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FOREWORD

The National Curriculum Framework (NCF) 2005, recommends that children’s life at school

must be linked to their life outside the school. This principle marks a departure from the

legacy of bookish learning which continues to shape our system and causes a gap between

the school, home and community. The syllabi and textbooks developed on the basis of NCF

signify an attempt to implement this basic idea. They also attempt to discourage rote learning

and the maintenance of sharp boundaries between different subject areas. We hope these

measures will take us significantly further in the direction of a child-centred system of

education outlined in the National Policy on Education (1986).

The success of this effort depends on the steps that school principals and teachers will

take to encourage children to reflect on their own learning and to pursue imaginative activities

and questions. We must recognise that, given space, time and freedom, children generate

new knowledge by engaging with the information passed on to them by adults. Treating the

prescribed textbook as the sole basis of examination is one of the key reasons why other

resources and sites of learning are ignored. Inculcating creativity and initiative is possible

if we perceive and treat children as participants in learning, not as receivers of a fixed body

of knowledge.

These aims imply considerable change in school routines and mode of functioning.

Flexibility in the daily time-table is as necessary as rigour in implementing the annual

calendar so that the required number of teaching days are actually devoted to teaching. The

methods used for teaching and evaluation will also determine how effective this textbook

proves for making children’s life at school a happy experience, rather than a source of

stress or boredom. Syllabus designers have tried to address the problem of curricular burden

by restructuring and reorienting knowledge at different stages with greater consideration

for child psychology and the time available for teaching. The textbook attempts to enhance

this endeavour by giving higher priority and space to opportunities for contemplation and

wondering, discussion in small groups, and activities requiring hands-on experience.

The National Council of Educational Research and Training (NCERT) appreciates the

hard work done by the textbook development committee responsible for this book. We

wish to thank the Chairperson of the advisory group in science and mathematics,

Professor J.V. Narlikar and the Chief Advisor for this book, Professor K. Muralidhar,

Department of Zoology, University of Delhi, Delhi for guiding the work of this committee.

Several teachers contributed to the development of this textbook. We are grateful to their

principals for making this possible. We are indebted to the institutions and organisations

which have generously permitted us to draw upon their resources, material and personnel.

We are especially grateful to the members of the National Monitoring Committee, appointed
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IV

by the Department of Secondary and Higher Education, Ministry of Human Resource

Development under the Chairmanship of Professor Mrinal Miri and Professor G.P. Deshpande,

for their valuable time and contribution.

As an organisation committed to systemic reform and continuous improvement in the

quality of its products, NCERT welcomes comments and suggestions which will enable us to

undertake further revision and refinement.

Director

New Delhi  National Council of Educational

20 November 2006 Research and Training
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V

RATIONALISATION OF CONTENT IN THE TEXTBOOK

In view of the COVID-19 pandemic, it is imperative to reduce content load on students. The

National Education Policy 2020, also emphasises reducing the content load and providing

opportunities for experiential learning with creative mindset. In this background, the NCERT

has undertaken the exercise to rationalise the textbooks across all classes. Learning

Outcomes already developed by the NCERT across classes have been taken into consideration

in this exercise.

Contents of the textbooks have been rationalised in view of the following:

• Overlapping with similar content included in other subject areas in the same class

• Similar content included in the lower or higher class in the same subject

• Difficulty level

• Content, which is easily accessible to students without much interventions from

teachers and can be learned by children through self-learning or peer-learning

• Content, which is irrelevant in the present context

This present edition, is a reformatted version after carrying out the changes given above.

2024-25
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VII

Biology is the study of life in its entirety. The growth of biology as a natural science during

the last 1000 years is interesting from many points of view. One feature of this growth is

changing emphasis. Initially it was description of life forms. Identification, nomenclature,

classification of all recorded living forms enjoyed the attention of scientists for a long time.

Description of their habitats and (in the case of animals) their behaviour was included in

this study. In later years, the focus was physiology and internal morphology or anatomy.

Darwinian ideas of evolution by natural selection changed the perception completely. Classical

descriptive and clueless biology found a theoretical framework in the evolutionary theory of

Darwin.

In the nineteenth and twentieth centuries, Physics and Chemistry were applied to Biology

and the new science of Biochemistry soon became the dominant face of biology. On one hand

Biochemistry was integrating with Physiology, becoming almost synonymous with it. On the

other hand it gave rise to Structural Biology (structure of biomacromolecules), originally called

Molecular Biology. The work of Bernal, Pauling, Watson and Crick, Hodgkins, Perutz and Kendrew,

Delbruck, Luria, Monod, Beadle and Tatum, Lederberg, Brenner, Benzer, Nirenberg, Khorana,

Mclintock, Sanger, Cohen, Boyer, Kornbergs (father and son), Leder, Chambon and scores of

others brought in and established a modern version of Molecular Biology dealing with life

processes at molecular level.

Physics and Chemistry dominated public perception of science for a long time.

Daytoday life of man was influenced by developments in Physics, Chemistry and their respective

manufacturing industries. Slowly and steadily, Biology, not to be left behind, demonstrated

its utility for human welfare. Medical practice, especially diagnostics, green revolution and

the newly emerging biotechnology and its success stories made the presence of biology felt

by the common man. Patent laws brought biology into political domain and commercial value

of biology became obvious.

For more than a century, classical and so-called reductionist biology fought artifical

battles. The fact is both are important. Ecology brought in synthesis of both approaches

and emphasised integrated understanding of biology. Form and process are both equally

important. Systems biology, using mathematical tools, is bringing about a modern synthesis

of both the aspects of Biology.

The Class XI and XII textbooks in biology essentially were to reflect these threads of

biological thought. While the Class XI book dealt with morphology, taxonomy, molecular and

cellular aspects of physiology, the Class XII book deals with the physiological process of

reproduction in flowering plants and humans, the principles of inheritance, the nature of

genetic material and its function, the contributions of biology to human welfare, basic

principles of biotechnological processes and their applications and achievements. The

Class XII book also relates genes to evolution on one hand and presents ecological interactions,

behaviour of populations and ecosystems on the other. Most important, the guidelines under

NCF-2005 have been followed in letter and spirit. The total learning load has been reduced

PREFACE
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considerably and themes like environmental issues, adolescent problems and reproductive

health have been dealt with in some detail. Studied together, the class XI and class XII

textbooks in Biology would enable the student to —

(i) become familiar with the diversity of biological material.

(ii) appreciate and believe in the Darwinian evolutionary process exhibited by the living

world.

(iii) understand the dynamic state of constituents of living bodies, i.e., metabolic

basis of all physiological processes in plants, animals and microbes.

(iv) realise the structure and function of genetic material in directing the inherited

phenotype pattern as well as a mediator of evolutionary process.

(v) appreciate the profound contributions of biology to human welfare.

(vi) reflect on the physico-chemical basis of living processes and at the same time

realise the limitation of reductionism in understanding behaviour of organisms.

(vii) experience the humbling effect of this realisation that all living organisms are

related to each other by virtue of shared genetic material.

(viii) realise that biology is the story of the struggle of living organisms for existence

and survival.

One may notice a perceptible change in the writing style. Most of the chapters are written

in an easy dialogue style engaging the student constantly while some chapters are in the

form of critical comments on the subject matter. A number of questions have been provided

at the end of each chapter though answers to some may not be found in the text. Students

have to read supplementary material, upon advise from the teacher, to answer such questions.

I am thankful to Professor Krishna Kumar, Director NCERT; Professor G. Ravindra, Joint

Director, NCERT and Professor Hukum Singh, Head, DESM, NCERT for constant support. I

must place on record my deep appreciation for Dr B.K. Tripathi, Reader, DESM, NCERT for

his relentless efforts as coordinator in bringing out the Biology textbook for both the

Class XI and XII. All the members of the development team, the experts and reviewers, and

the school teachers have contributed enormously in the preparation of this book. I thank

them all. I am indeed highly thankful to the members of monitoring committee constituted

by Ministry of Human Resource Development for their valuable observation that helped in

the improvement of the book at the final stage. The book is prepared keeping in mind the

guidelines of the NCF-2005 especially the emphasis on reducing the learning load. We hope that

the book would meet the expectations of all the stakeholders. All suggestions for further

improvement are always welcome.

K. MURALIDHAR

Department of Zoology Chief Advisor

University of Delhi Biology Textbook for Class XII
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Biology in essence is the story of life on earth. While individual

organisms die without fail, species continue to live through

millions of years unless threatened by natural or anthropogenic

extinction. Reproduction becomes a vital process without

which species cannot survive for long. Each individual leaves

its progeny by asexual or sexual means. Sexual mode of

reproduction enables creation of new variants, so that survival

advantage is enhanced. This unit explains the details of

reproductive processes in flowering plants and humans as easy

to relate representative examples. A related perspective on

human reproductive health and how reproductive ill health

can be avoided is also presented to complete our

understanding of biology of reproduction.

Chapter 1

Sexual Reproduction in

flowering Plants

Chapter 2

Human Reproduction

Chapter 3

Reproductive Health

2024-25



PANCHANAN MAHESHWARI

(1904-1966)

Born in November 1904 in Jaipur (Rajasthan) Panchanan Maheshwari

rose to become one of the most distinguished botanists not only of India

but of the entire world. He moved to Allahabad for higher education

where he obtained his D.Sc. During his college days, he was inspired

by Dr W. Dudgeon, an American missionary teacher, to develop interest

in Botany and especially morphology. His teacher once expressed that

if his student progresses ahead of him, it will give him a great satisfaction.

These words encouraged Panchanan to enquire what he could do for

his teacher in return.

He worked on embryological aspects and popularised the use of

embryological characters in taxonomy. He established the Department

of Botany, University of Delhi as an important centre of research in

embryology and tissue culture. He also emphasised the need for initiation

of work on artificial culture of immature embryos. These days, tissue

culture has become a landmark in science. His work on test tube

fertilisation and intra-ovarian pollination won worldwide acclaim.

He was honoured with fellowship of Royal Society of London (FRS),

Indian National Science Academy and several other institutions of

excellence. He encouraged general education and made a significant

contribution to school education by his leadership in bringing out the

very first textbooks of Biology for Higher Secondary Schools published

by NCERT in 1964.
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Are we not lucky that plants reproduce sexually? The

myriads of flowers that we enjoy gazing at, the scents and

the perfumes that we swoon over, the rich colours that

attract us, are all there as an aid to sexual reproduction.

Flowers do not exist only for us to be used for our own

selfishness. All flowering plants show sexual reproduction.

A look at the diversity of structures of the inflorescences,

flowers and floral parts, shows an amazing range of

adaptations to ensure formation of the end products of

sexual reproduction, the fruits and seeds.  In this chapter,

let us understand the morphology, structure and the

processes of sexual reproduction in flowering plants

(angiosperms).

1.1 FLOWER – A FASCINATING ORGAN OF

ANGIOSPERMS

Human beings have had an intimate relationship with

flowers since time immemorial.  Flowers are objects of

aesthetic, ornamental, social, religious and cultural value

– they have always been used as symbols for conveying

important human feelings such as love, affection,

happiness, grief, mourning, etc.  List at least five flowers

of ornamental value that are commonly cultivated at

1.1 Flower – A Fascinating

Organ of Angiosperms

1.2 Pre-fertilisation : Structures

and Events

1.3 Double Fertilisation

1.4 Post-fertilisation: Structures

and Events

1.5 Apomixis and

Polyembryony

CHAPTER 1

SEXUAL REPRODUCTION IN
FLOWERING PLANTS
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HUMAN REPRODUCTIONSEXUAL REPRODUCTION IN FLOWERING PLANTS

pollen tube. Pollen tube grows through the tissues of the stigma and

style and reaches the ovary (Figure 1.12b, c). You would recall that in

some plants, pollen grains are shed at two-celled condition (a vegetative

cell and a generative cell).  In such plants, the generative cell divides and

forms the two male gametes during the growth of pollen tube in the stigma.

In plants which shed pollen in the three-celled condition, pollen tubes

carry the two male gametes from the beginning. Pollen tube, after reaching

the ovary, enters the ovule through the micropyle and then enters one of

the synergids through the filiform apparatus (Figure 1.12d, e). Many recent

studies have shown that filiform apparatus present at the micropylar part

of the synergids guides the entry of pollen tube.  All these events–from

pollen deposition on the stigma until pollen tubes enter the ovule–are

together referred to as pollen-pistil interaction. As pointed out earlier,

pollen-pistil interaction is a dynamic process involving pollen recognition

followed by promotion or inhibition of the pollen. The knowledge gained

in this area would help the plant breeder in manipulating pollen-pistil

interaction, even in incompatible pollinations, to get desired hybrids.

You can easily study pollen germination by dusting some pollen from

flowers such as  pea, chickpea, Crotalaria, balsam and Vinca on a glass slide

containing a drop of sugar solution (about 10 per cent). After about 15–30

minutes, observe the slide under the low power lens of the microscope.  You

are likely to see pollen tubes coming out of the pollen grains.

A breeder is interested in crossing different species and often genera

to combine desirable characters to produce commercially ‘superior’

varieties. Artificial hybridisation is one of the major approaches of crop

improvement programme. In such crossing experiments it is important

to make sure that only the desired pollen grains are used for pollination

and the stigma is protected from contamination (from unwanted pollen).

This is achieved by emasculation and bagging techniques.

If the female parent bears bisexual flowers, removal of anthers from

the flower bud before the anther dehisces using a pair of forceps is

necessary. This step is referred to as emasculation. Emasculated flowers

have to be covered with a bag of suitable size, generally made up of butter

paper, to prevent contamination of its stigma with unwanted pollen. This

process is called bagging. When the stigma of bagged flower attains

receptivity, mature pollen grains collected from anthers of the male parent

are dusted on the stigma, and the flowers are rebagged, and the fruits

allowed to develop.

If the female parent produces unisexual flowers, there is no need for

emasculation. The female flower buds are bagged before the flowers open.

When the stigma becomes receptive, pollination is carried out using the

desired pollen and the flower rebagged.

2024-25
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1.4  POST-FERTILISATION : STRUCTURES AND EVENTS

Following double fertilisation, events of  endosperm and embryo

development, maturation of ovule(s) into seed(s) and ovary into fruit, are

collectively termed post-fertilisation events.

1.4.1 Endosperm

Endosperm development precedes embryo development. Why? The

primary endosperm cell divides repeatedly and forms a triploid

Figure 1.13 (a) Fertilised embryo sac showing zygote and Primary Endosperm Nucleus (PEN);
(b) Stages in embryo development in a dicot [shown in reduced size as compared to (a)]

(a) (b)

1.3 DOUBLE FERTILISATION

After entering one of the synergids, the pollen tube releases the two male

gametes into the cytoplasm of the synergid. One of the male gametes moves

towards the egg cell and fuses with its nucleus thus completing the

syngamy.  This results in the formation of a diploid cell, the zygote. The

other male gamete moves towards the two polar nuclei located in the central

cell and fuses with them to produce a triploid primary endosperm nucleus

(PEN) (Figure 1.13a).  As this involves the fusion of three haploid nuclei it

is termed triple fusion. Since two types of fusions, syngamy and triple

fusion take place in an embryo sac the phenomenon is termed double

fertilisation, an event unique to flowering plants. The central cell after

triple fusion becomes the primary endosperm cell (PEC) and develops

into the endosperm while the zygote develops into an embryo.

2024-25
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endosperm tissue. The cells of this tissue are filled with

reserve food materials and are used for the nutrition of

the developing embryo. In the most common type of

endosperm development, the PEN undergoes successive

nuclear divisions to give rise to free nuclei. This stage of

endosperm development is called free-nuclear endosperm.

Subsequently cell  wall formation occurs and the

endosperm becomes cellular. The number of free nuclei

formed before cellularisation varies greatly. The coconut

water from tender coconut that you are familiar with, is

nothing but free-nuclear endosperm (made up of

thousands of nuclei) and the surrounding white kernel is

the cellular endosperm.

Endosperm may either be completely consumed by the

developing embryo (e.g., pea, groundnut, beans) before seed

maturation or it may persist in the mature seed (e.g. castor

and coconut) and be used up during seed germination. Split

open some seeds of castor, peas, beans, groundnut, fruit of

coconut and look for the endosperm in each case.  Find out

whether the endosperm is persistent in cereals – wheat, rice

and maize.

1.4.2 Embryo

Embryo develops at the micropylar end of the embryo sac where

the zygote is situated. Most zygotes divide only after certain

amount of endosperm is formed. This is an adaptation to

provide assured nutrition to the developing embryo. Though

the seeds differ greatly, the early stages of embryo development

(embryogeny) are similar in both monocotyledons and

dicotyledons. Figure 1.13 depicts the stages of embryogeny in

a dicotyledonous embryo. The zygote gives rise to the

proembryo and subsequently to the globular, heart-shaped

and mature embryo.

A typical dicotyledonous embryo (Figure 1.14a), consists

of an embryonal axis and two cotyledons. The portion of

embryonal axis above the level of cotyledons is the epicotyl,

which terminates with the plumule or stem tip. The cylindrical

portion below the level of cotyledons is hypocotyl that

terminates at its lower end in the radicle or root tip.  The root

tip is covered with a root cap.

Embryos of monocotyledons (Figure 1.14 b) possess only

one cotyledon. In the grass family the cotyledon is called

scutellum that is situated towards one side (lateral) of the

embryonal axis. At its lower end, the embryonal axis has the

Figure 1.14 (a) A typical dicot
embryo; (b)  L.S. of an
embryo of grass

(a)

(b)
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radical and root cap enclosed in an undifferentiated sheath called

coleorrhiza. The portion of the embryonal axis above the level of

attachment of scutellum is the epicotyl. Epicotyl has a shoot apex and a

few leaf primordia enclosed in a hollow foliar structure, the coleoptile.

Soak a few seeds in water (say of wheat, maize, peas, chickpeas,

ground nut) overnight.  Then split the seeds and observe the various

parts of the embryo and the seed.

1.4.3 Seed

In angiosperms, the seed is the final product of sexual reproduction.  It is

often described as a fertilised ovule. Seeds are formed inside fruits. A

seed typically consists of seed coat(s), cotyledon(s) and an embryo axis.

The cotyledons (Figure 1.15a) of the embryo are simple structures,

generally thick and swollen due to storage of food reserves (as in legumes).

Mature seeds may be non-albuminous or ex-albuminous. Non-

albuminous seeds have no residual endosperm as it is completely

consumed during embryo development (e.g., pea, groundnut).

Albuminous seeds retain a part of endosperm as it is not completely used

up during embryo development (e.g., wheat, maize, barley, castor).

Occasionally, in some seeds such as black pepper and beet, remnants of

nucellus are also persistent.  This residual, persistent nucellus is the

perisperm.

Integuments of ovules harden as tough protective seed coats

(Figure 1.15a). The micropyle remains as a small pore in the seed coat.

This facilitates entry of oxygen and water into the seed during germination.

As the seed matures, its water content is reduced and seeds become

relatively dry (10-15 per cent moisture by mass). The general metabolic

activity of the embryo slows down.  The embryo may  enter a state of

inactivity called dormancy, or if favourable conditions are available

(adequate moisture, oxygen and suitable temperature), they germinate.

As ovules mature into seeds, the ovary develops into a fruit, i.e., the

transformation of ovules into seeds and ovary into fruit proceeds

simultaneously.  The wall of the ovary develops into the wall of fruit called

pericarp.  The fruits may be fleshy as in guava, orange, mango, etc., or

may be dry, as in groundnut, and  mustard, etc.  Many fruits have evolved

mechanisms for dispersal of seeds.  Recall the classification of fruits and

their dispersal mechanisms that you have studied in an earlier class. Is

there any relationship between number of ovules in an ovary and the

number of seeds present in a fruit?

In most plants, by the time the fruit develops from the ovary, other

floral parts degenerate and fall off. However, in a few species such as apple,

strawberry, cashew, etc., the thalamus  also contributes to fruit formation.

Such fruits are called false fruits (Figure 1.15b).  Most fruits however

develop only from the ovary and are called true fruits. Although in most

of the species, fruits are the results of fertilisation, there are a few species
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in which fruits develop without fertilisation. Such fruits are called

parthenocarpic fruits. Banana is one such example. Parthenocarpy can

be induced through the application of growth hormones and such fruits

are seedless.

Seeds offer several advantages to angiosperms. Firstly, since

reproductive processes such as pollination and fertilisation are

independent of water, seed formation is more dependable. Also seeds have

better adaptive strategies for dispersal to new habitats and help the species

Figure 1.15 (a) Structure of some seeds. (b) False fruits of apple and strawberry

(b)

(a)
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to colonise in other areas. As they have  sufficient food reserves, young

seedlings are nourished until they are capable of photosynthesis on their

own. The hard seed coat provides protection to the young embryo. Being

products of sexual reproduction, they generate new genetic combinations

leading to variations.

Seed is the basis of our agriculture. Dehydration and dormancy of

mature seeds are crucial for storage of seeds which can be used as food

throughout the year and also to raise crop in the next season. Can you

imagine agriculture in the absence of seeds, or in the presence of seeds

which germinate straight away soon after formation and cannot be stored?

How long do the seeds remain alive after they are dispersed? This

period again varies greatly. In a few species the seeds lose viability within

a few months. Seeds of a large number of species live for several years.

Some seeds can remain alive for hundreds of years. There are several

records of very old yet viable seeds. The oldest is that of a lupine, Lupinus

arcticus excavated from Arctic Tundra. The seed germinated and flowered

after an estimated record of 10,000 years of dormancy. A recent record of

2000 years old viable seed is of the date palm, Phoenix dactylifera

discovered during the archeological excavation at King Herod’s palace

near the Dead Sea.

After completing a brief account of sexual reproduction of flowering

plants it would be worth attempting to comprehend the enormous

reproductive capacity of some flowering plants by asking  the following

questions:  How many eggs are present in an embryo sac? How many

embryo sacs are present in an ovule? How many ovules are present in

an ovary? How many ovaries are present in a typical flower? How many

flowers are present on a tree? And so on...

Can you think of some plants in which fruits contain very large

number of seeds. Orchid fruits are one such category and each fruit

contain thousands of tiny seeds. Similar is the case in fruits of some

parasitic species such as Orobanche and Striga.  Have you seen a tiny

seed of Ficus? How large is the tree of Ficus developed from that tiny

seed. How many billions of seeds does each Ficus tree produce? Can

you imagine any other example in which such a tiny structure can

produce such a large biomass over the years?

1.5  APOMIXIS AND POLYEMBRYONY

Although seeds, in general are the products of fertilisation, a few flowering

plants such as some species of Asteraceae and grasses, have evolved a

special mechanism, to produce seeds without fertilisation, called apomixis.

What is fruit production without fertilisation called? Thus, apomixis is a

form of asexual reproduction that mimics sexual reproduction. There are

several ways of development of apomictic seeds. In some species, the

diploid egg cell is formed without reduction division and develops into

the embryo without fertilisation. More often, as in many Citrus and Mango
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SUMMARY

Flowers are the seat of sexual reproduction in angiosperms.  In the flower,
androecium consisting of stamens represents the male reproductive
organs and gynoecium consisting of pistils represents the female
reproductive organs.

A typical anther is bilobed, dithecous and tetrasporangiate.  Pollen
grains develop inside the microsporangia.  Four wall layers, the
epidermis, endothecium, middle layers and the tapetum surround the
microsporangium. Cells of the  sporogenous tissue lying in the centre of
the microsporangium, undergo meiosis (microsporogenesis) to form
tetrads of microspores.  Individual microspores mature into pollen grains.

Pollen grains represents the male gametophytic generation.  The
pollen grains have a two-layered wall, the outer exine and inner intine.
The exine is made up of sporopollenin and has germ pores.  Pollen grains
may have two cells (a vegetative cell and generative cell) or three cells (a
vegetative cell and two male gametes) at the time of shedding.

The pistil has three parts – the stigma, style and the ovary.  Ovules
are present in the ovary. The ovules have a stalk called funicle, protective
integument(s), and an opening called micropyle. The central tissue is
the nucellus in which the archesporium differentiates. A cell of the
archesporium, the megaspore mother cell divides meiotically and one of
the megaspores forms the embryo sac (the female gametophyte). The
mature embryo sac is 7-celled and 8-nucleate.  At the micropylar end is

varieties some of the nucellar cells surrounding the embryo sac start

dividing, protrude into the embryo sac and develop into the embryos. In

such species each ovule contains many embryos. Occurrence of more

than one embryo in a seed is referred to as polyembryony. Take out

some seeds of orange and squeeze them. Observe the many embryos of

different sizes and shapes from each seed. Count the number of embryos

in each seed. What would be the genetic nature of apomictic embryos?

Can they be called clones?

Hybrid varieties of several of our food and vegetable crops are being

extensively cultivated. Cultivation of hybrids has tremendously increased

productivity. One of the problems of hybrids is that hybrid seeds have

to be produced every year. If the seeds collected from hybrids are sown,

the plants in the progeny will segregate and do not maintain hybrid

characters. Production of hybrid seeds is costly and hence the cost of

hybrid seeds become too expensive for the farmers. If  these hybrids are

made into apomicts, there is no segregation of characters in the hybrid

progeny. Then the farmers can keep on using the hybrid seeds to raise

new crop year after year and he does not have to buy hybrid seeds every

year. Because of the importance of apomixis in hybrid seed industry,

active research is going on in many laboratories around the world to

understand the genetics of apomixis and to transfer apomictic genes

into hybrid varieties.
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EXERCISES
1. Name the parts of an angiosperm flower in which development of male

and female gametophyte take place.

2. Differentiate between microsporogenesis and megasporogenesis. Which
type of cell division occurs during these events? Name the structures
formed at the end of these two events.

3. Arrange the following terms in the correct developmental sequence:

Pollen grain, sporogenous tissue, microspore tetrad, pollen mother cell,
male gametes.

4. With a neat, labelled diagram, describe the parts of a typical angiosperm
ovule.

5. What is meant by monosporic development of female gametophyte?

6. With a neat diagram explain the 7-celled, 8-nucleate nature of the female
gametophyte.

the egg apparatus consisting of two synergids and an egg cell.  At the
chalazal end are three antipodals.  At the centre is a large central cell
with two polar nuclei.

Pollination is the mechanism to transfer pollen grains from the
anther to the stigma.  Pollinating agents are either abiotic (wind and
water) or biotic (animals).

Pollen-pistil interaction involves all events from the landing of pollen
grains on the stigma until the pollen tube enters the embryo sac (when
the pollen is compatible) or pollen inhibition (when the pollen is
incompatible).  Following compatible pollination, pollen grain germinates
on the stigma and the resulting  pollen tube grow through the style,
enter the ovules and finally discharges two male gametes in one of the
synergids.  Angiosperms exhibit double fertilisation because two fusion
events occur in each embryo sac, namely syngamy and triple fusion.
The products of these fusions are the diploid zygote and the triploid
primary endosperm nucleus (in the primary endosperm cell). Zygote
develops into the embryo and the primary endosperm cell forms the
endosperm tissue. Formation of endosperm always precedes
development of the embryo.

The developing embryo passes through different stages such as
the proembryo, globular and heart-shaped stages before maturation.
Mature dicotyledonous embryo has two cotyledons and an embryonal
axis with epicotyl and hypocotyl.  Embryos of monocotyledons have a
single cotyledon.  After fertilisation, ovary develops into fruit and ovules
develop into seeds.

A phenomenon called apomixis is found in some angiosperms,
particularly in grasses. It results in the formation of seeds without
fertilisation.  Apomicts have several advantages in horticulture and
agriculture.

Some angiosperms produce more than one embryo in their seed.

This phenomenon is called polyembryony.
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7. What are chasmogamous flowers? Can cross-pollination occur in
cleistogamous flowers?  Give reasons for your answer.

8. Mention two strategies evolved to prevent self-pollination in flowers.

9. What is self-incompatibility? Why does self-pollination not lead to seed
formation in self-incompatible species?

10. What is bagging technique?  How is it useful in a plant breeding
programme?

11. What is triple fusion? Where and how does it take place? Name the
nuclei involved in triple fusion.

12. Why do you think the zygote is dormant for sometime in a fertilised
ovule?

13. Differentiate between:

(a) hypocotyl and epicotyl;

(b) coleoptile and coleorrhiza;

(c) integument and testa;

(d) perisperm and pericarp.

14. Why is apple called a false fruit?  Which part(s) of the flower forms the
fruit?

15. What is meant by emasculation? When and why does a plant breeder
employ this technique?

16. If one can induce parthenocarpy through the application of growth
substances, which fruits would you select to induce parthenocarpy
and why?

17. Explain the role of tapetum in the formation of pollen-grain wall.

18. What is apomixis and what is its importance?
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As you are aware, humans are sexually reproducing and

viviparous. The reproductive events in humans include

formation of gametes (gametogenesis), i.e., sperms in males

and ovum in females, transfer of sperms into the female

genital tract (insemination) and fusion of male and female

gametes (fertilisation) leading to formation of zygote. This

is followed by formation and development of blastocyst

and its attachment to the uterine wall (implantation),

embryonic development (gestation) and delivery of the

baby (parturition). You have learnt that these reproductive

events occur after puberty. There are remarkable

differences between the reproductive events in the male

and in the female, for example, sperm formation continues

even in old men, but formation of ovum ceases in women

around the age of fifty years. Let us examine the male and

female reproductive systems in human.

2.1 THE MALE REPRODUCTIVE SYSTEM

The male reproductive system is located in the pelvis region

(Figure 2.1a). It includes a pair of testes alongwith

accessory ducts, glands and the external genitalia.

CHAPTER 2

HUMAN REPRODUCTION

2.1 The Male Reproductive

System

2.2 The Female Reproductive

System

2.3 Gametogenesis

2.4 Menstrual Cycle

2.5 Fertilisation and

Implantation

2.6 Pregnancy and Embryonic

Development

2.7 Parturition and Lactation
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3. Give three hypotheses for explaining why tropics show greatest levels

of species richness.

4. What is the significance of the slope of regression in a species – area

relationship?

5. What are the major causes of species losses in a geographical region?

6. How is biodiversity important for ecosystem functioning?

7. What are sacred groves? What is their role in conservation?

8. Among the ecosystem services are control of floods and soil erosion.

How is this achieved by the biotic components of the ecosystem?

9. The species diversity of plants (22 per cent) is much less than that of

animals (72 per cent). What could be the explanations to how animals

achieved greater diversification?

10. Can you think of a situation where we deliberately want to make a

species extinct?  How would you justify it?
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