
HOW DO ORGANISMS REPRODUCE?

CHAPTER PRESENTATION

DO ALL ORGANISMS CREATE EXACT COPIES OF THEMSELVES?

By asexual reproduction, simple organisms create their exact copies to 
preserve their genes. Reproduction involves making copies of the blueprints 
of body design. Though all of us (we are complex multicellular organisms) 
have similar organs, none of us are the same. Eye colour and blood type 
differ among individual humans. Differences in these traits are due to genetic 
differences, or genetic variation. The human gene pool carries alternative 
alleles that affect blood type and many other traits. Other species also have 
variation in their gene pools. Though all human beings belong to the species– 
Homo sapiens, the first upright mammal–no two individuals are exactly 
alike. Even identical twins have slight differences in their DNA 
(deoxyribonucleic acid), which contains information for inheritance of 
features from one generation to another. Apple trees are all members of one 
species, but the fruit produced by different trees can be red or yellow, hard 
or soft, sweet or taste, large or small. 

Reproduction is the process 
by which living organisms 
produce new individuals 
similar to themselves. 
It ensures continuity 

of life on Earth. 



l Express the modes of reproduction by unicellular and 
multicellular organisms

l Discuss sexual reproduction in plants

l Explain sexual reproduction in humans

l Discuss the results of asexual reproduction, where the 
offspring are genetically same as their parents

l Consider the evolutionary advantages of genetic variation 
that come from sexual reproduction

l Understand that complex strategies that ensure successful 
reproduction have evolved over thousands and sometimes 
millions of years

Learning Outcomes

After learning this chapter you should be able to:

i ] Reproduction is the biological process by which new 
individuals of the same species are produced. 
Reproduction is essential for the survival of a species. 

ii] DNA is the informational macromolecule of our body. 
It provides information for protein synthesis. 

iii] During cellular reproduction, DNA duplication occurs 
followed by creation of an additional cellular 
apparatus. 

iv] The process of DNA copying is not accurate, resulting 
in variations arising during reproduction, which is the 
basis for evolution. 

v] Variations may or may not be beneficial for the 
individual, but help in the survival of the species during 
adverse conditions.

vi] Depending on their body design, the modes of 
reproduction differ in different organisms. 

POINTS TO REMEMBER

SEXUAL

REPRODUCTION

ASEXUAL

Fragmentation Fertilization

Fission Pollination
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Animal Cell Plant Cell

The cell is the basic structural, functional, and biological unit 
of all known living organisms. A cell is the smallest unit of life 
that can replicate independently, and cells are called the 
“building blocks of life”.

IMPORTANT TO KNOW

n DNA (Deoxyribonucleic Acid): DNA molecule, the 
information source for making proteins in a cell, used, in 
turn, for growth, development, functioning, and 
reproduction of all known living organisms

n GENE: The molecular unit of heredity, a gene is that part, 
in each DNA sequence of nitrogenous bases, containing 
instructions to make a protein 

n CHROMOSOME: A chromosome is a DNA molecule 
with part or all of the genetic material (genome) of an 
organism 

n DNA REPLICATION: It is a comple process whereby 
the “parent” strands of DNA in the double helix are 
separated and each one is copied to produce a new 
(daughter) strand 

n DNA is responsible for all inherited characteristics

n DNA replication of one helix of DNA results in two 
identical helices

n DNA replication, a biochemical process, results in viable 
and non-viable changes in the new molecule

n Viable changes are seen as changes in the offspring while 
non-viable changes result in death of a new cell

n This inbuilt tendency for variation is the basis for heredity 
and evolution 

CELL

DNA REPLICATION

It is a comple process whereby the “parent” 
strands of DNA in the double helix are separated 
and each one is copied to produce a new 
(daughter) strand. 
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Variations allow organisms to exist in diverse habitats or 
niches. Without variations, a species may be restricted to a 
particular area. If this area gets drastically altered due to 
various natural or man-made causes, the species may be 
wiped out. However, if some variations were present in a 
few individuals, these colonize other habitats and could 
survive. But if variations are present in a single organism 
there would be very little for it to survive.

Variations mean limited diversity within a species. Consider a 
furred species in which some individuals have excessively 
thick fur, the majority have average thick fur, and some 
individuals have excessively thin fur.

If the climate got much warmer, the thinly furred individuals 
would thrive, but the average and heavily furred would die of 
overheating. Bad for the individuals that died, but the 
variation allowed for survival of the species. However, all 
variations are not necessarily beneficial for the individual 
organisms. 

IMPORTANCE OF REPRODUCTION

n Maintenance of existence: Organisms maintain their 
existence on earth since their origin, only because of 
reproduction

n Preservation of species: Species are preserved only 
because of reproduction 

n Role in evolution: Some variations are produced in the 
new organisms during reproduction which play an 
important role in evolution 

TYPES OF REPRODUCTION

There are two main methods of reproduction in living 
organisms: 

 l  Asexual   
l  Sexual

i] Asexual reproduction: Production of offspring by a 
single parent without the formation and fusion of gametes 
is called asexual reproduction.

 In this type of reproduction offspring are genetically 
identical to their parents. 

ii] Sexual reproduction: Offspring production occurs by 
the combination of specialized reproductive cells: male 
and female. These sex cells are called gametes. 
Alternatively, gametes are termed germ cells.

THE IMPORTANCE OF VARIATION

MODES OF REPRODUCTION IN SINGLE LIVING ORGANISMS

Crossing over of homologous  chromosomes 
causes variation

Budding of hydra, an example for 
asexual reproduction
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ASEXUAL REPRODUCTION

Vegetative Propagation Regeneration Fragmentation Spore Formation Budding Fission

Natural

Artificial

Binary Fission

Multiple Fission

Layering [Jasmine]

Tissue Culture [Orchids]

Grafting [Mango]

Cutting [Rose]

Leaf [Bryophyllum]

Stem [Grasses]

Root [Sweet potato]

Example: Amoeba, Euglena, 
Paramaecium

Example:  Plasmodium
(Malarial parasite)

i] Fission, fragmentation, regeneration, budding, vegeta-
tive propagation, and spore formation are various modes 
of asexual reproduction.

ii] Fission occurs in unicellular organisms like bacteria and 
protozoa through simple cell division. Depending on the 
number of individuals formed, fission may be binary or 
multiple fission. 

iii] On maturation, certain multicellular organisms like 
Spirogyra (with simple body make-up) break up into 
smaller fragments, each of which develops into a new 
individual. This is called fragmentation.

iv] Similar reproductive methods cannot occur in higher 
multicellular organisms since they have a complex and 
carefully organized body structure. '

v] In complex multicellular organisms, reproduction is 
brought about by a single, specialized cell type capable of 
proliferating and forming all other cell types of the body.

vi] Regeneration is found in many completely differentiated 
simple organisms, like hydra and planaria. If such an 
organism is split into several parts, most of the parts 
develop into complete organisms. 

vii] Regeneration involves specialized totipotent cells which 
proliferate and differentiate to form the complete body. 

viii] Certain organisms like hydra produce buds on their 
body surface, which mature into new individuals and 
separate from the parent body.

xi] Spore formation is an asexual mode of reproduction 
found in certain multicellular organisms like Rhizopus. 
The thick-walled spores develop into new individuals 
under suitable conditions. 

x] Sexual reproduction requires both male and female 
sexes to produce the offspring.  

xi] Sexual reproduction creates a large number of novel 
variations. 
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l You understand the terms budding, binary 
fission, and a few other terms

l You understand the different stages of binary 
fission in Amoeba

l You understand the different stages of 
budding in Yeast

l You understand the experiment better 
through the animated demonstration

Students

Chain of buds in Yeast

ASEXUAL REPRODUCTION

Fission

In unicellular organisms when a cell becomes fully mature, it 
splits into two or more parts. It is called fission. In organisms 
such as Amoeba, splitting can take place in any plane. But in 
organisms like Leishmania having whip-like structure at one 
end of the cell, binary fission occurs in a definite orientation in 
relation to these structures.

Fission is of two types: Binary Fission and Multiple Fission.

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 a mother body 
breaks into two daughter bodies, it is called binary fission.  e.g:  
Amoeba, Paramecium, etc.

Binary fission in euglenaNuclear constriction in euglenaEuglena

Point on this image with 
the Zen AR Learning App
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Binary Fission in Amoeba
Amoeba is a shapeless tiny unicellular organism that has a 
porous cell membrane which encloses the cell organelles and 
cytoplasm. Amoeba reproduces by the common asexual 
reproduction method called binary fission. After replicating 
its genetic material through mitotic division, the cell divides 
into two equal-sized daughter cells. The genetic material is 
also equally partitioned: the daughter cells are genetically 
identical to each other and the parent cell. In this process, the 
nucleus of the amoeba first divides to form two daughter 

nuclei by the process of Karyokinesis. After the nucleus has 
divided into two, Cytokinesis takes place in which the 
cytoplasm in the parent cell divides into two daughter cells. 
This leads to the formation of the two daughter Amoebae 
cells having a nucleus and its own cell organelles.

Karyokinesis is the process of the division of the nucleus 
during mitosis. It leads to the separation of the parent 
chromosomes into two daughter nuclei. Karyokinesis is 
usually followed by Cytokinesis.

Binary fission in amoeba micrograph  
[digital image taken through a microscope]

Parent Cell Cytoplasm
divides

Two 
daughter

cells

Nucleus
divides into
two nuclei

Binary fission in Leishmania

Parasitic protozoa of the genus Leishmania (Kinetoplastida 
Trypanosomatidae) are generally thought to multiply by 
binary f iss ion. However, data from quantitat ive 
microspectrophotometry indicate that nuclear fusion or 
sexual reproduction takes place in the intracellular 
amastigote form. 

Among several different Leishmania species, the mean +/– 
SD nuclear DNA content of all promastigotes (extracellular 
form) and of some amastigotes (intracellular form) in 
macrophages (large phagocytic cells found stationary in 

tissues) was 0.098 +/– 0.032 relative units; in contrast, other 
amastigotes within the same macrophage had a mean +/– 
SD nuclear DNA content of 0.219 +/– 0.050. The latter 
population of amastigotes are apparently produced when 
the nuclei of a pair of 0.098 amastigotes fuse. These 0.219 
amastigotes later go through what is probably the typical 
meiotic cycle to re-form the 0.098 condition observed 
among promastigotes. The demonstration of sexual 
reproduction in Leishmania has important implications for 
the future direction of research on this medically important 
parasite.

Binary fission process in Amoeba
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Binary Fission process in Leishmania

Binary fission in Paramecium

 Leishmania

Binary fission in Paramecium

Binary fission occurs in transverse fashion in Paramecium. It 
is a common method of reproduction in Paramecium which 
occurs during favourable conditions. A fully grown 
Paramecium is divided into two daughter individuals. 
Division occurs at the right angle to the longitudinal axis of 
the parent’s body. Nuclear division is followed by 
cytoplasmic division.

Paramecium stops feeding before initiating binary fission and 
then its oral groove disappears. Macronucleus divides by 
amitosis and micronucleus divides by mitosis. After division, 
they move towards the opposite end. At the same time, a 

constriction develops at the middle part of the body which 
the divides cytoplasm into two equal parts. In this way, two 
daughter-Paramecia are produced.

Daughter from the anterior end is called protor and the 
daughter from the posterior end is called opisthe. They are 
of equal size and contain a complete set of cell organelles as 
in their parents. Oral groove and cytopharynx are newly 
formed in both the daughters. One contractile vacuole goes 
to protor and another to opisthe. Other two are newly 
formed. The whole process is completed within two hours 
and may occur one to four times a day.
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Multiple fission:

Multiple fission is an asexual method of reproduction of 
organisms. When a mother body breaks into many daughter 
bodies, it is called multiple fission.

Multiple fission in Plasmodium

In multiple fission the parent organism splits to form many 
new organisms at same time. For example: Plasmodium. In 
some organisms, during unfavourable conditions, a cyst or 
protective wall is formed around the cell conditions of 
plasmodium. Inside the cyst the nucleus of cell splits several 

times to form many daughter nuclei and then cytoplasm 
collects around each daughter nuclei and thin membrane are 
form so many new daughter cells are form with in a cyst. 
When favourable conditions arrive, the cyst breaks open and 
daughter cells are released, each forming a new organism. 
Plasmodium is a malarial parasite which reproduces both 
inside a mosquito and also human being. It chooses multiple 
fission, an asexual mode of reproduction, for producing the 
cells. The specific reason behind the organism reproducing 
by multiple fission is that it can divide itself into many cells at 
the same time inside the cyst during unfavourable conditions 
in the host.

BUDDING

Budding in yeast
Yeast are unicellular (some are multicellular) eukaryotic 

micro-organisms belonging to the fungi kingdom. Yeast size 

can vary greatly depending on the species, typically 

measuring 3–4 mm in diameter. Most yeasts reproduce 

asexually by an asymmetric division process called budding. 

First it produces a small protuberance on the parent cell that 

grows to a full size and forms a bud. The nucleus of the parent 

cell splits into a daughter nucleus and migrates into the 

daughter cell. The bud detaches from the mother’s body by 

forming a constriction at the base. Budding repeats to form a 

chain of bud cells. The daughter cell produced during the 

budding process is generally smaller than the mother cell.

Take 100 ml of water in a conical flask and dissolve 10 g of 

sugar in it. Add 5 g of yeast power to the sugar solution and 

stir it well with a glass rod. Insert a cotton plug to close the 

mouth of the flask. Keep this flask at a warm place for 3–5 

days. When froth forms, the yeast culture is ready for 

analysis.

Use a dropper to take out a small quantity of the solution 

from near the bottom of the conical flask. Place a drop on a 

clean slide. Add a very little iodine solution over the culture-

solution drop to stain it. Place a cover slip over the slide.

Budding in yeast
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BUDDING IN HYDRA
A bulge arises on the surface and is called a bud. 
This bud gradually enlarges on the body of the 
parent and develops into a new hydra. It then 
separates from the parent body and grows into a 
mature hydra.

Hydra uses regender active cells for its 
reproduction.

Real lab procedure
1] Take the prepared slide of budding in yeast and place it on the 

stage of a compound microscope.
2] Adjust the mirror of the microscope so that maximum light is 

reflected from the mirror on to the slide.
3] Focus the slide under the microscope’s lens carefully, first under 

low power and then under high power.
4] Observe the different phases of budding in yeast through the lens 

of the compound microscope.

Observations
n Yeast cells are spherical or oval in shape
n Outgrowths called buds can be seen on the yeast cells; at times a 

chain of buds is seen on the parent cells
n Buds that have separated from the parent cells can also be seen

Conclusion
The slide shows some yeast-cell protuberance or buds. In a few yeast 

cells a chain of buds can be observed. Hence the given slide is one that 

shows the asexual reproduction process of budding in yeast.

Precautions
n Before placing the slide on the stage of the microscope, ensure the 

settings of the microscope mirror and diaphragm are correct
n Focus the slide under the microscope's lens carefully, first under 

low power and then under high power
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SPORE FORMATION

Spore formation is a method of asexual reproduction 
found in non-flowering plants such as fungi (Rhizopus) 
and bacteria. Here, the parent plant produces 
hundreds of tiny spores which can grow into new 
plants. The round spores are the microscopic, tough, 
and resistant bodies that can grow into a new plants 
under suitable conditions. 

In Rhizopus (fungi called bread mould), numerous 
spores are produced within sacs called sporangia as 
shown in the figure. The knob-like sporangia are 
present at the top of the thread-like structures called 
hyphae. When these sporangia burst, the spores are 
scattered by rain, wind, or insects and under suitable 
conditions develop into new Rhizopus plants, when 
they fall on a suitable substance like wet bread.

The spores are of two types: 
1]  Aplanospores 2] Zoospores 

Aplanospores

These are non-motile spores due to the absence of flagella 
in them.

Zoospores

The motile spores are called zoospores. These spores are 
motile due to the presence of flagella in them. Under 
unfavourable conditions they are covered by a three-layered 
cyst until conditions become favourable.

Bursting 
Sporangia

Hyphae

Dispersing 
Spores

Spore formation in Rhizopus 

Life Cycle of Rhizopus 

Sporangium

Spores

Rhizoids
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Why does a complex multicellular organism 
not show the power of regeneration?
In a multicellular complex organism, specialized 
cells make up tissues, tissue makes up an organ, 
organ make up an organ system, and finally an 
organ system makes up the organism. This high 
degree of organization prevents reproduction 
through regeneration.

How is an organism benefited if it reproduces through 
spores?
The reproduction by spores takes place in plants. Spores are 
covered by a hard protective coat which enables them to survive 
under unfavourable conditions, like lack of food, lack of water and 
extreme temperature. Under favourable conditions the spores 
can grow to produce new plants. Thus, the reproduction by 
spores benefits the plant because by surviving under adverse 
conditions, the spores make these plants live longer.

REGENERATION

The process of getting back a fully grown organism from its 
body part is called regeneration. Simple multicellular 
animals like Hydra and Planaria show regeneration. 

Planaria (Flatworm) is found in freshwater ponds. If its body 
somehow cut into a number of pieces, each piece can 
regenerate into a complete planaria.

i] Power of regeneration is inversely proportional to the 
size of the body. 

ii] Regeneration is carried out by a cell that grows and 
proliferates.

iii] From these masses of cells different cells undergo 
changes to form various cell types and tissues. These 
changes takes place in an organized manner by the 
process of growth and development. The cells of a cut 
body-part divide rapidly to make a ball of cells. The cells 
present in a ball of cells move to their proper places and 
form various organs and body parts of organisms.

Regeneration in Planaria 

Planaria can be cut into pieces, and each piece can 
regenerate into a complete organism. Cells at the location of 
the wound site proliferate to form a mass of cells that 
differentiate into new tissues and regenerate the missing 
parts of the piece of the cut planaria.

Regeneration is not same as reproduction, since most 
organisms would not normally depend on being cut up to be 
able to reproduce.

Regeneration in planaria

Regeneration in starfish
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FRAGMENTATION

The breaking up of the body of a simple multicellular 
organism, on maturity, into two or more fragments where 
each fragment subsequently grows into a new, complete 
organism is called fragmentation. Spirogyra is a green 
filamentous alga. Spirogyra breaks into two or more 
fragments on maturing and each fragment then grows into a 
new spirogyra. 

This process of asexual reproduction is also found in planaria 
and hydra.

Fragmentation in Planaria

Fragmentation in Spirogyra

Daughter 
Spirogyra

Daughter 
Spirogyra
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Vegetative propagation is used by many plants, especially 
those incapable of producing seeds. Here, new plants are 
produced from roots, stems, or leaves of a parent plant. This 
reproductive method is widely used by plant breeders. 

For example, buds produced in the notches along the leaf 
margin of Bryophyllum fall on the soil and develop into new 
plants.

Vegetative propagation is practised for growing some types 
of plants because: 

n It is more rapid, easier, and cheaper

n Plants of good quality and variety can be produced

n It helps to grow plants in areas where seed germination 
fails to produce a mature plant due to changes in 
environmental factors and the soil

n At times, viable seeds are not formed or very few seeds 
are produced 

Vegetative propagation is a special case: It happens in higher 
plants which, otherwise, have the capability to reproduce 
sexually. When a vegetative part of a flowering plant 
reproduces a new plant, it is called vegetative propagation. 
Some examples of vegetative propagation are given below.

Difference between fragmentation and regeneration:

I Fragmentation occurs naturally when the parent 
organism matures. Regeneration, initiated by an external 
event, causes a cell to grow and proliferate, thereby 
leading to the development of a new organism.

ii] In fragmentation, a simple multicellular organism splits 
into multiple smaller pieces. In regeneration, any body 
part – a single segment – forms a new individual.

Fragmere – to break

It is the process of breaking up of the body of an organism 
into two or more parts called fragments, each of which 
grows into a new individual. Fragmentation is quite common 
in algae, fungi, bryophytes, and some marine ribbon worms. 
It is caused by a mechanical disturbance, chemicals, death 
and decay of older parts, emptying or intervening cells, etc. 
Fragmentation is a common method of multiplication in the 
green filamentous alga, Spirogyra. Here, all the cells are 
capable of photosynthesis, growth, and division. Therefore, 
each fragment grows into a new filament .

Spirogyra under the Microscope

Spirogyra is a genus of green algae of the order 
Zygnematales. 

Spirogyra has a spiral arrangement of chloroplasts and are 
commonly found in freshwater ponds. The cell wall of the 
Spirogyra has two layers – the outer wall is made of pectin 
that dissolves in water to make the filament slimy to touch 
while the inner wall is made up of cellulose. Ribbon-shaped 
chloroplasts, usually arranged spirally, result in the 
prominent characteristic: the green spiral on each filament.

ii] In spring Spirogyra grows under water, but when there is 
more sunlight and warmth, it produces large amounts of 
oxygen that adhere as bubbles among the tangled 
filaments. These masses of Spirogyra come to the water 
surface and become visible as a slimy green mat.

Spirogyra under microscope

VEGETATIVE PROPAGATION

VEGETATIVE REPRODUCTION

RootLeaf

e.g.: Bryophyllum

Stem

e.g.: Potato e.g.: Sweet potato 

Bulb

e.g.: Onion 
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Tuber of potato

The potato tuber is a modified stem. Many notches can 
be seen on the surface of a potato. These are called 
'eyes'. Each 'eye' of a potato can give rise to a new plant. 
Farmers utilize this capability to grow potatoes more 
quickly; this is not possible by using potato seeds.

Tunic

Shoots
growing 
from buds

Scales
(leaf bases)

Bud

Basal plate

Roots

Bulbs [e.g.: Onion]

n Flattened, disc-like stem with closely set nodes 
bearing fleshy scale leaves surrounded by some dry 
scale leaves

n Buds are in the axils of the fleshy scale leaves

Eye

Rhizome of ginger

Tuber of sweet potato

Modified roots of carrot and sweet potato

Carrot and sweet potato are examples of 
modifications of roots: for food storage. These roots 
can give rise to new plants when kept under the soil.

Rhizomes of ginger and turmeric

Rhizomes are examples of modified underground 
stems for food storage. These contain nodes, 
internodes, and scaly leaves. When buried under the 
soil, the rhizomes produce new plants.
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Leaf of Bryophyllum with 
buds in the margin

NATURAL METHODS OF VEGETATIVE PROPAGATION

ARTIFICIAL METHODS OF VEGETATIVE PROPAGATION

Through vegetative propagation, the green grass grows in a 
field after rain from the dry, old stem of grass plant present in 
the field. Bryophyllum plants can be reproduced by 
vegetative propagation by using their leaves. Vegetative 
propagation usually involves the growth and development of 
one or more buds present in an old part of a plant to form a 
new plant. 

Farmers and horticulturists have used artificial vegetative 
propagation to grow more plants quickly to earn more 
profit. 

Artificial vegetative propagation develops new varieties of 
plants. Stem cutting, layering, and grafting are the preferred 
means of artificial vegetative propagation.

i]  Grafting;  Mango    ii]  Cutting; Rose   
iii]  Layering;  Jasmine 
iv]  Tissue culture: New plants are grown by using the 

growing tip of a plant.

Artificial vegetative propagation is the deliberate production 
of new plants from parts of old plants by humans.

PLANT VEGETATIVE PROPAGULE

Potato

Begonia

Money plant

Leaves

Stem

Potato tuber (stem)

Leaf of Bryophyllum 

Leaves of Bryophyllum have notches on their margin. If a 
leaf is put under the soil, small saplings grow from the 
notches on the leaf margin. In vegetative propagation new 
plants are obtained from the parts of old plants (stem, 
leaves, or the root) without the help of any reproductive 
organ.

Point on this image with 
the Zen AR Learning App
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Cutting 
The part of the plant removed by cutting it from a parent plant 
is called a ‘cutting’. In this method a year-old stem is cut from a 
distance of 20 to 30 cm and is buried in moist soil in its natural 
position. After sometime, roots develop from this cutting 
giving a new plant. This method is commonly used in rose and 
sugarcane.

Layering 
This method of vegetative propagation is used in those plants 
whose soft branches occur near the ground, such as jasmine. 
Here, a branch of the plant near to the ground is pulled 
towards the ground and a part of this branch is covered with 
moist soil leaving the tip of this branch above the ground.

After sometime, roots develop from the buried part of the 
branch. This branch is then cut off along with its roots from 
the parent plant and develops into a new plant. 

This method of asexual reproduction is also used in the 
production of plants such as bougainvillea, guava, 
strawberries, lemon, china rose, etc.

New plant developing roots New plant developing shoots

New Plant

Parent Plant
Layering

New Plant

Parent Plant
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Grafting

Here, the stems of two different plants are joined together to 
produce a new plant with the characteristics of both. Out of 
the two plants one plant has a strong root system and the other 
has a better flower or fruit yield. The plant of which the root 
system is taken is called ‘stock’, while the other plant of which 
the shoot is selected is known as ‘scion’ or ‘graft’. These two 
stems, i.e. the stock and the scion, are fitted together by 
making slanting cuts in them and bound tightly with a piece of 
cloth covered with a polythene sheet. 

While joining the scion with the stock, care should be taken 
that the diameter of the stock and scion chosen for grafting are 
equal. Scion gets the mineral and water from the soil through 
the stock and develops branches and produces fruits. This 
method of propagation is used in mango, apple, rose, banana, 
pear, grape, pineapple, and peach. 

 Advantages of artificial vegetative propagation

1]     The new plant is exactly like the parent plant.

2] The trees grown from cutting or grafting bear fruits much 
earlier.

3] Many plants can be grown from just one parent plant.

4] We can also get seedless plants.

5] What is the advantage of seedless plants? They reproduce 
via artificial and natural vegetative propagation.

The production of new plants from a small piece of plant tissue 
removed from a growing tip of a plant in a suitable growth 
medium (culture or jelly-like synthetic medium) is called tissue 
culture.

Procedure

n The tissue is placed on a culture medium which contains 
nutrients and plant hormones that make the cells in the 
plant tissue to divide rapidly to form the callus

n This callus is transferred to another medium containing 
plant hormones which stimulate the callus to develop roots

n Then the callus is put on another medium containing 
another plant hormone which stimulates the development 
of shoot

n The plantlets are then transplanted into the soil where they 
can grow to form mature plants

 This technique is used to the produce ornamental plants 
like orchids, carnation, etc.

Advantages

1]   It is very fast.
2] New plant produced by tissue culture is disease free.
3] Very little space is needed.
4] Plants can be grown around the year irrespective of 

weather or seasons. 

Stock

Scion
and 
Stock
joined
together

Scion

Grafting

Tissue-cultured plant

TISSUE CULTURE (Micropropagation)

Point on this image with 
the Zen AR Learning App
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Explant converting to callus
in a culture medium

Plant tissue [explant] is taken from a plant and subjected 
to sterilization and transferred to nutrient medium

Callus grows to form a fully 
differentiated plantlet

Callus transferred to another 
test tube containing different 
nutrient medium

n Plant tissue culture is an in vitro culture for growth of 
cells, tissues, or organs of a plant in a sterile condition on a 
well-formulated media to produce an entire plant

n The term “tissue culture” is used in a very wide sense

n German botanist G. Haberlandt is the father of tissue 
culture

n It is an important technique for the production of disease-
free and high-quality plants within a short time

Basic steps involved in plant tissue culture

1] Preparation of a suitable nutrient medium: 
MS medium, White's medium, and B  medium are 5

culture media that can be obtained from the market for 
the lab preparation of the nutrient medium. The nutrient 
medium consists of:  

Two types of inorganic nutrients:

l Six macronutrients like nitrogen, phosphorus, sulphur, 
calcium, potassium, and magnesium nutrients, and six 
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Micronutrients like iron, molybdenum, copper, zinc, boron, 
and manganese

Organic nutrients:

l Carbon- and nitrogen-containing compounds
l Sucrose, fructose, and other carbohydrates, the 

carbon sources, and
l Vitamins and amino acids, the nitrogen source
l Vitamins: Thiamine (essential vitamin) and inositol, 

pyridoxin, nicotinic acid, pantothenic acid, etc. 
(promontory vitamins)

l Agar: It solidifies the medium and acts as a substratum 
(no nutritive importance); it is obtained from sea-
weeds and is used to provide solid surface for growth
All these important nutrients are incorporated in the 
culture medium, transferred into suitable containers, 
and then sterilized.

2] Selection of the explant:

l Explants are any excised part of a plant to be used in 
tissue culture, like auxillary buds, leaf and stem 
segments, root tip, shoot tip, anther, ovary, and 
endosperm

l Always young and healthy parts of plants are selected 
as explants

3]  Sterilization of the explant:

 Explants are sterilized by using different types of 
disinfectants like sodium hypochlorite (2%), silver nitrate 
(1%), calcium hypochlorite (9–10%), bromine water 
(1–2%), mercuric chloride (0.1–1%), hydrogen 
peroxide, and different types of antibiotics.

4] Inoculation of the the explant:

l The sterile explant is inoculated on the surface of the 
solidified nutrient medium under aseptic (free from 
contamination) condition

l Laminar air flow can be used for this inoculation 
process

5] Incubation:

l Incubation is done at 25+/- 2°C, with a relative 
humidity of 50–60% with 16 hours of photoperiod

l After the defined period of incubation, an organized 
and undifferentiated (no root and shoot) mass of cells 

called callus is obtained from each explant; in some 
cases, root and shoot directly develop from the 
explant after incubation.

6] Transfer of callus (subculture) and regeneration:

l The callus obtained from incubation of the explant is 
transferred into another medium and re-incubated

l Plantlet regenerates from the callus with the 
formation of roots and shoot directly from the callus

7] Hardening or acclimatization:

 Hardening is the gradual exposure of the plantlets for 
acclimatization or adjustment to the environmental 
conditions.

8] Transfer of plantlets to the field:

l After the hardening process, plantlets are transferred 
to either the green house or the field conditions 
outside

l These plantlets grow into independent and healthy 
plants

Plant tissue-culture techniques 

Types of plant tissue culture:
1] Cell or suspension culture
2] Explant culture
3] Callus culture
4] Protoplast culture
5] Embryo culture
6] Anther and pollen culture
7] Ovule culture
8] Ovary culture

Importance of plant tissue culture:

l A large number of plants having identical features to 
their parents can be produced

l Adult plants can be produced quickly
l Many plantlets can be produced without seeds
l Healthy and disease-free plants can be propagated 
l Endangered plants can be preserved or conserved 
l We can grow plants like banana, rose, jasmine, etc. 

that have lost the capacity to produce seeds 
l New plants are genetically similar to their parents
l Helps in growing seedless fruits 
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SEXUAL REPRODUCTION 

Female gamete

When reproduction takes place due to the fusion of male and 
female gametes, it is called sexual reproduction.  

Fusion of gametes is called fertilization which results in 
variation of species. 

Mode of reproduction in which new individuals are formed 
from two parents:
n Sex is involved (fusion between male and female gametes 

gives rise to a new organism)
n New individuals are not identical to the parents
n Variations occur
n Relatively slower mode of reproduction

Advantages of sexual reproduction

n Incorporates variations in species which in turn ensures 
survival of a species

n Each individual in a species has its own uniqueness and 
identity

n Enables organisms to survive under unfavorable 
conditions

Gametes

n Gametes are the sex cells
n In some organisms, male and female gametes are 

identical to each other (Isogamy); Example: Spirogyra
n In some others, male and female gametes are different 

(Anisogamy); Example: human beings
n Male gamete: motile
n Female gamete: food storage
n Fusion of male and female gametes gives rise to a new 

organism

Male gamete
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SEXUAL REPRODUCTION IN FLOWERING PLANTS

Flowers are the reproductive organs of plants. A typical 
flower consists of four main whorls: sepals, petals, stamen, 
and pistil. Flower is the Reproductive organ of a plant.

A flower is said to be :

Unisexual: If either male/female reproductive part is 
present in it;  E.g.: papaya, watermelon

Bisexual: If both male and female reproductive parts are 
present in it; e.g.: china rose, mustard

FLOWER

Essential Parts

Stamens (Androecium)

Stigma StyleAnther Filament Ovary

Pistil (Gynoecium) Calyx (Sepals) Corolla (Petals)

Accessory Parts

i ] In comparison to the non-reproductive body 
cells, the germ cells contain only half the 
chromosome number. 

ii] The male gamete is smaller and motile while the 
female gamete is larger and non-motile. 

iii] When the offspring is produced by the union of 
the male and female gametes, its specific 
chromosome number and DNA content are 
re-established. 

iv] In angiosperms, flower is the reproductive organ 
of the plant. 

v] Stamen, the male reproductive organ of a flower, 
is made up of anther and filament. Carpel is the 
female reproductive part and is composed of 
stigma, style, and ovary. Carpet is also called pistil.

vi] The pollen grain is present in the anther whereas 
the egg cell is enclosed in the ovary.

vii] Pollination and fertilization are two essential 
events in reproduction of angiosperms. 

viii] Pollination is the transfer of pollen grains from 
anther to stigma. It may be by self-pollination or 
cross-pollination.

SEXUAL VS ASEXUAL REPRODUCTION IN PLANTS

Asexual Reproduction

n Easier and faster
n Seedless plants can be grown by vegetative propagation
n Desired traits can be preserved through generations
n New plants formed are genetically identical to their parents
n More prone to diseases
n No genetic variations

Sexual Reproduction

n Relatively slower mode of reproduction
n Genetic variations are seen
n Less prone to diseases
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STRUCTURE OF A FLOWER

n  Holds the flowerStalk:
n  Swollen upper portion of stalkThalamus:
n Coloured parts of a flower which attract insectsPetals: 
n  Ensures protection when a flower is a budSepals:
n  Male reproductive organ which produces male Stamen:

gametes (pollen grains)
n  Female reproductive organ which produces Carpel:

female gametes (ovum/egg)

Male reproductive organ in a flower : Stamen

Stamens are the male reproductive structures in a plant. The 
structure of a stamen consists of three important parts:

n :  Stalk that bears anthersFilament

n Anther
l  Bilobed structure at the tip of a filament
l Each lobe has two pollen sacs
l A total of four pollen sacs are present in an anther
l Each sac produces spores, which later develop into 

pollen grains containing the male gametes

n Connective

l  Part attached to the rear of an anther

Female reproductive structure in a flower: Carpel
Carpel has three important parts in a flower.                

n Ovary

l Basal enclosed part of carpel
l Ovarian cavity is called Locule
l Produces and encloses ovules
l Ovules containing the female gametes are attached 

to cushion-like structures called Placenta
l Each ovule has one female gamete (ovum/egg)

n Style

l Tubular structure that connects the ovary and stigma

n Stigma

l Located at the exposed end of the Style
l Acts as the receptive surface for pollen grains

Carpel

Stigma

Style

Ovary

Thalamus

Stack (Pedicel)

Sepal

Receptacle

Ovule

Petal

Anther
Stamen

Pollen Tube

Filament

Pedicel

Stamens

Point on this image with 
the Zen AR Learning App
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Following steps complete sexual reproduction in plants:
n  Pollination
n Fertilization
n Seed formation
n Germination

Pollination
Transfer of pollen grains from anther to stigma is called as 
Pollination. This transfer of pollen grains occurs with the help 
of pollinating agents like wind, water, insects, birds, etc.

There are two types of pollination:

Self-pollination
n Transfer of pollen grains from anther to stigma of the same 

flower
n Seen in leguminous plants like pea

Cross-pollination
n Transfer of pollen grains from anther of one plant to the 

stigma of the another similar plant
n Seen in large number of plants like onions, broccoli, etc.

POLLINATION

Self-pollination Cross-pollination

Occurs in bisexual flowers;
e.g.: Hibiscus, Datura, 

Datum, etc

Can occur in unisexual and 
bisexual flowers; e.g.: Papaya, 

Palm, etc

Self-pollination

Cross-pollination: Transfer of pollen grains from anther of one plant to stigma of the another similar plant
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Pollen Grain

Stigma

Pollen tube

Ovary

Female 
germ-cell

Male germ-cell

Male germ cell entering 
into Pollen Tube

Male germ cell entering 
into Pollen Tube

Male germ cell fusing with 
female gamete in the ovule

Seed formation
Ÿ Zygote divides repeatedly to form embryo
Ÿ Ovule develops a thick coat and forms seed 
      containing a baby plant
Ÿ Ovary ripens to form fruit

Germination
Ÿ Development of a seedling from a seed.

Male Gamete

Zygote

Embryo

Seed

New Plant

Female Gamete

Point on this image with 
the Zen AR Learning App

Fertilization

n After pollination, pollen grains start to 
germinate on the stigma

n The intine (inner wall) of a pollen grain 
develops into a pollen tube by rupturing 
the exine (outer, decay-resistant wall) 
and comes out

n  The pollen tube grows inside the style, 
pierces through the tissues of the style, 
and reaches the Ovary

n  The pollen tube enters an ovule through 
a small pore called the micropyle

n  The tip of the pollen tube releases two 
male gametes

n  One male gamete fuses with the one 
egg present in the ovule–this is called 
syngamy–to form the zygote

n  The other male gamete fuses with two 
polar nuclei, a triple fusion with three 
nuclei

n Fusion of pollen and egg is called 
fertilization

Development of a seedling from a seedDevelopment of a seedling from a seed
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SEXUAL REPRODUCTION IN HUMAN BEINGS

n Sexual reproduction is the only mode of reproduction
n Period during which the rate of general body growth 

slows down and reproductive tissues start maturing is 
termed as Puberty/ Adolescence

n A human male reaches puberty at 13–14 years, whereas 
a female reaches the same around 11–13 years.

Following changes are observed during Puberty:

Male
n Thick hair growth under armpits and genital area
n Facial hair
n Change in voice
n Occasional Penis enlargement

Female
n Start of menstruation cycle
n Breast enlargement
n Hair growth under armpits and genital area

Growth of Facial Hair is one of the 
changes observing during Puberty

HUMAN MALE REPRODUCTIVE SYSTEM

Human male reproductive system consists of the following 
parts:

Testes
n Occur in pair
n Produce sperms
n Produce male hormone, testosterone

Scrotum
n Extension of abdominal cavity containing testes
n Protects testes
n Maintains a temperature lower (about 3°C) than body   
      temperature

Epididymis
n Complex tubular structure in scrotum
n Stores sperms, helps in passage of sperms

Vas deferens
n Tubular structure emerging from lower part of  

 epididymis
n Opens to the ejaculatory duct

Penis
n Muscular, copulatory organ
n Discharges sperms when stimulated

Urethra
n Tube-like structure
n Common passage for both sperms and urine

Reproductive glands:
n Prostate gland secretes milky fluid that helps in sperms’ 
      mobility

n Seminal vesicles produce viscous fluid which help in 
 sperm mobility inside the female

Cowper’s gland:
n Secretes mucus to lubricate female passage

Sperms: The male gametes
n Tiny bodies with long tail

n Mainly composed of genetic material

n Produced in testes; around 12 billion sperms are produced 
per month

n Sperms move from testes to epididymis where they 
mature

n Before intercourse, Penis gets filled with blood and 
becomes erect

n Mature sperms move from epididymis to Vas deferens

n Ducts of seminal vesicle and prostate gland combine with 
Vas deferens to form the Ejaculatory duct

n The liquid mixture (consisting of sperm) from the 
Ejaculatory duct reaches the urethra and gets ejaculated

n Of the 300 million sperms ejaculated, only 200–300 
survive to reach the female egg cell and only one succeeds 
to fertilize it
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I Vas deferens and urethra are the thin tubes through 
which sperms are transported from testes to outside. 
The sperms are nourished in the seminal fluid. 

ii] The female reproductive system is made up of 
ovaries, fallopian tubes, uterus, cervix, and vagina. 

iii] Ovaries are responsible for production of ova/eggs 
and for secreting the hormones, oestrogen and 
progesterone.

iv] On reaching puberty, ovulation occurs once in every 
month in females. Here, one immature egg present in 
any one of the ovaries becomes mature and is 
released. This egg is carried by the fallopian tube. 

v] A sperm introduced into the vagina of females during 
intercourse may encounter the egg on reaching the 
fallopian tube, resulting in fertilization. 

vi] The zygote gets implanted in the uterus and develops 
into the embryo.

vii] The placenta provides nourishment and oxygen to 
the embryo and removes the waste generated by the 
embryo. 

viii] Gestation period is nine months in humans after 
which the child is born due to uterine contractions. 

ix] In case fertilization does not occur, the released egg 
dies within one day and the thickened lining of the 
uterus breaks down through the vagina in the form of 
bleeding, a process called menstruation.

x] Engaging in unprotected sexual intercourse can cause 
pregnancy and spread sexually transmitted diseases 
like gonorrhoea, syphilis, and AIDS. 

Ampulla

Seminal Vesicle

Penis

Head

Nucleus

Mid Piece

Tail

Seminiferous
Tubules

Testes

Epididymis

Vas deferens

Urethra

Prostate 
gland

Ejaculatory Duct

Human male reproductive system

Parts of a sperm
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Oviduct or Fallopian tube

Ovary

Uterus

Cervix

Vagina

Human female reproductive system

HUMAN FEMALE REPRODUCTIVE SYSTEM

Human female reproductive system consists of the following 
parts:

A pair of ovaries
n One on each side of uterus

n Produces female sex cells (ovum/ova)

n Secretes female hormones estrogen and progesterone

Fallopian tube

n Exists in pairs, originating from uterus extending up to 
each ovary

n Receives ovum from ovary

Uterus
n Pear-shaped muscular hollow structure
n Foetus develops here

Cervix
n Narrow lower part of uterus

Vagina
n Tubular structure

n Sperm discharge occurs here

n Acts as birth canal

Ovum: The female gamete
n Ovum is the female sex cell; also called egg cell

n Ovary gets matured by puberty

n Ova are produced by germinal epithelium of ovary

n Formation of ova starts in foetus even before birth (at 
birth, there are 2–3 lakh immature eggs; after attaining 
puberty, these immature eggs start getting matured under 
the influence of hormones from pituitary gland)

n One matured ovum is released from either ovary every 
28 days; this process of release is Ovulation

Point on this image with 
the Zen AR Learning App
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FERTILIZATION IN HUMAN BEINGS

Fertilization is internal in human beings.

n This process occurs in the fallopian tube

n Ovum comes from ovary to Fallopian tube; unfertilized 
egg remains alive for approximately 24 hours

n Sperms enter through vagina and reach the Fallopian tube 
Sperm must fertilize an egg within the above time

n Sperm enters the egg

n Fusion of nucleus of sperm and ovum is termed as 
Fertilization

n Fertilization forms a single-celled Zygote

n Zygote undergoes repeated mitotic divisions, and gets 
implanted in the uterus; this zygote is now called Embryo 
and Embryo in advanced stages of development is called 
Foetus

n Uterus also prepares itself to receive the embryo: it 
thickens its walls; Embryo descends into uterus in 4–5 
days from the day of fertilization

n Embryo in the uterus receives nutrients from the 
mother's body through the Umbilical cord which in turn is 
connected to the uterine wall of the mother through 
Placenta 

n Placenta is a structure formed by specialized tissues of 
fetus and uterine wall of the mother

n Nutrients enter through this cord, and wastes go out of 
the foetus body through this cord too; Umbilical cord has 
arteries and veins for exchange of oxygenated and 
deoxygenated blood

A Zygote is a eukaryotic cell formed by a 
fertilization event between two gametes. The 
zygote's genome is a combination of the DNA in 
each gamete, and contains all of the genetic 
information necessary to form a new individual.

Fusion of Male and Female Gametes

Point on this image with 
the Zen AR Learning App
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Placenta

Point on this image with 
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Difference between embryo, foetus, gamete, and zygote

Embryo is 
multicellular

Diploid

Formed from 
the Zygote

Embryonic period is
from two weeks to

eight weeks after the
fertilization

Gastrulation Occurs;
the hollow cup-shaped

structure with
three layer of cells

Found in the uterus, 
implanted in the 

endometrium

Foetus is multicellular

Diploid

Formed from 
the Embryo

Foetal period is from
week nine until

birth

Development of 
organs occurs

Found in the uterus

Gamete is 
multicellular

Haploid

Formed by the
meiosis of germ cells

Formed during
puberty

Meiosis and 
cytokinesis occur

Found in gonads

Zygote is unicellular

Diploid

Formed by the
fusion of gametes

Formed after the 
fusion of two

gametes

Compaction and the
formation of blastula

occur

Found in the 
Fallopian tubes

Embryo Foetus Gamete Zygote

SEXUAL CYCLE IN FEMALES: MENSTRUATION

i] An egg is released from either of the ovaries once every 28 
days. The unfertilized egg is alive for 24 hours after 
ovulation. Uterus prepares itself to receive the foetus. As a 
result, the Endometrium thickens.

ii] If fertilization doesn't take place, no zygote is formed. 
Endometrium breaks which results in bleeding through 
vagina.

iii] Process of bleeding though vagina due to breakage of 
endometrium is termed as 'Menstruation'. This bleeding 
lasts for 2–6 days. This occurs approximately 14 days after 
ovulation.

iv] Since Menstruation occurs every 28 days, this is also 
referred as Menstrual cycle.

v] Menstrual cycle in a woman continues till 45–55 years of 
age, post which ovary becomes dormant. No ovulation, no 
menstruation occurs after this. This is termed as 
“Menopause”.

Unfertilized egg
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REPRODUCTIVE HEALTH

Reproductive health is a state of complete physical, mental, 
and social well-being during and after reproduction. People 
should have adequate knowledge of the following:

n Reproductive processes and organs
n Care of mother and child

Following points to be remembered to ensure good care of the 
mother and the child:
1] Proper nutritious diet to a pregnant woman and lactating 

mothers
2] Proper age difference between children
3] Planning a baby at the right age of a mother (between 

20–35 years)
4] Restricting the number of children to not add to 

overpopulation
5] Avoiding unwanted pregnancy through family planning

New Baby

Zygote

Embyro

Testes

Spermatozoan

Male Gamete Female Gamete

Ovary

Ovum

REPRODUCTION IN HUMAN BEINGS

Male Female

Fertilization
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Family planning is necessary to control population. 
Overpopulation restricts food supply and decreases 
employment and education opportunities, thereby 
negatively affecting the economy and putting human survival 
at risk.

Some people give birth to a child every year; others end up 
with 10–11 children. It is very important to understand the 
disadvantages of overpopulation and proactively act to 
control the same. Following points can ensure that the 
population does not increase beyond limit:

n One/two children per family, depending upon a family's 
income

n No differentiation between male and female child; some 
people end up giving birth to 6–7 daughters just to get 
a son

n Proper age gap between children must be maintained, 
enough care to the first child before the second  arrives

n If parents are too old in their 40s, they themselves 
become too old to take care of kids; similarly parents 
19–20 years old are; young to manage kids

Some of the ways for family planning:

Condoms

n Balloon-like elastic covering that tightly fits over a penis
n Collects ejaculated sperms during intercourse

Oral contraceptive pills

They do not allow ovulation to occur

Surgical methods

n Vasectomy: Removal of a small portion of Vas deferens
n Tubectomy: Removal of a small portion of fallopian tube

Sexually Transmitted Diseases (STDs)

There exists many communicable diseases which spread by 
sexual contact during intercourse. Some of these STDs are:
n Gonorrhoea and Syphilis: Caused by bacteria and can be 
 treated with antibiotics
n AIDS: Caused by the HIV virus which destroys the 

immune system of the body; incurable till date and the 
person eventually dies

n Genital and anal warts

To prevent STDs, ensure:

n Use of condoms during intercourse
n Confirm that a new partner is HIV-tested before 

intercourse

Vasectomy

Divided
Vas deferens

Epididymis

Scrotum

FAMILY PLANNING

Tubectomy

n Condoms control the spread of sexual ly 
transmitted diseases 

n Unwanted pregnancies can be avoided through 
several contraceptive methods 

n Mechanical barrier methods (condom, IUCD) 
prevent a sperm from reaching an egg

n Oral contraceptive pills alter the hormonal balance, 
preventing an egg from being released 

n Surgical blocking of vas deferens in male and 
fallopian tube in female can also prevent pregnancy

n Abortions remove unwanted pregnancies, but this 
method is being misused to carry out female 
foeticide 

n Birth-control methods are essential to control 
human population and thereby improve the 
standard of living for all
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Asexual Reproduction: The reproduction where new 
generations are created from a single individual without 
formation and fusion of gametes. 

Binary Fission: Fission where the parent cell divides to 
form two similar daughter cells.

Budding: The reproductive method where an organism 
produces an outgrowth on its body surface, which matures 
and develops into a new individual.

Contraception: The prevention of pregnancy by birth-
control devices, pills, or surgery. 

Cross-pollination: Transfer of pollen grains from the anther 
of one flower to the stigma of another flower of a similar 
plant. 

Fertilization: Fusion of male and female gametes to form 
the zygote. 

Fragmentation: The reproductive method where certain 
multicellular organisms, on maturation, break up into smaller 
fragments, each of which develops into a new individual 

Germination:  The process where a seed develops into a 
seedling under appropriate conditions.  

Menstruation: The monthly discharge of blood and 
shredding of the mucous lining of the uterus through the 
vagina of non-pregnant women from puberty to menopause. 

Multiple Fission: Fission where a parent cell divides to 
produce more than two daughter cells.

Ovum: The female reproductive cell or gamete produced in 
the ovary. 

Ovulation: The periodic release of an ovum from the ovary, 
(or) The discharge of ovum from the ovarian follicle. 

Pollination : Transfer of pollen grains from the anther to the 
stigma.

Puberty: The period during adolescence when a child's 
body becomes sexually mature and develops into an adult 
form. 

Reproduction: The biological process where new 
individuals of  the same parental kind are produced. 

Self-pollination: Transfer of pollen grains from the anther 
to the stigma of the same flower. 

Sexual Reproduction: Mode of reproduction where new 
individuals are produced by the formation and fusion of a 
male and  a female gamete. 

Sperm: The male reproductive cell or gamete produced in 
the testes. 

Spore: A small, usually single-celled reproductive body 
produced by certain fungi, bacteria, algae, and flowering 
plants, which is highly resistant to desiccation and heat and 
capable of growing into a new organism. 

Variations: The differences found among individuals of a 
group or species, caused either by genetic differences or by 
the effect of environment on genes.

Vegetative propagation: The reproductive method 
where new plants are produced asexually from roots, stems, 
or leaves of the parent plant.

GLOSSARY
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