cell division in

) plants. Cytokinins also help in breaking the dormancy of seeds
and buds. They delay the ageing in leaves. Cytokinins promote
the opening of stomata. They also promeote fruit growth.

(iv) Abscisic acid is a plant hormone which functions mainly as a
growth inhibitor. Abscisic acid promotes the dormancy in seeds
and buds (this is the opposite of breaking of dormancy). It also
promotes the closing of stomata. Abscisic acid promotes the
wilting and falling of leaves (which is called abscission). It also
causes the detachment of flowers and fruits from the plants.




Plant Movements

The plants are fixed at a place with their roots in the ground, so they
cannot move from one place to another. That is, plants do not show
locomotion (movement of the entire body). However, movements of the
individual parts or organs of a plant (like shoot, root, leaves, etc.) are possible
when they are subjected to some external stimuli like light, force of gravity,
chemical substances, water, and touch, etc. These movements of the plant
part are usually caused by an unequal growth in its two regions by the
action of plant hormones, under the influence of the stimulus. For
example, the auxin hormone is made and secreted by the meristematic tissue
at the tip of stem (or tip of shoot). The auxin hormone speeds up the growth
in stems. So, 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 than the
other side (having less auxin hormone). This will cause the stem to bend.
And when the stem bends to one side, we say that the stem is showing
movement. This movement (or bending) of the stem has been caused by its
growth. So, we can say that the bending of a stem (or shoot) (when exposed
to light from one side) is a growth movement. In fact, the movement in any
part of a plant is usually a growth movement. Please note that when a
plant part shows movement, it remains attached to the main body of the plant.
It does not get detached from it. We will now discuss tropism in which the
part of a plant shows movement in response to various stimuli.

TROPISMS (OR TROPIC MOVEMENTYS)

A growth movement of a plant part in response to an external




stimulus in which the direction of stimulus determines the direction of
response is called tropism. Thus, tropism is a directional movement of the
part of a plant caused by its growth. The growth of a plant part in response to
a stimulus can be towards the stimulus (in the direction of stimulus) or away
from the stimulus (against the direction of stimulus) due to which we can
have a positive tropism or negative tropism, respectively. So :

1. If the growth (or movement) of a plant part is towards the

stimulus, it is called positive tropism, and

2. If the growth (or movement) of a plant part is away from the

stimulus, then it is called negative tropism.

We will now give an example of tropism. When a growing plant is
exposed to light from only one side, then it responds by bending its stem (or
shoot) towards the light. This is an example of phototropism (which is caused
by the ‘light’ acting as ‘stimulus’. ‘Photo’ stands for ‘light’). The bending of
the plant stem (or shoot) towards light is actually positive phototropism.

Types of Tropisms

There are five common stimuli in the environment : light, gravity,
chemicals, water and touch (or contact). These five stimuli give us five types
of tropisms : phototropism, geotropism, chemotropism, hydrotropism and
thigmotropism. In phototropism, the stimulus is light ; in geotropism the
stimulus is gravity, in chemotropism the stimulus is a chemical, in
hydrotropism the stimulus is water, and in thigmotropism the stimulus is
touch (of a solid surface). It is obvious that the tropisms are named according
to the stimulus. This will become clear from the following table.

Stimulus Type of tropism
Light Phototropism
Gravity Geotropism
Chemical Chemotropism
Water Hydrotropism
Touch Thigmotropism

We will now give the definitions of all the five types of tropisms.

(i) The movement of a plant part in response to light is called
phototropism. In other words, the response of a plant to light is called
phototropism. If the plant part moves towards light, it is called positive
phototropism. On the other hand, if the plant part moves away from light,
then it is called negative phototropism. The stem (or shoot) of a growing



plant bends towards light, so the stem (or shoot) of a plant shows positive
phototropism (see Figure 5). On the other hand, the roots of a plant move
away from light, so the roots of a plant show negative phototropism.
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(iii) The movement of a plant part in response to a chemical
stimulus is called chemotropism. In other words, the response of a plant to
chemical stimulus is called chemotropism. If the plant part shows movement
(or growth) towards the chemical, it is called positive chemotropism. On the
other hand, if the plant part shows movement (or growth) away from the
chemical, then it is called negative chemotropism. The growth of pollen tube
towards the ovule during the process of fertilisation in a flower is an example
of chemotropism (It is actually positive chemotropism). In this case the
pollen tube grows towards the sugary substance (chemical) secreted by the
ripe stigma of carpel in the flower.

(iv) The movement of a plant part in response to water is called
hydrotropism. In other words, the response of a plant part to water is called
hydrotropism. If the plant part moves towards water, it is called positive
hydrotropism. On the other hand, if the plant part moves away from water,
then it is called negative hydrotropism. The roots of a plant always go



towards water, so roots are positively hydrotropic (see Figure 7).

Figure 7. The roots of a plant always go towards vater. They show positive hydrotropism.
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Response of Plant

Plants need sun ='7=:~ sp the, i 'spond to sunlight by
growing towards it. ’ﬁIaﬁ afsa a-;-v‘,?:.-, to face the sun. This
makes sure that the leaves get as much sun 1g11t as possible. When a plant is
grown in the open ground with the sunlight coming from above, then the
stem of plant grows straight up. If, however, the plant is grown with sunlight
coming from one side, then the stem of plant bends towards the direction
from which the sunlight comes. The root of plant, however, bends away from
the direction from which the sunlight comes. We will now describe an
experiment to show the response of plant parts to light.

We take a potted plant growing in a transparent glass jar. When this
potted plant is kept in the open space, the sunlight falls from above due to
which the stem of plant grows straight up towards the source of light ‘sun’
[see Figure 10(a)]. The root of plant also grows straight but in the downward
direction.
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(ii) When the lightfallaconly of the righisside of the stem [side B in
Figure 11(b)], then thewsXinthormope oléecﬂs' HSHPYEF side (shady side A)
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(iii) Now, more auxin "{fﬂ -;'?ispresen in the left side of stem but not
on its right side. Due to more auxin hormone, the left side (A) of stem grows
faster than its right side (B) where there is no auxin. Since the left side of
stem grows faster and becomes longer than its right side, therefore, the stem
bends towards the right side (in the direction of light) [see Figure 11(c)].

We can also explain the bending of a plant root away from light by
the action of auxin hormone. For this we have to remember that the effect
of auxin on the growth of a root is exactly opposite to that on a stem. Thus,
though auxin hormone increases the rate of growth in a stem but it
decreases the rate of growth in a root. Now, the side of a root away from
light will have all the auxin concentrated in it. Due to this, the side of root
which is away from light will grow slower than the other side and make the
root bend away from light. Please draw the diagram to show the bending of
plant root away from light yourself.

The Response of Plants to Gravity : Geotropism

The force with which the earth pulls all the things towards it, is called
gravity. The force of gravity always acts in the downward direction. The
response of plants to gravity is called geotropism. Geotropism is also
known as gravitropism.

(i) The roots of plants always grow downward in response to gravity.



This makes sure that they will find soil and water.
(ii The stems (or shoots) of plants always grow up, away from the pull
) of gravity. This makes sure that they will get light.

The movement of plant roots towards the earth and that of stem
away from earth, both are cases of geotropism. Since the roots grow down
towards the pull of gravity, so the downward growth (or downward
movement) of roots is called positive geotropism. The stem (or shoot) grows
upwards, away from the pull of gravity, so the upward growth (or upward
movement) of stem or shoot is called negative geotropism. The response of
plants to gravity (or geotropism) will become more clear from the following
experiment.

(i) We take a potted plant growing in a transparent glass jar. When this
potted plant is kept in the normal position, we can see that its roots are
growing downwards and its stem is growing upwards [see Figure 12(a)].

(a)

otted plant

lying horizontally
on i side l

Figure 12. Experlment ow the response of a plant to gravity (geotropism).

(i) Let us now tilt the potted plant and keep the pot horizontally on its
side as shown in Figure 12(b In th itien, the roots and stem both are
parallel to the ground (or earth t toggmain in this position for
a few days Stem “f:'-' bends

(iii) After a fe%‘géydsswe will fn ¢ doatsvafithe potted plant bend

downwards towards the earth and the stem of plant bends upwards, away
from the earth [see Figure 12(c)]. The roots of plant grow downwards in
response to the pull of gravity. The stem of plant responds to gravity in the
opposite way, by growing upwards (away from the pull of gravity).

Response of Plants to Chemicals : Chemotropism



The growth (or movement) of a plant part due to chemical stimulus
is known as chemotropism. The growth (or movement) of a pollen tube
towards the ovule induced by a sugary substance as stimulus, is an example
of chemotropism. This can be explained as follows : The ripe stigma in the
carpel of a flower secretes a chemical substance (which is a sugary substance)
into the style towards the ovary (see Figure 13). This sugary substance acts as
a stimulus for the pollen grains which fall on the stigma of the carpel. The
pollen grain responds to this stimulus by growing a pollen tube in the
downward direction into the style of the carpel and reaches the ovule in the
ovary of the flower for carrying out fertilisation. This growth of the pollen
tube in response to a chemical substance secreted by the stigma of a flower is
an example of chemotropism.
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Figure 13. Diagram to show the Ta onsedt A plant part ‘pollen’ to chemical secreted by stigma (or
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towar@ls water, it gppedrs—ha / move towards water. We will now
descripe an experimenf t6/demonstrate hydrotropism. This will show us the
respornse of roots to water. 0“;. :
e take two glags tkoughs/Aand|B and®ilkeach one of them twortl
with doil digee—Eigyre 14). Trfrough Awe_plant a tiny seedling [seqFi
| f-emale nucle T
14(a)]. In trough B we plamt\a\similar seedlolgl% rpofgmaulsso place a ol
pot’ imside the soil [see i@re 14(b)]{ Water the soif in trough A} r" o
uniformly. Do not jwatek the sojl il trqugh B but put some water fitficEipe

pot buried in the sqil. Leae-bdth the troughs for a few days.

Response of Plants to Watey
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pot

otil:the troughs without
eedling in trough A is
straight. On the other hahd, fhe roof of ‘seedling in‘trough B is found to be
bent to the right side (towards the clay potVicasttadiling water) [see Figure
14(b)]. This can be explan%éoe{s follows.

In trough A, the root of seedling gets water from both sides (because the
soil is watered uniformly). But in trough B, the root gets water oozing out
from the clay pot which is kept on the right side. So, the root of seedling in
trough B grows and bends towards the source of water to the right side. This
experiment shows that the root of a plant grows towards water. In other
words, the root of a plant is positively hydrotropic.

Root grows |5
Now, digqrthe_seed

damaging their roeiisr

Directional Response of Plants to the Touch of an Object :
Thigmotropism

There are some plants called ‘climbing plants’ which have weak stems
and hence cannot stand upright (or erect) on their own. The climbing plants
have climbing organs called tendrils. Tendrils are the thin, thread-like
growths on the stems or leaves of climbing plants. Thus, there are two
types of tendrils : stem tendrils and leaf tendrils. Tendrils are sensitive to
the touch (or contact) of other objects. That is, tendrils have cells which
can sense their contact with a nearby solid object like a bamboo stick, or the
stem of another plant. So, when a tendril touches an object, then the side of
tendril in contact with the object grows slowly than its other side. This causes
the tendril to bend towards the object by growing towards it, wind around the
object and cling to it (see Figure 15). The winding movement of the tendril of
a climbing plant is an example of thigmotropism. The stimulus in
thigmotropism is the touch (or contact) of an object. The winding movement
of the tendril of a plant around a nearby object gives support to the plant
having a weak stem.



Thigmotropism is often seen in plants having tendrils. Tendrils are
positively thigmotropic which means that they grow towards things they
happen to touch. The plants having stem tendrils or leaf tendrils which are
positively thigmotropic climb up artificial supports, other plants or fences
very easily. The plants such as bitter gourd (karela), bottle gourd (lauki),
grape vine and passion flower have stem tendrils which are positively
thigmotropic and make these plants to climb up by winding around various
types of supports [see Figure 15(a)]. The plants such as peas and glory lily
have leaf tendrils which are positively thigmotropic. These leaf tendrils also
make their plants to climb up by winding around various types of nearby
supports [see Figure 15(b)]. From the above discussion we conclude that
tendrils are the climbing organs of the plants which are positively
thigmotropic.

| help the plant to climb up a support
Stem

& Y ;

...,3 —

(b) Leaf tendrils als n the plant to chimb up a support
Figure 15. Diagrams to show the respon la tp / te |G ovthe touch of an object (here a

Leaf Lﬁ
The Usefulness of TEo1¢ M
=
The various types of tropic/is
For example, even if a seg «
downwards into eat#rbesats
root will also grow towards Syate
Similarly, thgfas?l1 ot of such a seed Will grow upwards because it is negatively
geotropic an towards light because it is pasiti#ély phototropic. These tropic
movements help the plants to obgain water|and nutrients from soil and light

from the sun, whdndremetessary for their growth and survival.
(for support)

. Weak
stem



Figure 16. Whichever way ™ a seed is planted, its rQot always grows downwards into the goil. This is

NASTYES ( R NAS

We Rave just studidd thain tropisty, a plaj ReREH s owards
the stimuldsor away |from the~semiflis— in\'sonjg /plants, the

movement of the plant fart is neither toyards the stimulus ndT§way from the
stimulus. That is, the movement of plant part in some plans is not in a
particular direction with'respect to stimulus. 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 stimulus is called nastic movement.
Nastic movements of plants are also called nasties. The nastic movements of
plants are induced by stimuli such as heat, light, touch (or contact), etc. The
main difference between tropic and nastic movements is that tropic
movement is a directional movement of a plant part but nastic movement
is not a directional movement of the plant part with respect to the
stimulus. The direction of nastic movement is not determined by the
direction from which the stimulus is applied. In nastic movement, from
whichever direction the stimulus is applied, it affects all the parts of the organ
of a plant equally and they always move in the same direction. Nastic
movements are mostly exhibited by the flat organs of the plants like ‘leaves’
and ‘petals of flowers’. Some of the examples of the nastic movements of
plants (or nasties) are given below :

(i) The folding up of the leaves of a sensitive plant (Mimosa pudica)
on touching is an example of nastic movement. Here the stimulus
is touch.

(ii) The opening up of the petals of dandelion flowers in morning in
bright light and closing in the evening when the light fades is an
example of nastic movement. In this case the stimulus is light.

(iii The closing of the petals of moonflower in the morning in bright

) light and opening at dark when the light fades is also an example
of nastic movement. In this case also the stimulus is light.

Please note that though all tropisms are growth movements but all

nasties (or nastic movements) are not growth movements. Nastic movements
may or may not be growth movements. For example, the folding up of the



leaves of a sensitive plant on touching is not a growth movement but the
opening and closing of petals of flowers by the action of sunlight is a
growth movement.

We have just said that most of the movements of the plant parts are
caused by their growth. Now, since the growth of a plant part is usually a
slow process, therefore, most of the movements of plant parts are very
slow. There are, however, some exceptions. We will now describe the
movement of a plant part (leaves) which is unusually fast and takes place
almost immediately. It is the folding up of the leaves of a sensitive plant
when touched with a finger (or any other object). This is discussed below
under the topic on thigmonasty.

Thigmonasty

The non-directional movement of a plant part in response to the
touch of an object is called thigmonasty. In other words, thigmonasty is the
nastic movement of a plant part in response to touch. Thus, the stimulus in
thigmonasty is the ‘touch’. An example of the nastic movement in plants
caused by touch (or thigmonasty) is provided by the sensitive plant (Mimosa
pudica) which is also known as touch-me-not plant. It is called chhui-mui in
Hindi. If we touch the leaves (or rather leaflets) of the sensitive plant with our
fingers, then its leaves fold up and droop almost immediately. The folding up
of the leaves of sensitive plant on touching, is an example of nastic
movements in plants (in which the stimulus is the ‘touch’ of our fingers).

Sensitive




Figure 17.A#gr Neaves of ensithoupglaim §Mintbsa pudica)
_ _ fingers
Figure 17(a) showisihe open led a sensitive plant. When we touch
the leaves of this senSitt Wit

our” fin

ers, then these leaves of

lant is not a case of

tropism (like thigmot ‘E‘-C“ ) becah&e in t ase the direction of movement
of leaves does not dep i on the di etion ofsti (touch). We will now
describe how the leaves of a sensitive | d up when touched.

The sensitive plant has pad-like swellingscalled ‘pulvini’ at the base
of each leaf [see Figure 18(a)] (The singular of pulvini is pulvinus). The
pulvini contain a lot of water in their cells. Due to the internal ‘water
pressure’ in them (called turgor), all the pulvini are very firm and hold the
leaves above them upright [see Figure 18(a)]. The pulvini have also large
intercellular spaces (empty spaces) between their cells. The folding up of the
leaves of a sensitive plant on touching is due to the sudden loss of water
from pad-like swellings called ‘pulvini’ present at the base of all leaves of
the sensitive plant which make the pulvini lose their firmness causing the
leaves to droop and fall. This happens as follows.

When the leaves of sensitive plant (having pulvini at their base) are
touched with a finger, then an electrical impulse is generated which travels
through ordinary cells (because there are no nerve cells in sensitive plant or
other plants). This electrical impulse acts on a plant hormone. The plant
hormone makes the water migrate from the cells of one half of a pulvinus to
the intercellular spaces in the other half of pulvinus. This loss of water from
half of pulvinus causes the pulvinus to lose its firmness making the leaf to
fold [see Figure 18(b)]. Similarly, all the pulvini lose firmness and become
limp due to which all the leaves above them collapse and fold up.




Leaf
upright
Pulvinus  (q)
(firm)

Loss of water
from these cells
(bnakes pulvinus limp

Figure 18. The leaves of sens -_ oldduete.the 1gss of water from pulvinus at their base.
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Photonasty Loss of water

Tl‘rﬁaﬂgﬁg‘aﬁﬁs $ﬁ1|?§ petals of

flowers) in response to light ; ther words,
photonasty is the nastic movement\g nt p | tals c flowers) in
response to light. Thus, the stimfius in pho ' t. A dandelion
flower opens up in the morning iedright light but closes in the evening when
the light fades and it gets darkéé@ Figure 19). The opening and closing of
petals of dandelion flowers in response to the intensity of light is an example
of nastic movement in which the stimulus is light. In other words, it is an
example of photonasty. The moonflower behaves exactly opposite to that of
dandelion flowers in respect of response to light. The petals of moonflower
close during the day when there is bright light but open up at night when it is
dark and there is no light (see Figure 20). This is also an example of
photonasty.

(a) Dandeligniflower opens the petals in b

ol

rigﬁf ight he daytime



(b) Dandelion flov arils agiiiiel when it gets dark

Figure 19. Nastic movements of j ) mse to light. This is an example of

(a) Moonflower clo f5 ' there is bright light

(b) Moonflower open . “ dusk (or night) when k and there is no light

Figure 20. Nastic move lals of moonflower in 1 light. Another example of
photonasty.

Please note that
light (or photonasty)
surfaces grow more t
when their outer surfa
this discussion, we wotlt

pwers in response to
open when their inner
her hand, petals close
rfaces. Before we end
Pplant hormones.

Functions of Plant Hormones (or Phytohormones)

The plant hormones (or phytohormones) regulate many functions in
plants. The various functions in plants which are regulated by the plant
hormones (or phytohormones) are :

Germination of seeds (or Breaking the dormancy of seeds),

Growth of root, stem and leaves,

Movement of stomata (or stomatal movement) in leaves,

Flowering of plants,

Ripening of fruits, and

Phototropism, geotropism, chemotropism, hydrotropism,
thigmotropism and nastic movements.

Let us answer some questions now.

Sample Problem 1. Which of the following is a plant hormone ?

(a) Insulin

(b) Thyroxine
(c) Oestrogen
(d) Cytokinin

SR e



(NCERT Book Question)

Answer. (d) Cytokinin.
Sample Problem 2. How do auxins promote the growth of a tendril
around a support ?
(NCERT Book Question)

Answer. When the tip of a tendril touches a support, then the auxins
(plant hormones) present in its tip move to that side of tip which is away from
the support. Auxins promote growth. So, due to more auxins in it, the side of
tendril away from the support grows faster (and becomes longer) than the
side which is in contact with the support, and makes the tendril curve (or
bend) towards the support. This ‘curving’ tendril can then encircle the
support and wind around it.

Sample Problem 3. How is the movement of the leaves of the sensitive
plant different from the movement of a shoot towards light ?

(NCERT Book Question)

Answer. The main differences between the movement of the leaves of a
sensitive plant and the movement of a shoot towards light are as follows :

Movement of leaves of sensitive plant Movement of a shoot towards light
1. It is a nastic movement which does not depend| 1. It is a tropic movement which depends on the
on the direction of stimulus applied direction of stimulus applied.
2. The stimulus is ‘touch’. 2. The stimulus is ‘light’.
3. It is caused by the sudden loss of water from| 3. It is caused by the unequal growth on the two
the swellings at the base of leaves sides of the shoot.
4. Tt is not a growth movement. 4. Tt is a growth movement.

Sample Problem 4. What is the difference between the manner in
which movement takes place in a sensitive plant and the movement in our
legs ?

(NCERT Book Question)

Answer. The movement in the leaves of a sensitive plant takes place
due to the sudden loss of water in the pad-like swellings (called pulvini) at
the base of all the leaves. The loss of water makes the pulvini limp leading to
drooping and folding of leaves. On the other hand, the movement in our legs
takes place when the leg muscles pull on the leg bones.

Before we go further and discuss control and coordination in animals
(including human beings), please answer the following questions :

Very Short Answer Type Questions
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10.

11.

12.

13.

14.

15.

16.

What is the general name of chemical substances which bring about control and coordination
in plants ?
Which plant hormone is responsible for the wilting and falling of leaves ?
Which plant hormone makes a stem (or shoot) bend towards light ?
Where is the auxin hormone made in a plant stem ?
What is the scientific name of sensitive plant ?
Name one plant hormone that promotes growth and another plant hormone which inhibits
growth.
Name one example of the movement of a plant part which is very quick and can be observed
easily.
Name the type of chemical substances that control the growth in plants.
What is the stimulus in :
(a) phototropism ?
(b) geotropism ?
(c) chemotropism ?
(d) hydrotropism ?
(e) thigmotropism ?
Give the scientific terms used to represent the following :
(a) Bending of a shoot towards light.
(b) Growing of roots towards the earth.
(c¢) Growth of a pollen tube towards ovule.
(d) Bending of roots towards water.
(e) Winding of tendril around a support.
Give one example of the movement of a plant part which is caused by the loss of water (or
migration of water).
Give one example each of a plant part :
(a) which is positively hydrotropic as well as positively geotropic.
(b) which is positively phototropic but negatively geotropic.
Which of the following is a growth movement and which is not ?
(a) folding up of leaves of sensitive plant on touching with hand.
(b) folding up of petals of dandelion flower when light fades.
Name the plant part :
(a) which bends in the direction of gravity but away from light
(b) which bends towards light but away from the force of gravity
To which directional stimuli do :
(a) roots respond ?
(b) shoots respond ?
Fill in the following blanks :
(a) A plant’s response to light is called ................
(b) A plant’s response to gravity is called ................
(c) Plant shoot grows upward in response to ................
(d) Plant roots grow downward in response to ................
(e) Tendrils wind around a support in response to ...............
(f) Plant roots grow towards....... and in the direction of force of ...............
(g) Aroot of a plant grows downward. This is known as ...............
(h) ...... is the hormone that causes phototropism in plants
(i) The response of leaves to the sunlight is called ...............

Short Answer Type Questions



17.

18.
19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

30.

31.

32.

Plant parts show two types of movements, one dependent on growth and the other independent
of growth. Give one example of the movement in plant parts :
(a) which depends on growth
(b) which does not depend on growth
What is a plant hormone ? Name four plant hormones. State one function of each.
(a) What does a root do in response to gravity ? What is this phenomenon known as ?
(b) What does a stem (or shoot) do in response to light ? What is this phenomenon known
as?
(a) What does a stem (or shoot) do in response to gravity ? What is this phenomenon known
as?
(b) What does a root do in response to light ? What is this phenomenon known as ?
(a) What does a Mimosa pudica plant do in response to touch ? What is this phenomenon
known as ?
(b) What happens to the dandelion flower (i) during daytime, and (ii) at night ? What is this
phenomenon known as ?
(a) What does a plant root do in response to water ? What is this phenomenon known as ?
(b) What happens to the moonflower (i) during daytime, and (ii) at night ? What is this
phenomenon known as ?
What is a tendril ? Name the two types of tendrils. What does a tendril do in response to the
touch of a support ? What is this phenomenon known as ?
Name the five types of tropisms. How are tropic movements helpful to plants ? Explain with
an example.
Define chemotropism. Give one example of chemotropism. State whether this example is of
positive chemotropism or negative chemotropism.
Distinguish between tropic movements and nastic movements in plants. Give examples to
illustrate your answer.
(a) What is meant by nastic movements in plants ? Give one example of nastic movements in
plants.
(b) What is the difference between photonasty and thigmonasty ?
A potted plant is kept horizontally for a considerable time. The three positions of the parts A
and B of the potted plant are shown in the following figures :

pemng of stomata
(c) bending of stem toward
(d) closing of stomata

Name the plant organs which are : i
(aﬁi) positively phototropic (“)
(b) positively geotropic
(c) negatively geotropic
(d) positively hydrotropic

Why is the folding up of the leaves of a sensitive plant on touching with a finger not a tropism
?

Why is the closing of a dandelion flower at dusk (when it gets dark) not a tropism ?




Long Answer Type Questions

33. (a) What is meant by ‘tropisms’ (or tropic movements) ? Explain with an example.

(b) What are the different types of tropisms ? Define each type of tropism. Write the name
of stimulus in each case.

(c) How do tropisms differ from nasties (or nastic movements) ?

34. (a) Define phototropism. Give one example of phototropism.

(b) How does phototropism occur in a plant stem (or shoot) ? Explain with the help of
labelled diagrams.

(c) What is meant by positive phototropism and negative phototropism ? Give one example
of each type.

35. (a) Define geotropism. Give one example of geotropism.

(b) What is meant by ‘positive geotropism’ and ‘negative geotropism ? Give one example
of each type. Draw a labelled diagram to illustrate your answer indicating the plant
part which shows positive geotropism and the plant part which shows negative
geotropism.

(c) Name one plant part which exhibits positive thigmotropism.

36. (a) How does control and coordination take place in plants ? How does it differ from that in
animals ?

(b) Name five stimuli which act on plants. Name the type of tropism produced by each one
of these stimuli.

(c) Define hydrotropism. Give one example of hydrotropism. State whether this example is
of positive hydrotropism or negative hydrotropism. Illustrate your answer with the
help of labelled diagram.

37. (a) What is meant by positive tropism and negative tropism ? Explain with examples.

(b) Define thigmotropism. Give one example of thigmotropism.

(c) What is the difference between thigmotropism and thigmonasty ? Name one plant which
exhibits thigmotropism and one plant which exhibits thigmonasty. What behaviour (or
responses) of these plants make you think that they exhibit thigmotropism and
thigmonasty respectively ?

Multiple Choice Questions (MCQs)

38. Which of the following is not a plant hormone ?
(@) auxin
(b) ascorbic acid
(c) cytokinin
(d) abscisic acid
39. One of the following plant hormones is responsible for the phenomenon of phototropism in
plants. This is :
(a) gibberellin
(b) eltroxin
(c) cytokinin
(d) auxin
40. The movement of a plant part in response to the force of attraction exerted by the earth is
called :
(a) hydrotropism
(b) geotropism
(c¢) chemotropism
(d) phototropism
41. The movement of sunflower in accordance with the path of the sun is due to :



(a) photonasty
(b) phototropism
(c) hydrotropism
(d) chemotropism
42. The plant part which exhibits negative geotropism is :
(a) root
(b) stem
(c¢) branch
(d) leaves
43. A big tree falls in a forest but its roots are still in contact with the soil. The branches of this
fallen tree grow straight up (vertically). This happens in response to
(a) water and light
(b) water and minerals
(c) gravity and water
(d) light and gravity

The branches of this fallen tree o stimuli. What are those two

44. Which of the following is:
(a) bending of the shog

(b) closing up of lea

(c) climbing up of a plant

(d) movement of the r@

45. Therootof aplantis: &
(i) positively phot ot

(i) positively geotre

(iv) negatively hyd
(a) (i) and (ii)
(b) (ii) and (iii)
(c) (iii) and (iv)
(d) (i) and (iv)
46. The main function of the
(a) increase the length of cells
(b) promote cell division
(c) inhibit growth
(d) promote growth of stem and roots
47. The growth of tendrils in pea plants is due to the :
(a) effect of sunlight on the tendril cells facing the sun
(b) effect of gravity on the part of tendril hanging down towards the earth
(c) rapid cell division and elongation in tendril cells that are away from the support
(d) rapid cell division and elongation in tendril cells in contact with the support
48. Which of the following phytohormone is not associated with the promotion of growth in plants
)
(a) auxin
(b) abscisic acid



49.

50.

51.

52.

53.

54.

55.

56.

57.

(c) gibberellin
(d) cytokinin
The plant hormone which triggers the fall of mature leaves and fruits from the plant body is :
(a) auxin
(b) gibberellin
(c) abscisic acid
(d) cytokinin
Which of the following terms denotes the movement of the root of a plant towards moisture in
the soil ?
(a) thigmotropism
(b) chemotropism
(c) hydrotropism
(d) geotropism
The growth of a pollen tube towards the ovule caused by a sugary substance as stimulus is an
example of :
(a) phototropism
(b) chlorotropism
(c) gravitropism
(d) chemotropism
The bending of the shoot of a plant in response to light is called :
(a) geotropism
(b) phototropism
(c) thigmotropism
(d) photonasty
The stimulus in the process of thigmotropism is :
(a) touch
(b) gravity
(c) light
(d) chemical
A growing seedling is kept in a dark room. A burning candle is placed near it for a few days.
The top part of seedling bends towards the burning candle. This is an example of :
(a) chemotropism
(b) hydrotropism
(c) phototropism
(d) geotropism
Which of the following acts as a stimulus in the process of hydrotropism ?
(a) hydrocarbon
(b) hydrogen oxide
(c¢) hydrogen chloride
(d) hydrogen peroxide
The growth movement of a plant part in response to the touch of an object is called :
(a) thigmonasty
(b) hydrotropism
(c) thigmotropism
(d) geotropism
The climbing organs of plants like tendrils grow towards any support which they happen to
touch and wind around the support. This is an example of :
(a) chemotropism
(b) nastic movement
(c) thigmotropism



58.

59.

60.

61.

62.

63.

64.

65.

66.

(d) geotropism
The rate of growth in roots is decreased by one of the following plant hormones. This plant
hormone is :
(a) gibberellin
(b) auxin
(c) cytokinin
(d) ethene
When the leaves of a Mimosa pudica plant are touched with a finger, they fold up quickly.
This is an example of :
(a) chemotropism
(b) thigmonasty
(c) photonasty
(d) thigmotropism
Dandelion flowers open the petals in bright light during the daytime but close the petals in
dark at night. This response of dandelion flowers to light is called :
(a) phototropism
(b) thigmonasty
(c) chemotropism
(d) photonasty
To which of the following directional stimulus roots of a plant do not respond ?
(a) moisture
(b) candle light
(c) touch
(d) gravity
One of the following is not caused by the growth related movement of the concerned plant
part. This is :
(a) phototropism
(b) photonasty
(c) thigmonasty
(d) thigmotropism
The bending of the root of a plant away from a source of light is caused by a plant hormone
called :
(a) cytokinin
(b) gibberellin
(c) abscisic acid
(d) auxin
Most of the plant hormones promote plant growth. A plant hormone which inhibits growth is :
(a) abscisic acid
(b) ethene
(c) ascorbic acid
(d) cytokinin
The movement of a shoot towards light is :
(a) geotropism
(b) hydrotropism
(c) chemotropism
(d) phototropism
The bending of the stem of a plant towards a source of light is caused by the action of a
phytohormone known as :
(a) abscisic acid
(b) auxin



(c) gibberellins
(d) cytokinin
67. Which of the following plant part exhibits negative phototropism ?
(a) root
(b) branch
(c) leaves
(d) stem
68. Which of the following are not tropisms ?
(i) growing of pollen tube in response to a sugary substance
(i) folding up of leaves of sensitive plant in response to touch
(iii) winding of tendril around a support in response to touch
(iv) opening up of the leaves of a daisy flower in response to light
(a) (i) and (ii)
(b) (ii) and (iii)
(c¢) (i) and (iv)
(d) (ii) and (iv)

Questions Based on High Order Thinking Skills (HOTYS)

69. The chemical substance P is made and secreted by the meristematic tissue at the tip of stem (or
shoot) of a plant. The chemical substance P is responsible for a phenomenon Q in plants in
which the stem bends towards a source of light. The same chemical substance P has an
opposite effect on the root of a plant. It causes the root of a plant to bend away from the
source of light in a process called R.

(a) What is the chemical substance P ?

(b) State whether P prefers to remains in the sunlit side of a stem or in shade.

(c) What is the effect of substance P on the rate of growth of (i) a root, and (ii) a stem ?

(d) What is the name of process (i) Q, and (ii) R ?

(e) What is the general name of chemical substances like P ? Name another substance
which belongs to this class of chemical substances.

70. A potted plant is growing in a transparent glass jar. In this plant, X and Y are the two growing
parts having a lot of meristematic tissue. It is observed that the part X of this plant exhibits
positive geotropism but negative phototropism. On the other hand, part Y of this plant
exhibits negative geotropism but positive phototropism.

(a) Name the part X of plant.

(b) Name the part Y of plant.

(c¢) Which part of the plant, X or Y, will exhibit positive hydrotropism ?

(d) Which part of the plant, X or Y, can have tendrils on it ?

(e) Which phytohormone causes the part X to exhibit negative phototropism ?

71. There are three plants A, B and C. The flowers of plant A open their petals in bright light
during the day but close them when it gets dark at night. On the other hand, the flowers of
plant B open their petals at night but close them during the day when there is bright light.
The leaves of plant C fold up and droop when touched with fingers or any other solid object.
(a) Name the phenomenon shown by the flowers of (i) plant A, and (ii) plant B.

(b) Name one flower each which behaves like the flower of (i) plant A, and (ii) plant B.
(c) Name the phenomenon exhibited by the leaves of plant C.

(d) Name a plant whose leaves behave like those of plant C.

(e) Which plant/plants exhibit the phenomenon based on growth movements ?

72. While conducting experiments to study the effect of various stimuli on the plants, it was
observed that the roots of a plant X grow and bend towards two stimuli A and B but bend



away from a third stimulus C. The stem of the plant X, however, bends away from stimuli A
and B but bends towards the stimulus C. The stimulus B is known to act on the roots due to
too much weight of the earth. Keeping these points in mind, answer the following questions :
(a) What could stimulus A be ?

(b) Name the stimulus B.

(c) What could stimulus C be ?

(d) The branches of a fallen tree in a forest grow straight up in response to two stimuli.

What could be these two stimuli out of A, B and C ? Also name these two stimuli.

73. P and Q are two types of plants having weak stems which cannot stand upright on their own.
The plants P and Q have organs R and S respectively which can grow towards any support
which they happen to touch and wind around that support. It is observed that organ R
originates from the leaves of the plant whereas organ S originates directly from the stem of
the plant.

(a) Whatis (i) R, and (ii) S ?

(b) What is the name of growth movement exhibited by the organs R and S ?

(c) Name the stimulus involved in this case.

(d) State whether the behaviour of organs R and S is a tropic movement or a nastic
movement.

(e) Name one plant like P and another plant like Q.

74. The top part A of the flask-shaped reproductive organ X in the flower of a plant secretes a
surgery substance into its lower part B which goes towards the bottom part C of the flask-
shaped organ. When a tiny grain D coming from the top part E of another reproductive organ
Y in the flower falls on part A, it grows a long tube F through the organ X in response to the
sugary substance and reaches the bottom part C of flask-shaped organ to carry out
fertilisation.

(a) What is (i) organ X, and (ii) organ Y, inside the flower ?

(b) Name parts (i) A (ii) B, and (iii) C, of flask-shaped organ.

(c¢) Name (i) grain D, and (ii) part E of organ Y.

(d) Name the tube F.

(e) What is the phenomenon of growing a long tube in response to a sugary substance in the
process of fertilisation in a flower known as ?

75. P, Q, R and S are four major types of phytohormones. P is a phytohormone which functions
mainly as a growth inhibitor. It promotes the wilting and falling of leaves. Q, R and S are
phytohormones which all promote growth of plants in various ways. Q is responsible for the
phenomenon of phototropism in plants. R is involved mainly in shoot extensions. The
phytohormone S helps in breaking the dormancy of seeds and buds. What are P, Q, R and S
? Give one reason each for your choice.

76. A potted plant having straight parts A and B was placed horizontally on its side as shown in
Figure (i). After a few days it was observed that the parts A and B of the plant acquire new
positions as shown in Figure (ii).

(a) Name the phenomenon exhibited by the position of plant parts A and B in Figure (ii)
(b) Name the stimulus (other than sunlight) which causes plant part A to grow and bend
upwards, and plant part B to bend downwards.
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is a growth movement 14. (a) Root (b) Stem (or Shoot) 15. (a) Light, Gravity and Water (b) Light
and Gravity 16. (a) phototropism (b) geotropism (c) sunlight (d) gravity (e) touch (f) water ;
gravity (g) positive geotropism (h) Auxin (i) phototropism 17. (a) Bending of stem (or shoot)
towards light (b) Folding up of the leaves of a sensitive plant on touching 19. (a) Root bends
downwards in the direction of gravity ; Positive geotropism (b) Stem (or shoot) bends towards the
light; Positive phototropism 20. (a) Stem (or shoot) grows upward against the direction of gravity ;
Negative geotropism (b) Root bends away from light ; Negative phototropism 28. (a) Figure (ii)
(b) Geotropism 29. (a) Abscisic acid (b) Cytokinin (c¢) Auxin (d) Abscisic acid 30. (a) Stem (or
Shoot) (b) Root (c) Stem (or Shoot) (d) Root 35. (¢) Tendril 38. (b) 39. (d) 40. (b) 41. (b) 42. (b)
43. (d) 44. (b) 45. (b) 46. (c) 47. (c) 48. (b) 49. (c) 50. (¢) 51. (d) 52. (b) 53. (a) 54. (c) 55. (b) 56.
(c) 57. (c) 58. (b) 59. (b) 60. (d) 61. (c) 62. (c) 63. (d) 64. (a) 65. (d) 66. (b) 67. (a) 68. (d) 69. (a)
P is auxin hormone (b) In shade (c) (i) Decreases the rate of growth of root (ii) Increases the rate
of growth of stem (d) (i) Positive phototropism (ii) Negative phototropism (e) Plant hormones ;
Gibberellin 70. (a) Root (b) Stem (or Shoot) (c) X (d) Y (e) Auxin 71. (a) (i) Photonasty (ii)
Photonasty (b) (i) Dandelion flower (ii) Moonflower (c) Thigmonasty (d) Sensitive plant (Mimosa
pudica) (e) A and B 72. (a) Water (b) Gravity (c) Light (d) B and C ; Gravity and Light (or
Sunlight) 73. (a) (i) Leaf tendril (ii) Stem tendril (b) Thigmotropism (c) Touch (of support) (d)
Tropic movement (e) Organs like P (leaf tendrils) : Pea plant ; Organs like Q (stem tendrils) :
Bitter gourd plant 74. (a) (i) Carpel (ii) Stamen (b) (i) Stigma (ii) Style (iii) Ovary (c) (i) Pollen
grain (ii) Anther (d) Pollen tube (e) Chemotropism 75. P is abscisic acid ; Q is auxin ; R is
gibberellin ; S is cytokinin 76. (a) Geotropism (b) Gravity 77. (a) Both are nasties (or nastic
movements) (b) In the folding of leaves of sensitive plant, stimulus is touch but in the folding of
petals of dandelion flower, stimulus is light ; Folding of leaves of a sensitive plant is not a growth
movement but the closing of petals of a dandelion flower is a growth movement

COORDINATION IN ANIMALS

The multicellular animals (except sponges) have specialised cells called
nerve cells (or neurons) to respond to stimuli and coordinate their activities.
A system made up of nerve cells is called nervous system. The
coordination in simple multicellular animals takes place through nervous
system only. For example, Hydra is a simple multicellular animal. The
nervous system of Hydra consists of a network of nerve cells joined to one
another and spread throughout its body (see Figure 21). The control and




coordination in higher animals called vertebrates (including human
beings) takes place through nervous system as well as hormonal system
called endocrine system. Before we describe the control and coordination in
humans, it will be good to know something about sense organs, receptors and
effectors. These are described below.

There are five sense organs in our body : eyes, ears, nose, tongue and
skin (see Figure 22). We receive a variety of information from the
environment around us through the sense organs. The sense organs contain
receptors. A receptor is a cell (or a group of cells) in a sense organ which
is sensitive to a particular type of stimulus (or a particular type of
change in the environment) such as light, sound, smell, taste, heat,
pressure, etc. The different sense organs contain receptors for detecting
different stimuli. The eyes have light receptors (which can detect light), ears
have sound receptors (which can detect sound), nose has smell receptors
(which can detect smell), tongue has taste receptors (which can detect taste)
whereas skin has receptors for detecting touch, pressure, heat (or cold) and
pain, etc. The common type of receptors also have special names such as
photoreceptors, phonoreceptors, olfactory receptors, gustatory receptors and
thermoreceptors. Photoreceptors detect light (they are present in eyes),
phonoreceptors detect sound (they are present in inner ears), olfactory
receptors detect smell (they are present in nose), gustatory receptors
detect taste (they are present in tongue) whereas thermoreceptors detect
heat or cold (they are present in skin).
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Control and Coordination in Humans

There are two systems of coordination of activities in humans. These

are :
(i) Nervous system, and
(ii) Endocrine system (or Hormonal system).

In human beings, nervous system and endocrine system work together
to control and coordinate all our activities such as our physical actions, our
thinking processes and our emotional behaviour. Both the systems of
coordination, nervous system and endocrine system, consist of a number of



organs working together in a systematic way. We will now describe the
nervous system and endocrine system in humans in detail, one by one. Let us
discuss the nervous system first.

HUMAN NERVOUS SYSTEM

The function of nervous system is to coordinate the activities of our
body. It is the control system for all our actions, thinking and behaviour. The
nervous system helps all other systems of our body to work together. The
nervous system is like a manager inside our body. Its job is to control and
coordinate the parts of our body so that they work together, doing their job at
the right time. Our nervous system coordinates muscles so that we can do
things which need thinking like reading, writing, cycling or dancing. The
nervous system also coordinates things which we don’t have to think about,
like heart beat and breathing. The human nervous system receives
information from the surroundings, processes it, interprets it and then
responds accordingly. The nervous system also passes information from one
internal system to another. For example, as soon as we put food in our mouth,
it immediately causes the release of saliva from the salivary glands.

The Unit of Nervous System : Neuron

The units which make up the nervous system are called nerve cells or
neurons. So, neuron is the structural and functional unit of the nervous
system. We can now say that nervous system is made of special cells called
neurons. Neuron is the largest cell in the body (which looks like an electric
wire). Neurons contain the same basic parts as any other animal cell but their
structure is specially adapted to be able to carry messages over large
distances in the body quickly. The neurons carry messages in the form of
electrical signals called electrical impulses or nerve impulses. A neuron is
shown in Figure 24.
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e cell bady of a neuro #hical animal |cell which contains
cyfopkissn apgcp pucleus (see Figure 24) A numberMyélilehgatand thin fibres
are stretching out from the cell body of a neuron.(TH&{aHee called nerve
fibres. The shorter fibres on the body of a neuron afBORP8d Gendrites. The
longest fibre on the cell body of a neuron is called axon. The axon has an
insulating and protective sheath (or cover) of myelin around it (Myelin is
made of fat and protein). It is clear that both dendrites and axon arise from
the cell body of a neuron.

The messages which the neurons transmit in the nervous system are in
the form of electrical impulses called nerve impulses (or just impulses). The
dendrites pick up the nerve impulses (or messages) from receptors. They pass
the impulses to the cell body and then along the axon. The axon passes the
impulse (or message) to another neuron through a junction called synapse.
Neurons are of three types : sensory neurons, motor neurons and relay
neurons.

(i) Sensory neurons transmit impulses from the sensory cells (or
receptors) towards the central nervous system (spinal cord and
brain).

(ii) Motor neurons transmit impulses from the central nervous system
(spinal cord and brain) towards the muscle cells (or effectors).

(iii Relay neurons occur in the central nervous system (brain and spinal

) cord) where they serve as links between other neurons.
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Suppose there are two neurous (or nerve cells) A and B near each other
(see Figure 27). Let A be a sensory neuron which is directly connected to the
receptor. There is an extremely small, microscopic gap between the end of
the axon of neuron A and the dendrite of the next neuron B which is called a
synapse (see Figure 27). We will now explain how the electrical impulse
travels through the gap (synapse) between the two neurons.

The receptor in a sense organ is in touch with the dendrites of sensory
neuron. When a stimulus acts on the receptor, a chemical reaction is set off
which produces an electrical impulse in it. This impulse travels from the
dendrite of sensory neuron A to its cell body and then along its axon. At the
end of axon of sensory neuron A, the electrical impulse releases tiny amount
of a chemical substance into the synapse (or gap). This chemical substance
crosses the gap (or synapse) and starts a similar electrical impulse in the
dendrite of the next neuron B (see Figure 27). From the dendrite, this
electrical impulse is carried to the cell body and then to the end of axon of the
second neuron. It can then be transferred to a third neuron in a similar way.
This process goes on till the electrical impulse reaches the relay neurons in
spinal cord and brain. The relay neurons and motor neurons connect in a




similar way to bring electrical impulses from the brain and spinal cord to the
effectors like muscles and glands.
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The main organs of the IIEIeV%Tl% Ig’gfstem are : Brain, Spinal cord and
Nerves. The sense organs like eyes, ears, tongue, nose and skin can be
considered to be other organs of the nervous system because they help in the
functioning of the nervous system. The main organs of the nervous system
are shown in Figure 28. The brain is located inside the skull of our head. The
spinal cord is a very thick nerve which runs inside the cavity of backbone in
our body (see Figure 28). The upper end of spinal cord is attached to the
brain. The nerves are a kind of wires which are distributed all over our body.
The brain and spinal cord are connected to all the sense organs and
other parts of our body by millions of nerves. There are mainly two types
of nerves in our body : cranial nerves and spinal nerves. The cranial nerves
connect all the parts in the head directly to brain. The spinal nerves connect
all the remaining parts of the body (like muscles and skin, etc.) to the spinal
cord (see Figure 28). There is also a third type of nerves called visceral
nerves. Most of the visceral nerves connect the internal organs of the body to
spinal cord though some also connect to brain (Visceral nerves have not been
shown in Figure 28 to keep the diagram simple and avoid confusion). The
cranial nerves, spinal nerves and visceral nerves are also of two types :
sensory nerves and motor nerves. The nerves which carry messages from the
body parts to the brain (or spinal cord) are called sensory nerves. And the
nerves which carry message from the brain (or spinal cord) to the body parts



for action are called motor nerves.
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Nervous system

S SYSTEM

cAll.the nerves of the body together lnakpe“&gllgp peripheral nervous
system (BNS).| They all enter or leave the (‘emgra&uagymgms system. The three
ypes of nerves which make up the peripheral mervous system are spinal
nerves, cranial nerves and wiseeral ncrvcs Spinal nerves arise from mal s“m"]
cord along most of the len t}ﬁlg‘f” n][)mal cord and spread througu it the

s Syste s system

body (except the head). They 7 all erv both sensory and motor neurons and
are described as mixed nerves. Cramal nerves arise from the brain and spread
throughout the head. They also carry both sensory and motor neurons. The
visceral nerves are a special kind of nerves which mostly arise from the
spinal cord (though some also arise from the brain). They are connected to
the internal organs of the body. Visceral nerves also carry both sensory and

motor neurons.

Reflex Action and Reflex Arcs

The simplest form of response in the nervous system is reflex action.
This is a rapid, automatic response to a stimulus which is not under the
voluntary control of the brain. It is described as an involuntary action. Thus,
a reflex action is one which we perform automatically. It is a
comparatively simple form of behaviour in which the same stimulus produces
the same response every time.

If we unknowingly touch a hot plate, we immediately move our hand
away from it. So, moving our hand away on touching a hot plate is an
example of reflex action. Similarly, moving our foot away when we step on
something sharp, is also an example of reflex action. A knee jerk, movement
of diaphragm (during respiration), coughing, yawning, blinking of eyes and
sneezing are all reflex actions. In a reflex action, we are unaware that
anything is going to happen to us. Reflex actions are the actions which we do
without thinking to protect ourselves. For example, coughing is a reflex
action which clears our windpipe. The pupils of our eyes get smaller in bright
light. This reflex action protects the retina of our eyes from damage due to
too much 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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A reflex acti ¥
of the way in which we reS
object (like a hot plate). Very ng about it, we pull
our hand away. This sort of ve is called the reflex
action. Figure 30 shows the pathway taken by the nerve impulses in this
reflex action. The stimulus here is the heat which we feel in our hand on
touching the hot plate. This heat is sensed by a heat receptor (or
thermoreceptor) in our hand. The receptor triggers an impulse in a sensory
neuron, which transmits the message to the spinal cord. Here, the impulse is
passed on to a relay neuron, which in turn, passes it to a motor neuron. The
motor neuron passes the impulse to a muscle in our arm. The muscle then
contracts and pulls our hand away from the hot plate. The muscle of arm is an
effector because it responds to the stimulus. This pathway along which the
impulse travels is called the reflex arc. The reflexes of this type which
involve only the spinal cord are called spinal reflexes. Though spinal
reflexes are produced in the spinal cord but the message of reflex action taken
also goes on to reach the brain. Please note that when we lift a hot plate, then
alongwith heat, the pain produced by heat also acts as a ‘stimulus’. The
reflex arc described in the above example can be shown in the form of a
flow-chart given in Figure 31. Most of the reflex actions involve only the
spinal cord. They are called spinal reflexes. The reflex action which we have
shown in Figure 30 is actually a spinal reflex. And the reflex arc given in
Figure 31 is actually a spinal reflex arc. Some reflex actions, however,

Hlus. An example
on to touching a hot



involve the brain rather than the spinal cord. Such reflex actions are known as
cerebral reflexes. This is described below.

Hand
pulled away
igure 30. Diagram to show the reflex action and its path (which is called ﬁé}gx arc).
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eye and make us see properly even in dim light (see Figure 32). Now, when a
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the presence of bright light is an-example of cerebral reflex. This cerebral
tion can be explainedias soHaves

Heg Hat bright light falls on the eye, the light receptors in the eye
produce in#iflses in the sensory nerves. The sensory nerves carry this
message of bright light in the form of electrical impulses to the brain. The
brain produces the response (that the amount of light entering the eye must be
reduced). The response produced by the brain is carried by motor nerves to
the circular muscles of the iris of the eye. The circular muscles of the iris of
the eye contract and reduce the size of the pupil (or hole) of the eye. As the
size of pupil becomes smaller, the amount of light entering the eye is
reduced. All this happens very, very quickly. This cerebral reflex action can
be shown by drawing a reflex arc given in Figure 34. Please note that though
the pupil is a circular opening (or hole) in the centre of the iris of the eye but
it appears to be dark because no light is reflected from it (see Figures 32 and
33).




Figure 32 In dim light, the pupj . é}/fngprre light can enter into the eye.

Figure 33. In bright light, a speed
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When a motor nerve impulse sent by the spinal c
the effector organs (which are muscles), then the mu
movement (such as lifting the hand away from a hot
describe how muscles are able to move in response to
impulses and cause action.

Muscles are made yp—of—musclecells. Muscle s contain special
proteins whit {4 chagge thejE agrspgemen Stwanlaigd by electrical
impulses, cBigigIght mugcle cells to changp shape antkisestract. When the
muscle cells contract, the musclesE{€o contract (and become shorter). When
the muscles contract, they pull on the bones of the body part and make it
move. For example, when electrical impulses sent by the spinal cord (or
brain) stimulate the biceps muscle of the upper arm, they make biceps muscle
to contract. And when the biceps muscle contracts, it pulls on a bone of the
lower arm and makes it move (lifting the hand away from the hot plate).
Please note that the contraction of muscles (or muscle cells) caused by the

action of electrical impulses is a reversible process.
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The Autonomic Nervous System

The term ‘autos’ means ‘self’ and ‘nomos’ means ‘governing’, so
‘autonomic nervous system’ means ‘self governing nervous system’. The
autonomic nervous system is that part of the peripheral nervous system which
controls the activities of the organs inside our body automatically even
without our thinking about them. The autonomic nervous system is a specific
network of nerves in the body which controls the processes like breathing,



heart beat, digestion, sweating, etc., that maintain our life and keep us alive.
The nerves of the autonomic nervous system are attached to the smooth
muscles of the various internal organs of the human body like head, heart,
blood vessels, alimentary canal, lungs, kidneys, urinary bladder, glands and
skin, etc. Thus, the autonomic nervous system controls and regulates the
functions of the internal organs of our body involuntarily (on its own).

Voluntary Nervous System

Those actions which need thinking and which are performed by us
knowingly are called voluntary actions. For example, speaking to a friend,
writing a letter, dancing, cycling, kicking a football, standing in a room or
sitting on a chair, are all voluntary actions. The voluntary nervous system
helps us take voluntary actions which are under the conscious control of
the brain. We will now give an example to understand the working of
voluntary nervous system.

Figure 35. Writi
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) our legs through the motor nerves.
(iv) The muscles of the legs act accordingly and make us walk faster.
This is an example of voluntary action and the decision to take this
voluntary action has been made by the voluntary nervous system.

CENTRAL NERVOUS SYSTEM

The central nervous system (CNS) consists of the brain and the
spinal cord. Like a telephone exchange with ingoing and outgoing wires, it is
responsible for the coordination and control of the activity of the nervous
system. The work of central nervous system is to direct incoming messages to
the motor neurons that are connected to the part of the body which will
respond to a stimulus. In complicated responses, the brain and spinal cord are
both involved. That is, in complicated responses, central nervous system is
involved. The central nervous system enables a person to give a more
appropriate and more intelligent response to various situations. By using the
central nervous system, a person can vary his behaviour according to the
changing situations. This point will become more clear from the following
example.

If we pick 1 up a U A e s i " (w1thout knowmg that it is
very hot), then our reflex

we should pull away our is saved from burns). But if
we pull away our hand, t E op and break into pieces (and
our mother will definitel “h ng the plate!). Now, it is here
that the central nervous § i in steps in. When the message
from our fingers saying h;- hot’ arrives at our central
nervous system, there is-g il e 1ge saymg ‘but don’t drop it’
(This is due to the intelliges e brain’ hé central nervous system will

consider the two messages together. It may then decide to send a message to



our muscles to tell them to put down the plate gently and not drop it. This
intelligent response has been made possible only due to the central nervous
system.

The job of the central nervous system is to collect all the information
from all the receptors in our body. This information is added together before
messages are sent out to the effectors. In this way, the best action can be
taken in a particular set of circumstances. We will now describe the two
organs of the central nervous system, brain and spinal cord in detail.

Brain

Brain is the highest coordinating centre in the body. The brain is
located inside the skull of our body (at the top of the spinal cord). It is
protected by a bony box in the skull called cranium (see Figure 37). The
brain is surrounded by three membranes called meninges, which help to
protect it. The space between the membranes (or meninges) is filled with a
cerebro spinal fluid which protects the brain from mechanical shocks. Pairs
of cranial nerves arise from the brain.

The brain is broadly divided into three regions : forebrain, midbrain and
hindbrain (see Figure 37). The forebrain consists mainly of cerebrum. The
midbrain does not have any further divisions. The hindbrain consists of three
centres called pons, cerebellum and medulla (see Figure 37). We will now
discuss the functions of the forebrain, midbrain and hindbrain. Let us start
with cerebrum which is in the forebrain.

The cerebrum (or forebrain) is the main thinking part of the brain.
It is the site of our faculties such as learning, reasoning, intelligence,
personality and memory. All our thoughts, sensations, actions and
movements are controlled by the cerebrum. The cerebrum has different areas
for performing different functions. There are association areas in cerebrum
which control thinking and memory. These association areas also store
information and experiences. There are sensory areas where information is
received from the sense organs like eyes, ears, nose, tongue and skin, and
give us the ‘sensation’ or ‘feeling’. Similarly, cerebrum has motor areas from
which instructions are sent to muscles to do various types of jobs.
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Figure 37. The human brain. E
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Sample Problem L& p.hETER : lled & :
(a) t&ﬂ?\ . ' : '
(b) synapse

(c) axon

(d) impulse

(NCERT Book Question)

Answer. (b) synapse.
Sample Problem 2. The brain is responsible for :
(a) thinking
(b) regulating the heart beat
(c) balancing the body
(d) all of the above
(NCERT Book Question)

Answer. (d) all of the above.

Before we describe the hormonal system or endocrine system for the
coordination in human beings, we should know the meanings of two terms :
hormones and endocrine glands. So, let us first discuss hormones and



endocrine glands.

Hormones

Hormones are chemical substances secreted in very small amounts by
specialised tissues in the body called endocrine glands. These hormones
coordinate the activities of living organisms and also their growth. So, we can
now say that : Hormones are the chemical substances which coordinate
the activities of living organisms and also their growth. Hormones are
made inside the body of an organism in very small amounts. The various
characteristics of hormones are given below :

1. The hormones are secreted in small amounts by the endocrine

glands.

2. The hormones are poured directly into the blood and carried

throughout the body by blood circulatory system.

3. The hormones have their effect at the sites different from the sites

where they are made. So, they are also called chemical messengers.

4. The hormones act on specific tissues or organs (called target organs).

5. The hormones coordinate the activities of the body and also its

growth.

Endocrine Glands

A gland is a structure which secretes a specific substance (or
substances) in the body. A gland is made up of a group of cells or tissue.
There are two types of glands in the body :

(i) exocrine glands, and
(ii) endocrine glands.

A gland which secretes its product into a duct (or tube) is called an
exocrine gland. For example, the salivary gland secretes the saliva into a duct
called salivary duct, therefore, salivary gland is an exocrine gland. Thus,
exocrine glands are the glands having ducts (see Figure 44). A gland
which does not have a duct and secretes its product directly into the blood
stream is called an endocrine gland. Thus, endocrine glands are ductless
glands. An endocrine gland secretes a chemical substance called hormone.
We can now say that : A structure (group of cells or tissue) which makes
hormones in the body is called an endocrine gland. The various endocrine
glands present in the human body are shown in Figure 45. The endocrine



glands do not have ducts to secrete their hormones, so they are also called
ductless glands. The endocrine glands release hormones directly into the
blood of a person. These hormones reach the concerned body part through the
blood and act on it. Hormones are a kind of chemical messengers. A
hormone is produced in one part of the body but it acts on some other part of
the body. The hormones are of different types and perform different
functions.

Figure 44. Salivary glands are exocrme nds (having ducts). This picture shows the location of
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\ |
THE ENDOCRINE SYSTEM

A group of endocrine glands which produces various hormones is
called an endocrine system. The endocrine system is also called hormonal
system. We will now discuss the endocrine system in humans in detail.

In addition to nervous system, the endocrine system also helps in
coordinating the activities of our body. The endocrine system in our body
consists of a number of glands (or tissues) which make, store, and release
chemicals called hormones. There are a large number of endocrine glands in
the human body. The endocrine glands present in the human body are :
Pineal gland ; Hypothalamus gland ; Pituitary gland ; Thyroid gland ;
Parathyroid glands ; Thymus ; Pancreas ; Adrenal glands ; Testes (only
in males) and Ovaries (only in females). The positions of all these
endocrine glands in the human body are shown in Figure 45. The endocrine
glands are located in different parts of the body. As we can see from Figure




45, the endocrine glands are located in the head, neck and trunk of our body.
Different endocrine glands make different types of hormones which act on
different organs of our body. The working of endocrine glands is controlled
by our nervous system. The hormones produced by endocrine glands act
as messengers between the nervous system and the organs of our body.
We will now take the example of adrenal glands to show how the endocrine
system (or hormonal system) coordinates our body activities.

There are two adrenal glands in our body, one on top of each kidney
(see Figure 45). The adrenal glands make adrenaline hormone. The
adrenaline hormone prepares our body to function at maximum
efficiency during emergency situations like danger, anger, excitement,
etc. This happens as follows : When we are faced with a dangerous situation
(like being chased by a ferocious dog), then our nervous system stimulates
the adrenal glands to secrete more adrenaline hormone into our blood. This
adrenaline hormone increases our ‘heart beats’, ‘breathing rate’, ‘blood flow
into muscles’ and causes liver ‘to put more stored glucose into our blood’.
All these actions of adrenaline hormone produce a lot of energy in our body
very, very quickly. And this energy helps us to run away very fast from the
dog to save ourselves. In this way, the adrenaline hormone prepares our
body to run away very fast from a frightening object. Similarly, it is the
adrenaline hormone which prepares our body to fight an enemy (say, a
burglar in our house) by providing us a lot of energy in a very short time. A
lot of adrenaline hormone is also secreted by adrenal glands when we are
‘angry’ or ‘excited’. The rapid output of energy thus caused helps us to cope
with these extreme emotional situations.
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2. Pituitary Gland

Pituitary gland is present just below the brain. The pituitary gland
secretes a number of hormones. One of the hormones secreted by pituitary
gland is growth hormone (or human growth hormone). The growth hormone
controls the growth of the human body. For example, growth hormone
controls the development of bones and muscles. A person having a deficiency
of growth hormone in childhood remains very short and becomes a dwarf. On



the other hand, a person having too much growth hormone becomes very tall
(or a giant) (see Figure 47).
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thyroxine for our body (see Figure 49). Since there will be no deficiency of
thyroxine in the body, goitre cannot develop.
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There are four small parafg ia H--Ofds which are embedded in the
thyroid gland (see Figure 45). P ',-._ &hlands secrete a hormone called
parathormone. The function of T Moke hormone is to regulate calcium
and phosphate levels in the bloo&: ,

5. Thymus Gland

Thymus gland lies in the lower part of the neck and upper part of chest.
Thymus gland secretes thymus hormone which plays a role in the
development of the immune system of the body. Thymus gland is large in
young children but shrinks after puberty (or sexual maturity).

6. Pancreas

The pancreas is just below the stomach in the body. Pancreas secretes
the hormone called insulin. The function of insulin hormone is to lower the
blood sugar level (or blood glucoese level). Deficiency of insulin hormone in
the body causes a disease known as diabetes. Diabetes disease is
characterised by large quantities of sugar in the blood (and even urine). The
insulin hormone controls the metabolism of sugar. If, due to some reason,
pancreas does not produce and secrete sufficient amount of insulin into
blood, then the sugar level in the blood rises. The high sugar level in the
blood can cause many harmful effects to the body of a person. The person
having high sugar level in blood (or diabetes) is called a diabetic. Diabetic
persons are advised by doctors to take less sugar in their diet. Common
diabetes can be controlled by controlling diet, reducing weight, doing regular
physical exercise and taking medicines. The persons having severe diabetes
are treated by giving injections of insulin.
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9. Ovaries

Ovaries are the glands which are present only in females (women).
Ovaries make two female sex hormones called oestrogen and progesterone.
The function of oestrogen hormone is to control the development of female
sex organs, and female features such as feminine voice, soft skin and
mammary glands (breasts). All these changes caused by oestrogen are
associated with female puberty which the girls attain at an age of 10 to 12
years. The function of progesterone hormone is to control the uterus changes
in menstrual cycle. It also helps in the maintenance of pregnancy. The ovaries
also make the female gametes called ova (or eggs).

Feedback Mechanism

The excess or deficiency of hormones has a harmful effect on our
body. For example, the deficiency of insulin hormone results in a disease
called diabetes whereas excess of insulin in the body can lead to coma. So, it
is necessary that the hormones are secreted by the glands in our body in
precise quantities which are required for the normal functioning of the body.
This means that there should be some ‘mechanism’ to regulate the production
and release of hormones in the body. The timing and amount of hormones
released by various glands are controlled by the ‘feedback mechanism’
which is in-built in our body. For example, if the sugar level in the blood
rises too much, they are detected by the cells of pancreas which respond by



producing and secreting more insulin into blood. And as the blood sugar falls
to a certain level, the secretion of insulin is reduced automatically.

Before we end this discussion we would like to give a comparison of

the nervous system and endocrine system (or hormonal system) for the
control and coordination in humans (and other higher animals).

Nervous system Endocrine system (Hormonal system)
1. Made of neurons (nerve cells) 1. Made of secretory cells (or glands)
2. Messages transmitted in the form of electrical | 2. Messages transmitted in the form of chemicals
impulses called hormones
3. Messages transmitted along nerve fibres 3. Messages transmitted through blood stream
4. Messages travel very quickly 4. Messages travel more slowly

5. Effect of message usually lasts for a very short| 5. Effect of message usually lasts longer
while

We are now in a position to answer the following questions :

Very Short Answer Type Questions

256

10.
11.
12.
13.
14.

15.
16.
17.

18.
19.

20.

Name the two systems of control and coordination in higher animals.
What are the two parts of the vertebrate nervous system ?
If we happen to touch a hot object unknowingly, we immediately pull back our hand. What is
this type of action known as ?
Name the three components of a neuron (or nerve cell).
(a) What are the short fibres of a neuron known as ?
(b) What is the long fibre of a neuron known as ?
Name the most important part of the human brain.
Which part of the brain maintains posture and balance of the body ?
State one function each of cerebellum and pons.
Name one hormone secreted by the pituitary gland.
Where are hormones made in the human body ?
What is the name of the system of glands which produces hormones ?
Which gland secretes the growth hormone ?
Name the hormones secreted by (a) testes, and (b) ovaries
What are the scientific names for the following receptors in animals ?
(a) receptors for light
(b) receptors for heat
(c) receptors for sound
(d) receptors for smell
(e) receptors for taste
Name the disease caused by the deficiency of insulin hormone in the body.
Name the disease caused by the deficiency of thyroxine hormone in the body.
Which halogen element is necessary for the making of thyroxine hormone by the thyroid gland
)
Why are some patients of diabetes treated by giving injections of insulin ?
What is the name of in-built ‘arrangement’ in our body which controls the timing and amount
of hormones released by various endocrine glands in the body ?
Name one gland each :
(a) which acts only as an endocrine gland.



27.
28.
29.
30.
31.

(b) which acts only as an exocrine gland.
(c¢) which acts both as an endocrine gland as well as an exocrine gland.

. What part does the diet play in helping us to have a healthy thyroid gland ?
22,
23.
24.
25.
26.

If sugar is detected in the urine of a person, name the disease he is suffering from.
Name two parts of the body which contain receptors of chemical stimuli.
Which part of the eye contains cells which are sensitive to light ?
What are the two main communications systems in an animal’s body ?
Which one term in each of the following includes the other three ?
(a) thyroid, ductless gland, thymus, pituitary, ovary
(b) adrenalin, insulin, hormone, thyroxine, estrogen
Which parts of the body form the central nervous system ?
Give three examples of reflex actions.
Why do you need iodine in your diet ?
State whether coughing is a voluntary action or reflex action.
Fill in the following blanks with suitable words :

(a) The two examples of effectors are ................. and ...l

(b) Our.....ccceennenne. system allows us to react to our surroundings. Information from
receptors passes along................. neurons to our brain. Our brain sends impulses
along........... neurons to our muscles.

(c) A neuron which carries an impulse to the brain is calleda .................... neuron.

(d) The neuron which carries a message for action to a muscle or gland is known as
DU neuron.

Short Answer Type Questions

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

(a) What are the various sense organs in our body ?
(b) What is meant by receptors and effectors ? Give two examples of each.
(a) What is spinal cord ? What is its main function ?
(b) Give the functions of medulla.
(a) Name the three types of nerves which constitute the peripheral nervous system.
(b) What is the difference between a reflex action and walking ?
(c) How do we detect the smell of an incense stick (agarbatti) ?
(a) What substances are made by endocrine glands ?
(b) What is the function of receptors and effectors in our body ?
(a) Name the hormones secreted by the following endocrine glands :
(i) Thyroid gland
(ii) Parathyroid glands
(iii) Pancreas
(iv) Adrenal glands
(b) Write the functions of testosterone and oestrogen hormones.
(a) Write the names of the regions in hindbrain. Give one function of each region.
(b) Name the functions of cerebrum.
(a) The human brain can be broadly divided into three regions. Name these three regions.
(b) What is cranium ? What is its function ?
(a) How does chemical coordination take place in human beings ?
(b) Why is the use of iodised salt advisable ?
What is the function of insulin hormone ? What type of patients are given insulin injections ?
Compare the nervous system and endocrine system (hormonal system) for control and
coordination in humans.
State the functions of the following hormones :
(a) Thyroxine



(b) Adrenaline
(c) Growth hormone

43. Write the names of all the major endocrine glands present in the human body. Which of these
glands also function as exocrine glands ?

44. Match the hormones given in column I with their functions given in column IT :

Hormones Functions
(i) Thyroxine (a) Causes breasts to develop in females
(ii) Adrenaline (b) Causes the male to start producing sperms
(iii) Insulin (c) Prepares the body for an emergency
(iv) Estrogen (d) Controls the metabolic rate
(v) Testosterone (e) Regulates the amount of sugar in blood

45. A person walks across a room in barefeet and puts his foot on a drawing pin lying on the floor.
He lets out a cry. Explain what happens in his nervous system in bringing about this
response.

46. In what ways are puberty and adolescence result of the activity of some glands in the human
body ?

47. List three ways in which neurons are similar to other cells.

48. Explain the difference between each of the following pairs of terms :

(a) receptor and effector
(b) cerebrum and cerebellum

49. What is the difference between a voluntary and an involuntary action ? Which kind of action is
digestion ? Explain your choice.

50. What does CNS stand for ? Which part of CNS : (a) consists of two cerebral hemispheres, and
(b) has spinal nerves attached to it ?

51. Which hormone :

(a) prepares the body for action ?

(b) controls the amount of glucose in blood ?
(c) gives boys a deep voice ?

(d) gives girls soft skin ?

52. When you smell a favourite food your mouth begins to water (that is, you secrete saliva).

Write down what the following are examples of :

(a) the smell of the food

(b) the cells in your nasal passages which perceive the smell
(c) the gland which is stimulated to secrete saliva.

Long Answer Type Questions

53. (a) Name the structural and functional unit of nervous system.
(b) Draw a flow chart to show the classification of nervous system into various parts.
(c) What is autonomic nervous system ? What is its function ?
(d) What is voluntary nervous system ? Explain the working of voluntary nervous system
with an example.
54. (a) What is a reflex action ? Explain with the help of an example.
(b) Define reflex arc. Give the flow chart of a spinal reflex arc.
(c) How are involuntary actions and reflex actions different from each other ?
55. (a) What is the function of our nervous system ?
(b) What are the main organs of the human nervous system ? Draw a labelled diagram to
show the main organs of the human nervous system.
(c) How does the human nervous system work ? Explain.
56. (a) What is a neuron ? Draw a labelled diagram of a neuron.



(b) What is a synapse ? What happens at the synapse between two neurons ? How are the
messages carried across a synapse ? Explain with the help of a labelled diagram.
57. (a) Name two systems which taken together perform the functions of control and coordination
in human beings.
(b) What does the central nervous system in humans consist of ? What is the job of the
central nervous system ?
(c) Give the various functions of brain.
58. (a) Write the names of five endocrine glands found in the human body. Name the hormones
secreted by each gland.
(b) How do hormones reach the organs they control ?
(c¢) Name the gland which controls the secretion of hormones from the pituitary.
(d) How does our body respond when adrenaline is secreted in large amounts into the blood
)
(e) Name the disease which occurs in adults due to the deficiency of iodine in the diet.
What is the main symptom of this disease ?

Multiple Choice Questions (MCQs)

59. A cell (or group of cells) in a sense organ which is sensitive to a particular type of stimulus is
called :
(a) interceptor
(b) effector
(c) receptor
(d) acceptor
60. Which of the following cannot be considered a receptor ?
(a) ear
(b) nose
(c) muscle
(d) eye
61. One of the following acts as an endocrine gland as well as an exocrine gland. This one is :
(a) salivary gland
(b) pancreas
(c) pituitary
(d) parathyroid
62. Which of the following helps in maintaining posture and balance of the human body ?
(a) cerebellum
(b) cerebrum
(c) medulla
(d) pons
63. The number of pairs of nerves which arises from the spinal cord is :
(@) 21
(b) 31
(o) 41
(d) 51
64. Cerbellum, medulla and pons are the parts of :
(a) mid-brain
(b) hind-brain
(c¢) forebrain
(d) spinal cord
65. Which of the following are cerebral reflexes ?
(i) a person pulls away his hand on touching a hot object



66.

67.

68.

69.

70.

71.

72.

73.

74.

(ii) a person spits out immediately when a fly enters his mouth while talking
(iii) A person walking bare foot lifts his foot at once on stepping on to a nail
(iv) A person’s pupil contracts at once in the presence of bright light
(a) (i) and (ii)
(b) (ii) and (iii)
(c) (iii) and (iv)
(d) (ii)and (iv)
Iodine is necessary for the synthesis of which of the following hormone ?
(a) adrenaline
(b) auxin
(c) thyroxine
(d) insulin
Which of the following is a mis-matched pair ?
(a) adrenaline : pituitary gland
(b) estrogen : ovary
(c) pancreas : insulin
(d) progesterone : ovary
One of the following is an incorrect statement about insulin. This is :
(a) it is produced in pancreas
(b) it regulates growth and development of the body
(c) itregulates blood glucose level in the blood
(d) its deficiency in the body will cause diabetes
The spinal cord orginates from :
(a) cerebrum
(b) cerebellum
(c) medulla
(d) pons
The involuntary actions in the body are controlled by :
(a) medulla in forebrain
(b) medulla in hindbrain
(c¢) medulla in spinal cord
(d) medulla in midbrain
Which of the following is not an involuntary action ?
(a) vomiting
(b) chewing
(c) heart beat
(d) salivation

Which of the following hormone prepares our body for action in emergency situations ?

(a) testosterone
(b) growth hormone
(c) adrenaline

(d) insulin

One of the following controls the peristaltic movements of alimentary canal. This one is :

(a) cerebrum
(b) cerebellum
(c) pons
(d) medulla
The hormone which is associated with male puberty is called :
(a) oestrogen
(b) adrenaline



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

(c) testosterone
(d) progesterone
Which of the following endocrine gland does not occur as a pair in the human body ?
(a) adrenal
(b) pituitary
(c) testis
(d) ovary
The junction between two adjacent neurons is called :
(a) nerve junction
(b) sensory junction
(c) synapse
(d) neuro-muscular joint
The life processes in humans are controlled and regulated by :
(a) reproductive and endocrine systems
(b) respiratory and nervous systems
(c) endocrine and digestive systems
(d) nervous and endocrine systems
A doctor advised a person to take injection of insulin because :
(a) his blood pressure was high
(b) his heart beat was high
(c) his blood sugar was high
(d) his thyroxine level in blood was high
All the voluntary actions of our body are controlled by :
(a) cerebrum
(b) cerebellum
(c) pons
(d) medulla
One of the following statements is not true about thyroxine. This is :
(a) Thyroid gland requires iron to synthesise thyroxine
(b) Tt regulates carbohydrate, protein and fat metabolism
(c) lodine is essential for the synthesis of thyroxine
(d) Thyroid gland can enlarge due to lack of thyroxine

Which of the following does not act as an endocrine gland as well as an exocrine gland ?

(a) testis
(b) ovary
(c) pituitary
(d) pancreas

The part of brain which controls the involuntary actions such as heart beat, breathing, blood

pressure, etc. is :
(a) pons
(b) medulla
(c) cerebrum
(d) cerebellum
Dwarfism results due to :
(a) excessive secretion of thyroxine hormone
(b) excessive secretion of growth hormone
(c) less secretion of adrenaline hormone
(d) less secretion of growth hormone

The dramatic changes in body features associated with puberty are mainly because of the

secretions of :



(a) estrogen from testes and testosterone from ovary
(b) estrogen from adrenal gland and testosterone from pituitary gland
(c) testosterone from testes and estrogen from ovary
(d) testosterone from thyroid gland and estrogen from pituitary gland
85. Which of the following statements is correct about receptors ?
(a) gustatory receptors detect taste while olfactory receptors detect smell
(b) both gustatory and olfactory receptors detect smell
(c) auditory receptors detect smell and olfactory receptors detect taste
(d) olfactory receptors detect taste and gustatory receptors detect smell
86. The part of brain which takes part in regulating respiration in the human body is :
(a) medulla
(b) pons
(c) cerebellum
(d) cerebrum
87. Electrical impulse travels in a neuron from :
(a) dendrite > axon > axon end —— cell body
(b) cell body — dendrite — > axon— > axon end
(c¢) dendrite — cell body —> axon—> axon end
(d) axon end > axon > cell body — dendrite
88. In a synapse, chemical signal is transmitted from :
(a) axon to cell body of the same neuron
(b) cell body to axon end of the same neuron
(c) dendrite end of one neuron to axon end of adjacent neuron
(d) axon end of one neuron to dendrite end of adjacent neuron
89. In a neuron, the conversion of electrical signal to a chemical signal occurs at/in :
(a) dendrite end
(b) cell body
(c) axon end
(d) myelin sheath
90. One of the following gives the correct sequence of the components in a reflex arc. This is :
(a) Receptors — Muscle —> Sensory neuron —> Motor neuron

Spinal cord
(b) Receptors — Motor neuron ————> Spinal cord — Sensory neuron

Muscle
(c) Receptors S— Spinal cord S— Sensory neuron —> Motor neuron

Muscle

(d) Receptors S— Sensory neuron S— Spinal cord — Motor neuron
Muscle
91. Which of the following statements are true ?

(i) sudden action in response to something in the environment is called reflex action

(ii) sensory neurons carry electrical signals from spinal cord to muscles in a reflex action
(iii motor neurons carry signals from receptors to spinal cord in a reflex action

)

(iv) the pathway of transmitting signals from a receptor to a muscle is a reflex action
(a) (i) and (ii)
(b) (i) and (iii)
(c¢) (i) and (iv)
(d) (i), (ii) and (iii)




92. The gustatory receptors of our body are in one of the following organs. This organ is :
(a) ear
(b) nose
(c) tongue
(d) skin
93. The olfactory receptors in humans are located in :
(a) eyes
(b) tongue
(c) ears
(d) nose
94. The contraction of pupil of the eye in the presence of bright light is an example of :
(a) Voluntary reflex
(b) Spinal reflex
(c) Cerebral reflex
(d) Adrenal reflex
95. The faulty functioning of an endocrine gland can make a person very short or very tall. This
gland is :
(a) thyroid
(b) pineal
(c) adrenal
(d) pituitary
96. The underactive endocrine gland which causes goitre is :
(a) pancreas
(b) thyroid
(c) adrenal
(d) pituitary
97. The endocrine gland whose malfunctioning causes diabetes disease is :
(a) pituitary
(b) pineal
(c) parathyroid
(d) pancreas
98. The use of iodised salt is recommended to prevent :
(a) diabetes
(b) gonorrhoea
(c) dysentery
(d) goitre
99. Which of the following are often called glands of emergency ?
(a) thyroid
(b) pituitary
(c) adrenal
(d) pancreas

Questions Based on High Order Thinking Skills (HOTS)

100. P is a cell (or group of cells) in the human body which is sensitive to a particular type of
stimulus and conveys the messages to CNS through nerves Q. On the other hand, R is a part
of the human body which can respond to a stimulus according to the instructions sent from
the CNS through nerves S.

(a) What is P ? Name five organs which contain cells (or group of cells) like P.
(b) Name the nerves Q.
(c) What is R ? Give two examples of R.



(d) Name nerves S.
(e) How do messages travel through the nerves Q and S ?

101. The human body contains a large number of cells A which are very long and branched, and
look like electric wires. The longest branch of this cell is B whereas there are many small
branches C. Any two A cells do not join to one another completely in the human body.
There is a microscopic gap D between every pair of adjacent A cells through which electric
impulses can pass by the release of a chemical substance.

(a) What are cells A ?

(b) What is the name of (i) branch B, and (ii) branches C ?
(c) What is the microscopic gap D known as ?

(d) What is the function of cells like A in the human body ?
(e) The cells A are of three types. Name the three types.

102. When we touch a hot plate unknowingly, then this heat is sensed by a receptor P present in our
fingers. The receptor triggers an impulse in neuron Q which transmits the message to an
organ R which is a part of the central nervous system. Here the impulse is passed on to a
neuron S which in turn passes it to a yet another neuron T. The neuron T passes the impulse
to a tissue U in our arm. The tissue U then contracts and pulls our hand away from the hot
plate.

(a) What is the name of (i) receptor P (ii) neuron Q, and (iii) organ R ?

(b) What is (i) neuron S, and (ii) neuron T ?

(c) Name the tissue U.

(d) What name is given to the phenomenon in which hand is pulled away quickly from the
hot plate ?

(e) Name the effector in this whole process.

103. The gland X which is located just below the brain in the human head secretes a chemical
substance Y which controls the development of bones and muscles in the body of a person.
Secretion of too little of substance Y as well as the secretion of too much of substance Y by
the gland X leads to abnormal development of the body of a person.

(a) Name the gland X.

(b) What is the chemical substance Y ?

(c) What happens if too little of substance Y is secreted ?

(d) What happens if too much of substance Y is secreted ?

(e) Name the system of glands in the human body of which gland X is a part.

104. A and B are the two systems of control and coordination in the human body. The messages in
system A are transmitted in the form of chemical substances C which travel comparatively
slowly through the blood stream. The substances C are made in tissues D present in the head
and trunk of human body. The messages in system B are transmitted very quickly in the
form of electrical impulses through fibres E. The effect of messages transmitted by system B
usually lasts for a much shorter time as compared to those transmitted by system A.

(a) Name the system A. What does system A consist of ?

(b) Name the chemical susbtance C.

(c) What is tissue D ? Name any five such tissues in the human body.

(d) Name the system B. What does system B consist of ?

(e) Name the fibres E.

(f) State whether system A controls the working of system B or system B controls the
working of system A.

105. A cylindrical structure P in our body begins in continuation with medulla and extends
downwards. It is enclosed in a bony cage Q and surrounded by membranes R. As many as x
pairs of nerves arise from the structure P. The structure P is involved in the reflex actions of
our body and conduction of nerve impulses to and from another organ S of our body with



which it forms CNS.

(a) Name the structure P.

(b) Name (i) bony cage Q, and (ii) membranes R.

(c) How muchisx?

(d) Name the organ S.

(e) What are the reflexes involving structure P only known as ?

106. The pancreas is made up of two parts A and B. The part A secretes insulin whereas part B

secretes pancreatic juice.

(a) Which part is functioning as an endocrine gland ? Why ?

(b) What is insulin and what effect does it have in the body ?

(c¢) Name the disease which can be treated by giving insulin injections.
(d) What does pancreatic juice contain ? Where does pancreatic juice go ?
(e) Name the life process in which pancreatic juice is made use of.

107. The gland A is attached to the wind pipe in the human body. The gland A makes and secretes a

108.

109.

110.

111.

112.

hormone B which controls the metabolism of carbohydrates, fats and proteins in the body.
The non-metal element C is necessary for the formation of hormone B. The deficiency of C
in the diet can cause a deficiency of hormone B in the body leading to a disease D in which
the neck of a person appears to be swollen. People are advised to use salt E in cooking food
so as to avoid disease D.

(a) Name (i) gland A, and (ii) hormone B.

(b) What is the element C ?

(c) Name one type of food which can provide sufficient C in the diet of a person.

(d) Name (i) disease D, and (ii) salt E.

A piece of thread was tied tightly around an animal’s pancreatic duct. The animal subsequently

had difficulty in digesting food but did not get diabetes. Explain.

Which is the target organ of both adrenaline and insulin ?

(a) heart
(b) kidney
(c) liver
(d) pancreas

A gland W is located just below the stomach in the human body. The gland W secretes a

hormone X. The deficiency of hormone X in the body causes a disease Y in which the blood

sugar level of a person rises too much. The person having high blood sugar is called Z.

(a) Name (i) gland W, and (ii) hormone X.

(b) What is the function of hormone X ?

(c) Name (i) disease Y, and (ii) person Z.

(d) What advice would you like to give to a person who is suffering from disease Y due to
faulty life-style ?

There are two similar glands P which are located on the top of two similar organs Q in the

human body. The glands P are often called glands of emergency and they secrete a hormone
R into the blood stream. The hormone R is secreted in large amounts when a person is
frightened. It brings about temporary changes in the body which allow a lot of substance S
from the liver to go into blood so as to provide a lot of energy in a very short time. This
helps the person concerned to fight back or run away from the frightening situation. What
areP,Q,Rand S ?

The two glands A and B which occur in pairs, are present in the endocrine system of humans.

The pair of glands A is found only in females whereas the pair of glands B occurs only in
males. The glands A make and secrete two hormones C and D whereas glands B make and
secrete only one hormone E. In addition to hormones, glands A make gametes F whereas
glands B make gametes G.



(a) What are glands A ?

(b) What are hormones C and D ?

(c) What are glands B ? Name the hormone E.

(d) What are gametes (i) F, and (ii) G ?

(e) Which event in the life of males and females is associated with the secretion of
hormones C, D and E ?

113. The organ A which is located inside the skull of our body is protected by a bony box B and it is
surrounded by three membranes C. The space between the membranes is filled with a liquid

D which protects the organ A from mechanical shocks. The organ A in combination with

another organ E makes up the central nervous system.

(a) What is organ A ?

(b) What are (i) B (ii) C, and (iii) D ?

(c) Name the organ E.

(d) While walking barefooted, if we happen to step on a sharp piece of stone, we
immediately lift our foot up. Which of the two organs, A or E, is directly involved in
this action ?

(e) If we step out from a darkened room into bright sunshine, we close our eyes for a
moment. Which of the two organs, A or E, is directly involved in this action ?

114. Write down the following in the correct order for a simple reflex arc :

(a) impulse travels in motor fibre

(b) impulse travels in sensory fibre

(c) effector organ stimulated

(d) impulse crosses synapse

115. Explain why, the tongue may be considered to be both a receptor and an effector organ.

ANSWERS

3. Reflex action 11. Endocrine system 17. Iodine 19. Feedback mechanism 21. Diet provides
iodine for making thyroxine hormone which keeps the thyroid gland healthy 23. Nose and Tongue
24, Retina 26. (a) ductless gland (b) hormone 31. (a) muscle; glands (b) nervous ; sensory ; motor
(c) sensory (d) motor 44. (i) d (ii) c (iii) e (iv) a (v) b 47. Both types of cells have a cell membrane,
cytoplasm and a nucleus 49. Involuntary action 52. (a) Stimulus (b) Receptors (Olfactory
receptors) (c) Effector (Salivary gland) 59. (c) 60. (c) 61. (b) 62. (a) 63. (b) 64. (b) 65. (d) 66. (c)
67. (a) 68. (b) 69. (c) 70. (b) 71. (b) 72. (c) 73. (d) 74. (c) 75. (b) 76. (c) 77. (d) 78. (c) 79. (a) 80.
(a) 81. (c) 82. (b) 83. (d) 84. (c) 85. (a) 86. (b) 87. (c) 88. (d) 89. (c) 90. (d) 91. (c) 92. (c) 93. (d)
94. (c) 95. (d) 96. (b) 97. (d) 98. (d) 99. (c) 100. (a) P is a receptor ; Eyes, Ears, Nose, Tongue and
Skin (b) Sensory nerves (c) Effector ; Muscles and Glands (d) Motor nerves (e) In the form of
electrical impulses 101. (a) Neurons (b) (i) Axon (ii) Dendrites (c¢) Synapse (d) Transmit messages
to and from the central nervous system (e) Sensory neurons, Motor neurons and Relay neurons
102. (a) (i) Thermoreceptor (ii) Sensory neuron (iii) Spinal cord (b) (i) Relay neuron (ii) Motor
neuron (c) Muscle (d) Reflex action (e) Muscle (of arm) 103. (a) Pituitary gland (b) Human
growth hormone (c) The person remains very short and becomes a dwarf (d) The person grows
very tall and becomes a giant (e¢) Endocrine system 104. (a) Endocrine system ; Glands (b)
Hormones (c) Endocrine glands ; Pituitary, Thyroid, Pancreas, Adrenals, Testes (d) Nervous
system ; Brain, Spinal cord and Nerves (e) Nerve fibres(f) System B (Nervous system) controls the
working of system A (Endocrine system) 105. (a) Spinal cord (b) (i) Vertebral column (ii)
Meninges (c) 31 (d) Brain (e) Spinal reflexes 106. (a) Part A; It is secreting a hormone called
insulin (b) Insulin is a hormone ; It controls the blood sugar level (c) Diabetes (d) Pancreatic juice
contains digestive enzymes like pancreatic amylase, tryspin and lipase ; Small intestine (e)
Digestion 107. (a) (i) Thyroid gland (ii) Thyroxine (b) Iodine (c) Sea-food (like fish) (d) (i) Goitre
(i) Iodised salt 108. When a piece of thread is tied tightly around the animal’s pancreactic duct,



then the pancreatic duct gets closed due to which pancreatic juice containing digestive enzymes
cannot go into small intestine. In the absence of pancreatic juice, the animal has difficulty in
digesting food. The pancreas however, releases insulin hormone directly in the blood due to which
the animal does not get diabetes, 109. (c) liver 110. (a) (i) Pancreas (ii) Insulin (b) Hormone X
(insulin) controls the blood sugar level (c) (i) Diabetes (ii) Diabetic person (d) Control diet,
Reduce weight, Do regular physical exercise ; Take medicines regularly 111. P : Adrenal glands ;
Q : Kidneys ; R : Adrenaline hormone ; S : Glucose 112. (a) Ovaries (b) Oestrogen and
Progesterone (c) Testes ; Testosterone (d) (i) Ova (or Eggs) (ii) Sperms (e) Puberty 113. (a) Brain
(b) (i) Cranium (Skull) (ii) Meninges (iii) Cerebro spinal fluid (c) Spinal cord (d) Organ E (Spinal
cord) (e) Organ A (Brain) 114. (b) > (@) > (a) > (c) 115. Tongue is
considered a receptor because it has taste buds which act as receptors for tastes ; Tongue can be
considered to be an effector because it is a muscular organ having muscles which can respond to a
stimulus.
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How Do Organisms Reproduce

I n the previous Chapters, we have studied those life processes which help
an organism (plant or animal) to keep ‘alive’. Now, all the living organisms
grow old with time and ultimately diegdnfact, every living organism remains
alive on this earth for a limite ; ime and then dies. So, new
organisms have to be produc 11 ho die. The production of
new organisms from tﬁg : isting Org e same species is known
as reproduction. In most sir ' bthat reproduction is the
creation of new living thm (] g things). Actually, one
of the most important : Sins is their ability to
reproduce more m D is essential for the
survival of a speec hisms produce more
organisms of their ki es on this earth.

The process of ty of life on earth. For
example, human bemgs irth to babies (sons and
daughters). These ba S, O ) / dults. So, when the
old parents die, their sor laughters Keep living on this earth. These sons
and daughters also r y givingBirth to more
goes on and on. Thus, duction by h | beings enst ures that the
human species will continué to exist on this earth.for : “time to come.
Similarly, cats reprodu e by ‘giving birth to kittenss leir species may
live for evzr And dogs reproduce by ‘giving bir PL ples so that their
species may continue to live on this earth. Most of the | plants reproduce by
producing seeds to grow more plants so that their species may continue to
live on this earth.
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Figure 1. L species.

It is clear]| a plant or an
animal to coptil pduce itself.
Reproduction gives t same basic
characteristics® as' it ) maik ‘beings always
produce humarj:bal “and
always producé
organisms cannot repro
species will gradually ¢
chapter we will discus
animals.

Please note that the existing organism or organisms are called parents
and the new organisms produced by them are called offsprings. For example,
our father and mother are parents and we (their children) are the offsprings.
The parent or parents of organisms can be animals as well as plants.
Sometimes, the word daughter (or daughter cells) is also used for the
offsprings of an organism.

-som i8s of the living
gethen the organisms of this

oduction in plants and

Types of Reproduction

There are many different ways in which new organisms are produced
from their parents. Some organisms like Amoeba just split into two parts to
produce new Amoebae; some organisms like Hydra and yeast grow out of the
parent’s body in the form of a bud; some organisms like birds and snakes
hatch out of the eggs laid by their parents; whereas some organisms like
human babies, cubs, kittens and puppies are born from their mother. This
means that each species of organisms reproduces in a different way. All the
different ways of reproduction can be divided into two main groups : asexual



reproduction and sexual reproduction. Thus, there are two main methods of
reproduction in living organisms :

(@) AnA : Amoebae

Figure 2. There a@r_@? ay st TeHng rgapis ' we'producedfrom their parents.
(i) asex
(i) sexua
We can mainly by two
methods : ‘ase fhis means that

new living orgf' ‘\ e either by the
| reproduction’.
on and sexual
ind that certain
organisms confe ‘epr _ . elIs?) ‘gametes’ or
‘germ cells’) in their bodles whereas some other orgamsms do not contain

‘reproductive cells’ (‘sex cells’, ‘gametes’ or ‘germ cells’) in their bodies.

1. Asexual Reproduction

In asexual reproduction, the offspring arises from a single parent. The
production of a new organism from a single parent without the
involvement of sex cells (or gametes) is called asexual reproduction. It is
called asexual reproduction because it does not use special cells called ‘sex
cells’ (or gametes) for producing a new organism. In asexual reproduction, a
part of the parent organism separates off and grows into a new organism.
Thus, in asexual reproduction, only one parent is needed to produce a new
organism. But no sex cells are involved in asexual reproduction. Some of the
examples of asexual reproduction are : binary fission in Amoeba;
budding in Hydra; spore formation in Rhizopus fungus (or bread mould);



regeneration in Planaria (flatworm) ; fragmentation in Spirogyra and
vegetative propagation in flowering plants (like rose plants).

Please note that asexual reproduction is the simplest method of
reproduction. It takes place mainly in those organisms whose bodies have a
simple structure. So, the simple animals, simple plants and micro-organisms
(like bacteria) reproduce by asexual reproduction methods. Actually, asexual
reproduction takes place in unicellular animals and plants, micro-organisms
(like bacteria) and simple multicellular animals (like Hydra and Planaria)
and some multicellular plants (like Bryophyllum and rose plants, etc.).

s a bud on its side which then

Figure 3. Hydra is a tiny ani }
] : Nl dra) is needed in this asexual

separates off and becomes a

2. Sexual Reproduc

two parents of different
sexes : a male sex and contains male sex cells
(or male gametes) and ar ale sex cells (or female
gametes). The producHon@elva 1 rom two parents by
making use of their se ' 1 sexual reproduction.
In sexual reproduction, s with the sex cell of the
other parent to form a zygote then grows and
develops to form a ne broduction, two parents
are needed to produce ¢'ne nts which are involved
in sexual reproduction ur father is a male and
our mother is a female. The male and Temale parents have special organs in
them which produce male sex cells and female sex cells respectively (which
are required in sexual reproduction). The humans, fish, frogs, hens, cats,
dogs, cows, horses, deer, rabbits, lions and tigers all reproduce by the
method of sexual reproduction. Most of the flowering plants also
reproduce by sexual reproduction. As we will study after a while, some
organisms use both the methods (asexual and sexual) for reproduction
whereas other organisms use only one of these methods for reproduction.

In sexual reprodud



The bas nd sexual reproductlon is
that only on B "c ion whereas two
parents are I ythe '
sex cells (or ¢
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ites) are inveived in asexual reprodu E%t sex cells (or
art in sexual reproductlon We will'n wj/ study the asexual
d sexuﬁ%producﬂon in detaﬂ .ohe bféme Let us start with
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ASEXUAL REPRODUCTION

In the asexual reproduction method, certain body cells of the parent
organism undergo repeated mitotic cell divisions to form two (or more) new
organisms of the same kind. Asexual reproduction takes place by six different
methods. These are :

1. Fission
Budding
Spore formation
Regeneration
Fragmentation
. Vegetative propagation

We will now describe all these methods of asexual reproduction in
detail, one by one. Let us start with fission.

D UAWN

1. FISSION

Many single-celled organisms like protozoa and bacteria just split (or
break) into two identical halves during cell division, leading to the creation of
new organisms. This is called fission. In biology, fission is the process of
reproduction in unicellular organisms such as protozoa (like Amoeba,
Paramecium, Leishmania, etc.) and many bacteria. In the process of fission,
a unicellular organism splits (or divides) to form two (or more) new
organisms. Fission is of two types : binary fission and multiple fission,
depending on whether the parent organism splits to form two new organisms
or more than two organisms. The two types of fission are discussed below :




(i) Binary Fission

Binary fission is an asexual method of reproduction of organisms. In
binary fission, the parent organism splits (or divides) to form two new
organisms. When this happens, the parent organism ceases to exist and two
new organisms come into existence. The unicellular organisms like Amoeba,
Paramecium, Leishmania, bacteria, etc., reproduce by binary fission. This is
described below.

Amoeba reproduces by binary fission by dividing its body into two
parts. This happens as follows : When the Amoeba cell has reached its
maximum size of growth, then first the nucleus of Amoeba lengthens and
divides into two parts. After that the cytoplasm of Amoeba divides into two
parts, one part around each nucleus. In this way, one parent Amoeba divides
to form two smaller Amoebae (called daughter Amoebae). And we say that
one Amoeba produces two Amoebae. The reproduction in Amoeba by binary
fission is shown in Figure 5.

Fully
grown
Amoeba) BuelRes]

L% Cytoplasm
Nucleus

lengthens

(\‘ﬁ\)
ucleus divides

into two parts
c)

Cytoplasm
divides
(d)

Two smaller
Amoebae

o >
it (e) Twodprghtercelts
Figure 5. Amoebg/reproducing by binary fission.

The two daughter Ame@i;podué_": _
eating food and then divide agaii:t@)prodige; f8hir Amoebae, and so on. In the
unicellular organisms such as Amoeba, the splitting of the parent cell during
fission (or cell division) can take place in any plane.

e grow to their full size by



Paramecium is a unicellular animal having short thread-like structures
called cilia over its surface (see Figure 6). Paramecium also reproduces by
the method of binary fission. A fully grown Paramecium divides its body into
two parts to form two smaller Paramecia. This happens by the division of
nucleus followed by the division of cytoplasm.

Leishmania is a unicellular animal (which is a protozoan) (see Figure
7). It is a parasite which causes the disease known as kala-azar (or black
fever). Kala-azar is also known as leishmaniasis. Leishmania has a greater
degree of organisation in its body, having a whip-like structure called
flagellum at its one end (see Figure 7). Leishmania reproduces by the process
of binary fission. In Leishmania, the splitting of parent cell during fission (or
cell division) takes place in a definite plane (longitudinally) with respect to
flagellum at its end. In this respect Leishmania differs from Amoeba (in
which fission can take place in any plane).

From the above discussion we conclide that the simple animals like
Amoeba, Paramecium and geishmania repipduce by binary fission. The
micro-organisms like bacteriz also reproducgf}y the method of binary fission.
ey and the word ‘fission” means
‘splitting’. So, the term ‘binary fission’ rgeans/splitting into two’.

We can observe the binary fission &f*4moeba or Paramecium under a
microscope. This can be done as follo }‘{3‘* pllegt some water from a pond or
any other stagnant water body (espe where weeds, hay and husk are
dumped). Put a few drops of this pondiWa#r on a clean slide and observe first
under low magnification and then unglgr high magnification of microscope.
We will see the Amoeba or Paramdffium dividing (or reproducing) by the
method of binary fission.




(if) Multiple Fissio

Multiple fission is ,
In multiple fission, the parent ';.'.;.rl‘il__'rn_..iﬁl._-'qi lits (or divides) to form many
new organisms at the same i,l'y sappens as follows : Sometimes
(particularly during unfavourable Conditidns), a cyst or protective wall is
formed around the cell of a single-celled organism (like that of Plasmodium)
[see Figure 9(a)].

Nucleus

Cytoplasm

Cyst
(protective wall)



Many daughter cells

produced by

multiple ~ 2
Daughter
cells

(©) released
Figure 9. Reproduction by multiple fission.

ell splitg (or divides) several times to
1] e uclei. Little bits of cytoplasm
collect around each daughtes @ d thiry membranes are formed around
them. In this way, many @}j: igells med from a single parent
cell within the cyst [see-F ;:u‘?@ c, 48 many daughter cells are
formed as the number Of uﬁa cloduced by the divisions of the
parent nucleus. When the favp {i s drrive, the cyst breaks open
and the many daughter cells prese it age refeased, each forming a new
organism [see Figure 9(c)]. In this way, a single celled parent undergoes
multiple fission to reproduce q}ﬁ%weq{ﬁlghter cells at the same time.
Plasmodium is a protozoan (a microscopic, single-celled animal) which
reproduces by the asexual method of multiple fission. About 1000 daughter
cells are produced by the multiple fission of one Plasmodium cell.
Plasmodium is the malarial parasite which produces malaria disease in human
beings. Malarial parasite Plasmodium is carried by female Anopheles
mosquitoes from one person to another thereby spreading the malaria disease.

form many smaller nuclei

Figure 10. This is a
disease. This re

ffering from malaria
88 coloured blue.



Figure 11. The female ease called Plasmodium.
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Before we discuss the next ase ial method of reproduction called
budding, we should know the nfanm the term ‘bud’. The ‘bud’ here
means a ‘small outgrowth’ from the b@a living organism. Let us discuss
the method of ‘budding’ now. .

y [T

Figure 12. A health deprt ; ent worker is falmlgghng ho
> e il lafaa dlsease

. . 2.BUDDING.

xual method of reproductl(ﬁ budding, a small
part of the body of the parent organism grows out as a ‘bud’ which then
detaches and becomes a new organism. The asexual reproduction by
budding is observed in Hydra and yeast. This is described below.

Hydra is a simple multicellular animal [see Figure 13(a)]. Hydra
reproduces by the process of budding (by using its regenerative cells). This
happens as follows : In Hydra, first a small outgrowth called ‘bud’ is formed
on the side of its body by the repeated mitotic divisions of its cells [see
Figure 13(b)]. This bud then grows gradually to form a small Hydra by
developing a mouth and tentacles [see Figure 13(c)]. And finally the tiny new
Hydra detaches itself from the body of parent Hydra and lives as a separate
organism [see Figure 13(d)]. In this way, the parent Hydra has produced (or
created) a new Hydra. Thus, Hydra reproduces asexually by growing buds
from its body. This is called budding. Please note that the bud formed in a
Hydra is not a single cell. It is a group of cells.
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\‘(a

Tentacles

and one part of the nucleus move "m 0 tﬁe\blkﬂ/ﬁfagure 14(b)]. Ultimately, the
bud separates off from the paren ~dasbRRAIAR forms a new yeast cell (or
new yeast plant) [Figure 14(c)]. The budding in yeast, however, often takes
place so fast that the first buds start forming their own buds and all of them
remain attached to the parent yeast cell forming a chain of yeast cells [Figure
14(d)]. After some time, all the yeast cells of the chain separate from one

another and form individual yeast plants.
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Take out a small quantity of the yeastrculturdosetution from near the
bottom of the conical flask with the help of a dropper and place a drop of this
culture solution on a clean slide. Add a very littﬁ of iodine solution over the
culture solution drop to stain it. Place a coverslip over the slide. Keep the
slide under the microscope and observe it first under low power and then
under the high power of the microscope. Note the formation of buds on the

yeast cells and how they separate from the parent cell (see Figure 16).
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floating in air all around us. They are so small that we cannot see them with
naked eyes. Keeping these points in mind, it will now be easier for us to
understand the asexual reproduction by spore formation.

3. SPORE FORMATION

Spore formation is the asexual method of reproduction. The
reproduction by spore formation takes place in plants. In spore formation,
the parent plant produces hundreds of microscopic reproductive units
called ‘spores’. When the spore case of the plant bursts, then the spores
spread into air. When these air-borne spores land on food (or soil) under
favourable conditions (like damp and warm conditions), they germinate
and produce new plants. Most of the fungi (like Rhizopus, Mucor, etc.),
bacteria and non-flowering plants such as ferns and mosses reproduce by the
method of spore formation. The common bread mould is a fungus plant
whose scientific name is Rhizopus. The common bread mould (or Rhizopus
fungus) reproduces by the method of spore formation. This is described
below.

The tiny spores of ‘bread mould’ (a fungus plant) are almost always
present in the air. If we keep a moist slice of bread aside for a few days, then
the spores of bread mould plant present in air settle on the moist bread and
germinate to form new fungus plants. The bread mould plants first look like a
white cottony mass covering the bread slice which later on turns black. If we
observe the surface of this slice of bread through a magnifying glass, then the
bread mould plant growing on it will appear to be like that shown in Figure
17.

The common bread mould plant consists of fine, threadlike projections
called hyphae and thin stems having knob-like structures called sporangia
(see Figure 17). Each knob-like structure (or sporangium) contains hundreds
of minute spores enclosed in a spore case. When the spore case bursts, the
tiny spores are dispersed in air (see Figure 17). These spores are the asexual
reproductive units which can produce more bread mould plants under suitable
conditions. Actually, it was one such air-borne spore which grew on the
moist slice of bread kept aside by us for a few days. If we remove one
sporangium from the bread mould, keep it on a slide, put a coverslip over it
and observe this slide through a microscope, we can see the spores.
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In some organ Is) small cut parts of their
body can grow (or regenerate) to form whole new organisms complete in all
respects. The process of getting back a full organism from its body parts
is called regeneration. The simple animals like Hydra and Planaria show
regeneration. This means that in these organisms, whole new organisms can
be reproduced from their cut body parts. In other words, if Hydra or Planaria
somehow get cut into a number of pieces, then each body piece can grow into
a complete organism. This point will become more clear from the following
example.

Planaria is a flatworm which is found in freshwater ponds and slow-
moving streams. Planaria possesses great power of regeneration. If the body
of Planaria somehow gets cut into a number of pieces, then each body piece



can regenerate into a complete Planaria by growing all the missing parts.
This is shown in Figure 22.
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Figure 22. Regeneration in Planaria.

®iarsire 22(a) shows one Planaria worngmThis Plar}g@ﬁalw ehow
#gw=into three-pieces [see Figure ZW ach cut
pagifthe body ‘ Planaria worm gr into a complete Planaria m

n this way, three PI ia worms are produced fr

' Slf’ﬂﬂﬁiws qufl the body/of a Hyd¥e@enseisncut into a
of pieces, thef .. can grow into a complet
y the same as reproductio

being cut into pieces to
& uﬁé erah%n

most simple /g
reproduce.
The reenefdﬁ@fﬁ of an organism from its cut body part oc

imals would not depe

g the
process of growth and development. This happens as follows : The /¢¢lls of
cut body part of the organism divide rapidly to make a ‘ball of cell§” The
cells present in the ‘ball of cells’ move to their proper places within*the ball

where they(hawteiform various ¢igansiandobady parts of the ofgdhisa!ikihi
cells then chgpge their shapes (or; R‘%ﬁf&lﬁﬁcﬂbﬁ?{éﬂs‘ﬂ) to form d’:ﬁ%ﬁ'}a‘n‘iﬁ’%ﬁ

of tissues. These different tissues form various organs and body parts of the
organism. In this way a complete organism is regenerated.

The organisms like Planaria and Hydra are simple multicellular
organisms which can be regenerated from their cut body parts to form
complete organisms. We will now explain why the complex multicellular
organisms (like mammals) cannot give rise to complete individuals from
their cut body parts through the process of regeneration.



Figure 23. Planaria and | egenerated from their

Regeneration ¢
have relatively simp
cells (or tissues).
up tissues; tissue
finally organ syste
organisms have a veEy g es Ftheir body, they cannot
be reproduced from fthei et process of regeneration. For
example, a dog is a complex ‘multicellular oranism which cannot be
regenerated from its cut body part say, a cut tail. This is because the cells
present in the cut tail of a dog cannot produce dog’s organs like heart, brain,
lungs, stomach, intestines and limbs, etc, needed for the making of a
complete dog. The complex multicellular organisms need more complex

ways of reproduction like sexual reproduction (which we will study after a
while).

organisms which
a few specialised
alised cells make
sjan systems; and
plex multicellular

5. FRAGMENTATION

Some of the multicellular organisms having relatively simple body
organisation can break up easily into smaller pieces (or fragments) on
maturing. These pieces or fragments can then grow and form new organisms
complete in all respects. This is another method of reproduction called
‘fragmentation’ which can be defined as follows : The breaking up of the
body of a simple multicellular organism into two (or more) pieces on
maturing, each of which subsequently grows to form a complete new
organism, is called fragmentation. The breaking up of the body of an
organism in fragmentation to form new organisms occurs naturally (on its
own) when the parent organism matures. Fragmentation is an asexual method
of reproduction. The reproduction by fragmentation method can occur in
simple multicellular plants as well as animals. The organisms like Spirogyra
and sea anemones can reproduce by the method of fragmentation. Please




note that Spirogyra is a plant whereas sea anemones are marine animals. Let
us discuss the reproduction in Spirogyra in a little more detail.

""_._e_,rL grows into a new
'_ re SRirogyra on its own
ra reproduces by the

more fragments o
Spirogyra. This brda
brings about asex

a mature Spirogyra filament is undergomg fragmentation to produce three
new Spirogyra. These three Spirogyra will mature in due course of time and
break again to produce even more Spirogyra. And this process of
reproduction goes on and on.

A mature
5
esby the mé%%ﬁocgyﬁ:‘ggmentatlon

laboratory as follows : Collect some

pears dark green and.?@fﬁ?aﬁﬁr q8Y/g
put the green colouPEHEES from

diagram accordingly.



Please note that the main difference between fission and
fragmentation is that in fission, a unicellular organism breaks up to form
two (or more) daughter organisms, whereas in fragmentation, a
multicellular organism breaks up to form two (or more) daughter
organisms.

6. VEGETATIVE PROPAGATION

Vegetative propagation is an asexual method of reproduction. The
reproduction by vegetative propagation occurs only in plants. In vegetative
propagation, new plants are obtained from the parts of old plants (like
stems, roots and leaves), without the help of any reproductive organs.
Vegetative propagation usually involves the growth and development of one
(or more) buds present on the old part of the plant to form a new plant. These
buds are in the dormant state (inactive state) in the old part of the plant. When
provided suitable conditions (like moisture, warmth, etc.), these buds grow to
form new plants. Please note that vegetative propagation is also called
vegetative reproduction. Here is an example of the vegetative propagation (or
vegetative reproduction) in grass.

It is a common observation that green grass plants spring up in dry
fields after the rains. This happens due to vegetative propagation as follows :
The fields have dry stems of the old grass plants all over them. These dry
stems have buds which are in the inactive state. By getting rain water, the
buds present on dry grass stems get activated and grow to produce new grass
plants. Thus, the green grass grows in the fields after rains from the dry,
old stems of grass plants present in the fields, by the method of
vegetative propagation.

Buds are present on the stems as well as the leaves of the Bryophyllum
plant which can develop into new plants. So, Bryophyllum plants can be
reproduced by vegetative propagation by using either a piece of its stem
or its leaves. For example, if we plant a broken piece of the stem of a
Bryophyllum plant in the ground, we will get a new Bryophyllum plant
growing from it in a week’s time. Even the leaves of a Bryophyllum plant can
produce new plants. This happens as follows : The leaves of a Bryophyllum
plant have special type of buds in their margins (or edges) [see Figure 27(a)].
These buds may get detached from the leaves, fall to the ground and then
grow to produce new Bryophyllum plants. The buds can also drop to the
ground together with the leaf and then grow to produce new plants.




Sometimes even before a leaf drops off from a Bryophyllum plant, we can see
new plantlets already growing on it [see Figure 27(b)]. When such a mature
leaf of the Bryophyllum plant falls on the ground, then each plantlet can grow
into a new plant. Thus, the leaves of Bryophyllum plant can produce new
plants. Another plant called Begonia also reproduces by vegetative
propagation through its leaves.
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piece of stem will gradually grow into a new money plant. Please note that if
we cut the stem of money plant in between two leaves, then it will not grow
into a new plant. This is because it does not have a growing point (here a
node) in it.

We will now describe the vegetative propagation of plants by using
tubers which are the modified, underground stems (or roots). A tuber is the
thickened, underground stem (or root) of a plant which is swollen with
stored food. The tuber has a number of ‘buds’ (called ‘eyes’). Each bud (or
eye) of the tuber grows into a new plant when the old tuber is planted in the
soil in the next growing season. There are two types of tubers : stem tubers
and root tubers. Potato is a stem tuber whereas sweet potato is a root tuber.
We will now describe how vegetative reproduction in potato takes place by
using tubers.

Potato tuber is an underground stem of the potato plant. Potato tuber
can be used for the vegetative reproduction of potato plants. Each potato
tuber can produce more than one plant. This happens as follows : A potato
tuber has many buds (called eyes) on its body (see Figure 28). These buds act
as organs for vegetative reproduction. When a potato tuber is planted in the




soil, then the various buds of the potato tuber start growing to form new
potato plants. In Figure 28, we have shown the new potato plants growing
from only two buds of the potato tuber. Other buds can also do the same.
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daily to keep it wet). We will see that green shoots and roots appear from the
buds of the potato pieces. These are the new potato plants. If, however, we
take potato pieces without buds in this experiment, then no new potato plants
will grow from them.

The roots of a guava plant have buds which can develop into new guava
plants. In fact, a large number of plants can be reproduced by the method of
vegetative propagation. Some of the examples of the plants which can be
reproduced by vegetative propagation are : Bryophyllum, Guava, Potato,
Onion, Banana, Garlic, Water hyacinth, Tulip, Mint, Strawberry and Lily. We
will now describe the artificial propagation of plants.
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ARTIFICIAL PROPAGATION OF PLANTS

We can grow many plants from one plant by using the man-made
methods. The process of growing many plants from one plant by man-
made methods is called artificial propagation of plants. A number of
methods of artificial propagation of plants are used in agriculture (for raising
crops), and horticulture (cultivation of vegetables, fruits and flowers). The
three common methods for the artificial propagation of plants are :

1. Cuttings,

2. Layering, and

3. Grafting.

We will now describe all these methods, one by one. Let us start with
the cuttings method for the artificial propagation of plants.

1. Cuttings

A small part of a plant which is removed by making a cut with a
sharp knife is called a ‘cutting’. A cutting may be a piece of stem, root or
even a leaf. While making a cutting, care should to taken to see that there are
some buds on it.

Stem
cutting
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The plants like rosgflﬁofuql }lileq:i?hrysanthemum grapes,
sugarcane, bananas, and céactus, etc., can be grown by means of cuttings.
For example, rose plants are propagated (or reproduced) by means of cuttings
from stems (or shoots) as follows : A piece of stem (or side shoot) having bud
is cut from an existing rose plant with the help of a knife. The lower part of
this cutting is buried in moist soil. After a few days, the end of cutting buried
in soil develops roots and later on grows to become a new rose plant. An
advantage of cuttings method is that by using this method we can produce
many new plants from just one plant quickly, without waiting for flowers and
seeds.

Figure 31. The cutting new roots have grown.
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3. Grafting

Grafting is a method in which the cut stems of two different plants
(one with roots and other without roots) are joined together in such a
way that the two stems join and grow as a single plant. This new plant
will have the characteristics of both the original plants.

(i) The cut stem of a plant (or tree) having roots (and fixed in soil)
is called stock. Stock is the lower part of a plant (or tree) having
the roots.

(ii The cut stem of another plant (without roots) is called scion.

) Scion is the upper part of a plant which may have leaves on it (but
no roots).

In carrying out grafting, two plants (or trees) are chosen which are to be
used as scion and stock. First, the stem (or branch) is removed from the plant
chosen to be made scion (for its desirable characteristics) by making a
slanting cut. This gives us the scion with a slanting cut [see Figure 36 (a)].
The stem of second plant (or tree) to be used in grafting is also cut in a
slanting way. The lower part of this plant (or tree) is stock. It has also a
slanting cut [see Figure 36(a)].
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of the two plants (scion and stock) in its flowers and fruits.

(ii) By grafting method, a very young scion (shoot part of a plant) can
be made to flower and produce fruits quite fast when it is grafted
to the stock (stem having roots) of a mature plant.

(iii It enables us to obtain flowers and fruits having different desired

) characteristics by grafting scions from different varieties of plants
on the same stock. Many varieties of mango have been produced
by grafting method.

(iv) Grafting can be used to produce varieties of seedless fruits.

Artificial vegetative propagation is usually used for the propagation (or
reproduction) of those plants which produce either very few seeds or do not
produce viable seeds. Some examples of such plants which are reproduced by

artificial vegetative propagation methods are : Banana, Pineapple, Orange,




Grape, Rose, etc.

Advantages of Artificial Vegetative Propagation

The artificial propagation of farm and garden plants has several
advantages. Some of the important advantages of the artificial vegetative
propagation of plants are given below :

1. The new plants produced by artificial vegetative propagation will be
exactly like the parent plants. Any desirable features of the parent
plant will be replicated in the new plants.

2. The fruit trees grown from seeds may take many years before they
start to bear fruit. But the fruit trees grown from cuttings or by
grafting start to bear fruits much earlier (only after a few growing
seasons).

3. The plants grown by vegetative propagation usually need less
attention in their early years than the plants grown from seeds.

4. Many plants can be grown from just one parent plant by artificial
propagation.

5. We can also get seedless plants by artificial propagation.

The cuttings, layering and grafting are the traditional methods for the
artificial propagation of plants. For commercial purposes, they are being
replaced by the modern methods of artificial propagation of plants involving
tissue culture. In tissue culture, they just put a few plant cells (or plant tissue)
in a growth medium with plant hormones in it and it grows into new plants.
This is discussed below.

TISSUE CULTURE

The production of new plants from a small piece of plant tissue (or
cells) removed from the growing tips of a plant in a suitable growth
medium (called culture solution) is called tissue culture. The growth
medium (or culture solution) used for growing plant tissues is very important
in this process because it contains various plant nutrients in the form of ‘jelly’
(called agar) and plant hormones which are necessary for plant growth. The
process of tissue culture for producing new plants is carried out as follows :

1. A small piece of plant tissue is taken from the growing point of the
plant (tip of the plant) and placed on a sterile jelly which contains
nutrients and plant hormones. The hormones make the cells in the
plant tissue divide rapidly producing many cells which form a




shapeless lump of mass called ‘callus’.

2. The callus is then transferred to another jelly containing suitable
plant hormones which stimulate the callus to develop roots.

3. The callus with developed roots is then put on a yet another jelly
containing different hormones which stimulate the development of
shoots.

4. The callus having roots and shoots separates into tiny plantlets . In
this way, many tiny plantlets are produced from just a few original
plant cells (or tissue).

5. The plantlets thus produced are transplanted into pots or soil where
they can grow to form mature plants.
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(d) Many plantlets are produced. These can be transplanted into pots or soil
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Advantages of Tissue Culture

1. Tissue culture is a very fast technique. Thousands of plantlets can be
produced in a few weeks’ time from a small amount of plant tissue.

2. The new plants produced by tissue culture are disease free.

3. Tissue culture can grow plants round the year, irrespective of



weather or season.
4. Very little space is needed for developing new plants by tissue
culture.

Do Organisms Create Exact Copies of Themselves in Asexual
Reproduction

Asexual reproduction usually results in the production of genetically
identical offsprings, the only genetic variation arises as a result of occasional
inaccuracies in DNA replication (or DNA copying) at the time of cell
division. This will become clear from the following discussion.

The material which carries genetic information from the parents to the
offsprings is DNA—Deoxyribo Nucleic Acid (which is present in the form of
chromosomes in the nuclei of all the cells). The basis of asexual reproduction
is mitosis. This is the division of a nucleus into two identical daughter nuclei
(see Figure 39). Each daughter nucleus has the same genetic make up because
of the replication of DNA (or copying of DNA) of the parent cell. After the
division of the nucleus, the rest of parent cell divides to form two genetically
identical daughter cells. The daughter cells can then form two offsprings.
From this we conclude that all the offsprings produced by one parent as a
result of asexual reproduction are usually genetically identical.

Two molacules
of DNA Two nuclel

Figurd 39. The process of asexpal reproduction.
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of budding, the new Hydrae (or offsprings) formed are clones (which are
genetically identical to the parent Hydra as well as to one another). Similarly,
when we are using a cutting to grow a new plant, we are making a clone. The
cutting of a plant contains the same DNA (or genes) as the original plant (or
parent plant). This cutting will grow into an exact copy of the original plant.
So, a clone is formed. The clones of plants can be produced by the asexual
methods of reproduction such as cuttings, layering, grafting, tissue culture,
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etc. These days techniques have been developed to clone even animals. Dolly
the sheep hit the headlines in 1997 as the first successfully produced animal
clone. The process of producing genetically identical new organisms (or
offsprings) by asexual reproduction methods is called cloning.

We will now explain how slight variations are introduced in asexual
reproduction. The replication (or copying) of DNA in the cell is done by
certain biochemical reactions which synthesize more of genetic material. No
biochemical reaction can reproduce 100 per cent same results. So, when the
DNA already present in the nucleus of the parent cell is replicated (or copied)
by making more DNA at the time of asexual reproduction, then slight
variations come in the two copies formed. Due to this, the two DNA
molecules formed by replication will be similar but may not be exactly
identical to the original DNA. These slight variations in the replication of
DNA molecule will lead to slight variations in the offsprings produced by
asexual reproduction.

From the above discussion we conclude that the importance of DNA
replication (or DNA copying) in asexual reproduction is that slight
variations may arise in the offsprings in respect to the parent organism. So,
although the offsprings produced by asexual reproduction are said to be
genetically the same as the parent organism, but still they have occasional
variations. This means that the organisms do not always create exact copies
of themselves in asexual reproduction. Please note that the importance of
DNA copying in asexual reproduction is that the characteristics of the parent
organisms are transmitted to its offsprings and at the same time some
occasional variations are also produced in the offsprings. We will now
describe the importance of variations introduced in reproduction.

The importance of variations in organisms introduced during
reproduction is that it helps the species of various organisms to survive
and flourish even in adverse environment. This will become clear from the
following discussion. There may be some drastic changes like excessive heat
or cold or shortage of water (drought), etc., in the habitat of a species of
organisms. Now, if all the organisms of a population living in that habitat are
exactly identical, then there is danger that all of them may die and no one
would survive under those conditions. This will eliminate the species from
that habitat completely. However, if some variations are present in some
individual organisms to tolerate excessive heat or cold or survive on meagre
water supply, then there is a chance for them to survive and fluorish even in



adverse environment. In this way, the introduction of variations during
reproduction provides stability to the populations of various species by
preventing them from getting wiped out during adverse conditions. For
example, if there is a population of certain bacteria living in temperate water
(which is neither very hot nor very cold) and the temperature of water
increases too much due to global warming, then most of these bacteria will
not be able to tolerate excessive heat and hence die. But some bacteria which
had variations to resist heat would survive and grow further.

Before we go further and describe the processes of sexual reproduction
in flowering plants and animals (including human beings), please answer the
following questions :

Very Short Answer Type Questions

1. Which life process ensures that a plant or animal species will not disappear from this earth ?
2. What is the name of the reproductive process :
(a) which involves two parents ?
(b) which involves only one parent ?
3. State whether the following statement is true or false :
Spores produced by the bread mould plant are actually its seeds.
4. Most of the plants reproduce by sexual method. Name two plants which can reproduce
asexually.
5. Which type of reproduction :
(a) involves gametes ?
(b) does not involve gametes ?
6. State whether human beings reproduce by sexual method or asexual method.
7. (a) Name two animals which reproduce sexually.
(b) Name two animals which reproduce asexually.
8. Name one organism which reproduces by spore formation.’
9. Name the method by which Paramecium reproduces. Is this method sexual or asexual ?
10. Name two plants :
(a) which can be grown from their broken stems.
(b) which can be grown from their leaves.
11. Name the asexual method of reproduction in yeast.
12. Name the asexual method of reproduction in (a) Hydra, and (b) Plasmodium.
13. What is the name of asexual reproduction method in :
(i) Spirogyra, and (ii) Leishmania ?
14. Name the artificial propagation mehod used for the propagation of (a) rose plants, and (b)
apple trees.
15. Which artificial propagation method is used for the production of jasmine plants ?
16. Name the natural method by which strawberry plants are propagated.
17. Name two plants which are propagated by layering method.
18. Name any two plants which are propagated by cuttings method.
19. Write down the different methods of asexual reproduction.
20. Why are budding, fragmentation and regeneration, all considered to be asexual type of
reproduction ?
21. Fill in the following blanks with suitable words :



(a) The process of.............. ensures continuity of life on earth.

(b) Plasmodium reproduces by the process of ............... fission whereas Paramecium
reproduces by the process of .............. fission.

(c) Rose plants and sugar cane crop are usually grown by the ................. method.

(d) Vegetative reproduction of potato plants is done by using .................

(e) Strawberry plants are propagated by the natural........................ method.

Short Answer Type Questions

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

(a) What is the basic difference between asexual reproduction and sexual reproduction ?

(b) Which of the following organisms reproduce by sexual method and which by asexual
method ? Amoeba, Cats, Humans, Hydra, Birds

(a) What is meant by regeneration ? Name two animals which can regenerate fully from their

cut body parts.
(b) Explain why, more complex multicellular organisms cannot give rise to new organisms
through regeneration.

Explain vegetative propagation with the help of two examples. List two advantages of
vegetative propagation.

(a) What is meant by the term ‘artificial propagation of plants’ ?

(b) Name three common methods which are used for the artificial propagation of plants.
(c) Name two plants which are usually propagated by artificial propagation methods. Name
the method of artificial propagation used in each case.

Describe the layering method for the artificial propagation of plants. Illustrate your answer
with the help of a labelled diagram. Name any five plants which are propagated by the
layering method.

(a) What is meant by the term ‘fission’ as used in biology ?

(b) How does binary fission differ from multiple fission ?

(c) Name one organism which reproduces by binary fission and another which reproduces
by multiple fission.

(d) State whether the above named organisms are animals or plants.

(a) Can you consider cell division as a type of reproduction in unicellular organisms ? Give

reason.

(b) What is a clone ? Why do offsprings formed by asexual reproduction exhibit remarkable
similarity ?

(a) The yeast cells fail to multiply in water but they multiply rapidly in sugar solution. Give

one reason for it.
(b) Why does bread mould grow profusely on a moist slice of bread but not on a dry slice of
bread ?

(a) What is a tuber ? Name one stem tuber and one root tuber.

(b) What is name of the organ of propagation present in a tuber ?
(c) Name one commonly used vegetable which is propagated by using tubers.

(a) What is meant by vegetative propagation ?

(b) Vegetative propagation involves the growth and development of ‘something’ present in
the old part of the plant to form a new plant. What is this ‘something’ ?
(c) Why do green grass plants spring up in dry fields on their own after the rains ?
(a) Explain how, new Bryophyllum plants can be produced from the leaves of the old plant ?
[lustrate your answer with the help of a labelled diagram.
(b) How can you grow money plant by vegetative propagation ?

Match the organisms given in column I with the methods of reproduction/propagation given in

column II :



Column I Column II

(i) Plasmodium (a) Spore formation
(ii) Spirogyra (b) Leaves
(iii) Jasmine (c) Regeneration
(iv) Apple tree (d) Budding
(v) Bryophyllum (e) Binary fission
(vi) Potatoes () Layering
(vii) Rhizopus (g) Fragmentation
(viii) Hydra (h) Tubers
(ix) Planaria (i) Cuttings
(x) Leishmania (j) Multiple fission
(xi) Sugar cane (k) Grafting
(xii) Rose

Long Answer Type Questions

34. (a) What is meant by reproduction ?
(b) What are the two general methods of reproduction in organisms ?
(c) How does an Amoeba reproduce ? Describe the process of reproduction in Amoeba with
the help of labelled diagrams of different stages in its reproduction process.
(d) What is the name of the process by which Amoeba reproduces ?
(e) Name two organisms which reproduce by the same asexual process as that of Amoeba.
35. (a) What is the difference between the two asexual methods of reproduction : fission and
fragmentation ?
(b) Name one organism which reproduces by fission and another which reproduces by
fragmentation.
(c) What is meant by multiple fission ? Name one organism which reproduces by the
process of multiple fission.
(d) Describe the process of reproduction in Hydra with the help of labelled diagrams. What
is the name of this process of reproduction ?
(e) Name one unicellular organism which reproduces by the same asexual process as
Hydra.
36. (a) Name the method by which bread mould (Rhizopus fungus) reproduces. Is this method
sexual or asexual ?
(b) What is yeast ? Describe the process of reproduction in yeast with the help of labelled
diagrams.
(c) Name a tiny fresh-water animal which reproduces by the same method as that of yeast ?
What is this method known as ?
(d) Name two marine organisms which also reproduce by the same method as yeast but
form colonies.
37. (a) What is meant by ‘grafting’ as a means of propagation in plants ?
(b) Define ‘stock’ and ‘scion’.
(c) Describe the grafting method for the artificial propagation of plants with the help of
labelled diagrams.
(d) Name two fruit trees which are usually propagated by grafting method.



(e) State two advantages of grafting method of artificial propagation of plants.
() What is the difference between the cuttings method and grafting method for the artificial
propagation of plants ?
38. (a) What is tissue culture ?
(b) Name any four types of ornamental plants which are being produced by tissue culture
technique.
(c) What is the importance of DNA copying in reproduction ? Explain with an example.
(d) How does reproduction help in providing stability to populations of species ?
(e) Why is variation during reproduction beneficial to the species but not necessarily for the
individual ?
39. (a) What s a ‘cutting’ in respect of plants for propagation purposes ?
(b) What care should be taken while making a cutting from a plant ?
(c) Describe the cuttings method for the artificial propagation of plants. Illustrate your
answer with the help of labelled diagrams.
(d) Name any two plants which are usually propagated by the cuttings method.

Multiple Choice Questions (MCQs)

40. Asexual reproduction is :
(a) a fusion of specialised cells
(b) a method by which all types of organisms reproduce
(c) amethod producing genetically identical offspring
(d) a method in which more than one parent are involved
41. One of the following organisms does not reproduce by binary fission. This is :
(a) Amoeba
(b) Plasmodium
(c) Leishmania
(d) Paramecium
42. The micro-organism which reproduces by multiple fission is the one which causes the disease
known as :
(a) Kala-azar
(b) marasmus
(c¢) malaria
(d) amoebiasis
43. The protozoan having a flagellum at its one end is :
(a) Amoeba
(b) Paramecium
(c) Hydra
(d) Leishmania
44. In the list of organisms given below, those which reproduce by the asexual method are :
(i) banana
(i) yak
(iii) yeast
(iv) Amoeba
(a) (ii) and (iv)
(b) (i), (iii) and (iv)
(c¢) (i) and (iv)
(d) (ii), (iii) and (iv)
45. One of the following organisms does not reproduce by budding . This is :
(a) Sponge
(b) Yeast



(c) Hydra
(d) Planaria
46. The disease kala-azar is caused by a micro-organism known as :
(a) Planaria
(b) Leech
(c¢) Leishmania
(d) Plasmodium
47. Reproduction is essential for living organisms in order to :
(a) keep the individual organ alive
(b) fulfil their energy requirements
(c) maintain growth
(d) continue the species for ever
48. The unicellular organism which reproduces by budding is :
(a) Spirogyra
(b) Hydra
(c¢) Planaria
(d) Yeast
49. A multicellular organism which reproduces by budding is :
(a) Amoeba
(b) Yeast
(c¢) Leishmania
(d) Hydra
50. The offsprings formed by asexual reproduction method have greater similarity among
themselves because :
(i) asexual reproduction involves only one parent
(i) asexual reproduction involves two parents
(iii) asexual reproduction involves gametes
(iv) asexual reproduction does not involve gametes
(a) (i) and (ii)
(b) (i) and (iii)
(c) (ii) and (iv)
(d) (i) and (iv)
51. A simple multicellular animal having tentacles which lives in freshwater usually reproduces by
the asexual process of :
(a) binary fission
(b) spore formation
(c) budding
(d) fragmentation
52. One of the following does not reproduce by spore formation method. This is :
(a) Rhizopus fungus
(b) Penicillium fungus
(d) Yeast fungus
(d) Mucor fungus
53. The factors responsible for the rapid spreading of bread mould on slices of bread are :
(i) presence of large number of spores in air
(ii) presence of large number of thread-like branched hyphae
(iiif) presence of moisture and nutrients
(iv) formation of round shaped sporangia

(a) (i) and (iii)



54.

55.

56.

57.

58.

59.

60.

61.

62.

(b) (ii) and (iv)
(c) (i) and (ii)
(d) (iii) and (iv)
One of the following reproduces by forming spores. This in :
(a) Fern
(b) Planaria
(c) Spirogyra
(d) Potato
Asexual reproduction through budding takes place in :
(i) Amoeba and Yeast
(ii) Yeast and Hydra
(iif) Hydra and Plasmodium
(iv) Corals and Sponges
(a) (i) and (ii)
(b) only (ii)
(¢) (i) and (iii)
(d) (ii) and (iv)
A feature of reproduction that is common to Amoeba, Yeast and Bacterium is that :
(a) they are all multicellular
(b) they are all unicellular
(c) they reproduce only sexually
(d) they reproduce asexually
One of the following organisms does not reproduce by fission. This is :
(a) Amoeba
(b) Leishmania
(c¢) Planaria
(d) Plasmodium
An organism which may be considered to be a kind of plant and reproduces by budding is :
(a) Paramecium
(b) Bread mould
(c) Hydra
(d) Yeast
An animal which reproduces by the process of budding is :
(a) Plasmodium
(b) yeast
(c¢) Hydra
(d) Planaria
In Spirogyra, asexual reproduction takes place by :
(a) division of a cell into two cells
(b) breaking up of filaments into smaller bits
(c) division of a cell into many cells
(d) formation of a large number of buds
The ability of a cell to divide into several cells during reproduction in Plasmodium is called :
(a) budding
(b) fragmentation
(c) binary fission
(d) multiple fission
In Rhizopus fungus, the fine thread-like structures spread on the whole surface of slice of bread
are called :
(a) rhizoids



63.

64.

65.

66.

67.

68.

69.

70.

71.

(b) stems
(c) roots
(d) hyphae
Vegetative propagation refers to the formation of new plants from the following existing
organs of the old plants :
(a) stems, roots and flowers
(b) stems, roots and leaves
(c) stems, flowers and fruits
(d) stems, leaves and flowers
The two organisms which can regenerate fully from their cut body parts are :
(a) Paramecium and Hydra
(b) Hydra and Amoeba
(c¢) Planaria and Leishmania
(d) Hydra and Planaria
The two types of organisms which produce colonies by the process of budding are :
(a) Hydra and Corals
(b) Yeast and Sponges
(c) Corals and Sponges
(d) Hydra and Yeast
Spore formation is the most common asexual method of reproduction in :
(a) protozoa
(b) tubers
(c) fungi
(d) algae
An alga which reproduces by the asexual reproduction method called fragmentation is :
(a) Rhizopus
(b) Salmonella
(c) Plasmodium
(d) Spirogyra
The organisms which can reproduce by fragmentation are :
(a) Corals and Sponges
(b) Corals and Spirogyra
(c) Sea anemone and Spirogyra
(d) Sponges and Sea anemones
Binary fission describes the type of reproduction where the organism divides to form :
(a) many spores
(b) two daughters
(c) many buds
(d) two hyphae
The cut part of a plant stem (without roots) which is used in grafting is called :
(a) stock
(b) stump
(c) scion
(d) graft
The cut part of plant stem (having roots and fixed to ground) which is used in the process of
grafting is known as :
(a) stock
(b) scion
(c) cutting
(d) bud



72.

73.

74.

75.

76.

77.

78.

79.

Multiple fission occurs in one of the following. This is :
(a) bread mould
(b) kala-azar parasite
(c) flatworm
(d) malaria parasite
An organism having a whip-like structure at one end which reproduces by the process of
binary fission is :
(a) Hydra
(b) Paramecium
(c) Leishmania
(d) Plasmodium
A tiny animal having tentacles which reproduces by growing buds on the sides of its body is :
(a) Planaria
(b) Yeast
(c) Amoeba
(d) Hydra
An organism which can reproduce by two asexual reproduction methods one similar to the
reproduction in yeast and the other similar to the reproduction in Planaria is :
(a) Spirogyra
(b) Bryophyllum
(c) Hydra
(d) Sea anemone
Stock and scion are involved in the artificial propagation method known as :
(a) tissue culture
(b) layering
(c) grafting
(d) cuttings
In asexual reproduction, two offsprings having the same genetic material and the same body
features are called :
(a) callus
(b) twins
(c¢) clones
(d) chromosomes
The method of asexual reproduction in plants in which callus is produced is :
(a) micropropagation
(b) vegetative propagation
(c) regeneration
(d) fragmentation
A Planaria worm is cut horizontally in the middle into two halves P and Q such that the part P
contains the whole head of the worm. Another Planaria worm is cut vertically into two
halves R and S in such a way that both the cut pieces R and S contain half head each. Which
of the cut pieces of the two Planaria worms could regenerate to form the complete
respective worms ?
(a) onlyP
(b) only R and S
(¢) P,RandS
(d P,Q RandS

Questions Based on High Order Thinking Skills (HOTYS)

80.

There are four tiny organisms A, B, C and D. The organism A is a parasitic protozoan which



causes a disease known as kala-azar. The organism B is a microscopic single-celled animal

which causes malaria disease in human beings. The organism C is a unicellular animal

which can change its body shape according to need, it has no fixed shape. The organism D is

also a unicellular animal which is slipper-shaped having a large number of tiny hair all

around its body.

(a) Name the organisms A, B, C and D

(b) Name one characteristic body feature of organism A.

(c¢) Name the insect which carries organism B and transmits it from one person to another.

(d) What name is given to the asexual method of reproduction of (i) organism A, and (ii)
organism B ?

(e) Where do organisms C and D live ?

81. Two very small organisms X and Y both reproduce by the method of budding. Organism X is
industrially very important because it is used in making alcohol from sugar. It is also used in
making bread. Organism Y lives in freshwater. If organism Y gets cut into a number of parts
accidently, each cut part can grow to form complete organism.

(a) What are organisms X and Y ?

(b) What is the name of the process in which X converts sugar into alcohol ?
(c) To which class of organisms does X belong ?

(d) Name an important body feature of organism Y.

(e) Which organism is multicellular and which one is unicellular ?

82. When a moist slice of bread was kept aside for a few days then some organism grew on it to
form a white cottony mass which later turned black. When this slice of bread was observed
through a magnifying glass, then fine thread-like projections and thin stems having bulb-like
structures at the top were seen.

(a) What is the common name and scientific name of the organism which grew on the moist
slice of bread ?

(b) How did this organism grow on the moist slice of bread automatically ?

(c) What are the fine, thread-like projections on the surface of slice of bread known as ?

(d) What name is given to the knob-like structures and what do they contain ?

(e) What is the name of this method of reproduction ?

(f) Name one unicellular organism which reproduces by this method.

(g) Name two non-flowering plants which reproduce by this method.

83. A scientist removed some cells from the growing point of a plant and placed it in a suitable
medium leading to the formation of a shapeless lump of mass X. X is then transferred to
another medium which stimulates it to develop roots. When X with developed roots is
placed in a yet another medium, then it develops shoots to form tiny plantlets. These
plantlets can then be transplanted in pots or soil where they can grow to form mature plants.
(a) What is the shapeless lump of mass X known as ?

(b) What name is given to this method of producing new plants ?

(c¢) The growth medium used in this method contains plant nutrients in the form of a ‘jelly’.
Name this jelly.

(d) What is the general name of chemicals used to stimulate the growth of plant cells and
development of roots and shoots ?

(e) Name any two plants which are produced by this method.

(f) State any two advantages of this method of producing plants.

(g) What is the other name of this method [other than that given in (b) above] ?

84. The stem of a fruit tree X fixed in soil is cut in a slanting way. The upper part of stem of
another fruit tree Y of different variety of same species is also cut in a slanting way. The cut
stem of tree Y, without roots but having some leaves, is placed over the rooted cut stem of
tree X in such a way that their cut surfaces fit together properly. While joining the two cut



stems, care is taken to make sure that the layer Z of one cut stem is in contact with layer Z of

the other cut stem. The joint of cut stem is bound tightly with a piece of cloth and covered

properly with polythene. Soon the cut heals and the two stems grow together and become

one fruit tree producing leaves, flowers and fruits.

(a) What is the name of this method of producing plants or trees ?

(b) What name is given to the cut stem of tree X having roots ?

(c) What name is given to the cut stem of tree Y which has no roots but has some leaves ?

(d) Name the layer Z.

(e) Why should the layer Z of one cut stem be in contact with the layer Z of the other cut
stem ?

(f) Name any four fruit trees which are usually bred by this technique.

(g) State any one advantage of producing fruit trees by this technique.

85. A small part of the shoot of a plant is removed with a sharp knife. When the lower end of this
small part of the shoot is buried in moist soil, it gradually develops roots and shoots and
grows to become a new plant.

(a) What is the name of this method of propagating plants ?

(b) What care should be taken while removing a small part of the shoot from the parent
plant with a knife ?

(c) Name any two plants which provide us with food directly or indirectly and are grown by
this method.

(d) Give one advantage of this method of producing new plants.

(e) State whether it is a sexual method of reproduction or an asexual method. Why ?

() What special name can be given to the genetically identical new plants produced by this
technique ?

86. When the branches of a plant growing in the field are pulled towards the ground and a part of
them is covered with moist soil (leaving the tips of the branches exposed above the ground),
then after some time new roots develop from the parts of branches buried in the soil. On
cutting these branches from the parent plant, new plants are produced from the cut parts of
branches which had developed roots.

(a) What is this method of propagation of plants known as ?

(b) What type of branches should a plant have to be able to be propagated by this method ?

(c¢) Name any two plants which are grown for their flowers and propagated by this method.

(d) Name any two plants which are grown for their fruits and propagated by this method

(e) Name one plant which gets propagated by this method naturally by forming runners
(soft horizontal stems running above the ground).

87. A worm X found in freshwater and slow-moving streams has been accidently cut into three
pieces. It was observed that in due course of time, each cut piece of the worm develops to
become a complete worm by growing all the missing parts.

(a) Name the worm X which can exhibit this phenomenon of making complete worm from
its cut body parts.

(b) Name another organism Y which possesses the same characteristic of growing fully
from its cut body parts.

(c) What is the name of this process in which a complete organism is formed from its cut
body part.

(d) State whether X and Y are unicellular and/or multicellular organisms.

(e) Can a dog be produced completely from its cut body part (say, a cut tail) just like
organisms X and Y ? Why ?

88. A thickened underground stem X of a plant which is swollen with stored food has a number of
points Y on its surface. When the old stem X is planted in the soil of a field in the next
growing season, then each point Y present on its surface grows into a new plant.



(a) What is the general name of the underground stems like X ?

(b) Give one example of X.

(c) What are points Y present on X known as ?

(d) Is it necessary to plant the whole of stem X in the ground to obtain its new plants ?
Explain your answer.

(e) What is the name of this method of reproduction of plants ?

(f) What is the advantage of growing new plants from the underground stems like X ?

89. A filamentous alga X is found in ponds, lakes and slow-moving streams. The filament of this
alga simply breaks into two (or more) pieces on maturing and each piece then grows to
become a complete new alga.

(a) Name an alga which X is likely to be.

(b) What is the colour of X ?

(c) What is the method of forming new algae by the breaking of parent alga known as ?

(d) An Amoeba also breaks up to form two daughter Amoebae. What is the difference in the
splitting of Amoeba and splitting of this alga as a method of reproduction ?

(e) Name one marine animal which reproduces in the same way as alga X.

90. When a broken piece of the stem of a plant X is planted in the soil, a new plant grows from it in
a week’s time. The leaves of plant X also have many small entities Y in their margins which
can fall to the ground alone or alongwith leaves and grow into new plants.

(a) Name a plant which X could be.

(b) What are the entities Y present on the leaves of X known as ?

(c) Name a plant other than X which can be reproduced from its leaves.

(d) Name a common plant grown in many homes which can be propagated from its broken
stems like plant X.

(e) Name a kind of dormant organs present in dry stems of old grass plants lying in the
fields which get activated and produce green grass plants after the rains.

ANSWERS

1. Reproduction 2. (a) Sexual reproduction (b) Asexual reproduction 3. False 4. Ferns and Mosses
5. (a) Sexual reproduction (b) Asexual reproduction 6. Sexual method 7. (a) Dogs and Cows (b)
Amoeba and Hydra 8. Bread mould (Rhizopus fungus) 9. Binary fission ; Asexual method 10. (a)
Bryophyllum and Money plant (b) Bryophyllum and Begonia 20. Because in all these methods of
reproduction, new organisms (offsprings) are obtained from a single parent without the use of sex
cells or gametes 21. (a) reproduction (b) multiple ; binary (c) cuttings (d) tubers (e) layering 22.
(b) Sexual method : Cats, Humans, Birds ; Asexual method : Amoeba, Hydra 23. (a) Planaria and
Hydra 27. (c) Binary fission : Amoeba ; Multiple fission : Plasmodium (d) Microscopic animals
28. (a) Yes, because it leads to the formation of two daughter cells 29. (a) Water does not provide
any energy to yeast cells. So, yeast cells fail to multiply in water due to inadequate energy in its
cells. Sugar provides energy to yeast cells to carry out reproduction by multiplying rapidly (b)
Moisture is necessary for the growth of bread mould. The moist slice of bread provides both
moisture and nutrients due to which bread mould grows profusely. On the other hand, the dry slice
of bread provides nutrients but no moisture. So, in the absence of moisture, bread mould does not
grow on the dry slice of bread 30. (a) Stem tuber : Potato ; Root tuber : Sweet potato (b) Buds (or
Eyes) (c) Potatoes 31. (b) Buds 33. (i) j (ii) g (iii) f (iv) k (v) b (vi) h (vii) a (viii) d (ix) ¢ (x) e (xi) i
(xii) i 34. (d) Binary fission (e) Paramecium and Leishmania 35. (b) By fission : Amoeba ; By
fragmentation : Spirogyra (c) Plasmodium (d) Budding (e) Yeast 36. (a) Spore formation ;
Asexual method (c) Hydra ; Budding (d) Sponges and Corals 40. (c) 41. (b) 42.(c) 43. (d) 44. (b)
45. (d) 46. (c) 47. (d) 48. (d) 49. (d) 50. (d) 51. (c) 52. (c) 53. (a) 54. (a) 55. (d) 56. (d) 57. (c) 58.
(d) 59. (c) 60. (b) 61. (d) 62. (d) 63. (b) 64. (d) 65. (c) 66. (c) 67. (d) 68. (c) 69. (b) 70. (c) 71. (a)
72. (d) 73. (¢) 74. (d) 75. (c) 76. (c) 77. (c) 78. (a) 79. (d) 80. (a) A is Leishmania, B is



Plasmodium, C is Amoeba and D is Paramecium (b) Organism A (Leishmania) has a whip-like
structure called flagellum at its one end (c) Female Anopheles mosquito (d) (i) Binary fission (ii)
Multiple fission (e) In pond water 81. (a) X is yeast and Y is Hydra (b) Fermentation (c) Fungi (d)
Y has tentacles (e) Y is multicellular whereas X is unicellular 82. (a) Bread mould ; Rhizopus (b)
Spores of bread mould plant are always present around us. One such spore landed on moist slice
of bread and finding the conditions favourable (presence of moisture, nutrients and warmth, etc.)
grew into bread mould (c) Hyphae (d) Sporangia ; Spores (e) Spore formation (f) Bacteria (g)
Ferns and Mosses 83. (a) Callus (b) Tissue culture (c) Agar (d) Plant hormones (e) Dahlia and
Carnation (f) See page 139 (g) Micropropagation 84. (a) Grafting (b) Stock (c¢) Scion (d)
Cambium layer (e) Because the layer Z (called cambium layer) in the stem is responsible for
growth (f) Apple, peach, apricot and pear trees (g) It enables us to combine the most desirable
characteristics of the two plants in fruits 85. (a) Cuttings method (b) The cutting should have one
(or more) bud on it (c¢) Sugar cane and Banana plants (d) By using the cuttings method, we can
produce many new plants from just one plant quickly, without waiting for flowers and seeds (e)
Asexual method of reproduction ; Because new plants are produced from a single parent plant
without the involvement of sex cells (or gametes) of the plant (f) clones 86. (a) Layering (b)
Slender branches (Thin branches) (c) Jasmine and China rose (d) Lemon and Guava (e)
Strawberry 87. (a) Planaria (Flatworm) (b) Hydra (c) Regeneration (d) Simple multicellular
organisms (e) No ; Because dog is a complex multicellular organism 88. (a) Stem tubers (b) Potato
tuber (c) Eyes or Buds (d) No ; Even cut pieces of X can be planted in the soil to obtain new plants
provided each cut piece has an eye or bud on it (e) Vegetative propagation by tubers (f) The
vegetative propagation method of growing new plants from tubers like X is much faster than the
production of new plants from their seeds 89. (a) Spirogyra (b) Green (c) Fragmentation (d) The
binary fission in Amoeba is a reproduction process which takes place in unicellular organisms ;
Fragmentation in alga is a reproduction process which takes place in simple multicellular
organisms (e) Sea anemone 90. (a) Bryophyllum (b) Buds (c) Begonia (d) Money plant (e) Buds.

SEXUAL REPRODUCTION

Sexual reproduction takes place by the combination of special
reproductive cells called ‘sex cells’. Sex cells are of two types : male sex
cells and female sex cells (which come from two different parents : a male
and a female). The sex cells are commonly known as gametes. Thus, the cells
involved in sexual reproduction are called gametes. Gametes are of two
types : male gametes and female gametes. In sexual reproduction, a male
gamete fuses with a female gamete to form a new cell called ‘zygote’. This
zygote then grows and develops into a new organism in due course of
time. Please note that the sex cells or gametes are also sometimes called
germ cells. And there are two types of germ cells : male germ cells and
female germ cells. In this chapter we will be mostly using the term ‘gamete’.
The students are, however, free to use the term ‘germ cell’ (in place of
gamete).

SEXUAL REPRODUCTION IN FLOWERING PLANTS




The plants in which the sex organs are carried within the flowers and
the seeds are enclosed in a fruit are called angiosperms. Angiosperms are
commnly known as flowering plants. The flowering plants reproduce by
‘sexual reproduction’ method. This means that two sexes (male and female)
are involved in reproduction in flowering plants. Like human beings, plants
have also male and female sex organs, though they are different in form from
humans. The sex organs (or reproductive organs) of a plant are in its
flowers. In other words, flowers contain the sexual reproductive organs of a
plant (see Figure 40). In most of the plants, the same flower contains the male
organ as well as the female organ. In other words, the majority of plants are
bisexual having the male and female reproductive organs in the same plant
(or same flower). In fact, the reproductive part of higher plants is the flower.
The function of a flower is to make male and female gametes and to
ensure that fertilisation will take place to make new seeds for the
reproduction of plant (see Figures 41 and 42). Sexual reproduction is the
most common method of reproduction in flowering plants. From all this
discussion we conclude that flowers are for sexual reproduction in plants. A
flower makes both male and female gametes needed for sexual reproduction
in plants.
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Figure 40. Flowers contai
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Figure 42. Pea pods a side them are seeds of the pea plant. These peas (or

vh in the soil to grow new pea plants.

The sexual rep iongiiiplants takes place in the following
steps : S _y

1. The male organ of flower called the male gametes
(male sex cells) @ _ [ ale gametes are present in
pollen grams e -

2. The female orga NI 4@ akes the female
gametes ({ ' S male gametes are
present i n ovules are also
called

3. The male ga tilise the female

gametes or egg cells present in ovules.

4. The fertilised egg cells grow within ovules and become seeds.

5. The seeds produce new plants on germination (under suitable

conditions of water, warmth, air and light, etc.).

We will now describe the various parts of a flower including the sexual
reproductive organs. And then we will discuss the sexual reproduction in
plants in detail.

The main parts of a flower are : Receptacle, Sepals, Petals, Stamen
and Carpel. These main parts of a flower are shown in Figure 43.

1. Receptacle. The base of a flower to which all the parts of a flower
are attached is called receptacle (see Figure 43).

2. Sepals. The green, leaf-like parts in the outermost circle of a flower
are called sepals (see Figure 43). All the sepals taken together are called
‘calyx’. The function of sepals (or calyx) is to protect the flower in its initial
stages when it is in the form of a bud.

3. Petals. The colourful parts of a flower are called petals (see Figure
43). The petals lie inside the sepals. All the petals taken together are called
‘corolla’. The petals are usually scented. The function of petals (or corolla) is



to attract insects (for pollination) and to protect the reproductive organs
which are at the centre of the flower.

4. Stamen. The little stalks with swollen tops just inside the ring of
petals in a flower are called stamens.