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 Year Science – Botany 

Unit – 1 

Reproduction in Organisms 

Introduction 

1. Every living organism passes through definite and regular stages of life cycle. It takes 

birth, grows, matures, reproduces its own kind, becomes old and finally dies. The 

period from birth to death of an organism is called its lifespan / life cycle. 

2. During this life cycle one of the important processes of living organisms is 

reproduction. 

Reproduction 

1. Reproduction is defined as ‘a biological process in which an organism give rise to 

young ones (offspring) similar to itself. 

2. The offspring grow, mature and in turn produce new offspring.  

3. There is a cycle of birth, growth and death. 

4. Reproduction is necessary for the continuation of life and to compensate for the loss 

of life due to death. 

Mode of Reproduction 

1. There exist a great diversity among organisms and each organism has evolved its own 

mechanism to multiply and produce offspring. 

2. Depending upon the participation of individuals, the reproduction is of two types – 

asexual and sexual. 

3. When offspring are produced by a single parent without the formation and fusion of 

gametes, then the reproduction is called asexual. 

4. When two parents (of the opposite sex) participate in the reproductive process and 

involves fusion of male and female gametes, then it is called sexual reproduction. 

Asexual Reproduction 

1. It is also known as agamogenesis or agamogeny. 

2. The offspring produced by asexual reproduction are identical and are also exact copies 

of their parent called as clones.  

 

 Characteristics of Asexual Reproduction 

1. A single parent is involved (uniparental condition). 

2. Gametes are not formed. 

3. No fertilization. 

4. There is only mitotic cell division. 



5. Daughter organisms are genetically identical to the parent. 

6. Multiplication occurs rapidly. 

 

Types - Asexual reproduction takes place in the following ways: 

1. Binary fission -   

i. In this process the parent organism divides into two halves, each half forms 

the independent daughter organism. 

ii. Binary fission involves mitosis. 

iii. The resultant offsprings are genetically identical to the parent and to each 

other. 

                  e.g., Occurs in Amoeba and Bacteria. 

 

 
Fig 1 – Binary Fission in Bacteria 

 

2. Sporulation   - 

i. It means formation of spores. 

ii. Spores are microscopic, haploid, asexual reproductive bodies which germinate 

to produce new individuals independently. 

iii. They are always unicellular. 

iv. The several types of spores are 

(a) Zoospores 

(i) Formation of zoospores takes place in   favourable conditions. 

(ii) Zoospores are motile, haploid, naked protoplasts with flagella formed 

by mitotic division inside zoosporangium. 

(iii)After liberation from the zoosporangium, zoospores swim in water for 

some time and on getting attached to suitable substratum they loose 

their flagella, and then develop a wall to germinate into new 

individuals. 

(iv) Zoospore formation is common in green algae (Ulothrix, 

Chlamydomonas etc.), and lower fungi (Albugo, Saprolegnia, 

Phytophthora etc.) 

 

 



 
Fig 2 - Zoospores in Chlamydomonas  

 

(b) Aplanospores (Non Motile Spores) 

(i) These are similar to that of zoospores but without flagella, produced in 

unfavourable conditions. 

(ii) On return of favourable conditions each aplanospore germinates to 

give rise to new individual, e.g., Ulothrix, Chlamydomonas etc. 

(c) Hypnospores 

These are modified aplanospores with thick wall formed in more 

distressful environmental conditions. 

 
Fig  3 - Hypnospore 

 

(d) Sporagiospores 

(i) These are formed in favourable condition of environment and are non-

motile haploid spores produced within sporangium by mitotic 

divisions. 

(ii)  They are released from the sporangium, carried away by wind and 

when fall on suitable substratum, germinate to produce new individual. 

(iii) Sporangiospore are common in lower fungi ex: Mucor, Rhizopus. 



 
Fig 4 - Sporangiospores in Rhizopus 

 

(e) Conidia 

(i) These are non-motile and exogenously formed spores produced in 

favourable conditions on conidiophores. 

(ii) They are carried away by wind and when fall on suitable substratum 

and germinate to produce new mycelium. 

Ex: Penicillium, Aspergillus, Erysiphe etc. 

 

 
Fig 5 – Conidia in Penicillium 

 

(f) Chlamydospores 

(i) The hyphal cells assume round shape, separate from each other and 

develop thick cell wall. 

(ii) They have stored food material so that they can withstand 

unfavourable conditions for considerable period and remain viable for 

many years. 

(iii) On return of favourable conditions they germinate to give rise to new 

individual. 

Ex: Ustilago, Fusarium 



 
Fig 6 – Chlamydospores in Fusarium 

 

3. Budding – 

i. In this process, a daughter organism is formed from a small projection, the 

bud, arising from the parent body. 

ii. An outgrowth or bud grows externally on the surface of the body. 

iii. The bud may split from the parent and take up an independent existence as in 

Yeast. 

 
Fig 7 – Budding in Yeast 

 

4. Fragmentation – 

i. The body of the parent may break into some pieces due to natural or accidental 

causes and then each piece develops into a whole animal. 

ii. Such reproduction is common among certain algae like Spirogyra. 

 

 
Fig 8 – Fragmentation in Spirogyra 



5. Gemmule Formation –  

i. In fresh water sponges (e.g., Spongilla) and a few marine sponges (except in 

Sycon), buds are formed within the parent’s body. They are called gemmules 

(internal buds). 

ii. Gemmules consist of small group of cells (archeocytes) enclosed by a 

protective coat. 

 
Fig 9 

 

Sexual Reproduction 

 

1. Sexual reproduction involves formation of the male and female gametes either by the 

same individual or by different individuals of the opposite sex. 

2. These gametes fuse to form the zygote which develops to form the new organism. 

3. Because of the fusion of male and female gametes, sexual reproduction results in 

offspring that are not identical to the parents or amongst themselves. 

 

Vegetative Propagation  

 

1. In plants the term vegetative propagation is frequently used. 

2. The process of multiplication in which portions of fragments of the plant body 

function as a propagule and develop into new individuals is called vegetative 

propagation or vegetative reproduction. 

3. Besides the natural methods of vegetative propagation, human beings have developed 

several techniques for artificial vegetative propagation of economic plants. 

 

Natural Vegetative Propagation 

A number of perennial plants propagate vegetatively in nature in the following methods 

 

1. Vegetative Propagation by Roots 

i) The roots of plants like sweet potato, Dahlia, Asparagus, Dioscorea (yam) etc. are 

tuberous and store abundant of food materials. 

ii) They bear adventitious buds and provide a means of vegetative propagation. 

iii) The buds present on the roots grow into leafy shoots called slips.  

iv) The young slips are detached from parent plant and grow separately. 



 
Fig 10 – Root Tuber of Sweet Potato 

 

2. Vegetative Propagation by Stems 

i) In many plants, stem is the source of natural vegetative propagation. 

ii) Sub-aerial or creeping stems like runners (e.g., Cynodon – Lawn grass), suckers 

(e.g., mint, Chrysanthemum), stolons (e.g., Fragaria – strawberry), offset 

(Eichhornia – water hyacinth) produce new shoots or crowns, which may break 

and give rise to independent plants. 

iii) Underground stems like rhizomes (e.g., ginger, turmeric, banana etc.), corms 

(Colocasia, Gladiolus, Freesia, Crocus, etc.), bulbs (Onion, Garlic, Narcissus  

etc.) and tubers ( e.g., Potato, Artichoke etc.) possess buds to form new plants. 

iv) Stem segments of some aerial shoots such as Opuntia, Cacti etc. develops into 

new plants after falling on the ground. 

           
 Fig 11 - Stem Tuber of Potato                                                       Fig 12 – Rhizome of Ginger 

 
Fig 13 – Offset of Water Hyacinth (Eichhornia) 

 



3. Vegetative Propagation by Leaves 

i) Leaves are not a common mean of vegetative propagation in nature. 

ii) Bryophyllum is known for its remarkable ability to reproduce from leaves. 

iii) Plantlets develop from the buds present in the marginal notches of the intact 

leaves which when detached develop into independent plants. 

 

 
Fig 14 – Leaf of Bryophyllum 

 

4. Vegetative Propagation through Bulbils 

i) Bulbils are fleshy buds, which develop into new plants after falling on the ground 

e.g., Diascorea. 

 

 
Fig 15 – Bulbil of Diascorea 

 

 

 

 

 

 



Artificial Vegetative Propagation 

 

Several artificial methods of vegetative propagation are practised: 

 

1. Cuttings  

i) The division of portion of any plant organs such as stem, root or leaf, used for 

vegetative propagation is called cutting. Stem cuttings are most commonly used 

for this purpose. 

ii) Some of the plants propagated by stem cuttings are sugar cane, grapes, cocoa, 

rose, Bouganvillea, Duranta and carnations etc. 

iii) The stem cuttings are placed in the soil in their natural position. The lower end 

develops adventitious roots, while the buds present on the cutting sprout to form 

new shoots. 

 

2. Layering  

i) In this method of vegetative propagation, roots are induced on a stem branch, 

before it is detached from the parent plant for propagation. 

ii) Once the roots are induced, the branch is detached from the main plant and 

transplanted to the desired place. 

iii) There are several methods of layering: 

 

a. Mound Layering 

(i) In this method the lower stem branch of a plant is defoliated partially. 

(ii) In the defoliated region, an injury is given in the form of oblique cut to 

hasten rooting. 

(iii)The defoliate part is bent down close to ground and covered with moist 

soil in such a way that it’s growing tip remains above the soil surface. 

This branch is now called layer. 

(iv) After a few days, the covered portion of the stem branch usually 

develops adventitious roots. 

(v) The rooted branch or layer is then cut and grown as independent plant. 

 

 
Fig 16 – Mound Layering 

 

 



b. Air Layering (Gootee) 

(i) This method is usually employed during the early monsoon rains. 

(ii) A ring of bark is removed for a distance of 2-5 cm. It is then covered 

with moist grafting clay (2 parts clay, 1 part cow dung, finely cut hay 

or moss grass and water) enriched with rooting hormone. 

(iii)The clay is wrapped in polythene sheet to preserve moisture. After a 

few weeks, adventitious roots arise from the injured part. 

(iv) The rooted branch is then separated from the parent plant and planted 

to grow into a new plant. 

 
Fig 17 – Air Layering 

 

3. Grafting  

i) The technique of joining parts of two different plants so that they grow as one or a 

composite plant is called grafting. 

ii) Plant growers usually produce such composite plants for economic benefits. 

iii) Grafting is carried out between the closely related varieties or species. 

iv) The part of the graft that becomes the supporting portion (usually the root) is 

called the stock and the part which gives rise to the upper portion is called the 

scion. 

 
Fig 18 – Grafting 

 

 



4. Micropropagation  

i) It is an application of tissue culture technique used for mass vegetative 

propagation from a small segment of stem which in nutrient medium produce 

undifferentiated mass of tissue called callus. 

ii) The shoot and root formation is promoted from the callus by application of 

cytokinins and auxins to form plantlets which can be grown in the fields. 

iii) This method is utilised in propagation of several agricultural and horticultural 

crops. 

 

 
Fig 19 - Micropropagation 

 

Importance of Vegetative Propagation 

 

Vegetative propagation has a number of advantages, such as: 

 

1. Vegetative propagation is a more rapid, easier and less expensive method of 

multiplying plants which have either poor seed viability or prolonged seed dormancy. 

2. It also helps us to introduce plants in new areas where seed germination fails to 

produce plants due to change in the soil and environmental conditions. 

3. The greatest advantage of vegetative propagation is that all plants produced will have 

the same characters and hereditary potential as parent plants. 

4. Grafting permits the physical and physiological joining of separate individuals for the 

best economic advantage i.e., good qualities of two varieties can be combined in one 

composite plant. 



Sexual Reproduction in Flowering Plants 

 

1. All flowering plants (angiosperms) show sexual reproduction. 

2. Flowers are the organs of sexual reproduction. 

 

Structure of Flower  
1. Morphologically, the flower is considered as a shoot bearing nodes and modified 

floral leaves. 

2. Flower consists of 4 whorls / floral appendages like calyx (sepal), corolla (petal), 

androecium (stamen) and gynoecium (carpel). 

3. The sepals and petals do not involve directly in sexual reproduction and are therefore 

called non-essential or accessory floral organs. 

4. While the stamens and carpels are directly involved in sexual reproduction hence are 

called essential organs. 

 
Fig 20 – L.S of Flower 

 

Stamen, Microsporangium and Pollen Grain  

 

a. Stamen 

i) A typical stamen consists of a slender stalk called filament and the terminal  

structure called the anther. 

ii) Each stamen consists of a filament, an anther and a connective. 

iii) Each anther usually consists of two anther lobes except members of family 

Malvaceae, where the number of anther lobe is one. 

iv) The two another lobes are connected together by a connective. 

v) Each anther lobe contains two longitudinal running chambers called pollen sac or 

microsporangium. 

vi) Inside the pollen sac fine powdery or granular mass of cells called pollen grains 

or micro-spores are present.  



 
Fig 21 – A typical stamen and its cross-section 

 

b. Microsporangium  

i) A typical anther is tertrasporangiate i.e., it has four sporangias or pollen sacs. 

ii) The four microsporangia are covered on the outside by a common epidermis of 

the anther. 

iii) The microsporangia or pollen sacs develop hypodermally in the anther form strips 

of archesporial cells which divide periclinally to form outer parietal cells and 

inner sporogenous cells.  

iv) The parietal cells divide further by periclinal walls to produce a 3-5 layered 

microsporangial wall. 

v) The microsporangial wall consists of an outer layer called endothecium, 1-3 

middle layers and a layer of tapetum. 

vi) The epidermis, endothecium and middle layers together perform the function of 

protection and help in dehiscence of anther. 

vii)  Tapetum has a number of functions like: 

(1) Nourishment of the developing microspore mother cells and pollen grains. 

(2) Secretion of enzymes and hormones. 

(3) Production of ubisch granules for forming exine of pollen grains. 

(4) Secretion of pollenkitt in case of entomophilous pollen grains. 

(5) Secretion of special proteins for pollen grains to recognise compatibility. 

 

 
Fig 22 – Microsporangium 

 



c. Microsporogenesis  

i) The process of formation of microspores from a pollen mother cell (PMC) 

through meiosis is called microsporogenesis. 

ii) Each cell of sporogenous tissue undergoes meiosis to form a microspore tetrad. 

iii) As the anthers mature and dehydrate, the microspore dissociate from each other 

and develop into pollen grain. 

iv) In some plants (e.g., Typha) the pollen grains of the tetrad do not separate and are 

called compound pollen grains. 

v) In Calotropis and some orchids, the pollen grains of a pollen sac remain united in 

a single mass called pollinium. 

 

 
Fig 23 – Pollinium of Calotropis 

 

d. Pollen Grain 

i) The pollen grain or the microspore is a haploid structure that represents the first 

cell of male gametophyte. 

ii) The pollen grains are generally spherical in outline having diameter of 25-50 

micrometer. 

iii) The wall of the pollen grain (sporoderm) is made up of two layers – an outer 

thick exine and inner thin intine. 

iv) The exine is made up of a complex substance called sporopollenin. It is one of 

the most resistant biological materials that can withstand high temperatures, 

strong acids & alkalis, and cannot be degraded by enzymes. 

v) At one or more places, the exine is very thin or absent. These regions are called 

germ spores, through which pollen tube emerges out during pollen germination. 

vi) The intine is thin, uniform and is made up of pectocellulose. 

vii)  In insect pollinated pollen grains exine is covered with a yellowish viscous and 

sticky substance called pollenkitt. It enables the pollen grain to stick to the body 

of insects which helps in pollination. 

 

Development of Male Gamatophyte 

1. When the pollen grain is mature, it divides to form  two unequal cells – the vegetative 

cell (bigger cell) and generative cell (smaller cell). 

2. The generative cell floats in the cytoplasm of vegetative cell. 

3. In more than 60% of angiosperms pollen grain has shed at these two celled stage. 

4. On the surface of receptive stigma generative cell divides to form two male gametes. 



5. In remaining species pollination occurs at three celled stage where the generative cell 

divides mitotically into two male gametes before pollen grains are shed. 

6. The exine ruptures and intine comes out in the form of a slender tube through the 

germ pore. 

7. The pollen tube penetrates the stigma, style and finally reaches the embryo sac. 

 
Fig 24 – Development of Male gametophyte 

 

Pistill, Megasporangium (Ovule) and Embryo Sac 

 

a. Pistill 

i) In flowering plants the female reproductive organ is represented by gynoecium. 

ii) The gynoecium may consist of single pistil (monocarpellary) or may have more 

than one pistil (multicarpellary). 

iii) When there are more than one carpel, the pistils may be fused together 

(syncarpous) or may be free (apocarpous). 

iv) Each pistil has three parts – stigma, style and ovary. 

v) Inside the ovary or megasporangia ovules are born on cushion like tissue called 

placenta. 

 
Fig 25 – Pistil structure 

 



b. Megasporangium (Ovule) 

i) Each ovule first develops as a small projection on the placenta. It consists of a 

mass of parenchymatous cells called nucellus. 

ii) The stalk of the ovule is called funiculus or funicle. 

iii) The ovary is surrounded by one of two protective layers called integuments 

which grow up from the base of the nucellus called chalaza. 

iv) These integuments leave a small opening at one end of the ovule called 

micropyle. This opening serves as a passage for the entry of pollen tube into the 

ovule. 

v) The point at which the body of the ovule is attached to the funiculus is called 

hilum. 

vi) In an inverted ovule, the body of the ovule is fused with the funiculus forming a 

sort of ridge called raphe. 

vii) The funiculus contains a vascular strand for the supply of nourishment to the 

ovule. 

 
Fig 26 – Structure of Ovule 

 

c. Types of Ovules 

Depending upon the configuration and orientation of the body of the ovule in relation 

to the funiculus there are six types of ovules 

a) Orthotropus / Atropus (straight) ovule 

b) Anatropus (inverted) ovule 

c) Hemitropus (semi inverted) ovule 

d) Campylotropus (body curved) ovule 

e) Amphitropus (both body and embryo sac curved) ovule 

f) Circinotropus (funiculus coiled around the ovule)  



 
Fig 27 – Types of Ovules 

 

Anatropus ovule is the most common type of ovule found in more than 90% of the 

flowering plants. 

 

d. Megasporogenesis 

i) The process of formation of megaspores from megaspore mother cell (MMC) is 

called megasporogenesis. 

ii) In the hypodermal region of nucellus towards the micropylar end develops a 

primary archaesporial cell. 

iii) It often divides into outer primary wall cell and inner sporogenous cell.  

iv) Sporogenous cell functions directly as diploid megaspore mother cell or 

megasprocyte. 

v) This megaspore mother cell enlarges and undergoes meiosis to form a linear tetrad 

of haploid megaspores, out of which only one megaspore towards chalazal end 

act as functional megaspore and the rest three degenerates. 

vi) It is the first cell of female gametophyte. 



 
Fig 28 – (A – C) - Megasporogenesis, (D – I) - Megagametogenesis 

 

e. Development of Female Gametophyte (Megagametogenesis) 

i) The process of development of female gametophyte or embryo sac from 

megaspore is called megagametogenesis. 

ii) The functional megaspore developed in the nucellus marks the beginning of 

female gametophytes. Its nucleus undergoes three successive mitotic divisions 

forming eight haploid nuclei. 

iii) The megaspore enlarges into an oval shaped structure called embryo sac. The 

eight nuclei of embryo sac arrange themselves into three groups. 

iv) Three nuclei migrate towards micropylar end of the embryo sac, other three 

moves towards chalazal end and the remaining two nuclei are retained in the 

centre. 

v) Plasma membrane and cell wall then develop around all the nuclei except the two 

in the centre. 

vi) The three cells at the micropylar end from the egg apparatus (which consists of 

central egg cell or oosphere, and two peripheral synergids or helper cells). The 

synergids have special cellular thickenings at the micropylar tip called filiform 

apparatus which play important role in guiding pollen tubes into the synergids. 

vii) The three cells at the chalazal end of the embryo sac are called antipodal cells. 

viii) The remaining two nuclei in the centre of the embryo sac are called polar nuclei. 

ix) This embryo sac with eight nuclei is referred as polygonum type of embryo sac. 

 

 

Pollination 

1. In flowering plants the male and female gametes are produced in the pollen grain and 

embryo sac respectively. 

2. Since both types of gametes are non-motile, they have to be brought together for 

fertilization to occur. This is achieved through the process of pollination. 

3. The process of transfer and deposition of pollen grains from the anther to the 

stigmatic surface of the flower is called pollination. 



4. There are two main types of pollination – self-pollination and cross pollination 

 

 
Fig 29 – Types of Pollination 

 

a) Self-Pollination 

i) It is the process of transfer of pollen grains from the anther to the stigma of either 

the same flower or another flower borne on the same plant. 

ii) Self-pollination is of two types: 

 

 Autogamy  

i. It is a kind of self-pollination in which pollen grains are transferred from the 

anther to stigma of the same flower. 

ii. Autogamy in such flowers requires synchrony in pollen release and stigma 

receptivity and the anthers and the stigma should lie close to each other so that 

self-pollination can occur. 

iii. It always occurs in bisexual flower. 

 

Adaptations to ensure Self-Pollination are:   

 

1) Homogamy 

Both sex organs of a flower mature at the same time. The anthers and stigmas of such 

flowers are brought together by the growth, bending or folding of the former or latter 

e.g,. Mirabilis 4 O’clock plant). 

 

2) Cleistogamy  

The flowers are bisexual and do not open even at maturity and thus causing self-

pollination. 

 

3) Bud Pollination 

The anthers and stigmas of bisexual flowers ripens before opening of the flower buds 

thus causing self-pollination e.g., pea, wheat, rice. 



 

 

 Geitonogamy  

It is a kind of self-pollination in which pollen grains of one flower are transferred 

to the stigma of another flower borne on the same plant. 

 

Importance of Self-Pollination 

 

Advantages 

1. Self-pollination maintains the parental characters or purity of the race indefinitely. 

2. It needs not to produce a large number of pollen grains. 

3. Flowers need not to possess devices such as large and showy petals, odour, nectaries 

etc, to attract pollinators. 

4. It eliminates some bad recessive characters. 

 

Disadvantages 

1. The vigour and vitality of the race decreases with prolonged self-pollination. 

2. Self-pollination does not introduce new useful characters. 

3. It often leads to reduction of variability and hence adaptability to the changed 

environment. 

4. It also decreases the immunity to diseases. 

 

Cross Pollination (Xenogamy or Allogamy) 

 

1. It is the process of transfer of the pollen grains from the anther of one flower to the 

stigma of another flower borne on a different plant of the same species. It is also 

called as allogamy or xenogamy. 

2. Cross pollination involves two flowers belonging to two different parents. 

3. Hence it ensures genetic recombination and variations in plants. 

4. Cross pollination requires the aid of an external agency which may be abiotic (such as 

wind and water) or biotic (such as insects, birds, bats, snails and other animals). 

5. Different types of agencies and the type of pollination are tabulated as under: 

 

Agents of Pollination                                                     Types of Pollination  

I. Abiotic.                                                                      Wind    –  Anemophily 

Non-living agents          Water   –  Hydrophily 

                                                                                    Insects –  Entomophily   

 

II. Biotic.                                           Birds    –  Ornithophily  

Animals (Zoophily)        Bats      –  Chiroterophily 

                                                                                   Snail     –  Malacophily 

 

 



1) Anemophily (Wind Pollination) 

i. It is cross pollination through the wind. 

ii. The anemophilous flowers (wind pollinating flowers) have characteristics like 

 The flowers are unisexual, small in size and inconspicuous. 

 The anther and stigmas are exposed and project outside the flowers. 

 The anthers are generally versatile e.g., cereals. 

 The stigma is hairy, feathery or branched to catch the wind borne pollen 

grains. 

 The pollen grains are usually light, smooth, dry, unwettable & produced in 

large numbers so that they can easily move farther through the help of wind. 

 Wind pollinated flowers often have a single ovule in each ovary and numerous 

flowers packed into an inflorescence.  

iii. The common wind pollinated plants are coconut palm, date palm, maize, 

sugarcane, cereals and numerous grasses. 

 

2) Hydrophily (Water Pollination) 

i. It is cross pollination through the water. 

ii. It is found in plants like Ceratophyllum, Vallisneria etc. 

iii. Hydrophily is of two types – hypohydrophily and epihydrophily. 

 

a) Hypohydrophily  

i) Hypohydrophily is true hydrophily which occurs below the surface of water. It 

occurs in totally submerged and their pollen grains are water borne, e.g., 

Ceratophyllum.  

ii) Here female flowers remain submerged in water and pollen grains are released 

inside the water. 

iii) Pollen grains in many such species are long, ribbon like and they are carried 

passively inside the water. Some of these reach the stigma and achieve 

pollination.  

 

b) Epihydrophily 

i) Epihydrophily  takes place over the surface of water e.g., Vallisneria. 

ii) In Vallisneria the male flowers are released to the surface of the water, where 

they attach themselves to the stigma of floating female flowers. 

iii) Female flowers are attached to the substratum by their long stalks. 

iv) Pollination occurs on the surface of the water. 

v) After fertilization female flowers are pulled down by the coiling of the flower 

stalks. 



 
Fig 30 – Ephihydrophily in Valisneria 

 

3) Entomophily (Insect Pollination) 

i. It is cross pollination by the insects. 

ii. The important pollinating insects are bees, butterflies, wasps, moths, flies, beetles 

etc. 

iii. The insects visit the flowers for nectar, edible pollen grains or shelter. 

iv. The important characteristics of insect pollinated flowers are: 

a) Entomophilous flowers are brightly coloured and showy to attract insects. 

b) Flowers often produce odour which may be pleasant (e.g., Jasmine) or foul 

(e.g., Aristolochia) to attract the insects from a distance. 

c) Flowers secrete nectar for feeding the visiting insects. Nectar glands are 

situated in such a position that an insect must touch both the anthers and 

stigmas which helps in pollination. 

d) Pollen grains are usually rough and often surrounded by pollenkitt, so that they 

can easily stick to the body of the insects. 

v. Example – Pollination in Salvia 

a) The flowers of the family Labiatae shows a specialised floral adaptation for bee 

pollination. 

b) They have two lipped corolla, the lower lip act as a platform on which the bee 

lands. 

c) In Salvia two protandrous stamens are present. Only half of the anther is fertile, 

the sterile half forms a plate that partly blocks the corolla tube. 

d) The fertile halves are sheltered in the upper lip of the corolla. 

e) As the bee sits on the lower lip and move inwards in search of nectar, its head 

pushes the anther plate and forces the fertile half of the anther to swing on the 

bee’s back, which thus gets dusted with pollen. 

f) When the pollen loaded bee enters a mature flower, the style brings the stigma 

in such position that it brushes against the back of the bee and collects the 

pollen grains which helps in pollination. 



 
Fig 31 – Pollination in Salvia by bees 

 

4) Orthithophily (Bird Pollination) 

i. It is cross pollination by the birds. 

ii. The common birds that bring about the pollination are humming birds, sunbirds 

and honey thrushes.  

iii. These birds perform pollination while hovering around the flowers for collecting 

nectar. 

 

5) Chiropterophily (Bat Pollination) 

i. It is cross pollination by bats. 

ii. Chiropterophilous flowers emit a strong odour and have abundant nectar than 

ornithophilous flowers. 

iii. Some examples of bat pollinated plants are Kigelia pinnata (Sausage tree), 

Anthocephalus (Kadamb tree) and Bauhinia megalandra. 

 

6) Malacophily (Snail Pollination) 

i. It is cross pollination by snails and slugs. 

ii. Malacophily is found in Arisaema (Cobra plant) and some arum lilies. 

 

Adaptations to ensure Cross Pollination or Out Breeding Devices 

i. Majority of flowering plants produce hermaphrodite flowers and pollen grains are 

likely to come in contact with the stigma of the same flower. 

ii. Continued self-pollination results in inbreeding depression. 

iii. Flowering plants have developed many devices to discourage self-pollination and to 

encourage cross pollination. 

iv. Some of the adaptations to ensure cross pollinations are: 

 

a) Dicliny (Unisexuality) 

In unisexual flowers the stamens and carpels occur in different flowers that is 

male and female flowers. The two types of flowers maybe borne on the same 

plant (monoecious e.g., castor, maize etc.) or on different plants (dioecious 

e.g., Cannabis, papaya etc.) 



 

b) Dichogamy 

It is the maturation of anther and stigmas of a flower at different times. Self-

pollination is therefore not possible. Dichogamy is of two types: 

1. Protandry – anthers mature before ripening of stigma, e.g., sunflower, 

Salvia 

2. Protogyny – stigma matures earlier than the anthers of the same flower, 

e.g., Mirabilis, Gloriosa etc. 

 

c) Prepotency 

Pollen grains of another flower germinate on the stigma more rapidly than the 

pollen grain of the same flower, e.g., pear, apple. 

 

d) Self-Sterility 

The pollen grains of a flower are incapable of completing growth on the 

stigma of the same flower, e.g., potato, tobacco. 

 

e) Heterostyly 

The flowers are of two or more types with regards to the length of the style 

and the stamens. Thus pollens from a flower cannot bring about effective 

pollination in flowers of its own type, e.g., Oxalis, Primula etc. 

 

f) Herkogamy  

It is some peculiarity of the floral parts which acts as a barrier to self-

pollination and favours cross pollination. 

 

Importance of Cross Pollination 

Advantages 

1. Cross pollination brings about genetic recombination and introduces the variations in 

the offspring. 

2. Cross pollination increases the adaptability and makes the offspring better fitted 

towards changes in the environment. 

3. Seeds produced through cross pollination are much better and healthy than the parents 

because of the hybrid vigour. 

4. The defective characters to the race are eliminated and are replaced by better 

characters. 

 

Disadvantages 

1. It is highly wasteful process as plants have to produce large number of pollen grains 

and other accessory structure to suit the pollinating agencies. 

2. The good characters of the race are likely to be lost. 

 

 



Pollen – Pistil Interaction 

1. After pollination the pistil has the ability to recognise the pollen, whether it is of the 

right type (compatible) or of the wrong type (incompatible). 

2. If it is of the right type, the pistil accepts the pollen and promotes post-pollination 

events that lead to fertilization. 

3. If the pollen is of the wrong type, the pistil rejects the pollen by preventing pollen 

germination on the stigma or the pollen tube growth in the style. 

4. This recognition is mediated by chemical components of the pollen interacting with 

those of the pistil. 

5. The inability of certain gametes even from genetically similar plant species, to fuse 

with each other is called incompatibility. It is also called intraspecific 

incompatibility, self-sterility or self-incompatibility. 

6. Self-incompatibility leads to number of conditions like prevention of pollen 

germination, retardation of growth, deterioration of pollen tube or even failure of 

nuclear fusion. 

7. Self-incompatibility is controlled by genes with multiple alleles (s-allele) and usually 

develops with the maturation of stigma. 

 

Growth of the Pollen Tube 

1. Pollen grain, which reaches to the compatible stigma, is held by sticky stigmatic 

secretions, containing sugars, organic acids and other substances. 

2. The vegetative or tube cell enlarges and comes out of the pollen grain through germ 

pore to form a pollen tube. 

3. The content of the pollen grain move to the pollen tube. The vegetative nucleus 

usually moves to the tip of the tube followed by generative cell (or two male gametes 

if they have already formed). 

4. The pollen tube grows through the tissues of the stigma and style to reach the ovary. 

5. The pollen tube secretes enzymes which digest the reserve food material in the tissues 

of the stigma and style. 

6. Meanwhile the generative cell undergoes mitotic division (if it has not already 

divided) to form two male gametes. 

7. The pollen tube enters the ovule either through the micropyle (porogamy), chalaza 

(chalazogamy) or the integuments (mesogamy) and discharges the two male gametes 

or sperms into the embryo sac. 



  
Fig 32 – Pollen tube growth 

 

 
Fig 33 – Entry of pollen tube into the ovule and embryo sac  

 

Double Fertilization 

1. The fusion of the male and female gametes is called fertilization. 

2. This process was first discovered by Strasburger in 1884. 

3. In seed plants, the male gametes are brought to the egg present within the female 

gametophyte by a pollen tube, the phenomenon is called siphonogamy.  

4. Irrespective of the entry of pollen tube into the ovule, pollen tube enters into the 

embryo sac through micropylar end. 

5. It enters one of the synergids through the filiform apparatus. 

 

 
Fig 34 – Pollen tube discharge inside the embryo sac 



6. Inside the embryo sac, the pollen tube ruptures and the two male gametes are set free 

near the egg apparatus. 

7. Out of the two male gametes, one fuses with the egg nucleus and forms a diploid 

zygote. This process of gametic fusion is called syngamy or true fertilization or 

generative fertilization. 

8. The second male gamete moves further into the central cell and fuses with two 

haploid polar nuclei or diploid secondary nucleus to form a triploid Primary 

Endosperm Nucleus (PEN). 

9. This process involving the fusion of three nuclei (two polar nuclei and one male 

gamete) is called triple fusion or vegetative fertilization. 

10. The central cell is now called Primary Endosperm Cell (PEC) which helps in 

formation of endosperm. 

11. Double fertilization is a unique feature of angiosperm and is necessary for the 

production of viable seeds in flowering plants. It was first observed by Nawaschin 

(1898) in Fruitillaria and Lilium.   

 

Significance of Double Fertilization 

1. Double fertilization ensures that the nutritive tissue or endosperm is formed only 

when the formation of embryo has been confirmed by fertilization of the egg. 

2. If fertilization fails due to some reason, no endosperm will be formed. Thus no energy 

of the plant will be wasted on this account in angiosperms. 

 

Post Fertilization Events 

1. The events that occur in the flower after double fertilization are called post 

fertilization events which include the development of endosperm and embryo, 

maturation of ovule(s) into seed(s) and ovary into fruit. 

2. After fertilization the sepals, petals, stamens, style and stigma usually withered and 

fall off. 

3. The calyx may persist (e.g., tomato, brinjal). 

4. The zygote undergoes a number of mitotic divisions and forms a multicellular 

embryo. 

5. The primary endosperm nucleus also undergoes mitotic divisions to form a food laden 

tissue called endosperm. 

6. The antipodal cells have no special function and perish after fertilization. 

7. The ovules mature into seeds and the ovary containing the ovules enlarges and forms 

the fruit. 

 

Endosperm Formation 

1. The endosperm (the nutritive tissue for the embryo) is developed from the triploid 

(3n) primary endosperm nucleus. 

2. Soon after fertilization, primary endosperm nucleus begins to divide and ultimately 

gives rise to the endosperm. 

3. Depending the mode of formation, the angiospermic endosperm is of three types: 



a. Nuclear Endosperm 

i. The primary endosperm nucleus divides freely into large number of nuclei 

without any immediate cell wall formation. 

ii. These nuclei are pushed towards the periphery and a large vacuole appears in 

the centre of the embryo sac. 

iii. Later the wall formation starts from periphery and progresses towards the centre 

and ultimately a cellular endosperm is formed. 

iv. In certain cases the cell wall formation remains incomplete. For example, the 

coconut water (coconut milk) from the tender coconut is nothing but free 

nuclear endosperm (made up of thousands of nuclei) and the surrounding white 

kernel (coconut meat) is the cellular endosperm. 

 

b. Cellular Endopsperm 

Each division of primary endosperm nucleus is formed by wall formation. 

Therefore, endosperm becomes cellular from the very beginning, e.g., Datura, 

Petunia and Balsam. 

 

c. Helobial Endosperm 

i. It is an intermediate type of endosperm formation between the nuclear and the 

cellular types of endosperms. 

ii. The first division of the primary endosperm nucleus is followed by wall 

formation. 

iii. As a result two cells – micropyalar and chalazal are formed. Further 

development in both the cells occurs like that of the nuclear endosperm i.e., free 

nuclear stage followed by wall formation. 

iv. Helobial endosperms are generally found in monocotyledons. 

 

4. The cells of endosperm stores large quantities of food materials whose exact nature 

vary from one plant to another. 

5. The endosperm may be starchy (rice) or oily (castor). In cereals the outermost layer of 

the endosperm is rich in protein and constitutes the aleurone layer. 

6. In several seeds the endosperm persists and becomes a prominent part of the seed. 

Such seeds are called endospermic or albuminous seeds e.g., cereals, castor, date 

palm etc. 

7. In others the endosperm is completely absorbed by the growing embryo and the food 

reserve gets stored in the cotyledons. Such seeds do not possess endosperm at 

maturity and are called non-endospermic or non-albuminous seeds. 

8. Mature endosperm of some seeds (such as Passiflora) becomes convoluted and 

uneven in its surface contour. It is called ruminate endosperm. 

9. In angiosperms the endosperm contains triploid (3n) number of chromosomes and is 

considered to be an entirely new structure. However in gymnosperms it is haploid (n). 

 

 



Embryo Formation (Embryogeny) 

1. The process of development of matured embryo from zygote is called embryogeny. 

2. The zygote develops a cellulose wall and becomes oospore. 

3. The oospore divides by transverse division into the basal suspensor cell towards 

micropyle and the terminal embryo cell towards antipodal cells. 

4. Further division of this two celled structure gives rise to a filament called proembryo. 

5. Suspensor cell divides transversely a few times to produce 6 – 10 suspensor cells 

which push the embryo into the endosperm. 

6. The first cell of the suspensor towards the micropylar end becomes swollen and 

functions as haustorium. While the lower most cell of the suspensor adjacent to the 

embryo functions as hypophysis. The hypophysis gives rise to the apex of the radicle. 

7. The embryo cell undergoes two vertical divisions and a transverse division to form 

eight celled embryo (octant). The octant divides periclinally to produce an outer layer 

of dermatogen. The inner cell differentiates further into procambium and ground 

meristem. 

8. The dermatogen forms epidermis, procambium forms stele or vascular strand and 

ground meristem forms cortex and pith. 

9. Initially the embryo is globular and undifferentiated and gradually it is transformed 

into heart shaped embryo with radicle, plumule and cotyledon.  

10. The four terminal cells of the octant gives rise to the plumule and cotyledons, while 

four basal cells next to the suspensor gives rise to the hypocotyl and most of the 

radicle 

11. A typical dicotyledonous embryo consists of an embryonal axis and two cotyledons. 

The portion of the embryonal axis above the level of the cotyledon is the epicotyl, 

which terminates with the plumule or stem tip. On the other hand the part of the 

emryonal axis below the level of the cotyledon is the hypocotyl, which terminates 

with the radicle or root tip. 

 
Fig 35 – Development of Dicot embryo 



12. Embryos of monocotyledons possess only one cotyledon. In the grass family the 

cotyledon is called scutellum which is situated towards one side (lateral) of the 

embryonal axis. At its lower end the embryonal axis has the radicle and root cap 

enclosed in an undifferentiated sheath called coleorhiza. The portion of the 

embryonal axis above the level of attachment of the scutellum is the epicotyl. Epicotyl 

has a shoot apex and a few leaf primordial enclosed in a hollow foliar structure, 

coleoptile. 

 
Fig 36 – Monocot embryo 

 

Development of Seed 

1. A number of changes are brought about in the ovule due to which the ovule is 

transformed into a seed. 

2. The two integuments of ovule develop into two seed coats of which the outer hard one 

is called testa and the inner one is called tegmen. 

3. A scar is left on one side of the seed called hilum. It indicates the point of attachment 

of the seed to the funiculus. 

4. Mature seeds may be non-albuminous or albuminous. Non-albuminous seeds have no 

residual endosperm as it is completely consumed during embryo development (e.g., 

pea, groundnut). 

5. Albuminous seeds retain a part of endosperm as it is not completely consumed during 

embryo development (e.g., wheat, maize, barley, castor and sunflower). 

6. Occasionally in some seeds such as black pepper and beet, remnants of nucellus are 

also persistent. This residual persistent nucellus is termed as perisperm. 

 

Significance of Seeds 

1. Seeds are the miniatures of the next generation of plants. 

2. Seeds have enough food reserves to nourish seedlings until they are capable of 

photosynthesis of their own. 

3. 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 

raise crop in the next season. 



 

Fruit Formation 

1. After fertilization the tissue of ovary wall grow into a fruit wall or pericarp.  

2. When the fruits are exclusively developed from the ovary they are called true fruits 

(e.g., mango, mustard). 

3. In some cases thalamus and other floral parts also show proliferation along with the 

development of ovary wall. Such fruits are called false fruits (e.g., apple – in which 

the edible part is fleshy thalamus, cashew nut – in which the edible part is seed and 

fleshy peduncle). 

4. Pericarp may be thin & dry and not differentiated further, e.g., pea, bean, Calotropis, 

cotton etc., but when it is thick and fleshy, it is further differentiated into outer skinny 

or leathery epicarp, middle fleshy or fibrous mesocarp and membranous or stony 

endocarp, e.g., mango, coconut, orange, Cucurbita etc. 

 

Significance of Fruit Formation 

1. Fruits are rich source of sugars, minerals, vitamins etc., and therefore form an 

important constituent in human diet. 

2. Fruits produce the seeds which are the primary source of perpetuation of the species. 

3. Fruits protect and nourish the seeds during their development. 

4. Unripe fruits also offer chemical defence against the animals as they often contain 

certain unpalatable and repelling substances like astringents, tannins, bitter alkaloids 

and sour acids which disappear in the ripened fruit. 

5. Ripe fruits become sweet, coloured and flavoured to attract animals & humans and 

thereby help in dispersal of seeds to distant localities. It is of great biological 

significance. 

 

 

Special Modes of Reproduction 

1. Vegetative propagation and sexual reproduction are common modes of reproduction 

in flowering plants. 

2. However there are cases where reproduction takes place even without the act of 

fertilization like apomixis. 

 

Apomixis (Apo – away or without, Mixis – mixing) 

 

a) The normal sexual reproduction (amphimixis) involves two important processes that 

are meiosis and fertilization. In many plants the normal process of sexual 

reproduction is established by an asexual process. 

b) Apomixis is an asexual mode of reproduction in which new individuals are formed 

without the formation of gametes and their fusion (fertilization). 

c) The organism that can reproduce by apomixis is called an apomict. 

d) In a number of flowering plants seeds are formed without the fusion of gametes. It is 

called agamospermy. 



e) Sometimes a diploid embryo sac is developed from diploid megaspore mother cell or 

nucellus or integument. Thus the egg developed in such embryo sac is diploid. The 

diploid egg usually develops into an embryo without fertilization. 

f) Agamospermy is of two types: 

i) Recurrent Agamospermy – In this the diploid egg is developed in diploid 

embryo sac formed directly either from nucellar cell (called apospory) or diploid 

megaspore mother cell (called diplospory). The diploid egg developed without 

fertilization to form a diploid embryo e.g.,Poa, apple. 

ii) Adventive Agamospermy or Sporophytic budding – Here the diploid cell of 

nucellus or integuments develops directly into an embryo e.g., orange, mango. 

 

        Importance of Apomixis 

Apomixis does not involve meiosis, there is no segregation and recombination of 

chromosomes. Thus it is useful in preserving desirable characters for indefinite 

periods. 

 

Polyembryony 

 

1) It refers to the presence of more than one embryo in the seed.  

2) It may be due to the presence of more than one egg cell in the embryo sac, or more than 

one embryo sac in the ovule, and all the egg cells may get fertilized. 

3) In some cases the number of embryos may develop simultaneously from different parts of 

the ovule like synergids and antipodal cells, from fertilized or unfertilized egg cells or 

from the tissues of nucellus and integuments. 

4) Lemon, orange, mango, ground nut and onion are some of the examples of 

polyembryony. 

 

Parthenogenesis 

1) Normally an egg develops into an embryo after fertilization but sometimes fertilization 

fails due to one of the many reasons and the unfertilized egg develops into an embryo. 

This process is called parthenogenesis. 

2) It is a rare phenomenon among angiosperms and has been observed only in few genera, 

such as Thalictrum, Taraxacum. 

3) It is of two types: 

i) Haploid parthenogenesis – when the fertilization fails due to absence of pollen 

tube, late arrival of pollen tube into the embryo sac, the inability of the pollen tube 

to discharge the male gamete into the embryo sac or the early disorganization of 

the male nuclei. In such cases where the unfertilized haploid egg may develop into 

haploid embryo is called haploid parthenogenesis. 

ii) Diploid Parthenogenesis – In certain cases the embryo sac may develop from cell 

of nucellus or integument (somatic apospory). Since such embryo sac develops 

without a reductional division, so the egg produced is diploid resulting in the 

development of diploid embryo. This process is called diploid parthenogenesis.  



Parthenocarpy 

1) Production and development of seedless fruits is called parthenocarpy. 

2) In angiosperms the development of ovule into seeds and the enlargement of ovary into a 

fruit occur only after pollination and fertilization. 

3) The failure of pollination results in failure of seed and fruit formation. In some plants 

however fruits are formed even in the absence of pollination and fertilization. Such fruits 

are always seedless and are called parthenocarpic fruits. 

4) Such fruits are succulent and are more desirable than normal seed containing fruits. 

5) Parthenocarpy is of two types: 

i) Natural Parthenocarpy – When seedless fruits are produced without any special 

treatment from the ovaries in the absence of pollination and fertilization the 

phenomenon is called natural parthenocarpy, e.g., grapes, bananas, pineapple etc. 

ii) Induced Parthenocarpy – When seedless fruits are produced by spraying the 

flowers with either water extract of pollen grains or growth promoting hormones 

such as Indol Acetic Acid (IAA), Naphthalene Acetic Acid (NAA), Gibberellic 

Acid (GA) etc., for example – tomato produces seedless fruits if treated with 

auxin.  

 

 

 

 

 

       

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Questions 

Long Questions 

1. What is double fertilization and triple fusion? Discuss double fertilization in 

angiosperms along with its significance. 

2. Describe development of male gametophyte in angiosperms. 

3. Enumerate the structure of megasporangium and discuss the development of 

female gametophyte. 

 

Short answer type 

1. Differentiate between  

a) Asexual & sexual reproduction. 

b) Mound layering & air layering. 

c) Microsprogenesis & megasporogenesis. 

d) Cross pollination & self-pollination. 

e) Nuclear endosperm & cellular endosperm. 

f) Male gametophyte & female gametophyte. 

g) Embryogenesis & gametogenesis. 

h) Amphimixis & apomixis. 

i) Tapetum & endosperm. 

j) Zoospore & aplanospore. 

k) Anemophilous flowers & entomophilous flowers. 

 

2. Write short notes on  

a) Binary fission 

b) Budding 

c) Gemmule 

d) Sporulation 

e) Conidia 

f) Fragmentation 

g) Gootee 

h) Megasporangium 

i) Hydrophily 

j) Entomophily 

k) Ornithophily 

l) Chiropterophily 

m) Outbreeding devices 

n) Pollen stigma interaction 

o) Polyembryony 

p) Parthenocarpy 

 

 

 

 


