Chapter10 &
REPRODUCTION IN PL@&TS

After studying this chapter, students will be able

formation and vegetative propagation.
= Distinguish between vegetative propagation cial propagation.
» Explain vegetative propagation in plants (thfough stem, suckers and leaves).
* Describe the two methods of artifici ative propagation (stem cuttings and

e Describe different types of asexual reproduction; ﬁﬂary fission, budding, spore

grafting) \
¢ Explain sexual reproduction in Planto

You know that reproduction i$\the process in which organism produce new
organisms of their own kip ere are twoc main kinds of reproduction. The
reproduction that does involve the fusion of gametes is called asexual

reproduction. The o ng produced by asexual reproduction are genetically
identical to the nts. On the other hand, the reproduction that involves the
fusion of m egfemale gametes is called sexual reproduction. In sexual
reproduc@ e offspring have variations among themselves and with the
parents.

This chapter explores the methods of reproduction in plants, both asexual and
sexual reproduction. We will study the vegetative and artificial propagation
methods. Artificial propagation technigues like stem cuttings and grafting will
also be discussed.

10.1- TYPES OF ASEXUAL REPRODUCTION

Some common methods of asexual reproduction in different organisms are
given next.
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REPRODUCTION IN PLANTS

1. Binary Fission

Binary fission means division in to two. It is the usual method of reproduction
in bacteria. During binary fission, the bacterial DNA replicates and the daughter
DNA molecules move to opposite sides. Then, the cell membrane pinches in.
New cells wall is synthesized in the middle and so two identical daughter cells
bacteria are produced.

[o][Oa][o o]lag(al

1. Parent 2. DNA repllcates 3. Cell membrane \CDnghter Bacteria

Bacterium pinches in +
FIGURE 10.1: Binary fission in K@

Many protists (unicellular eukaryotes Q% ____________________________ :

Amoeba Euglena etc.) also reproduce b e aHinyisag Baneiens)
i also reproduce asexually by:

fission. In protists, the nucleus of pare NiSM | oy fission.
divides into two. This is followed by h&lwsmn of |
cytoplasm. So, two daughter protl e formed. R

C P ES Cl

1. Parent Amoeba @uc eus divides 3. Cytoplasm divides 4. Daughter Amoebae

@ FIGURE 10.2: Binary fission in Amoeba
2. Buddﬁ

______________________________

This method is very common in yeast (a unicellular : ,
fungus). During budding, a part of the parent' Some animals e.g. hydra also |
organism grows out from its body. This part is | rbe‘:;g:l‘;ce ssemaly: by
called a bud. When the bud has grown big, it may *--.---- ..o ’

separate from parent body or may remain attached.
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Yeast cell A bud forms Bud grows
and new buds form

FIGURE 10.3: Budding in Yeast \b
3. Spore Formation O

Spores are thick-walled asexual
reproductive cells. Most fungi (e.g.
Rhizopus: bread maold) produce |
spores in special sac-like structures
called sporangia (Singular:
sporangium). When spores are
mature, the sporangium bursts and

spores are released. 3\
Spores can tolerate unfavourahle

conditions due to their thic Is. HGURE 10,4 Asexusl reproduction by
When favourable cond'@!s are spores (in Rhizopus)
available, the spores éﬂlnate to

produce new fungus..x

Some bacterj \Q-eproduce by forming ;
’w : The improperly sterilized canned '

endospo res produced inside the cell). ;

Th forl endospores in unfavourable ' {0t ey cortal Ao e o
=y P : bacteria. When  endospores !

enV|r0nmenta| Condltlons Even If the Orlglnal | ge"nlnate new bacterla makel

cell dies, the endospore survives. When ! toxins. :

conditions improve, the endospore grows into === ’

a new bacterium.

4: Vegetative Propagation

It is a methods of asexual reproduction in plants. In this method, new plant is
produced from the vegetative part (root, stem or |leaf) of the parent plant.
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Vegetative propagation takes much less time to produce new generation as
compared to the sexual method. Secondly, the offspring are genetically
identical to the parent plant. Vegetative propagation may be natural or artificial.

» Natural vegetative propagation is a process where plants reproduce on
their own, using structures like stems, roots, or leaves.

¢ Artificial vegetative propagation means the processes in which humans
use the vegetative parts of plants for their reproduction by methods like
cuttings, grafting, or layering.
In the natural vegetative propagation, plants use the followmg \gtlve parts
for producing new plant.
(a)- Stem ‘\\0
The following types of stems take part in vegetatiy&ﬁpagation in plants:

1. Stolon (runner): It is a
horizontal stem that grows
above the ground. A stolon
has nodes where new
leaves and roots grow. The
leaves grow upwards and
roots grow down. In this
way, a new plant is forme
at the node. Strawb
reproduces by usi 3

stolon. FIGURE 10.5; Vegetative propagation in strawberry
(through runner)

2. Tuber: | @Shy stem
that gro rground. It has “eyes” which are actually its buds. Eyes can grow

into new plants. Potatoes reproduce by tubers.

3. Rhizome: It is a horizontal stem that grows below the ground. It has nodes
where new leaves and roots grow. In this way, a new plant grows from each
node. Ferns, ginger, and sugar cane reproduce by using rhizome.
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FIGURE 10.6: Vegetative propagation in  FIGURE 10.7: Vegetati pagation in
potato (through tuber) ginger (th izome)

4. Bulb: It is a very short stem that grows undergroun as bud and fleshy
leaves. Bulbs grows naturally to produce new pl%@mlips, onions and lilies
reproduce by bulbs.

5. Corm: It resembles the bulb but does notqwe; fleshy leaves. AImost all of a
corm consists of stem, with a few bro @D—functional leaves on the outside.
Dasheen and garlic reproduce by co‘rr%

FIGURE 10.8: Vegetative propagation in FIGURE 10.9: Vegetative propagation in
onion (through bulb) garlic (through corm)

(b)- Suckers

Suckers are new shoots that emerge from the base of the parent plant or from
its underground roots. These shoots grow into new plants while still attached
to the parent. When suckers develop their own root system, they become
independent. Examples are banana and raspberry plants.
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(b)- Modified Leaves

The leaves of some plants (e.g. Bryophyllum} are modified for vegetative
propagation. Such leaves have buds at their margins. When leaf falls on ground,
the buds grow into new plants.

Madified leaf

£ Q"

N

4‘& 10.11: Modified leaf of

Q bryophyllum

FIGURE 10.10: Sucker in banana \

10.2- ARTIFICIAL PRQP ION

Artificial propagation in @s the methods in which humans produce new
plants by using the v tive parts of plants. It includes techniques such as
cutting, grafting, orstissue culture. Artificial propagation is used to cultivate
plants with deﬁ@le characteristics or to increase crop production. The
following the most common methods of artificial propagation.

1. Cutting

In some plants, a piece of stem or a piece of root can form a new plant. Such a
piece of stem or root that are cut from a plant and used to grow new plant is
called cutting. Cuttings are widely used to propagate houseplants, ornamental
trees and shrubs, and some fruit crops. Roses and grapevines are grown from
stem cuttings. Sweet potato is grown from root cuttings.
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SR

Cutting

New plant

)

Parent plant

FIGURE 10.12: Using Cuttings for vegetative propagatm

2. Grafting

Grafting is the joining of two or more plant parts of e type to form a
single plant. In grafting, a bud or small stem ofﬂo ant is attached to the
roots or stems of a second plant. Grafting enahles to combine the beneficial

characteristics of two plants. This methodA\ d to propagate almost all
commercial fruit trees and (e.g. almond, @,
trees and shrubs.

herries etc.), many ornamental

Piece from
second plant

N
«’%\0
Q)

FIGURE 10.13: Grafting

Advantages and Disadvantages of Vegetative Propagation

Advantages: Vegetative propagation allows to produce many new plants in a
short time. The new plants are exactly like the parent plant, so they all have the
same good characteristics. This means useful qualities, like good fruit or strong
growth, are passed on to the next generation.
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Disadvantage: Plants produced through vegetative propagation do not have
genetic differences. In other words, all the offspring are identical. Due to it, they
are equally sensitive to envircnmental changes and prene to the same diseases
or pests.

10.3- SEXUAL REPRODUCTION IN PLANTS

The major groups of plants have two type generations during sexual
reproduction which come cne after the other. These are sporophyte generation
and gametophyte generation. The sporophyte generation produces spores
which grow and make the new gametophyte generation. Th@ metophyte
generation produces gametes which unite and make sporophyte
generation. This phenomenon is called alternation of tions.

The sporophyte generation is diploid {2n) and pro c@;haploid (1n) spores by
meiosis. The spores develop into haploid gametophyte generation. The
gametophyte produces haploid gametes by s. The haploid gametes fuse
to form diploid zygote, which develops i next sporophyte stage.

éé%phyte

(2n)
Z}Eg%bo Meiosis

N
Fehg) Male
' gamete
$Q\,®(:?;E (1n) b7

Mitosis e /

{1n)

Mitosis

FIGURE 10.14: Alternation of generations in plants

Life Cycle of Angiosperms (Flowering Plants)

In angiosperms, flowers are the organs for sexual reproduction.
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Parts of a Flower

The receptacle is the swollen tip of a flower stalk where all the floral parts (are
attached. It serves as the base that supports the flower's structure.

Floral parts are in the form of the following four concentric whorls, or rings:

1. Calyx: It is the outermost whorl. It is made of green leaf-like sepals.
Sepals protect the inner parts of a developing flower before it opens.

2. Corolla: It is the second whorl and made of petals. Most flowers have

coloured petals. \b

3. Androecium: It is the third whorl and is made of productive
structures called stamens. Each stamen consis anther and a
filament. Anther contains pollen sacs (microsp 1a), which produce

microspores. The stalk-like filament suppo&@}a nther.
4. Gynoecium: It is the innermost whorl the female reproductive
structures called carpels. A carpel co»ﬁ\ f three parts
i. The enlarged base of carpe?ogmed ovary. It In some flowers, one
is the part where ovules duced. Ovules | or more carpels are |
produce megaspores d@ reproduction. | fused to form a .
ii. The stalk-like part a@thed to ovary is called ! Stmdureca“edpm"
style.
iii. The tip of styl*gaalled stigma.

Carpel

Ovary Stigma Style

Receptacle Stamen

Carpel
FIGURE 10.15: Parts of a flower
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Stages of the Life Cycle

An angiosperm plant represents the sporophyte generation. When a flower
matures, it produces spores. The spores germinate and make female and male
gametophytes. The gametophytes are small structures consisting of few cells
only. They make gametes which combine to form zygote that develops into
new sporophyte.

Following are the main stages in the life cycle of an angiosperm.

1- Development of Female Gametophyte (Embryo Sac)

The ovule acts as megasporangium. It contains a diploid me re mother
cell which undergoes meiosis and produces four haploi aspores. Only
one megaspore remains alive. Inside megaspore, eigj% aploid nuclei are
formed by mitosis. Two nuclei migrate to the cent: use to form a fusion
nucleus. One nucleus out of the remalnlng sn( forms the female gamete i.e,

egg cell.
‘l / ‘i Mitosis
& (3 times)
OS

Megaspore

a
Fusion ‘
nucleus
Megaspore .
\ mather cell (2n)

Embryo sac
(female gametophyte}

Megasporangium
(Ovule)

Micropyle
FIGURE 10.16: Development of female gametophyte (embryo sac)

The resulting structure, which contains seven cells (one egg cell, one fusion
nucleus, and five non-functional cells), is the female gametophyte or embryo
sac.
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2- Development of Male Gametophyte (Pollen Grain)

The pollen sacs present in anther act as microsporangia. Each pollen sac
contains many diploid microspore mother cells. Each microspore mother cell
undergoes meiosis and produces four haploid microspores A microspore
undergoes mitosis. The resulting two-celled structure is a pollen grain, which is
the male gametophyte. One cell in pollen grain is the tube cell, which will form
the pollen tube. The other cell is the generative cell which will form two
pores {1n)

sperms.
“oh | Mei Q
4}5
@ itosis
Tube cell
v Generative
cell

Male gametophyte
{pollen grain)

Microspore
_mother cell

F

©

" Microsparangium
{pollen sac)

N

FIGURE 10.17: De@lent of male gametophyte (pollen grain)
3- Pollination C{?

The n?ale gamelop ,hh'l c:lenfgralT) The transfer of pallens from the anther to the :
soniaims: sper lles e Temalp stigma of the same flower or another flower |

gametoph @ ryo sac) contains : on the same plant is called self-pollination.
egg. The grains are transferred :

from the anther to the stigma so that . The transfer of pollens from the anther of one ;
the sperms can fertilize the egg. It is ; plant to the stigma of a flower on a different |
called pollination i.e. the transfer of { Plat " e Same speciss. b callad roes-

g i pollination.
pollen grains from an anther to a: ]

stgma. e
4- Fertilization

___________________________________________

’
[}

When pollen grain reaches stigma, its tube cell forms a pollen tube. This tube
grows through the stigma and style towards the ovary. The pollen tube reaches
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the ovule and enters in it through the micropyle. The generative cell of pollen
grain forms two sperms, which enter the embryo sac to reach the egg.

One sperm fuses with the egg, forming a diploid zygote. The zygote eventually
develops into an embryo. The second sperm fuses with the fusion nucleus,
producing a triploid (3n) nucleus. This nucleus then develops into tissue called
endosperm. The endosperm provides nourishment for the embryo. This
process of the fusion of two sperms (one with the egg and the other with the
fusion nucleus) is called double fertilization. It is a unique characteristic of
angiosperms.

) Polien grain
Meiosis @ @ male gametophyte)

Microspore
&Q) \ﬂllnaﬂon
Pollen sac &mrms _ ‘

(Ov!le Tube

Fusion
nucleus

\0 Enc:ospt:;m) Pollen
Q2 N\

' Seed - (2n}

FIGURE 10.18: Life cycle of a flowering plant

5-Seed and Fruit Formation

After fertilization, the zygote develops into embryo and the triploid nucleus
develops into endosperm tissue. After these developments, the ovule is said to
be matured and is now called seed. The ovary changes into fruit.
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6- Development of Sporophytes ’ ; s

; . In some plants, ovaries develop into |
When seeds mature, they are dispersed. If fruits without fertilization of egg in |
seeds get suitable conditions, thEirE ovule. So, there is no seed in fruit. This |
embryos develop into new plants (the | 5rocessis known as parthenocarpy. it

sporophytes of the next generation). © results in seedless fruits e.g. bananas '
: and seedless varieties of grapes. '

.....................................

KEY POINTS N~

* Binary fission is the division in which the parent cell si@vides into two
daughter cells, each genetically identical to the par

® |n budding, the offspring develops from a smal‘q@rowth or "bud" on the
parent organism.

® Vegetative propagation is a method of Iﬁ&mducﬁon where new plants
are produced from vegetative structé s like stems, roots or leaves.

» Cloning is the technigque of pmd'{f; identical offsprings from small pieces
of tissue taken from shoot tips 6 ther suitable parts of the plant.

® Plants have two different erations. The diploid generation produces
spores and is called sp%@ hyte generation, while haploid generation
produces gametes and-s)called gametophyte generation.

® The microspore ;ﬁgoes mitosis and produces two haploid cells i.e., a
tube cell whj pollen tube and a generative cell which divides to
produce rms

= A ger microspore has a tube nucleus and two sperms is male
gametophyte generation of plant.

® Ovule contains one megaspore mother cell which undergoes meiosis and
produces four haploid megaspores. In one ovule, only one megaspcre
remains functional. Here it germinates into haploid female gametophyte,
called embryo sac.

* Embryo sac consists of seven cells. There is one egg and two other cells at
one end. There are three cells at the other end. There is a large cell in the
centre which contains two polar nuclei (fusion nucleus 1n + 1n).
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EXERCISE

A. Select the correct answers for the following questions.
1. Which of the following organisms commonly reproduce by binary fission?

a) Yeast b) Bacteria
c) Rhizopus d) Plants
2. What is the primary method of reproduction in yeast?
a) Binary fission b) Spore formation
¢) Budding d) Fragmentatio
3. Which of the following statements is true about spore form&in fungi?

a) They produce spores during sexual reproduction
b) They produce two kinds of spores
¢) Spores can only grow into new fungi in dry e gl'hents
d) Spores are produced to withstand harsh coﬂg\
4. What happens in some bacteria during ha%andmons?
a) Creation of a bud that detaches from |
b) Formation of thick-walled endospotes
c) Splitting the cell into two identi aughter cells

d) Fusion of two bacterial cells
5. Which of the following is an e gﬂple of vegetative propagation through

runners?
a) Potato ‘\0 b) Strawberry
c) Onion \9 d) Ginger
6. Which plant pro@es through tubers?
a) Onion b) Potato

c) Ginger d) Garlic
7. The hq@ | aboveground stem, which produces leaves and roots at its

nodes;
a) Stolon b) Bulb
¢) Rhizome d) Corm
8. Which of these does NOT help a plant for vegetative propagation?
a) Rhizome b) Corm
¢) Runner d) Flower
8. Which part of the flower is responsible for producing pollen?
a) Stigma b) Anther
c) Ovary d) Petal
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10.Which of the following is NOT a part of carpel?

a) Filament b) Style
¢) Stigma d) Ovary
11. Which structure forms the female gametophyte in flowering plants?
a) Pollen grain b) Ovule
¢) Anther d) Sepal
12.The male gametophyte in flowering plants is known as:
a) Pollen grain b) Embryo sac
c) Ovary d) Carpel
13.In the life cycle of flowering plants, which structure is triploi )?

a) Egg b) Fusion Q&@s
¢) Endosperm nucleus d) SperEL\'
14.Embryo sac is formed inside;

a) Filament b}'ﬂq r

c) Style @mule
15. Double fertilization involves; &
a) Fertilization of the egg by two m etes
b) Fertilization of two eggs in the e embryo sac by two sperms
c) Fertilization of the egg and tﬁ{ysmn nucleus by two sperms
d) Fertilization of the egg ar.1€\'c tube cell by two sperms
B. Write short answers.

1. Write a short note on ing in yeast.

2. Write a short note &pore formation in fungi.

3. What are the advah@ges of spore formation in fungi and bacteria?

4. Describe hova@etative propagation occurs through runners.

5. State ho oes reproduce through tubers.

6. Descri advantages and disadvantages of vegetative propagation.

7. Name the four whorls present in a flower any ;<5 tell the components of
" each whorl.

Briefly describe the formation of egg cell and polar nuclei within embryo
sac of a flower.

9. Differentiate between:
i. Asexual and sexual reproduction
ii. Binary fission in bacteria and amoeba

165 NOT FOR SALE-PESRP



PLANT PHYSIOLOGY

iii. Stolon and rhizome

iv. Bulb and corm

v. Cutting and grafting

vi. Vegetative propagation and artificial propagation
vii. Male and female gametophytes

viii.Calyx and corolla

ix. Stamen and carpel

10. Label the given diagram of flower.

C. Write answers in detail.

1. Explain the process of binary ﬁssio@ bacteria and describe how it leads to
the formation of two daughter eria.

2. What do you mean by v ive propagation? Differentiate among
different plant structures ied for vegetative propagation.

3. Describe the ways by humans can grow new plants by using the
vegetative parts of rent plants?

4. Define sporophg% d gametophyte. State their roles in the life cycle of

plants.

5. Explaint @cle of flowering plants, focusing on the alternation between
theg yte and sporophyte generations.

6. Describe how the female gametophyte (embryo sac) develops within the
ovule of a flower.

D. Inquisitive questions.

1. Why are spores considered an adaptation for survival n harsh environmental
conditions?

2. How do asexual and sexual reproduction centribute differently to genetic
diversity of plant populations?

3. How does the pollen tube facilitate the process of fertilization in flowering
plants?
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