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Topics Discussed

CHAPTER 2

SEXUAL REPRODUCTION IN 
FLOWERING PLANTS

1. Introduction
Flowers are objects of aesthetic, ornamental, 
social, religious and cultural values. Sexual 
reproduction can be defined as the process of 
formation and fusion of male and female gametes, 
produced by the same individual or by different 
individuals of the opposite sex. 

How is asexual reproduction different from sexual 
reproduction? As described in the definition the 
fusion of gametes is necessary for production 
of offspring that are not identical to the parent.
What are the events during sexual reproduction? 
Meiosis and fertilization are two important 
steps for sexual reproduction. Do all organisms 
reproduce sexually at all stages of life? No, 
sexual reproduction is favored only at certain 
stages of growth and maturity in their life called as  
juvenile stage. 
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Objectives

At the end of this chapter, you will be able to:

 y Learn about the structure of a typical flower.

 y Study the development of male and female gametophytes.

 y Know more about the pollination of flowers and its type.

 y Learn about outbreeding devices. 

 y Study the pollen-pistil interactions.

 y Study the double fertilization process.

 y Learn about the events occurring post fertilization process. 

 y Know more about the development and significance of seed and fruit formation.

2. Sexual Reproduction
Sexual reproduction is also known as amphimixis or syngenesis or amphigony.

The stages in sexual reproduction include

i. Gametogenesis (formation of haploid gametes).

ii. Fertilization (fusion of two gametes and formation of zygote).

iii. Embryogenesis (formation of embryo).

There is a noticeable difference between annual plants, biennial plants with perennial plants where the 
vegetative, reproductive and senescent phases are visible in annual and biennial plants but are variable in 
perennial plants.

Characteristics of Sexual Reproduction
i. Biparental reproduction – Involves two parents namely male and female.

ii. Involves fusion of gametes or gamete nuclei.

iii. Meiosis process occurs during gametogenesis and mitosis during zygotic development.

iv. Germinal reproduction – New organisms are produced from germinal cells of parents.

v.  Key role in evolution – Daughters are genetically different from parents due to variations that occur 
during new combinations at the time of crossing over and fusion of gametes.

vi. Slow multiplication and the units involved are haploid gametes.

vii.  Demonstrated in higher plants and animals as well as few protists. E.g.: Monocytes, Plasmodium, 
Paramecium etc.
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DID YOU KNOW

 y Flowers of Bamboo species flower only once in their lifetime basically after  
50-100 years.

 y Neelakuranji (Strobilanthus kunthiana) flowers once in 12 years.

 y Biparental reproduction is a characteristic feature of all plants except for plants from 
genus Taenia, Fasciola.

3. Structure of a Flower
Flowers are reproductive organs of plants. Flower is the modified vegetative shoot and is meant for sexual 
reproduction. Bract is the part of a modified leaf from which the flower arises. A very short axis is present, 
from which the whorls of different parts of the plant arises.

Figure 2.1: Diagrammatic representation of parts of a typical flower
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3.1 Parts of a Flower
i. Peduncle – The stalk of the flower.

ii.  Receptacle – Stem portion of the flower found at the base in the center. The internodes are short with 
less number of leaves. Hence, the receptacle is usually not the largest part of the flower.

iii.  Sepals – The outermost whorl of the floral structure that are usually but not always green and have 
leaf-like in appearance. They are called as the calyx and are similar to the foliage leaves of the plant. 
The major advantage of the calyx is its ability to protect the flower parts during the early development 
of the flower or the bud.

iv.  Petals – These are larger than sepals and found to be present above the sepals whorl. Petals are 
usually called as corolla which is the attractive part of the flower that provides protection against 
insects while attracting specific insects to facilitate the pollination process. The leaf-like organs, sepals 
and petals are together known as the perianth of the flower.

v.  Carpels – They are located in the upper center of a flower and are usually one or more in number. 
Carpels are also known as the gynoecium. They consist of three parts: ovary, style and stigma. Ovary 
is the structure present at the base of the carpel and is a region which is enlarged at the bottom and 
narrow at the top, bearing one or more ovules. Style is the slender, neck-like portion of the carpel that 
leads to the ovary. Stigma is present at the tip of the carpel and is sticky to capture pollen grains and 
are generally of varying sizes and shapes.

vi.  Stamens – These are located inside the corolla with leaf-like appearance. Stamens are the male part 
of the flower and produce pollen. They consist of a filament and an anther. Stamens are known as the 
androecium. Anther is the sac located at the tip of the filament that contains pollen. Filament is the 
stalk that connects and holds up the anther.

vii.  Bract – Flower consists of a stalk called as the pedicle. The flower is described as sessile if the 
pedicle is not present. Bract are green colored structures present on the predicle and are called as the 
bracteoles. In the absence of bracts, the flowers are called as ebracteate. 

Figure 2.2: Diagrammatic representation of LS of a typical flower
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?

TRY IT YOURSELF

1. Difference between pedicle and peduncle.

2. Does a flower have both calyx and corolla?

3. Flowers without bracts are called as ________________________.

4. Other name for petals is anther. True/False.

4. Development of Male and Female Gametophytes

4.1 Male Reporoductive Organ – Androecium
The male reproductive organ is called as androecium and their functional unit is called as stamen. Stamen 
is also known as microsporophyll. A typical stamen is differentiated into two parts namely, a long, thin 
structure termed as filament which joins the stamen to the thalamus. The free end of the filament possess 
a swollen spore bearing structure which is called as the anther. Anther and filament are attached together 
with help of small region called as the connective. This connective region contains vascular tissues. The 
main parts of the stamen is the anther.

A young anther consist of a homogeneous mass of meristematic cells called as primary sporogenous 
cells which are surrounded by an anther wall. These cells form the microspore mother cells (2n) inside the 
microsporangium.

The anther wall mainly consists of the following layers:
1.  Epidermis – It is the outermost layer of the anther. It is single, thick and continuous layer whose origin 

is not archesporial though. It forms the outermost protective layer.

2.  Endothecium – This layer is present below the epidermis. It is also a single, thick layer. During the 
maturation of anther, various changes takes place within the different walls of the cells of endothecium. 
The outer wall of these cells remain thin walled, but the inner and radial walls become thick due to 
thickening of α-cellulose fibers. Callose bands are also present along the radial walls. At some places, the 
callose bands and fibrous thickening are absent. These places are termed as stomium. The dehiscence 
of anther takes place only from these places. Endothecium becomes hygrosopic due to presence of 
fibrous thickening which helps in the dehiscence of anther.

3.  Middle layer – The cells are ephemeral, three-layered and are mainly parenchymatous cells. However, 
they are absent in mature anther. Food is mainly stored by these cells.

4.  Tapetum – It is the inner most layer of the anther wall that surrounds the sporogeneous tissue. Tapetal 
cells are nutritive in nature and are multinucleate while displaying polyploidy. Tapetum absorbs food 
from the middle layer and provide nutrition to the microspore mother cells or microspores. The cells of 
tapetum secrete hormones and enzymes. The tapetum layer disappears in the mature anther.
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Figure 2.3: Diagrammatic representation of A. Typical Stamen and B. Section of an anther

Tapetum has two types of cells

a.  Secretory or glandular cells – These cells secrete substances such as sporopollenin, pollenkit, and 
compatibility proteins. Ubisch bodies are present in these secretory cells. These bodies secrete a 
chemical called as sporopollen which is responsible for the ornamentation of exine. 

b.  Amoeboid or plasmodial or invasive cells – The cells undergo breakdown and the entire protoplast 
moves into the center and nourishes microspores.

5.  Pollen sacs – Four pollen sacs are present in the anther. Pollen sacs are also known as microsporangia. 
Inside the pollen sacs, microspores are formed by the meiotic division of microspore mother cells.

Figure 2.4: Diagrammatic representation of A. TS of a typical anther and  
B. Expanded view of a single microsporangium
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Sporogenesis is the formation spores and is of basically two types 

a. Microsporogenesis – Formation of microspore/pollen grains within the pollen sac of anthers.
b. Megasporogenesis – Development of megaspores within the nucellus of the ovule.

4.1.1 Microsporogenesis
The process and differentiation of pollen grains or microspores is called as microsporogenesis. Within the 
cavity of microsporangium, the microspore mother cell divides meiotically to produce microspore tetrads or 
pollen tetrads.

Cytokinesis may occur either after each meiotic division leading to the formation of isobilateral tetrad of 
microspores or after meiotic (I and II) divisions leading to the formation of tetrahedral tetrad of microspores. 

Figure 2.5: Diagrammatic representation displaying various stages (A-D) of cytokinesis leading to 
isobilateral tetrad during microsporogenesis. A. and B. Dividing microspore mother cell;  

C. Dividing dyad and D. Tetrad

Figure 2.6: Diagrammatic representation displaying various stages (A-F) of cytokinesis leading to 
tetrahedal tetrad during microsporogensis

KNOWLEDGE BUILDER

 y After formation, the microspores are separated from the tetrad except in Elodea, Drosera 
and therefore compound pollen grains are formed.

 y  Pollinium is a single mass where all microspores are adhered together in a sporangium 
as seen in plants from genus Calotropis and family Orchidaceae.

 y  In Calotropis, corpus culum is a sticky disc to which thread like caudicles are attached 
and connected to the pollina of adjacent anthers of different stamens. The whole 
structure is called as a translator.
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4.1.2 Development of Pollen Grain Within the Pollen Sac of an Anther
The cell wall of a microspore is made up of two layers, the outer layer is called as the exine and the inner 
layer as the intine. Exine is composed of sporopollenin while the intine is made up of pecto-cellulosic 
material. Pollen-kitt are sticky substances mainly found on the outside of mature pollen grains of several 
insect pollinated species. The material in the pollen-kitt is provided by tapetal cells and acts as an insect 
attractant. On the exine there are few pores present which are called as germ pores. 

Figure 2.7: Diagrammatic representation of development of male gametophyte

Cross-section of the developing anther displays the presence of four chambers. These four chambers are 
known as the pollen sacs. Each pollen sac is filled with cells containing nuclei that are quite large. Each of 
these cells goes through two meiotic divisions, forming a tetrad and they are known as microspores. Each of 
these microspores gradually turns out into a pollen grain. The pollen sac is enclosed by a protective epidermis 
and fibrous layer. Inside the fibrous layer is the tapetum. Microspore is the first cell of male gametophyte and 
is defined as the partially developed male gametophyte. Microspore divides mitotically into large tube cell and 
small generative cell. Pollination occurs once this two celled stage (sometimes seen as three-celled stage) is 
reached. The further development of male gametophyte takes place on the stigma. 
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Figure 2.8: Diagrammatic representation of a mature dehisced anther

?

TRY IT YOURSELF

1. Why are pollen grains well preserved as fossils?
2. Where does microsporogenesis occur in angiosperms?
3. Exine is composed of pecto-cellulosic substances. True/False.
4. The cells of ______________ are capable of secreting hormones and enzymes.

4.2 Female Reproductive Organ – Gynoecium
The free unit of gynoecium is called as pistil or carpel. Carpel is also known as megasporophyll. The carpel 
is differentiated into three distinct regions namely, style, stigma and ovary. The free end of the carpel which 
serves as landing platform pollen grains is called as the stigma. A long, narrow tubular structure is present 
in between the stigma and ovary which is termed as the style. The basal, swollen/bulged part of the carpel is 
called as the ovary. The ovarian cavity, termed as the locule, is located inside the ovary. The ovules are also 
known as megasporongia which are borne on a cushion-like tissue called as the placenta in the ovarian cavity. 
Post fertilization, the ovule develops into the seed while the gynoecium forms the pericarp of the fruit. 

Figure 2.9: Diagrammatic representation of A. Pistil of Hibiscus; B. Multicarpellary, syncarpous  
pistil of Papaver; C. Multicarpellary, apocarpous gynoecium of Michelia

A B C
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4.2.1 Structure of an Ovule
Ovule is an outgrowth of a placenta and attached to the placental by means of a stalk called as the funicle. 
The point of attachment of the funicle with the main body of the ovule is called as the hilum. Sometimes 
the funicle gets fused with the body of the ovule along one side and forms a ridge known as the raphe. The 
basal region of the ovule is called as the chalaza.

KNOWLEDGE BUILDER

TYPES OF OVULE 

a.  Based on the integuments, ovules are classified as

1.  Unitegmic ovule – Presence of a single integumented ovule. Eg: Members of 
Gamopetalae and Gymnosperm.

2.  Bitegmic ovule – Presence of two integumanted ovule. Eg: Most of Angiosperm 
[Polypetalae – Capsella and Monocots].

3.  Ategmic ovule – Ovule which are devoid of integuments. Eg: Olax, Liriosma, Loranthus, 
Santalum.

b. Based on nucellus, ovules are classified as

1.  Tenuinucellate – Less developed nucellus or present in the form of single layer.  
Eg: Gamopetalae group.

2.  Crassinucellate – Presence of massive nucellus and composed of many layers. 
Eg: Polypetalae group and Monocots

c.  Based on the relationship of the micropyle, chalaza, and hilum with the body of the 
ovule and orientation of the funiculus, there are six different types of ovules found in 
angiosperms

1.  Atropous/Orthotropous/Staright/Upright ovule – The main ovule body is in upright 
position. The micropyle, chalaza and hilum are placed in a straight line. Eg: Betel, Piper, 
Polygonum and Gymnosperms. It is the most primitive and most simple type of ovule in 
angiosperms. 

2.  Hemitropous/Hemianatropous ovule – The main ovule body is bent on funiculus 
at right/90o angle. This is intermediate type between ortho and anatropous ovules. 
This ovule is also called as horizontal ovule because the ovule body is present in the 
horizontal position on the funiculus. Arrangement of micropyle and chalaza in the same 
line but micropyle is located away from hilum. Eg: Ranunculus, Primula, Golphimia.

3.  Anatropous/Resupinate ovule – The main ovule body is completely turned at 180o 
angle, due to unilateral growth of funiculus. This ovule is also termed as inverted or 
downward oriented ovule. The chalaza and micropyle are arranged in straight line.  
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  The hilum and micropyle are located side by side in close proximity to each other. This type 
of ovule is found in several angiosperm families (nearly 80%) but not in Capsella. This is the 
most common type of ovule and hence is considered as a ‘typical ovule’ of Angiosperms. 
Eg: Members of family Malvaceae, Cucurbitaceae, Solanaceae, Compositae. 

4.  Campylotropous ovule – The main ovule body is curved so that micropyle and chalaza 
are not arranged in a straight line. The nucellus is present in curved position but the 
embryo sac remains straight. Micropyle is in close proximity to the hilum. Eg: Members 
of the family Leguminosae, Capparidaceae, Cruciferae (Capsella).

5.  Amphitropous/Transverse ovule – The curvature of the main ovule body is more 
effective in the nucellus area such that the embryo sac becomes horse shoe shaped. 
Micropyle is placed in close proximity to the hilum. Eg: Mirabilis, Lemna, Poppy, Alisma, 
Members of the family Butomaceae.

6.  Circinotropous/Coiled ovule – The main ovule body is inverted and turned again into 
straight position due to the growth of funiculus. The body of ovule present on the funicle 
is arranged in 3600 orientation. The entire body of ovule is surrounded by funiculus.  
The micropyle is located away from hilum. Eg: Members of the family Cactaceae  
family – Opuntia.

Figure 2.10: Diagrammatic representation of a typical anatropous ovule before fertilization

The main body of the ovule consisting of the nucellus is called as megasporangium which mainly consists of 
mass of parenchymatous cells. The nucellus is invested all around by one or two ring like coverings called 
as integuments except the apex where a small opening called the micropyle is seen.
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DID YOU KNOW

A third integument in the form of an aril develops at the base of an ovule or funicle many 
plants such as litchi and Ingadulce. In these plants the aril is fleshy and edible.

4.2.2 Megasporogenesis
The process of formation of megaspores from megaspore mother cell is called megasporogenesis. During 
the development of ovule, initially (beginning phases) the nucellus develops from the placenta in the form 
of a small rounded out growth like structure. At this stage, all the cells of nucellus are undifferentiated, 
homogenous and meristematic. This mass of cells is surrounded by single celled thick layer of epidermis. 
One of the hypodermal cell of nucellus is differentiated and increases in size. It becomes different from rest 
of the cells due to presence of distinct nucleus. It is called as the archesporial cell. Archesporium divides 
periclinally to form an outer primary parietal cell and inner primary sporogenous cell. Activity of primary 
parietal cell depends on type of plants. The primary sporogenous cell directly act as megaspore mother cell 
(MMC) in the micropylar region. These differentiated cells of nucellus further divides meiotically to form four 
haploid megaspores.

The four haploid megaspores are generally arranged in linear tetrad. Generally the lower most cell of the 
tetrad of megaspores, also termed as the chalazal megaspores, remains functional while the other three cells 
which lie towards the micropyle degenerate. This functional megaspore produces the female gametophyte. 

Figure 2.11: Diagrammatic representation of A. Megaspore mother cell; B. Dyad of megaspore and  
C. Tetrad of megaspore

4.2.3 Development of Embryosac or Female Gametophyte 
Megagametogenesis – Megaspore is the first cell of the female gametophyte. This megaspore grows in size 
and obtains nutrition from the nucellus. The nucleus of megaspore divides mitotically to form two nuclei. Each 
nucleus moves towards their respective opposite poles and these two nuclei undergo two mitotic division each. 
This results in the formation of four-four nuclei at each pole to form a total of eight nuclei.

A B C
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Out of the four, one-one nucleus migrates from the both poles [one nucleus from chalazal side and one 
nucleus from micropylar side] towards the center. They are known as the polar nuclei. Both polar nuclei 
are present in the center.

The remaining three nuclei at each pole are surrounded by cytoplasm to form cells as a result of 
cytokinesis. Of the three cells formed towards the micropyle, one of the cell is large and more distinct. 
This is called as the egg cell and the remaining two smaller cells are known as synergids. These three 
micropylar cells collectively known as egg-apparatus which is thus composed of one Egg cell + two 
Synergids.

Figure 2.12: Diagrammatic representation of A. Two-, four- and eight-nucleate stages of embryo sac and 
B. Completely mature embryo sac

The three cells are formed toward the chalaza and are called antipodal cells. Both the polar nuclei are 
present in the central cell. But just before the process of fertilization they unite or fuse together in the center 
to form secondary nucleus. It is diploid in nature [2n] and one in number.

Overall, seven cells and eight nucleated structure are formed which is termed as female gametophyte 
or embryosac of angiosperms. This type of embryosac is known as ‘polygonum type’ because it was 
discovered by Strasburger in plants of the genus Polygonum plant. Polygonum type embryosac is the most 
common type found in angiosperms especially of genus Capsella. 

Finger-like processes are produced from the outer wall of the synergids which are known as filiform 
apparatus. With the help of these structures, synergids absorb food from the nuclellus and transfer to the 
embryosac. Filiform apparatus is less developed in antipodal cells. Filiform cells also secrete chemicals 
which attract/guide the pollen tube. 

A B



Sexual Reproduction In Flowering Plants
2.14

Table 2.1: Difference between Male gametophyte and Female gametophyte

Male gametophyte Female gametophyte
Developed from microspore or pollen grain. Developed from megaspore.

Not permanently embedded within microsporangium.
Remains permanently embedded within 
megasporangium.

Male gametes comes out of the pollen grain due to 
the formation of pollen tube.

Female gamete always remains inside, covered 
by membrane of megasporangium.

There are two phases of growth namely pre 
pollination and post pollination.

Only single phase of growth is seen.

Three cells in mature stage. Seven cells in mature stage.

Disintegrates after fertilization.
Two new structures, namely endosperm and 
oospore are formed after fertilization. 

5. Pollination
Pollination is defined as the process of transfer of pollen grains from anther to the stigma of either the same 
flower or of different flower of the same species. Pollination is of different types.

5.1 Self Pollination or Autogamy
When the pollen grain are transferred from an anther 
to the stigma of the same flower, it is called as self 
pollination or autogamy. Self pollination is subdivided 
into several types.
a.  Bisexuality – Flower should be bisexual or 

hermaphrodite. Eg: Cartharanthus.

b.  Homogamy – Male and female bisexual flower 
mature at the same time. Eg: Mirabilis.

c.  Cleistogamy – Sometimes bisexual flowers remain 
closed and never open to ensure self pollination. 
Such type of flowers are called cleistogamy.  
Eg: Arachis, Oxalis, Commelina benghalensis.

d.  Bud Pollination – Self pollination occurs in 
the bud stage before the opening of the flower.  
Eg: Pea, Wheat.

Figure 2.13: Diagrammatic representation 
of Commelina benghalensis demonstrating 

Cleistogamous and Chasmogamous flowers
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5.2 Cross Pollination or Allogamy
When pollen grains are transferred from anther of one flower to the stigma of another flower of another plant 
of same species or different species, it is termed as cross pollination or allogamy. This is real or true cross 
pollination, genetically as well as economically. The types of cross pollination are

a.  Geitonogamy – When, pollination takes place in between two different flowers located on the same 
plant then it is called geitonogamy. From the genetical point of view, geitonogamy is self pollination 
because all flowers of the same plant are genetically identical. But ecologically, it is considered as 
cross pollination. Eg: Castor, Maize.

b.  Xenogamy – Pollination takes place between two flowers located on different plants. Genetically and 
ecologically it is cross pollination. Eg: Papaya.

5.3 Agents of Cross Polination
Plants use two types of abiotic agents namely, wind and water and one biotic agent namely, animals to 
achieve pollination process.

Flowchart 2.1: Types of pollination agents

1. Anemophily (Pollination by wind) – When the pollen grains are transferred from one flower to 
another flower through the air or wind. The flowers involved are known as anemophilous flowers. It is 
non-directional and is considered a wasteful process since anemophillous plants produce enormous 
amount of pollen grains. The pollen grains are very small, lightweight and dry and their stigma is hairy 
or brushy and mucilaginous (sticky). These flowers are neither attractive nor possess fragrance. They 
do not have nectar glands and are generally unisexual. Eg: Sugar cane, Bamboo, Coconut, Grasses, 
Maize.

Figure 2.14: Diagrammatic representation of a wind-pollinated plant displaying compact  
inflorescence and well-exposed stamens
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2. Hydrophily (Pollination by water) – When the pollination is brought about by water. All aquatic plants 
are not hydrophilous in nature. Some hydrophytes are anemophilous, such as Potamogeton and 
Myriophyllum or entomophilous, such as Lotus, Alisma. Hydrophilous plants may pollinate inside water 
(hypohydrophily) as seen in Zostera or outside the water (epihydrophily) as seen in Vallisneria.

Figure 2.15: Diagrammatic representation displaying the female and male Vallisneria flowers

3. Zoophily (Pollination by animals) – When the pollination is brought about by animals. Generally in 
zoophillous plants, the flowers are very large in size and attractive with maximum number of nectar 
glands being present. Eg: Brassica napus flowers

4. Entomophily (Pollination by insects) – This pollination takes place with the help of insects. Most of 
insect pollination (nearly 80%) is brought about only by honey bees. Nearly all of the entomophilous 
plants are ornamental plants. Ornamental plants utilize their maximum energy to ensure success of 
this type of pollination and develop different types of adaptation for attraction of insects.The flowers are 
attractive in colour and possess special fragrance. Nectar glands are also present. E.g.: Rose, Lemon, 
Coriander, Onion, Lobia. The surface of the stigma of these flowers is rough. These type of flowers 
produce small amount of pollen which has a spinous and sticky exine due to the presence of pollen-
kitt. Salvia is an example of insect pollination which occurs by lever or turn-pipe mechanism. Calotropis 
exhibits translator mechanism. 

5. Ornithophily (Pollination by birds) – This process of pollination takes place using birds. The flowers 
are brightly colored but are odorless and produce plenty of nectar. E.g.: Sun bird and humming bird in 
Bignonia plant.

6. Chiropterophily (Pollination by bats) – When the pollination process occurs using bats. These 
flowers are huge in size. E.g.: Anthocephalus, Kigelia plants.

7. Malcophily or Malmacophily (Pollination by snails) – This pollination is brought about by snails.  
Eg: Chrysanthemum plants.
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Table 2.2: Difference between Self pollination and Cross pollination

Self pollination Cross pollination

Transfer of pollen grains to the stigma of same or 
genetically similar flower.

Transfer of pollen grains to stigma of genetically 
different flower.

Simultaneous maturation of anthers and stigma.
Maturation of anthers and stigma at different time 
intervals i.e. protandry and protogyny  is seen.

Occurs in open as well as closed flower. Occurs majorly in only open flower.

It is very economical process for plants.
It is not economical as the plant has to invest and 
produce large number of pollen grains, nectar, 
scent and coloration.

External agencies are not required. It is completely dependent on external agencies.

Young plant progenies are homozygous. Young plant progenies are heterozygous.

Production of pure lines because of the non-
occurrence of genetic recombination events.

Results in introduction of variations due to genetic 
recombination events.

Cannot eliminate harmful traits. Can potentially eliminate harmful traits.

Useful characteristics may be preserved. Useful characteristics may not be preserved.

No adaptability to the changing environments.
Can provide adaptability to changing 
environments.

Generally does not introduce new traits/
characters.

Probability of introducing new traits/characters is 
very high.

Low disease resistance. High disease resistance.

Reduction in yield is observed. Increase in the yield may be observed.

Does not help in the process of development of 
new species.

Helps in the development of new species.
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KNOWLEDGE BUILDER

 y  The lever mechanism or turn pipe mechanism is found in Salvia or Sage plant for 
pollination. The flowers of Salvia have bilabiate corollate tube. The connective of stamen 
is long. The anterior anther lobe of connective is fertile while the posterior lobe is sterile 
which is automatically brought down to touch the hack of insect and this deposits the 
pollen grains on the back of insect.

 y Moth pollinated plants are white flowered and fragrant. 

 y  Pollination in Orchids is dependent on wasps and uses pseudocopulation mechanism. 

 y  Yucca plant has developed an obligate symbiotic relationship with an insect –  
Pronuba moth. 

 y  Trap door mechanism is found in species of Ficus (Peepal) for pollination using wasps 
from the genus Blastophaga insect because of presence of hypanthodium type of 
inflorescence.

?

TRY IT YOURSELF

1. What are sulphur showers?

2. Pollination occurs using bats is termed as ____________________________.

3.  Salvia is an example of water pollination which occurs by lever or turn-pipe mechanism. 
True/False.

6. Outbreeding Devices
Majority of the flowering plants produce hermaphrodite flowers and pollen grains are likely to come in 
contact with the stigma of the same flower. Continued self pollination results in inbreeding depression.

Flowering plants have hence developed many devices to discourage self pollination and to encourage cross 
pollination. One of the strategy which is adopted by some plant species includes pollen release and stigma 
receptivity are not synchronized. Either the pollen is released before the stigma becomes receptive or the 
stigma becomes receptive much before the release of pollen. Another strategy is to ensure that the anther 
and stigma are placed at different positions so that the pollen cannot come in contact with the stigma of the 
same flower. Both these strategies/devices prevent autogamy (self fertilization or self pollination). 

The third device to prevent inbreeding is self-incompatibility. This is a genetic mechanism which ensures 
prevention of self pollination from the same flower or flowers of the same plant from fertilizing the ovules by 
inhibiting pollen germination or pollen tube growth in the pistil.
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Another device to prevent self pollination is the production of unisexual flowers. If both male and  
female flowers are present on the same plant such as castor and maize, it prevents autogamy but  
not geitonogamy.

In several species such as papaya, the male and female flowers are located on different plants such that 
each plant is either a male or a female plant. This condition prevents both autogamy and geitonogamy.

In many plants, rapid germination of pollen grains from a flower on the stigma of another genetically different 
flower is favored as compared to the germination of pollen grains from the same flower. This promotes cross 
pollination and is called as prepotency. Eg: Grape, Pear, Apple.

In certain bisexual flowers, one of the sex organ, either stamen or carpel, is completely suppressed and 
becomes sterile. Another device is that either the stamen does not produce pollen grains or the carpel does 
not produce ovule, thus facilitating cross pollination. This is called as suppression of one sex. 

The occurrence of two or more types of flowers having different length of styles and stamens. In Primrose, 
there are two types of flowers while in Oxalis, three types of flowers based on the length of the style and 
stamen are seen. This feature is called as heterostyly.

In some flowers there maybe physical barrier present between the anther and stigma of the same flower 
such that the pollination between them becomes difficult or even impossible. 

Eg: In Calotropis the pollens are present in a sac-like structure called as pollinium which is combined mass 
of pollen grains produced from a single anther. This ensures that the pollination process due to insects only 
is favored.

7. Pollen-Pistil Interaction
Sexual reproduction in angiosperms is the interaction between the relatively small pollen grain and massive 
sporophytic tissue of pistil (stigma and style) before discharging the male gametes near the egg. It is 
essential to understand the pollen-pistil interactions in the light of self incompatibility. In flowering plants, 
the female gamete is present deep inside the flowering plant in an embryo sac in the ovule which is covered 
with pistil to form ovary, style and stigma. Hence, pollen grains do not have direct access to the female 
gamete. After being deposited on the stigma, pollen grains absorb liquid from the wet surface of the stigma 
thus expanding in size while the intine protrudes through the germ pore. The stigma secretes fluids such as 
resins, liquid, gums, sugar that prevents dessication of both pollen as well as stigma. 

The pollen tube appears from the germ pore present on the pollen grains so that all contents of the pollen 
grain migrate into the pollen tube. Pollen grains have the ability to germinate either in the anther sac or placed 
on the petals and even within the style. Viability of pollen grains depends on temperature and humidity. 

Viable pollen germinates on the stigma irrespective of the position of the germ tube. Pollen gets hydrated on 
the stigma, swells up and produces pollen tube. Hydrated pollen shows high r-RNA/t-RNA ratio. The pollen 
tube always grows in the direction of the ovary and is guided by the secretion of the ovule. Usually only one 
pollen tube is formed from a pollen grain but there are instances where many pollen tube arises. In such 
cases, only one pollen tube makes its way for further growth. 
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Figure 2.16: Diagrammatic representation of a pollen grain with pollen tube containing gametes

Pollen-stigma interaction is determined by the germination of the pollen grain on the stigma since stigma is 
the primary source for the interaction. During self incompatibility process, certain factors on the exine may 
produce rejection responses on the stigmatic surface. Due to pollen-pistil interaction massive amount of 
competition develops even in the compatible gametes. Only pollen grains which are vigorous in nature can 
reach the female gamete. Once the pollen grains reach the female gamete the next stage is fertilization.

?

TRY IT YOURSELF

1. What are pollen banks? What are they used for?

2. In papaya, the male and female flowers are located on same plant. True/False.

3.  In Calotropis, the pollens are present in a sac like structure termed as 
____________________.

8. Double Fertilization 
In 1884, fertilization was discovered by Polish-German botanist Eduard Adolf Strasburger. The process 
of double fertilization was discovered by S. G. Nawaschin (1897) in Lilium and Fritillaria species. After the 
pollination process, the intrine of the pollen grain forms a pollen tube through the germ pore. The pollen 
tube containing two male gametes [haploid (n) each] that enter through the micropylar end of the ovule into 
the cavity of the ovary. When the pollen tube enters through the micropylar end of the ovule for fertilization 
it is called as porogamy which is the most commonly observed mode of entry into ovule. If the pollen tube 
enters the ovule through the chalazal end for fertilization, it is called as chalazogamy. 

Flowchart 2.2: Different pathways of entrance of pollen tube into ovule
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Figure 2.17: Diagrammatic representation of the different modes of entrance of pollen tube into ovule.  
A. Porogamy; B. Chalazogamy and C. Mesogamy

On piercing through the nucellus, the pollen tube penetrates in the embryo sac. The tip penetrates the embryo 
sac and reaches the egg apparatus. Pollen tube enters one of the synergids and bursts in it releasing the two 
gametes. One of these haploid male gametes (n) fuses with the haploid egg cell (n) which results in the formation 
of diploid zygote (2n). This is termed as syngamy or generative fertilization. The other haploid male gamete (n) 
fuses with the diploid secondary nucleus (2n) resulting in triple fusion or vegetative fertilization forming triploid 
primary endosperm nucleus (3n) also termed as PEN which on maturation gives rise to endosperm. Therefore, 
the process of fertilization that occurs twice in the same embryo sac at the same time by the two male gametes 
is called as double fertilization. 

Figure 2.18: Diagrammatic representation showing path of release of pollen tube contents into synergid: 
A. Two male gametes and a degenerating vegetative nucleus near the filiform apparatus;  

B. Release of male gametes inside the synergid

A B
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Figure 2.19: Diagrammatic representation showing movement of male gametes towards the egg  
nucleus and into central cell

Male Gamete (n) + Egg (n) --------> Zygote (2n) (Syngamy)

Male Gamete (n) + Secondary Nuclei (2n) ----------> Primary Endosperm Nucleus (3n) (Triple fertilization)

9. Post Fertilization Events

9.1 Development of Endosperm
Endosperm is a product of triple fusion since it is developed from the mitotic division of primary endosperm 
(PEN) and develops from the central cell of embryo sac. It is generally a triploid tissue and serves as a 
source of nutrition for the developing embryo.

KNOWLEDGE BUILDER

Characteristics of Endosperm

 y Endospermic cells are isodiametric and show polyploidy.

 y Starchy endosperm is observed in cereals.

 y Aluerone layer i.e. proteinaceous layer is seen in cereals.

 y Oily endosperm is present in castor and coconut.

 y The endosperm is composed of hemicellulose in date palm.
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Types of Endosperm 
a.  Nuclear Endosperm – Primary endosperm nucleus of the central cell divides without formation of cell 

wall (free nuclear division) such that the nuclei produced are free in the cytoplasm of the embryosac 
and they remain free indefinitely or wall formation takes place later. Eg: Cotton, Maize, Capsella.

Figure 2.20: Diagrammatic representation of development of nuclear endosperm

b.  Cellular Endosperm – Primary endosperm nucleus undergoes several cell divisions and each division 
is followed by cell wall formation; therefore the endosperm has cellular appearance. Eg: Petunia, 
Utricularia, coconut (copra).

Figure 2.21: Diagrammatic representation of development of cellular endosperm

c.  Helobial Endosperm – It is an intermediate stage between nuclear and cellular types. The first division 
is accompanied by cytokinesis but the subsequent divisions are nuclear free. The chamber towards the 
micropylar end is larger than the one at the chalaza end and a large number of free nuclei are formed at 
the micropylar chamber by free nuclear divisions while the nucleus at the chazal end generates relatively 
fewer free nuclei or does not undergo cell division at all. Eg: Members of monocot order Helobiales.

Figure 2.22: Fertilized embryosac showing diploid zygote and triploid PEN
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?

DID YOU KNOW

 y  After the occurrence of the first two divisions of primary endosperm nucleus, categorization 
of the endosperm into nuclear or cellular endosperm can be easily identified.

 y  Endosperm is absent in some of angiosperms as seen in families Orchidaceae, 
Podostemaceae and Trapaceae.

 y Some of the plants have diploid endosperm instead of triploid such as in Oenothera.

 y  Maize and Tomato have mosaic endosperm in which patches of different colours are 
seen.

 y  The endosperm in Betalnut or Arecanut (Arecaceae) and Annonaceae families is 
roughly surfaced. It is known as “ruminate endosperm”.

 y  In Coconut, the drinking portion is nuclear endosperm while the edible portion is cellular 
endosperm.

9.2 Development of an Embryo
After fertilization, the fertilized egg becomes the zygote. An embryo following the process of embryony gives 
rise to a complete plant. After fertilization the zygote rests and stays dormant for a period that greatly varies 
between different taxa, ranging from few hours to several weeks. There are no initial fundamental differences 
between dicot and monocot embryos. But at later stages, the mature embryos of both begin to differ.

9.2.1 Development of Embryo in a Typical Dicot Plant

Development of embryo in Capsella was established by German botanist Johannes von Hanstein. In 
angiosperms, zygote initially remains in the resting phase. When the endosperm is formed, development 
of zygote begins. In the beginning the zygote absorbs food from the endosperm and increases in size 
with a secretory layer surrounding it. The zygote is termed as ospore. The first division of oospore is 
transverse and results in the formation of two cells. One cell moving towards micropyle is called as basal 
cell or suspensor cell. The other cell formed towards the chalaza is called as apical cell or terminal cell 
or embryonal cell.

The basal cell and embryonal cell divide simultaneously. The basal cell divides transversely while the apical 
cell divides vertically resulting in the formation of two suspensor cells and two embryonal cells. This stage 
is composed of four cells which are arranged in ‘T’ shaped structure. Vertical division of embryonal cells 
results in the formation of four embryonal cells. This is termed as the quadrant stage of embryo. The two 
suspensor cells divided by transverse divisions forming a 6-10 celled long filament like structure which is 
termed as the suspensor. The main function of the suspensor is to push the developing embryo into the 
endosperm to provide nutrition.
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Figure 2.23: Diagrammatic representation of stages (a-i) in the development of dicot embryo

The cell located at the micropyle end of the suspensor swells up 
and expands. This cell of suspensor is known as haustorial cell. 
The cell of suspensor which is located near the embryonal cells is 
called as hypophysis. This cell combines with the radicle to form 
the apex of root (root cap). These four cells quadrant embryo further 
divide transversely to produce eight cells. This eight-celled stage 
of embryo is called as octant stage. The eight cells of octant are 
arranged in two tiers. The four cells of the octant embryo which lie 
near the hypophysis are known as hypobasal cells while the four 
cells located towards the chalaza are termed as epibasal cells. The 
hypobasal cells gives rise to radical and hypocotyls while epibasal 
cells give rise to the two cotyledons and plumule of the embryo. All 
the cells of octant divide by periclinal division so that a 16-celled 
globular embryo is formed. 

Due to fast division of the embryonal cells of globular embryo, a 
heart-shaped embryo is formed. All the cells of this embryo are 
meristematic. The vigorous and fast growth within the two lobes of 
the heart-shaped embryo results in the development of two cotyledons. Both the growing cotyledons move 
in the downward direction due to the curved position of the body of the Capsella ovule. Tissues present 
above the joining region of both the cotyledons are responsible for the formation of plumule and behind 
it, the epicotyls are formed. The tissues present opposite to the plumule give rise to radical. On further 
development, the ovule becomes curved like a horse shoe containing the mature embryo.

9.2.2 Development of Embryo in a Typical Monocot

In monocots, great variations are seen in the stages of development. However, there is no essential difference 
between monocots and dicots in terms of the early cell divisions of the proembryo. In the embryogeny of 

Figure 2.24: Diagrammatic 
representation of horse-shoe 

shaped mature embryo of dicot 
plants
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monocot, Sagittaria, all the zygotes initially enlarge and expand in size while undergoing transverse division 
to give rise to a three-celled proembryo. These are known as the basal cell, the middle cell and the terminal 
cell. Larger basal cell which lies towards the micropylar end does not divide further and is transformed 
directly into the suspensor cell. The terminal cell undergoes further division in various planes and gives rise 
to a single cotyledon termed as the scutellum. The middle cell undergoes repeated transverse and vertical 
divisions and differentiates into suspensor cell, radicle, plumule and hypocotyl. In this type of cotyledon, a 
terminal structure and plumule are located laterally in the depression. 

Figure 2.25: Diagrammatic representation of L.S. of embryo of monocot plant

Table 2.3: Difference between Embryo and Endosperm

Embryo Endosperm

Formed by fertilized egg (syngamy). Formed by fusion of secondary nucleus (triple fusion).

Always diploid. Generally triploid structure.

Gives rise to new plant. Provides nutrition to the developing embryo.

Cotyledons, plumule and radical are 
formed in embryo.

Formation of cotyledons, plumule and radical not 
formed.

Embryo is present in seed.
Endosperm is only located in endospermic seeds. It 
otherwise degenerates with the formation of seed.

Embryo dies in the absence of 
endosperm.

Endosperm does not die in the absence of embryo.

Germination of seed occurs. No germination is found in endosperm.
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Figure 2.26: Diagrammatic representation showing the structural organization of seeds of  
A. Bean; B. Castor; C. Onion and D. Maize

10. Development of Seed and Fruit Formation
After fertilization, ovule develops into seed and the ovary gets converted into the fruit. Infact, fruit is the 
ripened part of the ovary. Integuments of the ovule composed of the outer testa and inner tegmen form the 
seed coat. On complete maturation of the embryo, growth inhibitors are synthesized in the seed to stop the 
growth of embryo and initiate the dormant stage. Pollination provides the first stimulus to the ovary to form 
the fruit. The germinating pollen grains contain auxins which stimulate ovary to form the fruit. 

If auxins (NAA) are applied on the stigma, the ovary develops into fruit without fertilization and this is called 
as parthenocarpic fruits and the process is called as parthenocarpy. 

Second stimulus is provided by the developing seeds which also induces synthesis of auxins and cytokines 
to stimulate the conversion of ovary into fruit. Nitsch (1952) reported the growth of receptacle around seeds 
in strawberry.

The third stimulus is provided by nutrients. The plants show thinning in the number of their developing 
seeds as observed in grapes and mango. 

A B

D

C
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Table 2.4: Fate of different parts of flower Before fertilization and Transformation after fertilization

Before fertilization Transformations after fertilization

Calyx, Corolla, Stamens, Style, Stigma Breaks off

Ovule Seeds

Ovary Fruit

Ovary wall Pericarp

Integuments Testa and Tegmen of seed coat

Funicle Seed stalk

Egg cell Zygote

Nucellus Periplasm

Synergids Disintegrate

Antipodals Degenerate

Secondary nucleus Endosperm (PEN)

10.1 Germination of Seed 
The process by which the dormant embryo wakes up, becomes active and begins to grow is known as the 
germination of seed. Following seed germination, the embryo of seed grows into a sporophyte plant. The 
radical produces the primary root while the plumule develops into the shoot and the cotyledons degenerates.

Types of Seed Germination
Germination is basically of two types which are dependent upon the behavior of cotyledons but viviparous 
germination are also seen.

1. Epigeal germination – Due to the growth or elongation of hypocotyls, the cotyledons are pushed out 
of the soil. This is called as epigeal germination. This type of germination occurs in Cotton, Papaya, 
Castor, Onion, Cucurbits, Tamarind, French bean, Mustard, etc. In some cases, these seed cotyledons 
above the ground become green leaf like, termed as cotyledonary leaves and perform photosynthetic 
function till the seedling thrives independently. E.g. Castor, cotton, onion, papaya, etc. In other plants, 
cotyledons do not assume leaf like shape, fall off and degenerate. E.g. French bean, Tamarind.

2. Hypogeal germination – Due to growth in epicotyls, the plumule comes out of the ground while the 
cotyledons remain underground. This is called as hypogeal germination. This type of germination 
occurs in most of the monocotyledons and few dicotyledons. E.g. Maize, Rice, Wheat, Coconut, Gram, 
Pea, Peanut, Mango, etc.

3. Vivipary – It is a special type of seed germination which is characteristic of mangrove vegetation which 
are abundant in muddy, saline conditions. E.g. Members of the Genus Rhizophora, Avicennia, Ceriops, 
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Sonneratia, etc. No resting period of the embryo is seen and germination occurs inside the fruit, while 
it is still attached to the parent plant which is also termed as in-situ germination. The seedling is 
separated in the mud with the help of lateral roots developing from the basal end of the radical. This is 
called as viviparous germination or vivipary.

Table 2.5: Difference between Monocotyledonous seeds and Dicotyledonous seeds

Monocotyledonous seeds Dicotyledonous seeds

Only single cotyledon located with embryo. Two cotyledons located with embryo

Generally endospermic seeds Generally non-endospermic seeds but may 
be endospermic

Generally cotyledon is thin or papery Cotyledons are thick

Plumule is covered by coleoptile and radical is 
covered by coleorhiza

Coleoptile and coleorhizae are not formed

Cotyledon is also termed as scutellum No such name for dicot cotyledons

Radicle degenerates after sometimes and 
adventitious roots are formed at that place

Radicle is responsible in formation of 
primary root

In some of the seeds, seed coats and cotyledon 
fused together E.g: Wheat etc.

Such types of seed are not found

11. Special Modes

11.1 Apomixis
Apomixis is the formation of new individuals through asexual reproduction without the involvement of fusion 
of gametes. It is of two types: (a) agamospermy (b) vegetative propagation.

a.  Agamospermy – It is the type of asexual reproduction where the embryo is formed by a process in 
which normal meiosis and syngamy are eliminated. This type of apomixes occurs in seeds. Three types 
of agamospermy includes

 i.  Adventitive embryony (Sporophytic budding) – The embryo arises from the diploid sporophytic 
cells such as nucellus or integuments other than egg. E.g. Citrus, Opuntia.

 ii.  Recurrent agamospermy – The diploid embryo sac is formed from the MMC which has a diploid 
egg or oosphere. The diploid egg grows parthenogenetically into diploid embryo. E.g. Apple, Allium.

 iii.  Non-recurrent agamospermy – The embryo develops parthenogenetically from the haploid egg.  
E.g. Banana.
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Figure 2.27: Diagrammatic representation of section of A. Apple and B. Strawberry

b.  Vegetative propagation – Other parts of the plant body such as roots, stems, branches and leaves 
apart from the seed are used for propagation of new plant. Vegetative propagation is subdivided into 
two types

 i.  Natural vegetative propagation – Vegetative propagation occurring in nature without assistance 
from humans. Eg: Onion and Garlic bulbs; Ginger and Turmeric rhizomes; Potato tubers; Asparagus 
and Tapioca roots; Bryophyllum and Begonia leaves etc.

 ii.  Artificial propagation – Vegetative propagation carried out using artificial means and assistance 
from humans. This technique is mostly employed by botanists, horticulturists and gardeners. It is 
of several types such as cutting, grafting, layering etc. Eg: Artificial propagation using cutting of 
Rose, Sugar cane, Lemon, Tamarind (Root cutting), China rose (Stem cutting); Grafting of Mango, 
Orange, Seedless Grapes, Apple; Layering of Litchee, Pomegranante, Guava etc.

11.2 Polyembryony
Generation of several embryos inside a single seed is called as polyembryony. It was first observed by 
Leeuwenhoek in Citrus (Orange) seeds. Polyembryony is commonly found in gymnospermic plants but it is 
also found in some of angiospermic plants such as Orange, Lemon, Nicotine etc. If polyembryony develops 
naturally then it is called as spontaneous/self polymbryony. When polyembryony is developed artificially 
then it is called as induced polyembryony. When many embryos are formed from more than one separate 
embryosacs inside the ovule it is called as false or pseudo polyembryony. When many embryos are formed 
inside the single embryo sac of the seed it is called as ‘true poly embryony’. It is developed from

(i) Clevage of Zygote or budding – Eg: Cymbidium, Exocarpus, Nymphaea, Nicotiana, Orchids etc.

(ii) By the fertilization of synergids – Eg: Anemone, Aristolochia, Sagittaria etc.

(iii) Fertilization of antipodal cells – Eg: Paspalum, Ulmus etc.

A B
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In Lilium, all three types of polyembryony are observed.

Adventive embryony is also an example of polyembryony in which additional number of embryo are formed 
from nucellus or integuments.

Figure 2.28: Diagrammatic representation of polyembryony in Citrus

11.3 Parthenocarpy
The fruit is normally formed by the stimulus of fertilization. Sometimes, fruits maybe formed without the act 
of fertilization. This is called as parthenocarpy. It may be due two reasons

i. Stimulus of pollination.

ii. Induced by hormones.

Parthenocarpic fruits are seedless. Parthenocarpy has practical usage as seedless fruits like banana, 
pineapple, grapes are always in demand for human consumption.

12. Significance of Seed and Fruit Formation
Seed and fruit formation are stimulated by the act of fertilization. In angiosperms, double fertilization 
produces two structures – a diploid zygote and a triploid primary endosperm nucleus.

12.1 Significance of Seeds
1. Dependable method – Unlike bryophytes and pteridophytes, pollination and fertilization of seed plants 

are free from the requirement of water. Seed formation is therefore, more dependable.

2. Perennation – Seeds are dry with a water content of 10-15% with a dormant embryo and thick protective 
seed coat. It is most suitable for perennation through unfavorable conditions.

3. Dispersal – Seeds have developed new strategies to get dispered into different habitats and colonize 
the environment.
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4. Reserve food – Seeds have reserve food for the nourishment of young seedlings till they become 
nutritionally independent.

5. Variations – As seeds are formed through sexual reproduction they carry a number of genetic  
and phenotypic variations. These variations are necessary for the adaptability to adverse  
climatic conditions.

6. Storage – Seeds serve as storage organs for later usage. This ensures unlimited supply of food 
throughout the year even under draught and famine conditions.

7. Agriculture – Seed is the basis for agriculture. Agriculture originated when humans learnt to eat, 
store and sow seeds. Agriculture proved to be the turning point of human civilization, industrialization, 
science and technology.

12.2 Significance of Fruits
1. Protection – Developing fruits protect the developing seeds from mechanical injury, insects and 

unfavourable conditions.

2. Dispersal – Fruits help in the dispersal of seeds to distant places.

3. Food to animals – Fleshy fruits act as food to animals who inturn also help in dispersal of the seed. 
Fleshy fruits bears hard seeds such as Guava. On the other hand, hard shelled fruits have soft seeds 
such as Almonds.

4. Nutrition to germinating seeds – Some fruits provide nutrition to germinating seeds and developing 
seedlings.

5. Importance to humans – Fruits are a source of food, protein, oil, organic acids, vitamins, minerals and 
sugars.

?

TRY IT YOURSELF

1.  The four cells of the octant embryo which lie near __________________are known as 
__________________ while the four cells located towards ___________________are 
termed as _________________________.

2. Apomixis is the formation of new individuals through asexual reproduction. True/False.

3.  In ______________________ germination the cotyledons are pushed out of the soil due 
to the elongation of hypocotyls. 

4.  When polyembryony develops artifically then it is called as spontaneous/self polymbryony. 
True/False. 
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Summary
 y Sexual reproduction is defined as the process of formation and fusion of male and female gametes, 

produced by the same individual or by different individuals of the opposite sex. 

 y Sexual reproduction is also known as amphimixis or syngenesis or amphigony.

 y Flowers are the reproductive organs of plants.

 y Flower is the modified vegetative shoot and is meant for sexual reproduction.

 y Parts of a flower – peduncle, receptacle, sepals, petals, carpels, stamens, bract.

 y Male reproductive organ is called as androecium and their unit is called as stamen.

 y A typical stamen is differentiated into two parts a long, thin structure is called filament which joins the 
stamen to the thalamus.

 y The free end of the filament, a swollen spore bearing structure is called as anther.

 y The primary sporogenous cells form microspore mother cells (2n) inside the microsporangium.

 y The anther wall mainly consists of epidermis, endothecium, middle layer, tapetum, pollen sac.

 y The process and differentiation of pollen grains or microspores is called as microsporogenesis.

 y Exine is the outer layer while intine is the inner layer of a microspore.

 y On the exine are located few pores which are called as germ pores. 

 y The free unit of gynoecium is called as pistil or carpel. Carpel is also known as megasporophyll.

 y The free end of the carpel which serves as landing platform pollen grains is called stigma.

 y A long, narrow tubular structure is present in between the stigma and ovary called style.

 y The basal swollen [bulged] part of the carpel is called ovary.

 y The ovules is also known as megasporongia.

 y The process of formation of megaspores from megaspore mother cell is called megasporogenesis. 

 y Any cell of nucellus towards the micropylar end is differentiated from other cells and is called as the 
megaspore mother cell (MMC).

 y Megaspore is the first cell of the female gametophyte.

 y Pollination is defined as the process of transfer of pollen grains from anther to the stigma of the same 
flower or of different flower of the same species.

 y Pollination is of two types self pollination and cross pollination.

 y Continued self pollination results in inbreeding depression.

 y Flowering plants have developed many devices to discourage self pollination and to encourage cross 
pollination which are termed as outbreeding device.
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 y Pollen-pistil interactions between the pollen grain and massive sporophytic tissue of pistil (stigma and 
style) before discharging the male gametes near the egg.

 y The process of fertilization that occurs twice in the same embryo sac at a time by the two male gametes 
is called as double fertilization (sygamy and triple fusion).

 y Endosperm is a product of triple fusion since it is developed from the mitotic divison of primary 
endosperm and develops from the central cell of embryo sac.

 y Following the process of embryony, zygote gives rise to an embryo which can form a complete plant.

 y After fertilization, ovule develops into seed and ovary matures into fruit.

 y The process by which the dormant embryo wakes up, becomes active and begins to grow is known as 
germination of seed.

 y Special modes – Apomixis, parthenocary, polyembryony.

 y Seed and fruit formation are stimulated by the act of fertilization.
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EXERCISE

Objective Questions

Q.1 Androphore structure is formed by
(A)  Internode  (B)  Node  (C)  Sepals  (D)  Petals

Q.2  When embryo develops from a haploid cell of embryosac, other than egg cell the process is  
known as 
(A)  Apogamy    (B)  Anospory  

(C)  Adventive Embryony   (D)  Diplospory

Q.3 Androgenic haploid plants are produced from 
(A)  Pollen grains    (B)  Connective tissues

(C)  Tapetum    (D)  Wall of the anther

Q.4 Apomixis was discovered by 
(A)  Leeuwenhoek    (B)  Winkler Hans

(C)  Juel and Murbeck   (D)  Navaschin and Grignard

Q.5 Which of the following is monocarpic plant?
(A)  Shisham  (B)  Mango  (C)  Pinus  (D)  Bomboo 

Q.6 Which is the most logical sequence with reference to the life cycle of angiosperm?
(A)  Germination, endosperm formation, seed dispersal, double fertilization

(B)  Cleavage, fertilization, grafting, fruit formation

(C)  Pollination fertilization, seed formation and germination

(D)  Maturation, mitosis, differentiation

Q.7  After culturing the anther of a plants few diploid plant were got along with haploid plant. Which of the 
following part might have given rise to diploid plant?
(A)  Vegetative cell of pollen  (B)  Exine of pollen wall

(C)  Cells of anther wall   (D)  Generative cell of pollen
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Q.8 Capsella is angiosperm because it possess
(A)  Seed     (B)  Pollen grain

(C)  Vascular tissue   (D)  Fruit 

Q.9 Which part of the productive structure produces both enzyme and hormones?
(A)  Archesporium    (B)  Middle layer

(C)  Tapetum    (D)  Endothecium

Q.10 Ubisch bodies are produced in
(A)  Embryosac    (B)  Endothecium

(C)  Pollen grain    (D)  Tapetum

Q.11 Tapetum is 
(A)  Parietal in origin usually the inner most layer of anther wall

(B)  Modified endothecium of another wall

(C)  Outer most layer of sporogeneous tissue modification

(D)  Parietal in origin and is the inner most layer of ovule wall

Q.12 Example of polyploidy tissue present in an angiosperm plant is 
(A)  Perisperm  (B)  Embryo  (C)  Tapetum  (D)  Placenta 

Q.13 A microspore is a first cell of 
(A)  Female gametophyte   (B)  Male gametophyte

(C)  Sporophyte    (D)  Anther 

Q.14 Anther is generally composed of
(A)  One sporangium   (B)  Two sporangium

(C)  Thee sporangium   (D)  Four sporangium 

Q.15 Occurrence of more than four spores from spore mother cells is called
(A)  Polysiphony     (B)  Polyspermy 

(C)  Polyspory    (D)  Polyembryony

Q.16 How many cells or nuclei are present in male gametophyte of Capsella?
(A)  One   (B)  Two  (C)  Three  (D)  Many 
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Q.17 How many and what type of male gametes are produced by the male gametophyte of Capsella?
(A)  One, multiciliated   (B)  Two, biciliated

(C)  Two, multiciliated   (D)  Two, non-motile 

Q.18 Ubisch bodies are associated with the development of 
(A)  Embryo     (B)  Pollen grains  

(C)  Endosperm    (D)  Embryo sac 

 Q.19 Most reduced size gametophyte is of
(A)  Bryophytes    (B)  Pteridophyte  

(C)  Gymnosperm   (D)  Angiosperm 

Q.20 Pollen grain of Capsella is
(A)  Monocolpate     (B)  Bicolpate

(C)  Tricolpate    (D)  Polycolpate 

Q.21 Essential Whorls of flowers are
(A)  Calyx and Corolla   (B)  Corolla and Gynoecium

(C)  Androecium and Gynoecium  (D)  All of the above

Q.22 Which statement is false? 
(A)  Unisexuality of flower induces cross pollination
(B)  Androgenic plants were developed by Guha and Maheshwari
(C)  Morphological barriers are absent in Gloriosa flower
(D)  All of the above

Q.23 Isobilateral tetrad is common in 
(A)  Monocots  (B)  Dicots  (C)  Halophila  (D)  None of the above

Q.24 Sporopllenin is found in 
(A)  Exine   (B)  Intine  (C)  Cytoplasm  (D)  Nucleus 

Q.25 Microsporophyll of Angiosperms is known as 
(A)  Androecium  (B)  Anther  (C)  Filament  (D)  Stamen

Q.26 Main function of endothecium (in anther) is 
(A)  Mechanical   (B)  Nutritive  (C)  Dehiscence  (D)  None of the above 
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Q.27 Which of the following is the wrong statement?
(A)  Monothecous anthers are found in Malvaceae family

(B)  Middle layer is ephemeral

(C)  Amoeboid tapetum releases Ubisch bodies

(D)  Banana is a monocarpic plant

Q.28 Development of male gametophyte is 
(A)  In vivo   (B)  In situ   (C)  Both (A) and (B) (D)  None of the above

Q.29 Endothecium, middle layer and tapetum is anther are derived from
(A)  Primary sporogenous layer  (B)  Primary parietal layer

(C)  Both      (D)  None of the above

Q.30 Which one is female gametophyte?
(A)  Embryo   (B)  Embryosac  (C)  Endosperm  (D)  Pistil 

Q.31 What type of ovule is found in Capsella?
(A)  Orthotropus  (B)  Camylotropus (C)  Anatropus  (D)  Hemitropus 

Q.32 The embryo sac of Capsella derives it’s nutrition from 
(A)  Sporogenous  (B)  Tapetum  (C)  Epithecium  (D)  Nucellus 

Q.33 The functional megaspore in Capsella is always
(A)  Micropylar    (B)  Chalazal

(C)  All of the above   (D)  Any of the above

Q.34 Crassinucellate ovule shows
(A)  Absence of nucellus   (B)  Well developed nucellus
(C)  Partially developed nucellus  (D)  Modified nucellus

Q.35 Proliferation of integumentary cells at the micropylar region of the ovule in caster develops
(A)  Aril   (B)  Funicle  (C)  Caruncle  (D)  Apophysis 

Q.36 Caruncle is formed by
(A)  Peduncle   (B)  Cotyledons  (C)  Integument  (D)  Perisperm 
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Q.37 Obturators which helps in fertilization are out growth of
(A)  Pollen tube    (B)  Stigma

(C)  Placenta or funiculus   (D)  Pollen grain

Q.38 Just before fertilization the diploid structure in the ovule of Capsella is
(A)  Pollen tube    (B)  Nucellus/Secondary nucleus

(C)  Synergids    (D)  Antipodals 

Q.39 Filiform apparatus are found in 
(A)  Antipodal cell    (B)  Egg cell

(C)  Secondary nucleus   (D)  Synergids 

Q.40 Which type of gametes are present in Capsella?
(A)  Flagellated  (B)  Motile   (C)  Non-motile  (D)  None of these

Q.41 Perisperm is 
(A)  Persistent nucellus in seed  (B)  Ovule wall

(C)  Ovule coat    (D)  Fossil of haustoria

Q.42 Free nuclear division in an angiosperm takes place during
(A)  Gamete formation   (B)  Endosperm formation

(C)  Embryo formation   (D)  Flower formation

Q.43 Raphe and hilum in seed is present
(A)  Nucellus  (B)  Funiculus  (C)  Integument  (D)  Micropyle 

Q.44 Micropyle in seed helps in the entry of 
(A)  Male gamete  (B)  Pollen tube  (C)  Water and air (D)  All of the above

Q.45 The plant in which G. B. Amici discovered pollen tube is 
(A)  Capsella  (B)  Parthenium  (C)  Portulaca  (D)  None of the above

Q.46 Megasporophyll is called
(A)  Gynoecium  (B)  Carpel  (C)  Ovary  (D)  Stigma 

Q.47 How many pollen sacs are present in a mature anther?
(A)  4   (B)  1   (C)  3   (D)  2
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Q.48 The ovule is present in which single layer nucellar tissue 
(A)  Crassinucellate   (B)  Tenuinucellate

(C)  Amphinucellate   (D)  Circinotropous 

Q.49 When outer integument becomes fleshy then it is known as 
(A)  Aril   (B)  Sarcotesta   (C)  Operculum   (D)  Caruncle 

Q.50 Resupinate type of ovule are
(A)  Straight  (B)  Inverted  (C)  Transverse  (D)  Coiled 

Q.51 Horizontally oriented ovule in Angiosperm is called
(A)  Amphitropous    (B)  Hemitropous

(C)  Campylotropous    (D)  Circinotropous 

Q.52 The structure formed by outer integument which helps is germination is called 
(A)  Aril   (B)  Sarcotesta  (C)  Caruncle   (D)  Operculum 

Q.53 In anatropous ovule, the micropyle is present
(A)  In straight line with funiculum

(B)  At right angles with funiculum

(C)  At 450 with funiculum

(D)  Side by side with funiculum

Q.54 Which structure of the ovule will change in the end?
(A)  Embryosac  (B)  Integuments (C)  Funiculum  (D)  All of the above 

Q.55 The special features of the endothecium of anther of Capsella
(A)  Radially elongated   (B)  Thickening of cellulose

(C)  Hygroscopic    (D)  All of the above 

Q.56 The type of cells undergoing meiosis in the flowers are
(A)  Micro spore mother cell and mega spore mother cell

(B)  Ovule and stamen

(C)  Tapetal cells

(D)  Placental cell
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Q.57 Which of the following types of embryosac is mostly found in Angiosperm?
(A)  Bisporic polygonum type  (B)  Tetra sporic type

(C)  Monosporic – orange type  (D)  Monosporic – polygonum type

Q.58 In many plants, the sexual reproduction replaced by asexual reproduction is called
(A)  Semigamy  (B)  Apospory  (C)  Apomixes  (D)  Amphimixis

Q.59 “Endostome” and “Exostome” are part of
(A)  Nucellus  (B)  Chalaza  (C)  Pollen wall  (D)  Micropyle 

Q.60 Female gametophyte like pollen are found in 
(A)  Sorghum   (B)  Hyacinthus   (C)  Vinca  (D)  None of these

Q.61 Which type of growth is found in pollen tube? 
(A)  Lateral growth (B)  Apical growth  (C)  Middle growth (D)  No growth

Q.62 When hilum, chalaza, and micropyle lie in one straight line then ovule is called
(A)  Amphitropous    (B)  Orthotropous 

(C)  Campylotropous    (D)  Anatropous 

Q.63 Chasmogamy refers to the condition where
(A)  Flowers remain closed  (B)  Flowers are absent

(C)  Flowers open    (D)  Flowers are gamopetalous 

Q.64  When pollen grains of a flower are transferred to stigma of another flower on a different plant, the 
process is called
(A)  Geitonogamy    (B)  Xenogamy

(C)  Autogamy    (D)  Homogamy 

Q.65 When anther and stigma mature at the same time it is called as
(A)  Dichogamy   (B)  Allogamy  (C)  Xenogamy  (D)  Homogamy 

Q.66 Self pollination means
(A)  Transfer of pollen from anther to stigma in the same flowers

(B)  Transfer of pollen from one flower to another on the different plant

(C)  Occurrence of male and female sex organ in the same flowers

(D)  Germination of pollen
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Q.67 “Lever mechanism” or “turn pipe mechanism” for pollination is characteristic feature of
(A)  Antirrhinum    (B)  Ocimum

(C)  Salvia (Sage plant)   (D)  Ficus 

Q.68 Maize is best example of 
(A)  Anemophily    (B)  Ornithophily 

(C)  Entomophily    (D)  Hydrophily  

Q.69 Translator apparatus is found in 
(A)  Mustard  (B)  Pea  (C)  Calotropis  (D)  Mango 

Q.70 Which type of pollination occurs in Capsella
(A)  Entromophily  (B)  Anemophily  (C)  Hydrophily  (D)  None of the above 

Q.71 Insect pollination flowers usually possess
(A)  Brightly colored pollens in large quantity

(B)  Dry pollens with smooth surface

(C)  Sticky pollen and rough surface stigma

(D)  Light coloured scented pollen covered with nectar

Q.72 A close relation between a flower and a pollinating agent is best exemplified by
(A)  Cocos  (B)  Salvia  (C)  Yucca  (D)  Avena

Q.73 Polysiphonous pollen grains occur in
(A)  Malvaceae  (B)  Cucurbitaceae (C)  Both (A) and (B) (D)  None of these 

Q.74 Pollen tube was discovered by 
(A)  Strasburger  (B)  Hofmeister  (C)  Amici  (D)  Winkler 

Q.75 Which of the following promote pollen germination and tube growth?
(A)  Sucrose  (B)  Boron  (C)  Calcium  (D)  Potassium 

Q.76 Pollen tube develops from
(A)  Generative cell   (B)  Male gametes

(C)  Vegetative cell   (D)  Vegetative nucleus
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Q.77 Movement of pollen tube is 
(A)  Tactic   (B)  Tropic  (C)  Nastic  (D)  Autonomous 

Q.78 Polyembryony was first discovered by 
(A)  Rosenberg  (B)  Hofmeister  (C)  Leeuwenhoek (D)  Guha 

Q.79 Longest pollen tube is found in 
(A)  Wheat   (B)  Maize  (C)  Barley  (D)  Rice 

Q.80 Tegmen of the seed develops from
(A)  Perisperm    (B)  Funiculum

(C)  Inner integument   (D)  Outer integument

Q.81 The most simple and most common type of embryo sac was discovered by 
(A)  Nawaschin  (B)  Strasburger  (C)  Schleiden  (D)  Amici 

Q.82  ‘Callase’ enzyme which dissolves callose of tetrad of microspores to separate four microspores is 
provided by 
(A)  Pollen grains  (B)  Middle layer (C)  Tapetum  (D)  Endothecium

Q.83 Example of Epithydrophily is 
(A)  Zostera  (B)  Vallisneria  (C)  Ceratophyllum (D)  Nymphea

Q.84 Pollination in Yucca plant takes place by
(A)  Honey bee  (B)  Butterfly  (C)  Pronuba  (D)  Bird 

Q.85 The primary Endosperm nucleus in Polygonum type of embryo sac is 
(A)  Haploid  (B)  Diploid  (C)  Triploid  (D)  Tetraploid 

Q.86 Protandry is the situation when
(A)  Anther matures later than the stigma of flower

(B)  Anther matures earlier than the stigma of flower

(C)  Anther and stigma mature at the same time

(D)  All of the above

Q.87 The anterior end of pollen tube bursts by the process of _____ in embryosac.
(A)  Imbibitions    (B)  Exo-osmosis

(C)  Enzymatic action   (D)  Endo-osomosis
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Q.88 Which of the following nuclei participate in double fertilization?
(A)  The egg    (B)  The secondary nucleus

(C)  The two male nuclei   (D)  All of the above

Q.89 Perisperm is
(A)  Degenerate secondary nucleus

(B)  Remnant of nucellus

(C)  Peripheral part of endosperm

(D)  Degenerate synergids

Q.90 The main embryo developed from the structure is formed as a result of 
(A)  Double fertilization   (B)  Triple fusion

(C)  Syngamy    (D)  Fusion of two polar nuclei an embryosac

Q.91 After fertilization the outer integument of ovule changes into
(A)  Testa   (B)  Tegmen  (C)  Fruit  (D)  Seed 

Q.92 In Capsella the pollen tube enters through the micropyle, therefore fertilization is 
(A)  Porogamous    (B)  Chalazogamous

(C)  Mesogamous    (D)  Basigamous 

Q.93 The process of double fertilization was discovered by
(A)  Hofmeister  (B)  Strasburger  (C)  Nawaschin  (D)  Amici 

Q.94 After fertilization of the seed is developed from
(A)  Ovule  (B)  Ovary  (C)  Embryo  (D)  Endosperm 

Q.95 “The tip of pollen tube after entering into embryo sac swells and burst" due to
(A)  Endosmosis    (B)  Exosmosis 

(C)  Diffusion    (D)  None of the above

Q.96 Double fertilization means
(A)  Fusion of male gametes and ovum

(B)  Fusion of two polar bodies

(C)  A male gamete fused with egg and second male gamete fused with secondary nucleus

(D)  All the above 



Sexual Reproduction In Flowering Plants
2.45

Q.97 After fertilization seed coat is formed by
(A)  Chalaza  (B)  Ovule  (C)  Integument  (D)  Embryo sac

Q.98 Pollen tube enters into embryosac of Angiosperm through the
(A)  Egg cell

(B)  Any one of the synergids

(C)  Any one of the antipodal cells

(D)  None of these

Q.99 Development of embryo occurs from
(A)  Two polar nuclei of embryosac
(B)  Secondary nucleus and male gametes
(C)  Egg cell and male gamete
(D)  Synergids

Q.100 The fusion product of polar nuclei and male gamete is 
(A)  Nucellus

(B)  Primary endosperm nucleus

(C)  Zygote

(D)  Secondary nucleus

Q.101 When a diploid ♀ plant is crossed with a tetraploid ♂ plant, the endosperm will be 
(A)  Diploid   (B)  Triploid  (C)  Tetraploid  (D)  Pentaploid 

Q.102 Stigma of the entomophilous flower is
(A)  Sticky  (B)  Rough  (C)  Hairy  (D)  Smooth 

Q.103 In pollination “Trap door mechanism” is found in
(A)  Salvia  (B)  Aristolochia  (C)  Ficus  (D)  Yucca 

Q.104 Synergids helps in
(A)  Pollen entry into embryosac

(B)  Endosperm formation

(C)  Embryosac nutrition

(D)  Both (A) and (B)
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Q.105 Embryogeny is Capsella was first of all studied by
(A)  Hanstein  (B)  Famintzin  (C)  Souges  (D)  All of the above

Q.106 The term xenia denotes the effect of pollen on the 
(A)  Somatic tissue (B)  Root  (C)  Flowers  (D)  Endosperm 

Q.107 The function of suspensor is
(A)  To provide water

(B)  To provide oxygen

(C)  To trust the embryo towards endosperm to provide more food

(D)  To suck food 

Q.108 What are x-bodies in ovules? 
(A)  Two polar nuclei

(B)  Disintegrating tube nucleus and synergids nucleus

(C)  Filiform apparatus

(D)  Two male nuclei

Q.109 Water of coconut is
(A)  Endosperm  (B)  Nucellus   (C)  Endocarp   (D)  Mesocarp 

Q.110 Embryonal development in Capsella is
(A)  Asteroid type   (B)  Caryophylloid type

(C)  Crucifer type   (D)  Solanum type

Q.111 The suspensor in Capsella develops from
(A)  Apical cell    (B)  Basal cell

(C)  Micropylar cell   (D)  Apical and basal cell both

Q.112 Mosaic endosperm is characteristic of
(A)  Wheat  (B)  Plumbago  (C)  Maize  (D)  Coconut 

Q.113 Tigellum is known as 
(A)  Testa    (B)  Tegmen  

(C)  Both of the above   (D)  Main axis of the embryo
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Q.114 Apex of radical is formed with help of 
(A)  Epibasal cells  (B)  Hypobasal cells

(C)  Cotyledon   (D)  Hypophysis 

Q.115 Haploid, diploid and triploid conditions respectively can be raced in 
(A)  Egg, Nucellus, Endosperm

(B)  Antipodal, Egg, Endosperm

(C)  Endosperm, Nucellus, Synergids

(D)  Antipodal, Synergids, Integuments

Q.116  If the leaf of Capsella has 46 number of chromosomes then how many chromosomes number will 
be there in endosperm?
(A)  46   (B)  23   (C)  69   (D)  138

Q.117  If the nucellus cell of an angiosperm contains 24 chromosomes then the number of chromosomes 
present in pollen grain, endosperm and embryo will be 
(A)  24, 36, 24  (B)  12, 36, 24  (C)  12, 24, 36  (D)  24, 12, 12

Q.118 How many meiotic divisions are required to produce 40 seeds in the Capsella plant?
(A)  50   (B)  40   (C)  80   (D)  20

Q.119 The number of nuclei taking part in double fertilization are
(A)  Two   (B)  Three  (C)  Four  (D)  Five 

Q.120  In an angiosperm, if haploid number of chromosome is 12, then what will be the number of 
chromosomes in integuments and synergids? 
(A)  12, 12  (B)  24, 12  (C)  24, 24  (D)  12, 24

Q.121  How many meiotic divisions are required for the formation of 200 seeds of Capsella?
(A)  200   (B)  400   (C)  250  (D)  300

Q.122  In Angiosperm, if number of chromosomes in endosperm is 30, what will be the number of 
chromosomes in nucellus? 
(A)  15   (B)  30   (C)  20   (D)  40

Q.123 How any meiotic divisions are essential in formation of 100 seeds in Cyperaceae family?
(A)  100   (B)  125   (C)  150  (D)  200
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Q.124 How many meiotic divisions are necessary for formation of 100 functional megaspores?
(A)  25   (B)  50   (C)  100   (D)  200

Q.125 What type of germination is found in Capsella?
(A)  Hypogeal  (B)  Epigeal  (C)  Both (A) and (B)  (D)  None

Q.126 In albuminous seed, the food is stored in 
(A)  Testa  (B)  Plumule   (C)  Cotyledon    (D)  Endosperm 

Q.127 Helobial endosperm is restricted usually to
(A)  Gymnosperm   (B)  Dicotyledons

(C)  Order Helobiales   (D)  Both (B) and (C)

Q.128 “Ruminate endosperm” is commonly found in seed of
(A)  Euphorbiaceae   (B)  Cruciferae

(C)  Palmae or Arecaceae  (D)  Compositae

Q.129 The seeds of which type of plant have no dormancy
(A)  Xerophytes     (B)  Mesophytes 
(C)  Halophytes and hydrophyte  (D)  Mangroves 

Q.130 What is the cause of long-dormancy in seeds?
(A)  Impermeable seed coat

(B)  Undeveloped embryo

(C)  Presence of ABA/Ferulic acid

(D)  All of the above

Q.131 Low temperature induction of germination is called
(A)  Vernalization   (B)  Stratification

(C)  Scarification    (D)  Chilling

Q.132 The first requirement for germination of seed is
(A)  Light    (B)  H

2
O  

(C)  Low temperature   (D)  Mineral salts

Q.133 Which light is more effective in inducing germination of seeds?
(A)  Red   (B)  Blue  (C)  Green   (D)  Infra red
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Q.134  Mechanical cracking of hard seed coat can induce germination of certain seeds; this phenomenon 
is termed as
(A)  Cracking   (B)  Stratification (C)  Scarification (D)  Chilling

Q.135 During seed germination
(A)  Heat is liberated   (B)  Starch is synthesized
(C)  Light is a absorbed   (D)  Fat is synthesized

Q.136 What type of pattern of endosperm development occurs in Capsella?
(A)  Cellular type    (B)  Nuclear type  
(C)  Helobial type   (D)  None of the above

Q.137 Cotyledons are absent in seed of
(A)  Capsella  (B)  Cuscuta  (C)  Santalum  (D)  Both (B) and (C) 

Q.138 The viability of seeds can be ascertained with the help of
(A)  I.A.A.  (B)  A.B.A.  (C)  T.T.C.  (D)  N.A.D.P.

Q.139 Which hormone can break dormancy of seed?
(A)  ABA   (B)  Auxin  (C)  GA   (D)  Coumarin

Q.140 The most common natural inhibitor of seed germination is 
(A)  Ferulic acid  (B)  Abscisic acid (C)  Citric acid  (D)  Phytochrome 

Q.141 Which of the following is not essential for the germination of seeds?
(A)  Light  (B)  Temperature (C)  O

2
   (D)  H

2
O

Q.142 In which of the following plants cotyledons remains under ground during germination?
(A)  Rhizophora  (B)  Gram  (C)  Bean  (D)  Castor 

Q.143 In which part of the Embryo maximum growth takes place? 
(A)  Radicle   (B)  Plumule  (C)  Epicotyls  (D)  Hypocotyls

Q.144 The chemical which can break bud dormancy by its spray is
(A)  IAA   (B)  2, 4 – D  (C)  Zeatin  (D)  Thiourea

Q.145 Seeds of Gram are
(A)  Exalbuminous and epigeal  (B)  Exalbuminous and hypogeal
(C)  Albuminous and epigeal  (D)  Albuminous and hypogeal
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Q.146 In which part of embryo maximum growth takes place in hypogeal germination?
(A)  Plumule  (B)  Radical  (C)  Epicotyls  (D)  Hypocotyls 

Q.147 At which temperature, germination of seed is not possible in most of the plants?
(A)  10° – 15°C  (B)  5° – 10°C  (C)  0° – 5°C  (D)  20° – 25°C

Q.148 The bud dormancy is Potato is due to
(A)  ABA   (B)  Ethylene  (C)  Inhibitor-β  (D)  Phenolics

Q.149 Important “Aerollergens” in India is 
(A)  Serjania  (B)  Amaranthus (C)  Borassus  (D)  Holoptelia 

Q.150  In seeds, characterized by hypogeal germination, cotyledons generally do not become  
green because
(A)  They lack chloroplast

(B)  They developed very early

(C)  Contains inhibitor

(D)  They remains below the soil

Q.151 Which statement is false?
(A)  Pollens are received by stigma

(B)  Pollen tube discovered by Amici

(C)  Pollen-kitt isabsent on pollen grains of Capsella

(D)  Tigellum is the main axis of embryo

Q.152  Each sporogenous tissue is potential pollen or microspore mother cell; division taking place in 
sporogenous cell is
(A)  Meiosis  (B)  Mitosis  (C)  Endomitosis (D)  Amitosis 

Q.153 In over 60% of angiosperms, pollen grains are shed at 
(A)  One celled state    (B)  Three nuclei stage

(C)  Two celled stage   (D)  Three celled stage

Q.154  Pollen grains of many species cause severe allergies and bronchial afflictions in some people often 
leading to chronic respiratory disorder such as 
(A)  Asthma   (B)  Bronchitis  (C)  Both (A) and (B) (D)  Emphysema 
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Q.155 In a pollen grain the small cell which is spindle shaped, with dense cytoplasm is 
(A)  Vegetative cell    (B)  Generative cell
(C)  Tube cell    (D)  None of these 

Q.156 A typical angiosperm embryosac at maturity has 
(A)  7 celled – 8 nucleate   (B)  9 celled – 7 nucleate
(C)  3 celled – 3 nucleate   (D)  2 celled – 2 nucleate

Q.157 Arising from placenta is megasporangium which is commonly known as 
(A)  Ovule   (B)  Ovary  (C)  Ovarian cavity (D)  Stamen

Q.158 Single shield shape cotyledon of grass is known as 
(A)  Tigellum  (B)  Scutellum  (C)  Coleptile   (D)  None of these

Q.159 Epicotyl has a shoot apex and few leaf primordial enclosed in a hollow foliar structure known as
(A)  Coleoptile   (B)  Coleorhizae (C)  Scutellum   (D)  Tigellum

Q.160 Chasmocliestogamous flowers are present in 
(A)  Viola (Common pansy)   (B)  Oxalis

(C)  Commelina    (D)  All of the above

Q.161  Although in most species fruits are result of fertilization, there are a few species in which fruit 
develops without fertilization – this process is known as

(A)  Parthenocarpy    (B)  Parthenogenesis

(C)  Amphimixis    (D)  Apomixes

Q.162 Non-albuminous seeds are present in
(A)  Pisum (Pea)    (B)  Arachis (Ground nut)

(C)  Both (A) and (B)   (D)  None of these

Q.163 Remnant of nucellus is known as 
(A)  Scutellum  (B)  Pericarp  (C)  Tigellum   (D)  Perisperm 

Q.164 The coconut water from tender coconut that you are familiar with is
(A)  Nuclear endosperm   (B)  Cellular endosperm

(C)  Helobial endosperm    (D)  None of these
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Q.165  One of the male gamete moves towards the egg cell and fuses with its nucleus; the process is 
known as 

(A)  Syngamy    (B)  Triple fusion

(C)  Double fertilization   (D)  None of these

Q.166 Endosperm development precedes embryo development; the endosperm of angiospermic plant is
(A)  Triploid  (B)  Diploid  (C)  Haploid  (D)  Tetraploid 

Q.167 Transfer of pollen grains from the anther to the stigma of another flower of same plant is called 
(A)  Xenogamy  (B)  Autogamy  (C)  Geitonogamy (D)  Allogamy 

Q.168 Perisperm is present in 
(A)  Beet     (B)  Black pepper

(C)  Both (A) and (B)   (D)  All angiosperms 

Q.169 The part of pistil which acts as landing platform for pollen grain is 
(A)  Stigma   (B)  Style   (C)  Ovule   (D)  Ovary 

Q.170 The inner most wall layer of anther is tapetum; the main function of tapetum is 
(A)  Division   (B)  Support   (C)  Nutrition   (D)  None of these

Q.171 Two non-motile male gametes in angiosperm are produced by
(A)  Generative cell

(B)  Microspore mother cell

(C)  Vegetative cell

(D)  Tube cell

Q.172 The part of castor seed that yields oil is
(A)  Cotyledon  (B)  Caruncle  (C)  Endosperm  (D)  Nucellus 

Q.173 Which one of the following is false fruit?
(A)  Apple   (B)  Strawberry  (C)  Cashew   (D)  All of the above

Q.174 Alerone layer that is protein rich found in some cereals is a part of 
(A)  Endosperm  (B)  Embryo   (C)  Tegmen  (D)  Testa 
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Q.175 In angiosperms functional megaspore generally develops into
(A)  Micropylar end    (B)  Chalazal end

(C)  Both (A) and (B)   (D)  None of these

Q.176 Nucellar polyembryony is reported in species of
(A)  Citrus  (B)  Mango   (C)  Both (A) and (B)  (D)  Capsella 

Previous Years' Questions

Q.1 Embryo of Sunflower has  [AIPMT 1998]
(A)  Two cotyledons    (B)  One cotyledons

(C)  Eight cotyledons    (D)  Cotyledon absent

Q.2 Ornithophily takes place in  [AIPMT 1999]
(A)  Yellow flower having nectarines  (B)  Scented flower

(C)  Flower with charming colour   (D)  Modified corolla

Q.3 The plant having largest flower is  [AIPMT 1999]
(A)  Total stem parasite    (B)  Epithyte 

(C)  Total root parasite    (D)  Partial stem parasite

Q.4 Eight nucleated embryosac is   [AIPMT 2000]
(A)  Only monosporic    (B)  Only bisporic

(C)  Only tetrasporic    (D)  Any of the above

Q.5 Endosperm is formed during the double fertilization by  [AIPMT 2000]
(A)  Two polar nuclei and one male gamete

(B)  One polar nuclei and one male gamete

(C)  Ovum and male gamete

(D)  Two polar nuclei and two male gametes
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Q.6 By which action a seed coat becomes permeable to water?   [AIPMT 2000]
(A)  Scarification    (B)  Stratification

(C)  Vernalization   (D)  All of the above

Q.7 Anemophily type of pollination is found in  [AIPMT 2001]
(A)  Salvia  (B)  Bottle brush (C)  Vallisneria  (D)  Coconut

Q.8 What is the eyes of Potato?   [AIPMT 2001]
(A)  Axillary bud   (B)  Accessory bud
(C)  Adventitious bud  (D)  Apical bud

Q.9 Which one breaks the dormancy of Potato tuber? [AIPMT 2010]
(A)  Gibberellins   (B)  IAA

(C)  ABA   (D)  Zeatin

Q.10  In grass what happens in microspore mother cell for the formation of  
mature pollen grains? [AIPMT 2001]

(A)  One meiotic and two mitotic divisions

(B)  One meiotic and one mitotic division

(C)  One meiotic division

(D)  One mitotic division

Q.11 Adventive embryony is Citrus is due to [AIPMT 2001]
(A)  Nucellus   (B)  Integuments

(C)  Zygotic embryo  (D)  Fertilized egg

Q.12 In Angiosperms pollen tube liberate their male gametes into the [AIPMT 2002]
(A)  Central cell   (B)  Antipodal cells

(C)  Egg cell   (D)  Synergids 

Q.13 What is the direction of micropyle in anatropous ovule?  [AIPMT 2002]
(A)  Upward   (B)  Downward

(C)  Right   (D)  Left 
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Q.14  In Angiosperms all the four microspores of tetrad are covered by a layer which  
is formed by  [AIPMT 2002]

(A)  Pectocellulose  (B)  Callose

(C)  Cellulose   (D)  Sporopollenin

Q.15 Seed dormancy is due to the presence of  [AIPMT 2002]
(A)  Ethylene  (B)  Abscisic acid  (C)  I.A.A.  (D)  Starch

Q.16 In a flowering plant, archesporium gives rise to [AIPMT 2003]
(A)  Only the wall of the sporangium

(B)  Both wall and the sporogenous cells

(C)  Wall and the tapetum

(D)  Only tapetum and sporogenous cells

Q.17 The aleurone layer in Maize grain is specially rich in  [AIPMT 2003]
(A)  Proteins  (B)  Starch  (C)  Lipids  (D)  Auxins 

Q.18 Anthesis is a phenomenon which refers to   [AIPMT 2004]
(A)  Formation of pollen

(B)  Development of anther

(C)  Opening of flower bud

(D)  Reception of pollen by stigma

Q.19  An ovule which becomes curved so the nucellus and embryo sac lie at right angles  
to the funicle is  [AIPMT 2004]

(A)  Campylotropous  (B)  Anatropous

(C)  Orthotropous  (D)  Hemitropous 

Q.20  When a diploid female plant is crossed with a tetrapoloid male, the ploidy of endosperm cells in the 
resulting seed is  [AIPMT 2004]

(A)  Pentaploidy  (B)  Diploidy  (C)  Triploidy  (D)  Tetraploidy 

Q.21 Monothecous anther is found in which family [RPMT 2000]
(A)  Malvaceae  (B)  Liliaceae  (C)  Brassicaceae (D)  Asteraceae
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Q.22 Onagrad type of embryo development is found in [RPMT 2000]
(A)  Solanum  (B)  Capsella  (C)  Lillium  (D)  Hibiscus

Q.23 In Capsella which type of embryosac is found? [RPMT 2000]
(A)  Bisporic  (B)  Monosporic  (C)  Tetrasporic  (D)  Trisporic

Q.24 All the cells in Polygonum type of embryo sac are  [RPMT 2000]
(A)  Haploid    (B)  Diploid

(C)  Haploid and diploid   (D)  Haploid and polyploid

Q.25 In which family pollinia are found?   [RPMT 2000]
(A)  Papilionaceae   (B)  Asteraceae

(C)  Asclepiadaceae   (D)  Apocyanaceae 

Q.26  When the pollens of one flower fall on the stigma of another flower of the same plant then it is known 
as  [RPMT 2001]

(A)  Cliestogamy    (B)  Allogamy

(C)  Autogamy    (D)  Dichogamy

Q.27 What is the liquid part of green Coconut? [RPMT 2001]
(A)  Endosperm    (B)  Female gametophyte

(C)  Nucellus    (D)  Embryo 

Q.28 Parthenogenesis occurs  [RPMT 2001]
(A)  When embryo is formed without the fusion of egg and the sperm

(B)  When embryo is formed by the fusion of egg and sperm

(C)  When embryo is formed from another cells

(D)  When sperm produces the embryo directly

Q.29 Nucellus is found in  [RPMT 2001]
(A)  Cell  (B)  Pollen  (C)  Ovule  (D)  Leaf 

Q.30 The nutritive layer of microsporangia of Capsella is [RPMT 2002]
(A)  Endothecium   (B)  Exothecium

(C)  Sporogenous tissue    (D)  Tapetum 
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Q.31 The haploid cell which divides by mitosis to form embryo sac is [RPMT 2002]
(A)  Megaspore mother cell  (B)  Microspore mother cell

(C)  Functional megaspore  (D)  Nonfunctional megaspore

Q.32 Seed coat is derived from  [RPMT 2002]
(A)  Pericarp    (B)  Epicarp 

(C)  Integument of ovule   (D)  Nucellus

Q.33 What is pollen grain? [RPMT 2002]
(A)  Microspore mother cell  (B)  Male gamete

(C)  Male gametophyte   (D)  Partially developed embryo

Q.34  Anther culture yields some haploid and diploid plants. Diploid plants are produced from   
                [RPMT 2003]

(A)  Zygote    (B)  Seed coat

(C)  Anther wall    (D)  Wall of pollen grains

Q.35 Endosperm nucleus is formed by the fusion of   [RPMT 2003]
(A)  2 nuclei  (B)  3 nuclei  (C)  4 nuclei  (D)  5 nuclei

Q.36 Embryo sac is represented by  [RPMT 2004]
(A)  Megagametophyte   (B)  Megasporophyll

(C)  Megagametes    (D)  Megaspore 

Q.37 Double fertilization is essential for formation of   [RPMT 2004]
(A)  Cotyledons  (B)  Seed coat  (C)  Endosperm  (D)  Nucellus 

Q.38 Entry of pollen tube through micropyle is called   [RPMT 2004]
(A)  Porogamy  (B)  Synagamy  (C)  Chalazogamy (D)  Misogamy 

Q.39  Pollen grains are able to withstand extremes of temperature and dessication because their exine is 
composed of [AIIMS 2003]

(A)  Cutting  (B)  Suberin  (C)  Sporopollenin (D)  Callose
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Q.40 The pollen tube usually enters the embryosac  [AIIMS 2004]
(A)  Through one of the synergids

(B)  By directly penetrating the egg

(C)  Between one synergid and central cell

(D)  By knocking of the antipodal cells

Q.41  In which one pair both the plants can be vegatatively propagated by  
leaf pieces?  [AIPMT 2005]

(A)  Bryophyllum and Kalanchoe

(B)  Chrysanthemum and Agave

(C)  Agave and Kalanchoe

(D)  Asparagus and Bryophyllum

Q.42  In a type of apomixes known as adventives embryony, embryos develop directly  
from the [AIPMT 2005]

(A)  Nucellus or integuments

(B)  Synergids or antipodal in an embryosac

(C)  Accessory embryosac in the ovule

(D)  Zygote

Q.43  Through which cell of the embryo sac, does the pollen tubeenter the embryo sac? [AIPMT 2005]
(A)  Egg cell    (B)  Central cell

(C)  Persistant synergid   (D)  Degenerated synergid

Q.44  Which one of the following represents an ovule, where the embryo sac becomes horse-shoe shaped 
and the funiculus and micropyle are close to each other? [AIPMT 2005]

(A)  Circinotropous   (B)  Anatropous

(C)  Amphitropous   (D)  Atropous 

Q.45  What would be the number of chromosomes in the cells of the aleurone layer in a plant species with 
8 chromosomes in its synergids?  [AIPMT 2006]

(A)  16  (B)  24   (C)  32   (D)  8
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Q.46  Treatment of seed at low temperature under moist condition to break its dormancy is called  
               [AIPMT 2006]

(A)  Scarification    (B)  Vernalization

(C)  Chelation    (D)  Stratification 

Q.47 The arrangement of the nuclei in a normal embryo sac in the dicot plants is [AIPMT 2006]
(A)  2 + 4 + 2  (B)  3 + 2 + 3  (C)  2 + 3 + 3   (D)  3 + 3 + 2

Q.48 In a Cereal grain the single cotyledon of embryo is represented by [AIPMT 2006]
(A)  Coleorhiza  (B)  Scutellum  (C)  Prophyll  (D)  Coleoptile 

Q.49 Long filamentous threads protruding at the end of a young cob of maize are [AIPMT 2006]
(A)  Hairs   (B)  Anthers  (C)  Styles  (D)  Ovaries 

Q.50 In which of the following fruits is the edible part the aril?  [AIPMT 2006]
(A)  Litchi    (B)  Custard apple 

(C)  Pomegranate    (D)  Orange 

Q.51 Embryo sac represents  [RPMT 2006]
(A)  Macrogamete   (B)  Macrospore

(C)  Macrosprophyll   (D)  Macrogametophyte

Q.52 Double fertilization involves   [AIIMS 2005]
(A)  Fertilization of the egg by two male gametes

(B)  Fertilization of two eggs in the same embryo sac by two sperms brought by one pollen tube

(C)  Fertilization of the egg and the central cell by two sperms brought by different pollen tubes

(D)  Fertilization of the egg and the central cell by two sperms brought by the same pollen tube

Q.53  A scion is grafted to a stock. The quality of fruits produced will be determined by the genotype of    
                [AIIMS 2006]

(A)  Stock    (B)  Scion

(C)  Both stock and scion  (D)  Neither stock nor scion

Q.54 Male gametes in angiosperms are formed by the division of  [AIPMT 2007]
(A)  Microspore mother cell  (B)  Microspore

(C)  Generative cell   (D)  Vegetative cell



Sexual Reproduction In Flowering Plants
2.60

Q.55 Which one of the following is surrounded by a callose wall?  [AIPMT 2007]
(A)  Pollen grain    (B)  Microspore mother cell

(C)  Male gamete   (D)  Egg 

Q.56 Unisexuality of flowers prevents  [AIPMT 2008]
(A)  Geitonogamy, but not xenogamy

(B)  Autogamy and geitonogamy

(C)  Autogamy, but not geitonogamy

(D)  Both geitonogamy and xenogamy

Q.57 Endosperm is consumed by developing embryo in the seed of   [AIPMT 2008]
(A)  Pea   (B)  Maize  (C)  Coconut  (D)  Castor 

Q.58 Which one of the following is resistant to enzyme action? [AIPMT 2008]
(A)  Pollen exine    (B)  Leaf cuticle

(C)  Cork    (D)  Wood fibre 

Q.59 What does the filiform apparatus do at the entrance into vacoule? [AIPMT 2008]
(A)  It brings about opening of the pollen tube

(B)  It guides pollen tube from a synergid to egg

(C)  It helps in the entry of pollen tube into a synergid

(D)  It prevents entry of more than one pollen tube into the embryo sac

Q.60  Which one of the following pairs of plant structures has haploid number of  
chromosomes?  [AIPMT 2008]

(A)  Nucellus and antipodal cells

(B)  Egg nucleus and secondary nucleus

(C)  Megaspore mother cell and antipodal cells

(D)  Egg cell and antipodal cells

Q.61 An example of a seed with endosperm, perisperm, and caruncle is   [AIPMT 2009]
(A)  Castor  (B)  Cotton  (C)  Coffee  (D)  Lily 

Q.62 What does Angiosperm mean?  [RPMT 2007]
(A)  Naked seed    (B)  Covered seed

(C)  Leaf fall    (D)  Seed bud
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Q.63 How many times flowering takes place in biennial plants? [RPMT 2007]
(A)  Once  (B)  Twice  (C)  Many   (D)  None of these

Q.64 Endosperm of Angiosperm is  [RPMT 2007]
(A)  2n   (B)  3n   (C)  n   (D)  2n + 1

Q.65  The scutellum observed in a grain of wheat or maize is comparable to which part of the seed in other 
monocotyledons? [AIPMT (Pre.) 2010]

(A)  Plumule  (B)  Cotyledon  (C)  Endosperm  (D)  Aleurone layer

Q.66 Apomictic embryos in citrus arise from   [AIPMT (Pre.) 2010]
(A)  Diploid egg     (B)  Synergids

(C)  Maternal sporophytic tissue in ovule  (D)  Antipodal cells

Q.67 Wind pollinated flowers are  [AIPMT (Pre.) 2010]
(A)  Small, producing nectar and dry pollen

(B)  Small, brightly coloured, producing large number of pollen grains

(C)  Small, producing large number dry pollen grains

(D)  Large producing abundant nectar and pollen

Q.68  Transfer of pollen grains from the anther to the stigma of another flower of the same plant is called   
                 [AIPMT (Pre.) 2010] 

(A)  Autogamy    (B)  Xenogamy

(C)  Geitonogamy  (D)  Karyogamy 

Q.69 What is common between vegetative reproduction and Apomixis? [AIPMT (M) 2011]
(A)  Both produces progency identical to the parent.
(B)  Both are applicable to only dicot plants.
(C)  Both bypass the flowering phase.
(D)  Both occur round the year.

Q.70 In angiosperms, functional megaspore develops into  [AIPMT (M) 2011]
(A)  Pollen sac   (B)  Embryo sac

(C)  Ovule    (D)  Endosperm 
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Q.71 Filiform apparatus is a characteristic feature of   [AIPMT (Pre.) 2011]
(A)  Suspensor   (B)  Egg   (C)  Synergid  (D)  Zygote 

Q.72 Nucellar polyembryony is reported in species of   [AIPMT (Pre.) 2011]
(A)  Citrus    (B)  Gossypium 

(C)  Triticum    (D)  Brassica 

Q.73 In which one of the following pollination is autogamous?  [AIPMT (Pre.) 2011]
(A)  Geitonogamy  (B)  Xenogamy

(C)  Chasmogamy  (D)  Clestogamy 

Q.74  What would be the number of chromosomes of the aleurone cells of a plant with 42 chromosomes in 
its root tip cells?  [AIPMT (Pre.) 2011]

(A)  42   (B)  63   (C)  84   (D)  21
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