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UNIT-I: STRUCTURE OF FLOWERING PLANTS

Diversity in plant Forms in Annuals, biennials and perennial, trees-largest and longest lived organisms; the shoot 
apical meristem and its histological organization; The root apical meristerm and its histological organization. 
Cambium and its functions: Characteristics of growth rings, tap roots of heart wood; secondary xylem; its structure 
and functions; secondary phloem: its structure and functions peridism.

UNIT-II: DIVERSITY IN FLOWERING PLANTS

Arrangement of diversity of leaf in size and shape; internal structure in relation to photosynthesis and water loss; 
structural modifications of root for storage, respiration and reproduction.

UNIT-III: REPRODUCTION IN FLOWERING PLANTS

Flower - a modified shoot; function of lower; structure of anthli and pislil; the male and female gametophytes : 
types ofpollination vegetative propagation.



UNIT Annual, Bienniel and Perienniel 
Plants

1
ANNUAL, BIENNIAL & PERIENNIAL PLANTS

STRUCTURE
• Annual Plants
• Biennial Plants
• Perienniel plants
• Largest and Longest Living Tree

□ Summary
□ Student Activity 
a Test Yourself

LEARNING OBJECTIVES
After going through this unit you will learn : 
« Annual, Biennial and Perennial Plants

Plants on the basis of completion of their life cycle can be of three types:
(1) Annual
(2) Biennial
(3) Perennial

• 1.1. ANNUAL PLANTS
An annual plant is a plant that usually 

germinates, flowers, and dies in a year or 
season.

Many food plants are grown as annuals, 
including virtually all domesticated grains.
Some perennials and biennials are grown in 
gardens are annuals for convenience. Carrot, 
celery and parsley as true biennials that are 
usually grown as annual crops for their edible 
roots, petioles and leaves, respectively.
Tomato, sweet potato and bell pepper are 
perennials usually grown as annuals.

Examples of true annuals include corn, 
wheat, rice, lettuce, peas, watermelon, beans, 
zinnia and marigold.

Annuals may be :
1. Summer annuals sprout, flower, 

produce seed, and die during the warmer 
months of the year e.g., lawn weed crabgrass 
and Dragon Wing Begonia.

2. Winter annuals germinate in autumn 
or winter, live through the winter, then bloom 
in winter of spring.

Winter annuals are important ecologically, as they provide vegetative cover that 
prevents soil erosion during winter and early spring when no other cover exists and 
they provide fresh vegetation for animals and birds that feed on them.

Fig. 1. Peas and an annual plant.
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In 2008, it was discovered that the inactivation of only two genes in annual plants 
leads to the conversion into a perennial plant e.g., deactivation of SOCl and FUL genes 
in Arabidopsis thaliana, which control flowering time. This switch established 
phenotypes common in perennial plants, such as wood formation.

Structure Development and 
Reproduction in Plants

• 1.2. BIENNIAL PLANTS
A biennial plant is a flowering plant that 

takes two years to complete its biological lifecycle.
In the first year the plant grows leaves, stems, 
and roots (vegetative structures), then it enters a »«.
period of dormancy over the colder months. The 
stem remains very short and the leaves are low to 
the ground, forming a rosette. Many biennials K 
require a cold treatment, or vernalization, before ■ 
they will flower. During the next spring or ^ 
summer, the stem of the biennial plant elongates 
greatly, or “bolts”. The plant then flowers, 
producing fruits and seeds before it finally dies.
Biennials grown for flowers, fruits, or seeds need 
to be grown for two years. Biennials that are grown for edible leaves or roots are grown 
as annuals, e.g. beets, Brussels sprouts, cabbage, carrots, celery, lettuce, parsley, and 
Swiss chard. Examples of biennial plants are parsley, lunaria, silverbeet. Sweet 
William, colic weed, and carrot.
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Fig. 2. Biennial plant.

• 1.3. PERENNIAL PLANTS
A perennial plant or simply perennial 

(Latin per, “through”, annus, “year”) is a plant 
that lives for more than two years. The term is 
often used to differentiate a plant from shorter 
lived annuals and biennials. Woody plants like 
shrubs and trees are also perennial in their habit.

Perennials, especially small flowering plants, 
grow and bloom over the spring and summer and 
then die back every autumn and winter, then 
return in the spring from their root-stock rather 
than seeding themselves as an annual plant does.
These are known as herbaceous perennials.

Perennial plants can be short-lived (only a few 
years) or they can be long-lived, as are some woody plants hke trees which can live for 
over 4,000 years. They can vary in height from only a few millimeters to over 100 meters 
tall. They include a wide assortment of plant groups from ferns and liverworts to the 
highly diverse flowering plants Hke orchids and grasses. Most perennials are 
polycarpic, flowering over many seasons in their fifetime.

Perennials typically grow structures that allow them to adapt to living from one 
year to the next through a form of vegetative reproduction rather than seeding. These 
structures include bulbs, tubers, woody crowns, rhizomes etc. They might have 
specialized stems or crowns that allow them to survive periods of dormancy over cold or 
dry seasons during the year. Annuals produce seeds to continue the species as a new 
generation while the growing season is suitable.

In Warmer and more favourable climates, perennials grow continuously. In 
seasonal climates, their growth is limited to the growing season.

Many perennials, in contrast, have speciaHzed to survive under extreme 
environmental conditions : some have adapted to survive hot and dry conditions, or to 
survive under cold temperatures.

Fig. 3. Perennial plant.
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With their roots protected below ground in the soil layer, perennial plants are 
notably tolerant of wildfire. Herbaceous perennials are also able to tolerate the 
extremes of cold in temperate and Arctic winters, with less sensitivity than trees or 
shrubs.

Perennial plants often have deep, extensive root systems which can hold soil to 
prevent erosion, capture dissolved nitrogen before it can contaminate ground and 
surface water, and outcompete weeds (reducing the need for herbicides).

Types of Perineial plants :
Evergreen perennials include Begonia and banana.
Deciduous perennials include goldenrod and mint.
Monocarpic perennials include Agave and some species of Streptocarpus.
Woody perennials include maple, pine, and apple trees.
Herbaceous perennials used in agriculture include alfalfa, Thinopyriim 

intermeditun, and Red clover.

Annual, Biennielond Pericnnict
Plants

• 1.4. LARGEST AND LONGEST LIVING TREE IN THE WORLD
The Great Banyan Tree {Ficus bengalensis L.) (Fig. 4) of the Indian Botanic Garden 

attracts millions of visitors every year. It looks like a miniature forest and is over 250

Fig. 4. The Great Banyan Tree {Ficus benghalensis L.)
ifc'. t ■
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years old with 2800 prop roots covering an area of 1.5 hectares. The large palm house of 
this garden has several interesting plants including the Double Coconut [Lodoicea 
maldivica (Gmel.) Pers] which produces the largest known seeds in the whole plant 
kingdom.

Structure Development and 
Reproduction in Plants

• 1.5. THE TALLEST TREE IN THE WORLD
The world’s tallest living tree, is a coast redwood and is about 379.1 ft. (115.55 m) 

tall. This enormous tree was discovered only in August 2006 in the Redwood National 
Park, California.
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Annual, Bienniel and Perienniel 
Plants• SUMMARY

Plants can be annual, biennial or perennial depending on in how many years they 
complete their life cycle. The plant who complete their life cycle in a year and die we 
called annual while those who germinate, grow in one year then become dormant and 
flow in next year and then die are called biennial plants. The plant that survive for 
many years (more than two) are called perennial plants. Unlike biennial, perennial 
plants flower many times (once in a year).

• STUDENT ACTIVITY
1. Give differences between biennial and periennial plants.

2. Define annual plants with suitable examples.

• TEST YOURSELF
1. Give Botanical name of largest tree.
2. Most of the vegetable plants are annual/biennial.
3. What is the estimated height of tallest tree in world ?
4. Wheat is a type of............
5. The great Banyan tree is a
6. Give two example of biennial plants that are cultivated as annual plants for 

convenience ?
7. Give two examples of periennial plants that are cultivated as annual plants.

plant.

ANSWERS
1. Ficus Bengalensis 2. Annual 3. app. 379.1 feet 4. Annual plant 5. Perennial 
6. Carrot & Parsley 7. Tomato and sweet potato.
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UNIT

2
TISSUE

STRUCTURE
• Tissue
• Types of Tissue
• Apical Meristem
• Root apical meristem
• Lateral Meristem or Cambium
• Primary & Secondry Xylem
• Primary & Secondry Phloem
• Other Functions of Cambium
• Cambium in Monocotyledons
• Growth Rings
• Heart Wood & Sap Wood
• Perierm

□ Summary 
0 Student Activity 
n Test Yourself

I

LEARNING OBJECTIVE
• After reading this chapter you should be able to learn :
• Tissue, Cambium, growth rings and heart wood and sap wood.

• 2.1. TISSUES
Most of the miilticellular plants are composed of several different kinds groups of 

cell called tissues.
Tissues can be classified into two broad categories which can further be subdivided 

(Fig. 1).
1. Meristematic tissue. The cells ofthe meristematic tissue have the capacity 

to divide in response to appropriate stimuli. The cells of the meristematic tissue have 
the following characteristics: (i) they have thin cellulose wall, (ii) they are living with 
dense C5rtoplasm and prominent nuclei, (iii) vacuoles are either very small or altogether 
absent, (iv) mitochondria and endoplasmic reticulum are not well developed, (v) 
plastids are in the form of proplastids, (vi) they have very high metabolic rate, and (vii) 
intercellular spaces are absent.

2. Permanent tissue. The cells of this tissue have lost their power of division 
either temporarily or permanently. They are : ^i) thick or thin walled, (ii) living or 
dead, (iii) with large vacuoles, (iv) with well developed mitochondria, plastids and 
other cell organelles, and (v) intercellular spaces may be present.

Classification of Meristems
The meristems can be classified onthe bases of origin and development of initiating 

cells, plane of divisions, functions and position inthe plant body (Fig. 2),

6 Self-Learning Material



-TISSUES” Tissues

II
Pormanont tissue 

(has lost the ability to divide)
MevistGsnatic tissue 

(has ability to divide)
1

T
Apical meristem Intercalary meristem Lateral meristem

J 44
Simple

. (composed of only 
one type of colls)

Complex
(composed of differont 

—'ty-pes of cells)

Secretory
(composed of special types of cells 
which secrete oils, gums, resins)

i
Phloem
1. Sieve elements
2. Companion cells
3. Phloem parenchyma
4. Phloem fibres
5. Transfer cells

1. Parenchyma
2. Collenchyma
3. Scleronchyma

(i) Fibres
(ii) Sclercids

Xylem
1. Tracheids
2. Vessels
3. Xylem fibres
4. Xylem parenchyma
5. Transfer cells

i 4
Internal secretory 

structure
External secretory- 

structure
Fig. 1

[I] Meristems based on plan of divisions

The plane division of the cells which 
comprise the meristem is of considerable 
importance in detrmining the growth 
patterns. On the basis of the plane of cell 
division the following three types of 
meristems have been recognized.

1. Rib or file meristem. In this type of 
meristem. the plane of division is restricted 
to the right angle to the longitudinal axis of 
the cell, i.e., the cells divide only anticlinally.
This results in the formation of long rows, or 
files of cells. This meristem gives rise to the 
cortex and pith of the stem root.

2. Plate meristem. It consists of parallel 
layers of cells which divide anticlinally and 
bring about intercalary growth. This 
meristem occurs in leaves and increases 
surface area without an increase in the 
number of mesophyll layers.

3. Mass meristem. In mass meristem, 
cell divisions occur in all planes resulting 
inthe formation of a massive plant body or 
organ. This meristem is involved in early 
development of embryo, endosperm, etc.

{II] Meristems based on function

The primary meristems in the root and 
shoot apices have been classified into the 
following three distinguished categories on 
the basis of their function :

1. Protoderm. It is the outermost meristematic layer of the young growing regions 
which subsequently develop into epidermis.

2. Procambium. It is composed of narrow, elongated prosnehymatous meristematic 
cells which develop into primary vascular tissue.

promeristem
—apical meristem

—protoderm
ground meristem 
procamblum

IiII
' —epidermis 
—cortex ■

pith
pericyole 
primary phloem 
cambium

I

primary xylem

[J-cortr
. -phellogen
h -phelloderm
4J-secondary phloem

cambium
secondary 
xylem

1

11 i
Fig. 2. Schematic representation of 
various meristem in a stem and their 

gradual differentiation inlongitudinal view.
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Structure Development and 
Reproduction in Plants

3. Ground meristem. It is precursor of ground tissue system and has large and thin 
walled cells which in later stages of development become differentiated into 
h5rpodermis, cortex, pericycle, pith and medullary rays.

[IV] Meristems based on position in the plant body
On the basis of their position in the plant body, meristems have been classified into 

the following three groups f
1. Apical meristem. These are the growing points which lie at the apices of the

plants.
2. Intercalary meristem. The meristem which lies between regions of permanent 

tissue is called intercalary mristem.
3. Lateral meristem These meristems are arranged parallel to the sides of the 

organs and divide chiefly periclinally or radially. They are responsible for the inaease 
in diameter and form secondary permanent tissue e.g.. Cambium.

• 2.2. APICAL MERISTEMS
Amongst the vascular plants, meristems first appear in the embryonic shoot and 

embryonic root. These are called apical meristems because of their terminal position 
in the plant body.

[I] Shoot apical meristem
The shoot apical meristem is the terminal meristem of the shoot. It continuously 

gives rise to new cells and tissues from which new organs are formed. It is 
self-determining and autonomous organising centre of the plant.

Histologically, it is considered to be the part which lies immediately above the 
uppermost leaf primordium. It is extremelyvariable in shape 
and size, even in the same plant at different stages of 
development. The shoot apex also shows rhythmic changes in 
shape and size before and after the initiation of leaf 
primordium.

Several theories have been put forward from time to 
time to explain and interpret the mode of growth of the shoot 
apical meristem. Some important ones are discussed below.

-apical cell

T
Fig. 2. Diagrams 

showing shoot apices
According to this theory, a single apical cell is the structural with a singie apical cell, 
and functional unit of the apical meristem and it 
governs the whole process of growth 
(Fig. 3). Such a single apical cell occurs in 
algae and majority of bryophytes 
andpteridophytes. A single apical cell 
was also believed to be present in seed 
plants.

1. Apical cell theory. It is given by Negeli (1878).

2. Histogen theory. It was jyoposed 
by Hanskik in 1868. According to this 
theory, three distinct meristematic zones

-perlblem

(layers) can be recognized in the shoot 
apex of angiosperms. These layers were 
termed as histogens. The outermost 
histogen was designated as dermatogen, 
the middle one as peribletn and the Fig. 4. Schematic representation of growth of

shoot ap6x of a dicotyledon interpreted in 
terms of Hanstein’s histogen concept. 
Arrows indicate direction of growth.

plerome

innermost as plerome (Fig. 4). Definite 
functions were assigned to each histogen..
The dermatogen is destined to give rise to 
the epidermis, the periblem to the cortex 
and the plerome to the central cylinder. Subsequent studies revealed that the above

8 Self-Learning Material



layers have no morphological significance as they are not specific in their function. 
However, in most of the gymnosperms and angiosperms, it was not possible to 
distinguish these layers. Hence this theory which held ground for a long time, was later 
dropped.

3. Tunica-corpus theory. Schmidt 
(1924) proposed the tunica-corpus theory.
According to this theory two distinct 
zones occur in the shoot apex of the 
angiosperms. The peripheral zone 
consisting of one or more layers of 
regularly arranged cells was termed as 
tunica and the inner core of cells 
surrounded by tunica as corpus (Fig. 5).
These two zones can be distinguished on 
the basis of the plane of cell division.
Tunica, is characterized by only anticlinal 
divisions, while the cells of corpus divide 
in various planes.

Tunica and corpus have separate initials which are contiguous with one another at 
the tip of the apex. The number of initials in these two zones varies in different species. 
This zone was identified as ‘apical initial group’ (Foster, 1938) or ‘zone of initial 
cells’ (Slant, 1952).

4. Mantle-core hypothesis.
Chan (1950)

mantle-core 
hypothesis. They differentiated 
the shoot apex into two histological 
zones without taking into account 
the planes of division. Their mantle 
included all the outer layers of the j 
apex and tunica was confined only 
to those layers of mantle which 
divide anticlinally. The mass of cells 
surrounded by mantle was termed 
as core (Fig. 6).

5. Histogenic layer theory.
According to Dermen (1974), 
naturally occurring periclinal
cytochimeras in apple and periclinal cytochimeras in cranberry and peach induced by 
colchicine treatment, tunica-corpus designations in these plants be replaced by 
reference to primary histogenic layers. He recognized three basic histogenic layers 
in all angiospermic plants which were Referred to L-I, L-II and L-III layers. These layers 
exist in various combinations of ploidy in the shoot apex. For example, the cells of L-I 
may be 2x, those of L-II 2x, and those of L-III 4x. Expressed in terms of ploidy, the 
constitution would be 2,2i4. Besides this, there exists possibilities of various other 
combinations, such as 2-2-2, 4-2-2, 2-4-4, 4-4-4 and 2-4-2. The epidermis of the stem and 
leaves is derived from L-I. The L-II layer forms 1-3 layered hypodermis of stems, but in 
some cases inner cortical tissues are also derived from it. The vascular tissue and pith 
originate from L-III

5. Anneau initial and meristeme d’attente theory. This interpretation of apical 
organization, based on Plantefol’s theory of phyllotaxis, was put forward by Buvat 
(1952,1955). The three distinct regions recognized in the apical meristem are : anneau 
initial (the peripheral active zone), meristeme d’attente (the waiting meristem that 
becomes active only during the formation of inflorescence or terminal flower) and

• Tissues

tunica

corpus

%

Fig. 5. Schematic representation of growth of 
shoot apex of a dicotyledon interpreted in 
terms of tunica-corpus concept Arrows 

indicate direction of growth.

mantle layerc:;Popham and 
introduced central 

mother 
cell zone 
(core)

cambium 
like zone

i

6'' / _____ _
»/ peripheral

meristem
rib mer^m

Fig. 6. Schematic representation of growth of shoot 
apex of a dicotyledon interpreted in terms of the 
mantle-core concept. Arrow indicate direction of 

growth.
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' sporogene i S
promeristeme «
receptaculalreri

anneau initial

jif
! ~! —I _ I “ meristeme meduliaire

Fig. 7. Schematic representation of growth of shoot apex of a dicotyledon interpreted 
in terms of anneau Initial and meristeme d'aiternate concept

meristeme meduliaire (the central pith region) (Fig. 7), The correlation of these zones
with tunica and corpus is shown below.

anneau initial ,, ,, ,meristme d attente
promeristeme sporogene 
promeristeme receptaculaire 
meristeme meduliaire (pith meristem)

Cytological observations relating to nuclear and nucleolar size, degree of 
vacuolation, chondriosome counts of mitosis and location and synthesis of protein and 
DNA, corroborate the presence of a distal inactive zone.

This theory, however, became controversial chiefly because it recognised the 
centrally situated cells as a waiting meristem. Several workers, such as Ball (1955), 
Cutter (1959) and Loiseau (1959) have shown that under certain conditions, the central 
meristeme is capable of dividing actively and of giving rise to a whole vegetative shoot.

6. Cyto-histological zonation. The 
shoot apices of gymnosperms, with the 
exception of Gnetales, do not have a 
surface layer which divides anticlinally.
Thus they can not be interpreted in 
terms of tunica-corpus theory. Foster 
(1939) described the shoot apex of 
Ginkgo biloba in terms of certain regions 
or zones which have distinct cytological 
characteristic and react differently to 
staining (Fig. 8). These zones were 
considered to have a dynamic 
relationship with growth processes in, 
the apex. The four interrelated growth 
zones recognised are as follows : (i)
Apical initial group, it includes a 
group of initials along the apical surface Ginkgo bioba to show cytohistological
and their lateral and sub-adjacent zonation.
derivatives, (ii) Central mother cell zone, this zone lies below the apical initial group 
and is derived from them. This entire distal group of cells which usually takes a lighter 
stain is conspicuously vacuolated and has a relatively low rate of mitotic activity, (iii) 
Rib meristem, it consists of centrally situated derivatives of central mother cells 
which give rise to the pith. The cells of this zone are considerably vacuolated and divide 
transversely to form vertical files. This zone is also called file meristem or pith

•Tunica

Corpus

apical initial group

central mother 
cell zone / 
(CMZ) /

meristem

rib meristem

Fig. 8. Schematic representation of the shoot
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meristem. (iv) Peripheral meristem, this zone which is also called flank meristem, 
originates partly from the lateral derivatives of the apical initials and partly from 
the central mother cells. The cells of this zone are densely staining and mitotically 
active. Locahzed activity of this zone results in the formation of leaf primordia. 
Periclinal divisions in this zone bring about the elongation of the shoot and anticlinal 
divisions increase the width.

In addition to the above mentioned four cytohistological zones, Popham and Chan 
(1950) have described a fifth zone, the cambium like zone, occurring just below the 
youngest leaf primordium. Located between the central mother cells and rib and flank 
meristems. The cambium like zone is not a universal feature and its presence is 
reported only in some taxa Beilis perennis and Ricinus communis. This zone is usually 
short lived and develops during mid-plastochron and disorganises soon after the 
plastochron ends. Successive zones, however, appear during next plastochrons and the 
remnants of the previous ones can be seen in older parts. Most of the recent workers do 
not consider cambium like zone as a part of the apical meristem since neither it is 
present in the proper meristematic head 
nor it contributes to the elongation of the 
apex.

Regions of Shoot Apex
Wardlaw (1957,1965,1968) defined the 

shoot apex as a system of integrated and 
interrelated zones. He recognized five 
regions in the shoot apex : (i) Distal 
region, it comprises of a group of initial 
cells arranged inone or more tiers and Pi9- 9- Schematic representation of a shoot 
constituting the foci point of the meristem ape* w'th whpried phyliotexis, envisaged as 
upon which the integrity of the shoot a system of contiguous interreiated zones, 
depends; (ii) subdistal region, it consists of superficial layers of meristematic cells, 
where growth centres are located; (iii) Organogenic region, in this region leaf 
initiation takes place and tissue differentiation has its inception or becomes more 
onspicuous; (iv) Region of maturation, inthis region there is no further division or 
differentiation of tissue (Fig. 9).

Tissues

'O
.aigmvBrte npan

o npcn

.nOon. 0^ 
noUMIen

• 2.3. ROOT APICAL MERISTEM
The apical meristem of primary root starts differentiating in the embryonic radicle. 

The cells comprising the apical meristem of primary root are densely cytoplasmic with 
large nuclei. They are relatively undifferentiated, meristematic and undergo active 
divisions.

In roots, the root cap occupies the terminal position. Epidermis, cortex and vascular 
cylinder are three principal tissue systems of the root which are limited close behind the 
root apex.

Theories for Root Apical Meristem
Several theories have been proposed to describe the organisation of root apical 

meristem.

[I] Apical cell theory
The theory was proposed by Nageli in 1858. He observed a single tetrahedral apical 

cell in the root apices of a number of vascular cryptogams. The divisions in this apical 
cell in upper three sides give rise to tissues of the body of the root, and the root cap is 
derived from its base. This concept does not hold good for flowering plants where a 
group of initials has been observed in the root apex.

Self-Learning Material 11
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[II] Histogen theory
This theory was gien by Hanstein in 1868. Theory 

explains the existence of three layers of meristems or 
histogens, dermatogen, periblem and plerome, in the 
root apex (Fig. 10). Each of these layers has a specific 
function: the dermatogen gives rise to the epidermis, the 
periblem to the cortex, and the plerome to the vascular 
cylinder of the mature root. Haberlandt (1914) proposed 
the names protoderm, ground meristem and 
procambium respectively for these histogens.

On the basis of cellular configuration, the root apical 
meristem has been divided into a number of types by (Fig. 
11). In type ‘A’, all tissues of root apex, including root cap 
are derived from a single apical cell as in vascular 
cryptogams (Fig. 11 A). In type ‘B’, there are two groups of 
initials, one gives rise to the vascular cylinder and the 
other to cortex, epidermis and root cap (Fig. 11 B). Intyp'e 
‘C there are poorly individualized initials which give rise 
to the vascular cylinder, cortex and root cap (Fig. 11 C). In 
type ‘D’, there are three groups of initials which give rise

periblem

plerome

Fig. 10. Schematic 
representation of the growth 

of root apex of a 
dicotyledon interpreted in 

terms of Hanstein’s 
histogen concept.

I central! 
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Fig. 11 A'D. Organization of root apical meristem: A. A single apical cell is tiie source of 

all parts of root and root cap; B. Two groups of Initials, giving rise to the vascular 
cylinder and to the cortex, epidermis and root cap; C. Distal region with poorly 

individualized initials is the source of central cylinder, cortex, and root cap; D. Three 
groups of initials, giving rise to vascular cylinder, cortex, epidermis and root cap.

to the vascular cylinder, cortex and epidermis, and root cap respectively (Fig.11 D).

[Ill] Korper-kappe theory
This theory is proposed by 

Schuepp in 1917. According to 
him, the cells at the root apex 
divide in two planes. First, a cell 
divides into two by a transverse 
division and then one of the 
daughter cells divides by a 
longitudinal
sequence was termed as 
division. On the • basis of such 
divisions he differentiated two 
zones in the root systems, Korper 
and Kappe (Fig. 12). In some parts 
of the root, especially in the outer

I
It

'J~ canlrsl 
/ cell

/
! 1 \-T7TTrr •Kofpe'’

■4—Kappe ■ 
rsicn

Thisdivision.
<rp» root cap

v\
Fig. 12. Root apex of Zea mays in longitudinal section 

showing pattern of cell lineages, interpreting its 
organization on Korper-Kappe concept.
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region, the 'T' is straight, i.e., after the first horizontal division, the lower daughter cell 
divides longitudinally. In others, mainly in the inner region, the‘T’ is inverted, i.e., the 
second division takes place in the upper daughter cell. The zone with inverted “T type of 
division takes place in the upper daughter cell. The zone with inverted T type of 
divisions was termed as Korper (cap), whereas the one with straight T as Kappe 
(body).

The Korper-Kappe theory, though still a useful method of describing root apices, has 
failed to explain the differences in 
behaviour in different species.

[IV] Concept of quiescent centre
Clowes (1956, 1958), while making 

autoradiographic studies of DNA synthesis 
in the root tip of Zea, discovered a central 
cup-like region of cells lying between the 
root cap and the active meristematic 
region. The cells in this region have lower 
concentration of DNA, RNA and protein 
than the other cells in the root apex. The 
roots fed with radio-active precursor of 
DNA showed that the cells in this region 
did not actively synthesize DNA. This 
central inactive region of the root was 
named as quiescent centre (Fig. 13).

According to Clowes (1959, 1961), the 
cells of quiescent centre are inactive 
because of their position in the apical showing quiescent genetic. The gradation of 
raeristem, and not due to any inherent mitoli activity in different zones Is shown by 
inability to undrgo division.

Possible causes of the apearance of 
quiescent centre in a growing root may be antagonisitic directions of cell growth in the 
various parts of the meristem or the presence a rapidly dividing cells around this region 
which make it inactive.

Tissues

■■

S' —- procambium

cortex

1im ■m. protodemi

B-M qdescent'1■/

centre,v
/ root cap

Fig. 13. Schematic representation of the 
growth of the root apart of Allium cepa

means of shading

• 2.4. CAMBIUM AND ITS FUNCTIONS OR LATERAL MERISTEM
The cambium is a lateral meristem that produces secondary vascxdar tissues. It is 

usually a continuous sheath of cells surrounding the primary xylem of the stem and 
root. It is generally believed that the true cambium consists of only a single layer of 
initials.

In plants that have no secondary growth, all cells of the procambium differentiate 
into primary vascular tissues. In plants that undergo secondary growth, a part of the 
procambium remains meristematic and develops into the cambium of the secondary 
body. Thus there is a continuity between the procambium and cambium and as a matter 
of fact they represent two stages of a vascular meristem. The cambium that originates 
from the procambium and located between the metaphloem and metaxylem is known as 
the fascicular cambium. The additional strips of cambium, the interfascicular 
cambiun^ which develop from the interfascicular parenchyma join with the fascicular 
cambium to form.a hollow cylinder of cambium. The cambial cylinder, once complete, 
divides predominantly periclinally and produces secondary phloem centrifugally and 
secondary xylem centripetally.

In roots, where alternate strands of xylem and phloem are present, the cambium 
originates in a different manner. Here strips of cambium develop fi'om the procambial 
strands inside the primary phloem bundles. These cambial strips extend and join in the 
pericycle opposite the primary xylem strands. The cambial cylinder thus formed in the 
root is of undulate form but it soon becomes circular with rapid formation of the 
secondary tissue beneath the phloem strands.
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structure of Cambium
The cells of vascular cambium are highly vacuolated. They have highly pitted thin 

walls that give a beaded appearance. The radial walls are usually thicker than the 
tangential walls and their pit fields are deeply depressed. There are numerous 
cytoplasmic connections between the cambial cells. Vascular cambium is usually 
composed of two basic types of initials : (i) ray initials, and (ii) fusiform initials. Ray 
initials give rise to parenchymatous vascular rays. Fusiform initials are considerably 
long with tapering ends and owe their name to the spindle shape they show in 
tangential section. The secondary xylem 
and phloem differentiate from these 
initials (Fig. 14). The fusiform initials 
show great differences in the 
proportions of length to tangential width 
in various species, although their shape 
remains fusiform characteristically.

Structure Development and 
Reproduction in Plants

wall wiS^ 
vacuolalsd primary prt 
proloplasl fields nucleus

Pig. 14. A fusiform initial.

• 2.5. PRIMARY AND SECONDARY XYLEM
A. Xylem

The vascular system of the plant consists of xylem, the principal water conucting 
tissue and phloem, the principal food conducting tissue. The apical promeristem forms 
the xylem of the primary plant body, derived from procambium is known as primary 
xylem. The secondary xylem arises from the vascular cambium. The primary and 
secondary xylem although have some histologic differences, both are complex tissues 
composed of the same principal types of elements. Ray parenchyma forming the radial 
system, is present in the secondary xylem, whereas it is absent inthe primary xylem.

Xylem is composed of several types of living and non-living cells. The principal cell 
types of xylem are tracheary elements (tracheids, vessels), xylem fibres and 
xylem parenchyma.

[I] Tracheary elements
Both tracheids and vessels are more or less elongated 

cells with lignified secondary walls having a variety f pits.
They are non-living cells.

The two kinds of tracheary elements differ from each 
other. Tracheids which originate from spingle cells are 
imperforate cells having only pit pair on their common 
walls (Fig. 15 A, C). On the other hand, vessel member 
which are joined into long continuous tubes of varying 
len'gths, originate from a longitudinal file of cells. They 
have perforations on their end wall (Fig. 16A-F, Plate lA,
B) and the sap moves from one vessel member to another 
through these perforations. Tracheids are present in all 
vascular plants, whereas vessels are confined to 
angiosperms with the exception of some primitive groups.

The tracheary elements of first formed xylem 
(protoxylem) have secondary wall thickenings in the 
form of rings (annular) or helices (spiral) (Fig. 17 A, B;
Plate 2-C). In later formed xylem (metaxylm) and 
secondary xylem,- the helical bands are joined in certain 
regions giving the appearance of a ladder. Such 
thickening is known as scalariform thickening (Fig.
17C). In still later formed tracheary elements, the 
secondary wall thikening are inthe form of a network, 
known as reticulate thickening (Fig. 17D). In the late phmai-y xylem and in the

Fig. 15. A-C. Trachids from 
secondary xylem A. 

Aristolochia; B. Ephedra; 
C. Pinus.
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Fig. 16 A-F. Vessel types : A-B. Wide vessel with simple perforation plate; C. Vessel with 
scalariform perforation plate; D-E. Narrow vessels with simple perforation plate and tail 

either on both (D) or one (E) end; F. A narrow vessel with reticulate perforation plate.

secondary xylem the entire wall surface is thickened except for uniformly distributed 
thin areas known a pits (Fig. 17E).

J g>^e>g>
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zs

ZZ2

'DA C E
Fig. 17. A-E. Types of wall thickenings in tracheary elements : A. Annular;

B. Spiral; C. Scalariform; D. Reticulate; E. Pitted.

In vessel elements perforations are usually present on the end walls. The region of 
the wall where perforations occur is known as perforation plate. The area 
surrounding the perforation plate is called perforation rim. When perforation plate 
contains one large pore it is known as simple perforation plate (Fig. 17A, B, D, E) and 
when more than one pore is present is cabled multiple perforation plate (Fig. 17 C, F).

[II] Xylem Fibres
, Fibres are long cells, found both in primary and secondary xylem. They have thicker 

walls and reduced pit borders in comparison to tracheids. Two main types of xylem 
fibres are fibre-tracheids and libriform fibres which intergrade with each other 
(Figs. 18A, B). Fibre tracheids have bordered its-with less developed borders, whereas 
libriform fibres have simple or almost simple pits. Fibres of both categories retain their 
living contents for a long time, and are concerned with storage of reserve materials like 
strarch and oil.

[III] Xylem parenchyma
Parenchymatous cells are present both in primary and secondary xylem. In 

secondary xylem, the xylem parenchyma is of two types : (i) axial or wood
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parenchyma (Fig. 18C). it develops from 
fusiform cambial initials along with other 
tracheary elements, the length of axial 
parnchyma cells is usually equal to fusiform 
initials. These cells are characteristically 
arranged in a vertical series and are placed end 
of end; (ii) ray parenchyma (Fig. 18D, E), 
which is arranged in radial transverse series 
and develops from the fusiform cambial initials.
They divide transversely before differntiating 
into ray parenchyma.

In secondary xylem, the walls are often 
thickened and lignified and the pits between 
paenchyma cells may be bordered, half bordered 
or simple.

The main function of xylem parenchyma is 
storage of food materials. The ray parenchyma of 
secondary xylem may also be concerned with 
radial conduction of water.

[IV] Transfer cells

These cells although vary in form in different 
species, are characterized by wall ingrowths of 
unlignified secondary wall (Fig.
Plasmodesmata are also present on the walls 
of the two adjacent transfer cells. They are 
commonly present in the nodal region of the 
stem and have a strong association with leaf parenchyma cells. A. Fibre tracheid; B. 
traces. Xylem transfer cells are differentiated 
after the tracheary elements. Two cells are 
formd as a result of the division of the 
procambial cell adjacent to protoxylem. One of 
these cells becomes xylem parenchyma and 
the other transfer cell. Transfer cells are 
associated with the intensive transfer of 
solutes.

Difference between primary and 
Secondary Xylem

Primary Xylem ;

1. It is primary in nature and is derived 
from procambium.

2. It is differentiated into protoxylem and 
metaxylem.

3. Tacheids and vessels are narrow and 
long vessels do not possess tylosis.

4. Xylem fibres are less in number.
5. No differentiation of sapwood and heartwood and no formation of annual ring.

Secondary Xylem
1. It is secondry in natiure and is derived from fascicular and interfascicular

cambium. - --
2. No such differentiation is seen.
3. These are wide and short. Vessels are blocked by tyloses.
4. These are abundantly present.

Structure Development and 
Reproduction in Plants
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Fig. 18. A'E. Xylem fibres and

Libriform fibre; C. Axial parenchyma
cell; D-E. Ray parenchyma cells.
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Fig. 19. Xylem parenchyma transfer cell 

showing elaborate wall ingrowths 
adjacent to protoxylem.
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5. Sapwood and heartwood are distinct in the form of annual ring. Tissues

• 2.6: PRIMARY AND SECONDARY PHLOEM
Phloem is the principal food conducting tissue. Like xylem, phloem is also a complex 

tissue. Tissues of both primary and secondary phloem contain the same categories of 
cells. However, the secondary phloem is organised into two systems, the axial and the 
radial, only axial system is present in the primary phlom as there are no rays. The 
basic components of the phloem are sieve elements, companion cells, phloem 
parenchyma and phloem fibres (Fig. 20). An another kind of cell type, the transtfer 
cell, has recently been reported fromthe phloem.

V

Gsieve piais

Fig. 20. A-G. Phloem tissue; A-B. Sieve tube members in transverse and 
longitudinal sections respectively; C. Sieve plate, D. Sclereid, E. Phloem 
parenchyma cell; F, G. Unseptate and septate phloem fibres respectively.

The phloem is placed outside the cambium of the vascular bundles. The 
differentiation of phloem occurs in embryonic stage. The primary phloem originates 
from the procambium and the secondary phloem fromthe vascular cambium, during 
primary and secondary growth of the plant respectively. The part of the primary 
phloem, which is formed only in the ontogenetic stages is termed as protophloem and 
the one which differntiates, subsequently constitutes the metaphloem.

[I] Sieve elements
There are two kinds of sieve elements, sieve cells and sieve tube elements. Sieve 

cells, which occur in pteridophytes and gymnosperms, are single cells with specialized 
sieve areas usually in their lateral walls, whereas sieve tubes, which occur in 
angiosperms, are longitudinal file of cells with more and mof^pecialized sieve 
(sieve plate) usually in or near an end wall (Plate 3), The description of the sieve 
elements (Esau, 1969) is as folows : '

1. Sieve cell. It is a sieve element in which the sieve areas in all walls have a similar 
degree of specialization and there are no regions that can be distinguished as sieve 
plates.

area

2. Sieve tube element (Sieve tube member). Sieve tube element is a cell in which 
certain sieve areas are more huighly specialized than others. These specializd sieve 
areas are called sieve plates. These are largely localised on end walls.
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3. Sieve tube. When a number of sieve tube 
elements are placed end to end in a long series, they 
form tube like structure called sieve tube.

4. Sieve areas. These are thin areas or pit-like 
recesses in the walls of sieve elements where pores 
with connecting stands are grouped. It refers to 
various clusters of pores in sieve element walls.

5. Siev plate. A wall or part of a wall bearing 
one or more highly differentiated sieve areas with 
conspicuous pores-is called sieve plate (Fig. 20C). If 
a sieve plate has only one area, it is known as 
simple sieve plate and when more than one it is 
termd as compound sieve plate (Fig, 19).

6. Lateral sieve areas. Sieve areas which are 
less differentiated then sieve plates and are located 
on the lateral walls of the sieve element are known 
as lateral sieve areas.

Structure of sieve element. Sieve elements 
are cylender, elongated cells whose length is usually Fjg. 21. A-B Sieve tube : A. A sieve 
several times than the width (Figs, 19B, 22A). tube member with compound sieve 
There is great variation in the length and width of plate; B. Compound sieve plate in 
sieve elements with in the same plant. This usually 
depends upon their position in the plant body,

Variations in the shape of sieve 
elements are usually determined by 
the degree of inclination of the end 
walls. Long sieve tube elements are 
characterised by oblique end walls, 
while the short elements usually have 
transverse end walls. The long sieve 
tube have a compound sieve plate and 
the short sieve are simple sieve plate.
Cheadle (1948) has observed that 
sieve elements in leaves, inflorescence 
axis, corns and rhizomes are more 
specialized as they have slightly 
oblique end walls and simple or 
compound
comparision to sieve element m roots 
with very oblique end walls and large 
compound sieve plates. Sieve element 
inthe aerial stems are, however 
intermediate.
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The walls of sieve elements vary in 
thickness but they are usually thicker 
than those of the neighbouring 
parenchyma cells. They have usually

Fig. 22. A-B. Phloem ; A. Phloem tissue from the 
stem of Nicotiana tabacum showing sieve tubes, 

companion cell and phloem parenchyma, B. A 
primary walls which consist mainly of part of sieve tube showing sieve plat, magnified, 
cellulose. However, sometimes special
thickening, known as nacreous thickenings develop. These thickenings have 
glistening properties and sometimes almost occlude the cell lumen. Recent studies have 
revealed that these fibres are predominantly parallel in arrangement and oriented at 
right angles to the longitudinal axis of the cell. The plasmalemma, lying inner to the cell 
wall, has the typical three-layered structure of a unit membrane^
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Sieve elements are living cells which usually contain no nucleus at maturity. 
Degeneration of nucleus starts during differentiation of sieve elements (Fig. 23).

In mature sieve elements there is a thin layer of parietal cytoplasm and a large 
central vacuole- A common feature of the sieve tube is he presence of a variable amount 
of a slimy substance of proteinaceous nature in the vacuole along with the sap. The 
slime originates in the cytoplasm in the form of discrete bodies the slime bodies, that 
occur either singly or in multiples and are variously shaped (Fig. 23 D, E). In young 
sieve elements, these bodies consists of aggregaties of tubules, designated as 
Pj-protein. During the maturation of the sieve elements these tubules are dispersed in 
the cytoplasm to form groups of striated fibrils, designated as Pg-proteins. These 
tubules are 180-230 A wide, and are composed of six more or less spherical sub-units of 
60-70A diameter, arranged helically along the tubules. There may be double helix of 
two strands of sub-units (Parthasarathy and Muhlethaler, 1969). The reports that sieve 
plate pore 8 are frequently plugged with P-protein has led to the suggestion that it may 
bo involved in the scaling of the pores after wounding (Cronshaw, 1974; Parthasarathy, 
1975), Esau (1971) a, b) reported that P-proteins promotes movement of materials 
through the cell.

Tissues
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Fig. 23. A-F. Differentiation of sieve tube members in primary phioem of Cucurbita : A, B. 
Celts before and after divisions; C. Young sieve eiemental and precursor of companion 

cells; D. Developing sieve element with slime bodies of maxima size and highly vacuolated 
nucleus, precursor of companion cell thus formed two companion cells; E. Slime bodies 
partly fused and nucleus disorganised in young sieve element; F. Mature enucleate sieve 

element with dispersed slime associated with two nucleate comparison cells.

The most characteristic features of the sieve tubes is the presence of thikened cross 
walls between two adjacent sieve tube members. These are known as sieve plates. 
Each sieve plate has a large number of perforations (Fig. 22). The pore diameter in 
angiosperms ranges from less than 1 micron to about 14 microns depending upon the 
species. Two types of sieve-plates usually distinguished are simple and compound 
sieve plates. Simple sieve plaes are transversely placed and consist of one region of 
pores (Fig. 20B, C) while the compound sieve plates are somewhat obhquely inclined 
with several regions of pores separated by bars (Fig. 21).
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As a result of secondary growth in dicotyledons, it appears that these tissues have a 
short conducting life. However, amongst monocotyledons, where thre is no secondary 
growth, the enucleate sieve elements function throughout the plant life (Parthasarathy 
and Tomlinson, 1967),

[II] Companion cells
Associated with the sieve tube elements of the angiosperms, there are highly 

specialized parenchyma cells known as companion cells. The sieve tube elements and 
the companion cells are develop from the same mother cell.

Normally, one companion cell is associated with a sieve tube cell m the primary 
phloem of herbaceous plants. But sometimes, as in carrot, more than one cell may be 
associated with a sieve tube. In the secondary phloem of woody plants many short 
companion cells are associated with a sieve tube.

They are living cells having dense granular cytoplasm with a prominent elongated 
nucleus and numerous small vacuoles. Starch grains are never found in the companion 
cells but albuminous contents, similar to those in the sieve tube, do occur. Young 
companion cells are full of organelles (plastids, mictochondria, dictyosomes, ER, and 
ribosomes).

Companion cells, alongwith phloem parenchyma play an important role in the 
maintenance of a pressure gradient in the sieve tubes. They form a link between sieve 
tube cell and other cells and control the passage of materials.

In pteridophytes companion cells are absent but instead intensely staining 
albuminous cells are present. Like companion cells, albuminous cells are also connected 
with sieve cells. Albuminous cells do not contain starch during the period when the 
phloem is active but may store it during the rest period.

[III] Phloem prenchyma
Prenchyma cells associated with phloem are concerned with stoage of starch, fat and 

other organic food materials,' accumulation of tannins, resins, crystals, mucilage, etc. 
and lateral transport of soluble food materials and water. The phloem parenchyma cells 
are elongated pointed, cylindrical and sub-spherical or polyhedral. They are typical 
parenchyma cells derived from the phloem initially and found associated with the sieve 
tube cells {Fig. 20 E; 22A). They are living cells. In the active phloem, these cells have 
only primary walls with primary pit fields, but later on they may become scleidfied.

In the secondary phloem they occur as two systems, the vertical and the 
horizontal. The vertical system runs longitudinally along the sieve elements in the 
organ and the horizontal system forms the phloem rays that run horizontally across the 
organ and serves to conduct the food materials in a radial direction,

[IV[ Phloem fibres
Fibres occur in the primary as well as secondary phloem (Fig. 20A). In primary 

phloem they occur in the outermost part as they are derived from the crushed 
protophloem elements. While in th secondary phloem they arise from the fusiform 
cambial cells as component of the vertical system.

The phloem fibres are typically elongated cells, having interlock ends and lignified 
walls with simple pits. They differ from the xylem fibres in having small, rounded or 
linear simple pits. The fibres may be nonseptate (Fig. 20F) or septate (Fig, 20G), At 
maturity they may be living or non-living. Rotation of cytoplasm in phloem fibres 
suggests that they may conceivably play a role in transport of materials, in addition to 
providing support.

Besides above cells two types of cells are also found associated with phloem in some 
plants./

1. Sclereids. They may occur alone or in combination with fibres. They may be 
present in both axial and radial systems of the secondary phloem. Sclereids

Structure Development and 
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Tissuesdifferentiate in older parts of the phlom as a result of scalerification of parenchyma cells 
(Fig. 20D) e.g; Quercus, Rhamnus and Cinnomomuni.

2. Transfer cells. The phloem cells which are responsible for short distance 
transport of metaboUtea are named transfer cells. These cells are characterised by 
wall ingrowths and a cytoplasm rich in organelles. They consist of a specialized form of 
unlignified secondary cell wall deposited on the innerside of the primary wall. 
Plasmodesmata usually occur between two adjacent transffer cells. The dense 
cytoplasmic contents of transfer cells have a large, often lobed nucleus numerous 
mitochondria, dictyosomes, ribosomes and ER (Endoplasmic Recticulum),

Transfer cells are particularly common in minor leaf veins and at nodal regions of 
shoots.

Function of Phloem
Phloem is primary responsible for the translocation of organic materials (also called 

as food) from site of synthesis to storage sites or sites of metabolic demand
The P-protein present in the sieve elements is an active participant in the transport 

process. If sieve element is injured, the P-protein plugs the sieve plates thereby 
ehminating leakage of assimilates when plant is wounded.

Companion cells, which are in close association of sieve tubes, provide metabolic 
energy for the movement of assimilates into and out of the sieve tubes. It is generally 
believed that companion cell and sieve tube element is a single functional unit in which 
the energy produced by the cytoplasm containing companion cell is utilized by the 
translocation-adapted sieve tube element.

Difference between Primary Phloem and Secondary Phloem
Primary Phloem

1- Derived from procambium of apical meristem.
2. District protophloem and metaphloem elements.
3. Sieve tubes long and narrow.
4. Less or no development of phloem parenchyma.
5. Phloem fibres on the outer part.

Secondary Phloem
1. Derived from vascular cambium.
2. No clear demarcation between photophloems and metaphloems.
3. Sieve tubes short and wide.
4. Well developed and abundant phloem parenchyma.
5. Phloem fibres among the phloem parenchyma.

• 2.7. OTHER FUNCTIONS OF CAMBIUM
The important function to which cambial cells owe their importance is their 

continued division in a tangential plane producing secondary xylem and secondary 
phloem and thereby increasing the girth of the plant.

The extent of secondary growth in a plant depends upon the activity of the cambium 
that shows fluctuations in relation to the external environment. For example, in plants 
growing in tropical regions, the cambium is active throughout the entire life of the 
plant. Therefore new secondary xylem and phloem cells are added continuously to the 
vascular tissue.

2. Cambium in Healing of Wounds and Grafting
In the event of formation of wound, the cambium rapidly forms a soft parenchyma 

tissue, callus or wound tissue, on or below the damaged surface. The outer .cells of the 
wound tissue develop a periderm or become suberized thus providing a protective layer.
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At times the cambium gets injured during the growing season and under such 
conditions it regenerates from the immature cells of xylem the injury.

3. Cambium in graffing
The horticultural practices of grafting and budding are based on the ability of the 

cambium of both stock and scion to develop callus, and to fuse to form a continuous layer 
at the junction of the stock and scion which gives rise to normal conducting tissue. Thus 
in grafting, there is actual union of the cambium of two plants.

Structure Development and 
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• 2.8. CAMBIUM IN MONOCOTYLEDONS
Although normal cambium is absent in monocotyledons, in the stem and rhizome of 

some species (e.g,, Agave, Dracaena and Yucca), a ring of meristematic tissue arises 
within the parenchymatous tissue outside the primary vascular bundles. In function, 
these cells differ from cambial ceDs of dicotyledons as they form entire vascular bundles 
(comprising both xylem and phloem in an amphivasa! arrangement) towards the centre 
of the axis. These secondary vascular bundles remain embedded in the parenchymatous 
tissue known as conjunctive tissue.

Cambium in the plants growing in temperate regions becomes dormant under 
unfavourable conditions, usually in autumn. It again becomes active in the following 
spring and then the cambial cells become wider and undergo anticlinal and periclinal 
divisions. Such seasonal variations in cambial activity result in the formation of growth 
or annual rings of secondary xylem and phloem in plants of temperate regions. These 
growth rings help in the calculation of the age of a tree.

• 2.9. GROWTH RINGS
These can usually be most clearly seen on the end of a log, but are also visible on the 

other surfaces. If these seasons are annual these growth rings are referred to as annuaJ 
rings. Where these is no seasonal difference growth rings are likely to be indistinct ot 
absent.

If there are differences within a growth ring, thenthe part of a growth ring nearesti 
the center of the tree, and formed early inthe growing season when growth is rapid, is 
usually composed wider elements, it is usxially lighter in olour than that near the outei- 
portion of the ring, and is known as early wood or sringwood. The outer portion of the 
ring, and is known as early wood or springwood. The outer portion formed later inthe 
season is then known as the latewood or summer wood.

• 2.10. HEARTWOOD AND SAPWOOD
Sapwood is the younger, outrmost wood; inthe growing tree it is living wood, and its 

principal functions are to conduct water from the roots to the leaves and to store up anc 
give back according to the season the reserves prepared in the leaves. However, by the 
time they become competent to conduct water, all xylem tracheids and vessels have los 
their cytoplasm and the cells are therefore functionally dead. AU wood in a tree is firs 
formed as sapwood. The more forming Heart wood leaves a tree bears and the mrot- 
vigorous its growth, the larger the volume of sapwood required.

Heartwood is wood that as a result of a naturally occurring chemical transformation 
has become more resistant to decay, heartwood formation occurs spontahneously.

Usually heartwood looks different (Fig. 24). Heartwood may be much darker than 
living wood. It may be sharply distinct from the sapwood. However, other processes 
such as decay, can discolor wood, even in woody plants that do not form heartwood. witl* 
a similar colour difference, which may lead to confusion.

The term heartwood derives from its position. This is evidenced by the fact that; 
tree can thrive with its heart completely decayed. Some species begin to form heartwooi
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very early in life, so having only a 
thin layer of live sapwood e.g.. \ 
chestnut, black locust, mulberry and 
sassafras while in maple, ash, 
hickory, hackbcrry, beech, and pine, 
thick sapwood is the rule.

There is no definite relation 
betwoon the annual rings of growth 
and the amount "of sapwood.
Sapwood is thicker inthe upper 
portion of the trunk of a tree than 
near the base, because the age and 
the diameter of the upper sections 
are less.

When a tree is very young it is 
covered with limbs almost, if not 
entirely, to the ground, but as it 
grows older some or all of them will 
eventually die and are either broken 
off or fall off. Subseunt growth of 
wood may completely conceal the 
stubs which will however ramin as knots. The sapwood of an old tree will be freer from 
knots than the inner heartwood. Since in most uses of wood, knots are defects that 
weaken the timber and timber with its ease of working and other properties, it follows 
that a given piece of sapwood, because of its position in the tree, may well be stronger 
than a piece of heartwood from the same tree.

Tissues

e

Fig. 24. A section of Yew branch showing 27 
annual growth rings

• 2.11. PERIDERM
Periderm replaces the epidermis as the protective covering in stems and roots of 

plants with secondarj' growth. The periderm consists of three structures :
1. The cork or phellem;
2. The cork cambium, or phellogen; and
3. The phelloderm.
The cork or phellem is nonliving and is the protective tissue formed to the outside by 

the cork cambium. The cork cambium or phellogen is the meristem that produces the 
periderm. The phelloderm is a living parenchyma tissue formed to the inside of the 
meristem.

• SUMMARY
A group of cells which function collectively is called tissue. A number of such groups 

compose a complet structure of plant. Tissue can be of two types 1. Meristematic (cells 
have capability to divide), 2. Permanent (cells of the tissue can not divide). 
Meristenatic tissue on the bases of its position can be apical, intercalary or latral. 
Apical meristem is the tissue lie at the apices or at tip of growing (shoot or root) plant. 
Cambium is an example oflateral meristem which is resonsible for increase in diameter 
by producing secondary permanent tissue i.e., xylem and phloem. Xylem is mainly 
consists of tracheary elements (tracheids. vessels), Xylem fibres and xylem 
parenchyma, while phloem is composed of sieve elements, companion cells, phloem 
parenchyma and phloem fibres. The main function of xylem is to transport water and 
soluble mineral nutrients from roots to throughout the plant while phloem transport 
food materials (from photosynthesis) to non photosynthetic parts of plant (from shoot to 
roots).
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• STUDENT ACTIVITY
1. Define Tunica-Corpus theory for shoot apical meristem.

2. Define permanent tissue.

3. What is difference between primary xylem and secondary- xylem ?

• 4. Define growth ring ? How they are useful ?
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Tissues• TEST YOURSELF
1. Cambium is responsible for ?
2. Who proposed "histogen thory’ to explain shoot apical organisation ?
3. Who proposed 'Korper-Kappe Theory' to explain root apical meristem ?
4. Who is responsible for wounds heahng of plant ?
5. The age of the tree can be calculated by ?
6. All the wood formed intree is transformation of ?
7. Which wood is light in colour ?
8. Which tissue transport product of photosynthesis for leaves to other part of plant ?

Answers
1. Secondary growth 2. Hanstein in 1868 3. Schuepp in 1917 4. Cambium 
6. growth ring 6. Sap wood 7. Sap wood 8. phloem.
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UNIT

3
MORPHOLOGY AND ANATOMY OF LEAF

I.STRUCTURE '1,;• •

• Introduction to leaf
• Morphology of a typical angisopermic leaf
• Function of leaf
• Diversity in leaf size and shape.
• Structure of leaf in relation to photosynthesis and water (oss. 

Q Summary
n Student Activity
□ Test Yourself 

r- LEARNING OBJECTIVES
After going through this unit you will learn: 
* Morphology & Anatomy of Leaf.

• 3.1. INTRODUCTION TO MORPHOLOGY OF LEAF
Leaves are lateral appendages on 

the stem. Leaves are one of the main 
parts of plant as it perform the 
function of photosynthesis for food 
production. Sometimes the leaf do not axillary bud 
take part in photosynthesis such 
laves are called "Cataphylls". The 
function of cataphylls is to store food 
material. In some xerophytes (e.g.,
Acacia melanoxylon) (the lamina is 
highly reduced and instead the 
petiole becomes flattened leaf like 
structure, known as phyllode. A 
foliage leaf can be distinguished into 
a more expanded portion called the 
blade or lamina and a stalk like part which attach leaf with the stem called, the 
petiole (fig. 1). The leaf having petiole is called petiolate and when the petiole u 
absent the leaf is said to be sessile. The petiole is usually cylindrical with groove on iti 
upper surface. It pushes out the lamina high and thus helps it to secure more sunlight.

In many dicotyledons leaves have two appendages at the base, which are known at 
stipules. The leaves having stipules is called stipulate & without it is callet 
estipulate. Stipules protect the young leaf in the bud, and when stipules are gi'eenthey 
also manufacture food like leaves.

Stipules may be free from the petiole (e.g., Crotalaria) or may be joined to it (e.g. 
Rosa). Stipules may be modified into tendril (e.g., Smilax) thorms (e.g., Acacia). In mos 
of the dicotyledons, a strong vein, known as the mid-vein or mid-rib runs centrally 
through the leaf blade from its base to the apex. It gives off thinner lateral veins whicb 
produce into still thinner veins or veinlets to form a net-like pattern (Fig. 1).

Leaves can further be classified in simple and compound. A leaf is said to bt 
simple leaf if it has only a single lamina. While in compound leaf the lamina ii 
divided into several small parts called leaflets. The incision of lamina is directec

■leaf apex

—leaf margin 
—lateral vein 
mid vein

-lamina

petiole
stipule

—branch

Fig. 1. Atypical dicotyledonous leaf.
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towards the midrib and the leaflets 
are arranged on both side on the 
midrib (which is known as rachis) or 
on its branches, the leaf is called 
pinnately compound (Fig. 2A). 
However, if the incision of leaf is 
directed towards the petiole and 
radiate from a common point of 
attachment, the leaf is called 
palmately compound (Fig. 2B).

eaflats

rachis

* 3.2. ANATOMY OF TYPICAL 
ANGIOSPERMIC LEAF stipule petiole

axillary budThe surface of the leaf facing the 
axis is referred to as adaxial surface 
and morphologically this is the upper 
surface of the leaf. The lower surface of 
the leaf is known as abaxial surface.
A leaf may be distinguished into three 
tissue system.

(i) Dermal system—consisting of the upper and lower epidermis.
(ii) Ground tissue system— the main photosynthetic tissue consisting of 

mesophyll, and
(iii) Vascular system— comprising of veins.

r
A B )

Fig. 2. A-B. Compound leaves : A Pinnately 
compound. B. Plantely compound.

[I] Epidermis multiple
epidermis

druses of 
Ca oxalate

palisade 
parenchyma parenchyrrta

spoftgy
Leaf is consists of upper as well 

as the lower epidermis. Both the 
epidermis usually made up of a 
single layer of compactly arranged 
cells. However, a multiseriate aNd 
axial epidermis occurs in some 
plants, e.g., Ficus, Piper and Nerium 
(Fig. 3). It is formed by pericHnal 
divisions of protodermal cells. The 
radial walls of the epidermal cells 
may sometimes have simple convex 
protrusions, called papillae (e.g., 
Gladiolus). All the epidermal cells of 
a leaf are alike. In some xerophytic epidermil 
leaves epidermal cells are large and 
longitudinal with thin flexible walls.
These cells are known as motor 
cells or bulliform cells (Fig. 4), are 
considered to help in rolling of leaves in dry 
weather. The epidermal cells are cutinized 
and thickness of the cuticle varies from 
species to species. Xerophytic plants have a 
comparatively thick cuticle.

TT TT

fSiti if '• I’! >'! iJ....,'■•M *, ,
• .1

a
551

stomatal bundle vascular 
crypt sheath burnlle

Fig. 3. A portion of vertical section of Nerium leaf.

lower stoma trichome

bulliform cells
^l^i^ome

stoma upper 
. epWermfs

mesophyll.i >
A*

Epidermis consists of mainly two parts: 
1, Stomata
2. Trichomes
1. Stomata. Epidermis contains lower epidermis 

.<tomata which occur either on both sides of . 
the leaf or only on one side of the leaf.
When stomata occur on both sides, the leaf

bundle vascular 
sheath bundle

Fig. 4. A portion of ertical section of Zsa 
mays leaf.
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i8 known as amphistomatic, when they are confined to the upper side, the leaf is 
known as epistomatic; and when to the lower side, the leaf is called hypostomatic.

epidermal

Structure Development and 
Reproduction in Plants

(a) Structure. Each stoma consists of an 
opening (pore) bounded by two specialized 
usually kidney shaped, epidermal cells known 
as guard cells (Fig. 5). The guard cells have 
unevenly thickened walls. The inner wall 
facing the aperture is highly thickened while 
the one away from the aperture is thin and 
extensible.

guard ceils

Mitochondria,
dictyosomes, ribosomes and endoplasmic 
reticulum are present in the guard cells. They 
are contain starch grains. The chloroplasts of 
guard cells have fewer and less well organized 
lamellae than those of mesophyll cells. Due to 
the presence of chloroplast, active carbon 
assimilation takes place in guard cells. 
Consequently, increased turgor pressure after 
photosynthesis results in the opening of stoma, 
while a decrease in pressure results in its closing.

Chloroplasts,

^^'chloroplasts
.15

Fig. 5. A stomn with surrounding 
epidermal ceiis in surface view.

The guard cells are surrounded by a variable number of epidermal cells which are 
called subsidiary or accessory cells. The two guard cells of a stoma, its aperture 
and adjoining subsidiary cells together constitute the stomatal apparatus.

Stomata occupy roughly 1-12% of the total leaf area. In dicotyledonous leaves, their 
number varies from 1,000-10,00,000 per cm^. The average size of stomata ranges 
between 6.7 and 17.7 microns.

(b) Position. Stomata may occupy three different positions in relation to epidermal
cells.

(1) They may be at the same level as the adjoining epidermal cells as in most of the 
mesophytic plants.

(2) In xerophytic plants, as in Hakea, th stomata are sunker as they are located in a 
cup shaped depression.

(3) Sometimes, as in Cucurbita, Prunus and solanum, the stomata are slightly raised 
above the surface of epidermis.

(c) Types of stomata. The first classification of stomata was presented by Vasque 
(1889). He distinguished four stomatal types, viz., (i) Ranunculaceous type, (ii) 
Cruciferous type, (iii) Rubiaceous type, and (iv) Labiateous or Caryophyllaceous 
type. However, the terminology of'Vesque was faulty since these types also occur in 
many other famihes.

Metcalfe and Chalk (1950), on the basis of the number and orintation of subsidiary 
cells recognised the following four types of stomata in dicotyledons :

(i) Ahomocytic (irregular-celled) type. In this type, the stomata are surrounded by a 
limited number of epidermal cells which are indistinguishable firom other epidermal 
cells (Fig. 6A). The stomata of this type occur in the members of Ranunculaceaec, 
Papaveraceae, Capparidaceae and Nyctaginaceae.

(ii) Anisocytic (unequal-celled) type. This type is characterised by the presence of 
three subsidiary cells of which one is distinctly smaller than the other two (Fig. 6B). 
This type is common in the members of Cruciferae, Umbelliferae, Solanaceae and 
Convolvulaceae.

(iii) Paracytic (parallel-celled) type. In this type, the stoma is accompanied on cither 
side by one or more subsidiary cells which lie parallel to the long axis of the pore and 
guard cells (Fig. 6C). This tjqje occurs in the members of Magnoliaceae, Schizandi-aceae 
and Rubiaceae.
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-c
Fig. 6. A-D. Stomata! types as suggested by Metcalfe and Chalk : 

A. Anomocytic; B. Anisocytic; C. Paracytic; D. Diacytic

(iv) Diacytic (cross-celled) type. In this type, the stoma is enclosed by a pair of 
subsidiary cells whose common wall is at right angles to the long axis of the guard cells 
(Fig. 6D). This type is represented by some members of Caryophyllaceae. Labiatae and 
Acanthaceae.

In addition to these four types, two others are also recognised by Stace (1965).
Actinocytic type with four or more subsidiary cells elongated radially to the stoma 

(Fig. 7A).
Cyclocytic type with four or more subsidiary cells arrnged in a close ring around 

the stoma (Fig. 7B).

Fig. 7. A-B. Stomatal types : A. Actinocytic; B. Cyclocytic.
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Stebbins and Khush (1961) recognised the following four types of stomata in 
monocotyledons :

Type 1 the stoma is surrounded by 4-6 subsidiary cells around the guard colls m a)] 
four directions (Fig. SA). This type occurs in Commelinaceae, Araceae, Musaceae, 
Zingiberaceae and Cannaceae.

Structure Development and 
Reproduction in Plants

\

C
Fig. 8. Stomatal types of mpnocotyledens as suggested by Stebbins and 

Khush (1961); AiType 1; B. Type 2; C. Type 3; D. Type 4.

Type 2 the stoma is also surrounded by 4-6 subsidiary cells, but the two subsidiary 
cells at the ends of the guard cells are roundish and smaller than the others which are 
placed lateral to the guard cells (Fig, SB). This type is recorded in Palmae and 
Pandanaceae.

Type 3 the stoma is surrounded by two subsidiary cells. Placed lateral to the guard 
cells (Fig. 8C). This is the most common type in monocotyledons and found in a large 
number of families belonging to Butomales, Al(smatales, Juncales, Graminales and 
Cyperales.

Type 4 the guard cells are without any subsidiary cells (Fig. 8D). It is the second 
most common type in monocotyledons and occurs in various families of Liliales, 
Dioscoriales, Amaryllidales, Iridales, etc.

Pant (1965) proposed a classification of stomata based on ontogeny. He divided the 
stomata in the following three types :

(i) Mesogenous. In this type, the guard cells and the subsidiary cells are derived by 
consecutive divisions of the same meristemoid. This type of stomatal development is 
found in the members of Crucifera, Solanaceae, etc.

(ii) Perigenous. In this type, there is an independent origin of the guard cells and the 
subsidiary cells. The meristemoid directly functions as guard cell mother cell, which 
divides once by a straight wall to form a paii- of guard cells. The subsidiary cells are 
derived by oblique divisions in the epidermal cells neighbouring the guard cells. This 
type of development may acquire anomocyctic (e.g., Nymphaeaceae, Cucurbitaceae) or 
tetracytic (e.g., Poaceae, Cyperaceae) condition.
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(Hi) Perimesogenous. In this type, the subsidiary cells have a dual origin. At least one 
of the subsidiary cells has a common origin with the guard cells, whereas the others 
differentiate in the neighbouring cells on the other side of the meristemoid. This type of 
development is found in the members of Ranuneulaceae Caryophyllaceae etc.

(d) Functions. They are of great importance in processes like photosynthesis and 
respiration. They help in maintaining the temperature of plant body by evaporating 
excess amount of water absorbed by roots.

2. Trichomes. These are outgrowths of epidermal cells. They may be classified into 
two categories : non-glandular and glandular trichomes.

(a) Non-glandular trichomes. These are hving or dead and are characterized by 
the absence of secretion. They are unicellular e.g., Nerium or muticellular e.g., 
PlataniLs-VerbasciLm.

(b) Glandular trichomes. These are living and are characterized by the secretion 
of salts, sugai-s, gums, resins, acids, etc. they may be unicellular e.g., stinging hairs of 
Urtica, multicellular e.g. salt glands of Avicennia.

Functions. Trichomes present on the plant surface reduce transpiration. Thus they 
are an adaptation to xerophytic habitat. They also serve as water storage organ. 
Besides, glandular trichomes secreting poisonous substances protect plants from 
animal attack. Nectar secreting trichomes help in pollination by attracting insects and

upper epidermisdigestive trichomes help in the capture and 
digestion of insects. a:11[ll[ Mesophyll

The bulk of the internal tissue of the leaf, 
forms mesophyll. It is composed of thin walled 
parenchymatous cells containing numerous 
chloroplasts (Fig. 4). Mesophyll may be 
classified into palisade and spongy 
parenchyma (Fig, 9). The columnar palisade 
cells are arranged compactly with their long 
axis at right angles to the leaf epidermis. The 
spongy parenchyma cells are of irregular shape 
and are loosely arranged enclosing large 
intercellular spaces. These air speces are 
connected with the sub-stomatal chambers and 
maintain gas exchange through stomata. In a dersiventral leaf the Plisade tissue 
occurs on the adaxial surface and the abaxial surface is occuped by spongy parenchyma 
(Fig- 9), whereas in a isobilateral laf the palisade tissue occurs on both the abaxial and 
adaxial surfaces. The amount of pollisaae varies in different plants, for example only a 
single layer of palisade is present in Rosa and Lawsonia. It is two to three layered in 
Eucalyptus, Malus and Musa (Fig. 9) and many layered in Nerium. In Allium, Iris and 
Juncus, where the leaves are cylindrical, the palisade occurs all around the periphery of 
the leaf. In some other monocotyledonous leaves, such as greases, there is no 
differentiation of mesophyll into palisade and spongy parenchyma and the entire 
ground tissue in occupied by one type of cells which appear somewhat rounded in a 
transverse section. These cells contain chloroplasts and enclose large intercellular 
spaces.

Typical palisade cells are tubular or cylindrical in shape. But in some dicotyledons 
(e.g.; Bambusa) these cells possess tangential extensions which project into the cell 
cavity. Such palisade cells are known as arm-palisade. The projections in the cell wall 
of palisade cells provide maximum exposure area to the cell wall along which 
chloroplasts are arranged. In some members of Gesneraceae and Piperaceae, the 
palisade cells become cone-like with a wide upper end and relatively narrow lower end. 
These cells are known as funnel cells.

In aquatic plants large air chambers or air canals are found in the mesophyll tissue. 
The cells forming the air chambers contain comparatively few chloroplasts. Stellate 
cells are present in the partition walls of air chambers and these cells provide
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vascular stoina bundle lower epidermis 
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mechanical support. Various, types of 
idioblasts are also present in mesophyU, 
such as lithocysts (e.g., Ficus), oil glands 
(e.g., Citrus) and laticifers (e.g., Caloropis).

Vascular tissue
Vascular bundles of the leaf are called 

veins and these veins by further 
ramification form a network which is known 
as venation. In dicotyledonous leaves, 
usually there is a single main vein which 
passes through the centre of the lamina and 
gives off successively thinner branchs that 
form a netted pattern throughout the 
lamina. This of venation is called reticulate 
venation (Fig. lOA). In monocotyledonous 
leaves veins of relatively uniform size are 
arranged longitudinally and converge and 
join at the apex of the leaf. Such venation is 
termed as parallel venation (Fig. 10 B).

In dicotyledonous leaves which have 
reticulate vnation veins can be 
differentiated into a number of size classes 
or 'orders'. The veins of primary order are 
the thickest veins of the leaf and they occur 
either singly (occupying medium position) or 
form lateral pairs of roughly equal thickness 
(lateral primaries. The primary vein (1°) gives out lateral branches which form the 
veins of secondary order. The secondaries (2°) can be easily differentiated as they are 
slightly thinner than the primaries. The secondaries ramify further to form veins of 
higher orders (tertiary, quaternary and so on). The veins of higher order may further 
divide many times and may merge into the reticulum or remain distinct.

Along the margins of leaf, the ultimate veins may show various patterns.
1. Incomplete. When the vein endings are free directly adjacent to the margin.
2. Looped. When the ultimate veins along the margin are recurved to form loops.
3. Fimbriate. When several high order veins are fused into a vein running just 

inside the leaf margin to form fimbrial vein.
The smallest area of the leaf tissue surrounded by veins is known as areole. Areoles 

are of various shapes and size. They may be well developed with meshes of almost 
uniform size and shape; imperfect with meshes of irregular shape and size or 
incomplete.

The midrib or midvein in most dicotyledons consists of a typical collateral bundle 
with an adaxial xylem and abaxial phloem. A thin strip of cambium is also present 
between the xylem and phloem. Sometimes, the midrib has several vascular bundles 
which are arranged in a ring (e.g. Liriodendron, Vitis), or in a semi-circle (e.g., Abrosia) 
or irregularly distributed (e.g., Helianthus). The vascular tissue of midvein and larger 
veins has vessels in the xylem and sieve tube in the phloem. In smaller veins the xylem 
is represented by tracheids and the phloem by some sieve elements only.

In monocotyledonous leaves also the vascular bundles ai'e collateral, but great 
variation occurs in he size and disposition of the components. On the basis of the shape 
of xylem and phloem groups and fibre characters the following major types of vascular 
bundles are recognized in the leaves of monocotyledons : (i) elongated bundles with 
sclerenchymatous cap, somewhat linear phloem and two to three gi-oups of xylem 
elements of moderate size, (ii) oval bundles with fibrous cap and one large metaxylem 
element surrounded by few comparatively small xylem elements meeting with phloem 
along a slightly cover surface, (iii) oval bundle with a cap of stone cells, xylem and

Structure Development and 
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A
Fig. 10. A-B. Venation : A. Reticulate; 

B. Parallel.
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phloem meeting along a straight line and (iv) typical grass type bundle with xylem and 
phloem meeting along a distinct U shaped curve.

[IV] Bundle sheath

In most of the angiosperms, the cells surrounding the vascular tissue of leaves. 
These cells are called the bundle sheath. These cells may or may not contain 
chloroplasts.

The parenchymatous bundle sheath of dicotyledons usually extend up to the 
epidermis on one or both sides of the leaf. It plays an important role in the conduction of 
food material between the vascular bundle and epidermis.

In monocotyledons, the vascular bundles are completely or partially surrounded by 
one or two bundle sheaths, each consisting of a single layer of cells (Fig. 9). The outer 
parenchymatous sheath is translucent or may contain chloroplasts. The cells of the 
inner sheath are smaller, have thicker wall and do not contain chloroplast.

These chloroplast take part m alternative pathway of photosynthesis.

Cytogenetics and Molecular 
Biology

• 3.3. DIVERSITY IN LEAF SHAPE & SIZE
There is great diversity in the leaf shape & size. All the three parts of leaf—leaf 

base, petiole and lamina show diversity in their shape and function.

[I] Leaf base
Usually it protects a small bud in its axil. In some plants like legumes the leaf base is 

swollen, it is known as pulvinus (Fig, 1 lA). In monocotyledons, the leaf base usually 
expands which partially or completely encloses the stem with a sheath. This type of leaf 
base is called sheathing leaf base (Fig. 11B). When the sheathing leaf base surrounds 
the stem incompletely, it is known as auriculate or semi-amplexicaul e.g. Palms and 
madar (Fig. liC) and when surrounds completely to stem etc. it is said to be 
amplexicaul e.g., Polygonum (Fig. IID). In some plants the leaf base becomes broad, 
flat and winged and ensheaths a part of the internode, it is known as decurrent leaf 
base, e.g., Symphytum.
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Fig. 11. A-E. Types of leaf bases ; A. Pulvinus in Mimosa; B. Sheathing (wheat), 
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[II] Petiole

In some plants e.g., Citrus the petiole becomes flattened like leaf, it is said to bi,-! 
winged petiole (Fig. 12A). If petiole is modified into a flattened sickle shaped structure 
called it is called phyllode (Fig. 12B). In some weak plants e.g. Clematis and Smilax 
petiole is modified into tendrils which help is climbing of the plants (Fig. 12C). In some 
water plants e.g., Eichhornia, the petiole swells up into a bulb-like structure which 
helps the plant in floating (Fig. 12D). This is called Bulbous.

swollenleaflets

fep;

mM

petiole
■i

c
Fig. 12. A-D. Types of petioles ; A. Winged {Citrus); B. Phyllode (Australian 

acacia); C. Tendrillar {Clematis); D. Bulbous {Eichhornia).

Stipule

On the basis of their shape, position, colour and size, the stipules are divided into 
following types;

1. Free-lateral. When two free stipules, born on the two sides of a leaf base (Fig. 
13A) are called free standard stipules e.g. china rose (Plibiscus rosa-sinensis).

INTERPETIOLARFREE LATERAL ADNATE cA B

stipules

FOLWCEOUSINTRAPETIOLAR.
F

stipule

SPINOUSTENDRILLAR
HG

Fig. 13. A-H. Types of stipules.
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2. Adnate. When two lateral stipules, adhere to the petiole up to a certain height. 
iThe structure is called adnate stipules (Fig. 13B), as in rose.

3. Interpetiolar. These are two stipules lying between the two leaves at a node (Fig. 
use) e.g., Hamelia, Morinda.

4. Intrapetiolar. These are stipules which are present between the leaf and the axis 
Fig. 13D), e.g., Gardenia and Tabernaemontana.

5. Ochreate. Tehse are stipules that form a hollow tube encircling the stem from the 
lode up to a certain high (Fig. 13E), as in PoZygonum and Rumex.

6. Foliaceous. These are broad, green and leaf-like stipules (Fig. 13F), as in pea 
Pisurh sativum),_

7. Tendrillar. These are stipules which are modified into tendrils (Fig. 13G), as in 
?milax.

8. Spinous. These are stipules modified into spines (Fig. 13H). as in Zizyphus and 
Hthecolobium dulce.

■Ill] Lamina
The process of food synthesis is performed in lamina, so it is the most important part 

if plant. The lamina shows great diversity in its shape, margin, surface, texture, colour 
■enation, incision, etc.

.amina shape
The following types of lamina have been recognized on the basis of the shape.
1. Acicular. When the lamina is long, narrow, slender, needle-shape (Fig. 14A), as 

m onion.

Cytogenetics and Molecular 
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Fig. 14. A-Q. Lamina shapes : A. Acicular; B. Cordiate; C. Deltoid. D. Hastate; 
E. Lanceolate; F. Linear, G. Oblanceolate; H. Oblique; I. Oblong; J. Obovale; 

K. Orbicular, L. Oval; M. Oate; N. reiform; 0. Sagittate.
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2. Cordate. When the lamina is heart-shaped, with a deep notch at the base (Fig, 
14B), as in betel (Piper belle).

3. Deltoid. When the lamina is triangular or delta-shaped (Fig. 14C), as in Abutilon.
4. Hastate. When the lamina is arrow-shaped with the basal lobes turned outward 

(Fig. 14D), as in Iponiaea.
5. Lanecoiate. When the lamina is much longer than broad and widening from the 

base and tapering to the apex (Fig. 14E). as in oleander.
6. Linear. When the lamina is long, narrow and flat with an almost uniform width 

(Fig. 14F) as in gasses.
7. Oblanceolate. When the lamina is broader at the distal end than in the middle 

and tapering towards the base (Fig. 14G), as in Gnapkalium.
8. Oblique. When the lamina is slanting and unequal-sided (Fig. 14H), as in 

maergosa (Azadirachtaindica).
9. Oblong. When the lamina is much longer than broad and with nearly parallel 

margins (Fig. 141), as in banana.
10. Obovate. When the lamina is broader towards the apex and tapering to the base 

(Fig. 141), as in walnut.
11. Orbicular. When the lamina is circular or disc-shaped (Fig. 14K), as in garden 

nasturtium (Tropaeolum).
12. Oval. When the lamina is elliptical with the width greater than half length (Fig. 

14L) as in guava (Psidmm. guajava).
13. Ovate. When the lamina is oval but broader towards the base (Fig. 14 M), as in 

china rose (Hibiscus rosa-sinensis).
14. Reniform. When the lamina is kidney shaped (Fig. 14N). as in Malva.
15. Sagittate. When the lamina is arrow shaped, i.e., it is triangular with basal 

lobes pointing downward (Fig. 140), as in aroids.

Leaf apex
The tip of lamina is called ape-x. It is of following kinds ;
1. Acute. When the apex is distinct and sharp pointed but not drawn out; both 

margins of the lamina meet to make an angle less than 90° (acute angle) (Fig. 15A), e.g., 
china rose (Hibiscus rosa-sinensis).

2. Acuminate. When the apex is like acute but tapering to prolonged point (Fig. 
15B), e.g.,peepal (Ficus religiosa).

3. Cirrhose. When the apex ends like a curled thread-like appendage (Fig. 15C). e.g. 
glory lily.

Structure Development and 
Reproduction in Plants

Fig. 15. A-l. Leaf apices : A. Acute; B. Acuminate; C. Cirrhose; D. Cuspidate; E. 
Emarginate; F. Mucronate; G. Obtuse; H. Retuse; i. Tuncate.

I . /
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4. Cuspidate. When the apex is somewhat abruptly and sharply concavely 
constricted into an elongated sharp-pointed tip (Fig. 15D), e.g., date palm, pine apple. •

5. Emarginate. When a shallow notch is present at the apex (Fig. 15E), e.g., 
Bauhinia.

6. Mucronate. When a short, sharp point is present at the apex (Fig. 15F), e.g.,
Ixora.

7. Obtuse. When the apex is blunt or rounded at the end (Fig. 15G): both margins of 
the lamina make an angle of more than 90° (obtuse angle), e.g., banana {Ficus 
benghalensis).

8. Retuse. When the apex is obtuse with a slight depression (notch) in the middle 
(Fig. 15 H), e.g., water lettuce (Pistid), Clitoria.

9. Truncate. When the apex appears nearly quite straight across (Fig. 151), e.g., 
Paris polyphylla.

Leaf base
The following kinds of leaf bases are found :
1. Acute. When the base is distinct and sharp tapered (Fig. 16A).
2. Cordate. When the base is heart-shaped with a note at centre (Fig. 16B).

\J<

^4

A B

\u
E F H

Fig. 16. A-H. Leaf bases : A. Acute; B. Cordate; C. Cuneate; D. Hastate; 
E. Oblique. F. Obtuse; G. Sagittate; H. Tuncate.

3. Cuneate. When the base is wedge-shaped (Fig. 16C).
4. Hastate. When the base has outwardly pointing basal lobes (Fig. 16D).

. 5. Oblique. When one side of the base is larger than the other (Fig. 16E).
6. Obtuse. When the base is blunt or rounded at the end (Fig. 16F).
7. Sagittate. When the base has downwardly pointing basal lobes, like an arrow 

(Fig. 16G).
8. Truncate. When the base is blunt (Fig. 16H).

Leaf margin
Various kinds of leaf margins are as follows ;
1. Entire. When there are continuous smooth margins (Fig. ,17A), as in banyan 

{Ficus benghalensis), banana.
2. Undulate. When margins are slowly and gradually wavy and repand (Fig. 17B), 

as in Polyalthia, Saraca.
3. Crenate. When the leaf margins are shallowly rounded or obtusely toothed (Fig. 

17C), as in Bryophyllum.
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Fig. 17. A-G. Leaf margins : A. Entire; B. Undulate; C. Crenate; D. DenUte; E.
Serrate; F. Lobed; G. Parted.

4. Denate. When there are sharp, spreading, rather coarse teeth that the 
perpendicular to the margins (Fig. 17D), as in Cucurbita.

6. Serrate. When margins have sharp teeth pointing forward like in a saw (Fig 
17E), as in china rose (Hibiscus rosa-sinensis), rose (Rose).

6. Lobed. When margins have lobes which may extend up to the middle of th(* 
lamina (Fig. 17F), as in mustard (Brassica campestris) radish (Raphdnus sativus).

7. Parted. When margins are divided by sinuses, which extend nearly to the mid-rib 
(Fig. 17G), as in prickly poppy (Argemone mexicana).

• SUMMARY
Leaf is mainly composed of three parte—lamina, petiole & leaf base. All the thre< 

parts show diversity in shape & size to perform different functions in leaf. The structiu:* 
of a typical angisopermic leaf can be studied on the basis of four main parts viz 
epidermis, mesophyll, vascular bundle & bundle sheath. Epidermis as a single layer o 
cuticle cells occurs on both side upper and lower suface of leaf. Stomata is the main par 
of epidermis. Stoma consists of two guard cells which surrounds an opening or port 
which take part in gaseous exchange during photosynthesis Mesophyll forms the bulk 
of internal tissue of leaf. The vascular bundle consists of adaxial. xylem abaxial phloeu 
& a thin layer of cambium between xylem and phloem. The cells surrounding vascula 
tissue of leaves are called bundle sheath.

• STUDENTS ACTIVITY
1. Describe diversity in leaf petiole.

2. What is stomata ?
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• TEST YOURSELF
1. In how many part a leaf can be divided on the basis of morphology ?
2. Which type of stipules are found in rose ?
3. Which type of lamina is found in guava ?
4. Which cell forms pore in stomata ?
5. Which type of leaf found in rose ?
6. What is the main function of stomata ?

ANWERS
1. three 2. adnate type 3. oval. 4. Guard cells 6. Compound 
6. Gaseous exchange for photosynthesis.

I
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UNIT

4
MODIFICATION OF ROOT STRUCTURE FOR FOOD AIR

AND REPRODUCTION

STRUCTURE
• Introduction
• Anatomy of Root
• Modification in root structure for storage; respiration and propagation. 

Q Summary
° Student Activity 
o Test Yourself

LEARNING OBJECTIVES
After going through this unit you will learn :
» Structure modification of root for storage, Respiration & Reproduction.

• 1.1. INTRODUCTION
On the basis of external form, root can be sub-divided into the following two 

categories.
1. Tap root system : It consists of primary root (the root formed by direct 

elongation of the radicle) and its lateral branches. Most of the dicotyledons have a tap 
root system.

2. Adventitious root system : It includes those roots which develop from einy part 
of the plant other than the radicle e.g., flbrous roots, foliar roots, aerial roots 
tuberous roots and prop roots.

The main functions of the root are : (i) anchorage of plant in the soil, (ii) 
absorption of water and minerals, and (iii) storage of food material.

• 4.2. ANATOMY OF ROOT
The root cap occupis a terminal 

position in the root. In dicotyledons 
it arises from the same set of initials 
which form eidermis but in 
monocotyledons it arises from a 
separate set of initials.. The cells of 
the root cap become progressively 
more differentiated as distance 
from the root tip increases. If the 
root cap is removed surgically, the 
cells of the quiescent centre divide 
raidly and form a new root cap. It 
has been observed that in the 
absence of root cap although the 
growth of the root continues, it dos 
not react to the stimulus of gravity. 
The outer walls of the root cap cells 
are m'ucilagenous which helps to 
reduce friction between the delicate

root hair
epidarmis

L/
cot

cortex

mdoderrivs

.pericycle

■xytem

ihloem

■pith

Fig. 1. A portion of transerse section of young 
sunflowr root.
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apex of the root and hard soil during its penetration into the soil.
In floating aquatic plants, the root apex possess root pockets instead of root caps. 

Unlike root caps, root pockets can not be regenerated if damaged.
Root shows a comparatively simple internal structure than stem due to the absence 

of nodes and intemodes. The following three zones can be distinguished in a root (Fig.
1).

(1) Epidermis
(2) Cortex
(3) Vascular System

[I] Epidermis
Epidermis of the root is a continuous layer composed of tightly placed, thin walled 

uncutinised cells.
Epidermis is usually uniseriate, but aerial roots of some orchids and epiphytic 

aroids possess a multiseriate epidermis, ceilled velamen. The velamen is composed of 
compactly arranged non-living cells which often have secondary wall thickenings. Some 
specialized groups of cells with dense spiral thickenings are eilso present in the 
velamen. These are known as pneumatodes and they help in gaseous exchange.

Epidermis of young roots bears innumerable unicellular root hairs which are 
adapted for efficient uptake of water and minerals.

D

Fig. 2. Stages in the development of root hair.

All the epidermal cells of the root are capable of initiating root hairs but only a few 
form root hairs. These cells are known as trichoblasts (Fig. 2A). A root hair originates 
as a bump on the epidermal cell and this bunip has cytoplasm and nucleus towards its 
tip (Fig. 2.B). which extends and develops as root hair and the cytoplasm spreads all 
along the wall in the form of ^ thin layer enclosing a large vacuole (Fig. 2C, D).

[II] Cortex
It is usually composed of thin walled isodiametric parenchymatous cells with many 

intercellular spaces. Collenchyma is usually absent in root cortex but sometimes fibres, 
sclereids, idioblasts and latex cells may occiu-. The cortical cells store starch.

In most dicotyledons, the cortex is replaced by suberized cells as a result of secondary 
growth, but in some herbaceous dicotyledons which lack secondary growth, it is 
permanntly retained and develops various types of mechanical tissues. The cortical 
cells in roots of many gymnosperms and some dicotyledons have reticulate or band-like 
thicknenings which may be lignified..
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In many monocotyledons and some dicotyledons and gymnospernis, one to several 
sub-epidermal layers of cortex differentiate into a protective tissue, called exodermis, 
The cells of the exodermis suberized walls and contain protoplasmic contents. In 
structure and cytochemical characteristics, the exodermis is similar to the endodermis.

[III] Endodermis
It consists of a single layer of closely packed living cells. Endodermal cells are 

characterized by the presence of casparian strips in their radial and tangential walls 
These thickenings are in fact an integral part of the primary wall and middle lamelk 
and they are formed due to deposition of suberin and lignin. Some of the cells of the 
endodermis usually the ones opposite to protoxylem, remain thin walled and are callec 
passage cells. They allow radial diffusion of water.

Various functions have been attributed to the endodermis and it has beer 
considered : (i) as a mechanical protective layer, (ii) a sort of inner accessory epidrmis 
(iii) a layer connected with the maintenance of the root pressure, and (iv) an air darr 
preventing the water conducting cells from being clogged with air.

[IV] Perlcycle
Pericycle, forms the outer boundary of the primary vascular cylinder of roots. It k 

usually a complete ring of cells. Generally, the pericycle consists of one or more layers o 
thin walled parenchymatous cells. In some parasitic dicotyledons and a few aquatit 
plants, pericycle is absent. Cell divisions in the pericycle opposite the phloem are 
switched off after the protophloem matures. The pericycle does not contribute to the 
formation of lateral roots or vascular cambium.

Pericycle differentiates quite early in the histogenesis of the root and is derived fron 
the procambial strand. It retains, its meristematic characteristics. In roots withou 
secondary growth, the pericycle fimctions as the site of origin of lateral roots. But it 
roots which have secondary growth, cork cambium (phellogen) and portions ofvasculai 
cambium develop from the pericycle.

[V] Vascular Tissue
In the root xylem and phloem lie on different radii, i.e., they are radi^ll i: 

arrangement. In the dicotyledonous root there are usually 2 to 6 groups of xylem and at 
equal number of alternating phloem groups. In the monocotyiedoncus root theit 
number varies from 8 to 20. Depending upon the number of xylem bundles, roots art 
called monarch (with one xylem strand), diarch (two bundles), triarch (thre« 
bundles), tetrarch (four bundles), pentarch (five bundles) or polyarch (many 
bundles).

The vascular tissue differentiates from the procambium which consists of denseK 
cytoplasmic cells elongated along the longitudinal plane of the root. The procambiun 
develops acropetally in continuation of the vascuar tissue in the more mature parts o 
the root. The differentiation and maturation of xylem and phloem elements ii 
acropetal.

The first elements of the xylem are the most peripheral (exarch), and the subsequen 
differentiation proceeds towards the centre of the root. As compared to the stem, ii 
roots the direction of differentiation is reverse. The small peripheral elements of xylen- 
show spiral or annular thickening. These are protoxylem elements whih are formec 
during the initial elongation of the root. The wider and more central elements witH 
pitted or scalariform thickening form the metaxylem.

Phloem also differentiates centripetally, and the first phloem is recognizable ever 
before the first xylem. The end walls of the narrow sieve tube elements develop siev* 
plates. Many of the first-formed sieve tubes may collapse as the root grows.

Primary phloem of the root consists of sieve tubes, companion cells and phloen 
parenchyma. The first formed phloem elements (protoplhloem) are not associate^' 
with companion cells but the later formed elerhents (metaphloem) are common); 
associated with companion cells.

Structure Development and 
Reproduction in Plants
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The centre of the root consists of thin walled parenchymatous cells with intercellular 
spaces; this represents the pith.

Secondary Structure of Root
Secondary growth occurs normally in the roots of gymnosperms and dicotyledons to 

support the spreading shoot system and to meet the growing needs of absorption and 
conduction of food materials.

Though the process of secondary growth in the root is initiated in a different manner, 
the fundamental structure of secondary tissues formed is similar to that of the stem. 
The two secondary meristems responsible for secondary growth in roots are :

1. Fascicular or vascular cambium. It lies in the stelar region and its activity 
results in the formation of secondary xylem and secondary phloem.

2. Phellogen or cork cambium. It develops in the extra-stelar region and its 
activity results in the formation of periderm.

• 4.3. STRUCTURAL MODIFICATIONS OF ROOTS FOR STORAGE, 
RESPIRATION & PROPAGATION

A. Fore Storage
Root store some food material in the form of carbohydrates. Many biennials produce 

a fleshy storage tap root during the first year, which is used in the following year when 
flowers and seeds are formed. All storage tap roots have an excessive development of 
parenchyma.

Storage tap roots usually have a definite shape (e.g., conical in carrot, fusiform in 
radish, napiform in turnip and beet root). In many plants with fleshy tap roots the 
fleshy structure includes the hypocotyls as well as the root proper (e.g., turnip, radish, 
etc.).

Fleshy storage roots of a fibrous root system are called tuberous roots because of 
their superficial similarity to tubers (e.g., sweet potato,)

V ?•I- \
> i

I
'i..

B
secondary

phloem
cambium

», .ti m‘~i„ Bf'
isy xylem

Fig. 3. Transerse section of storage roots : A Brassfca rapa\ B. Raphanus 
satfvus. C. /pomoea batatis; D. Daacas carota.
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[I] Camblal activity in storage roots
Storage roots of some Compositae & Cruciferae show an anomalous type of 

secondary growth. These roots have an excessive development of parenchyma. Several 
cambium rings are formed in these roots after the primary cambium ceases to function. 
They arise first in the pericycle and later in the parenchymatous tissue outside the 
secondary phloem.

In Brassica rapa, and in sweet potato each cambium ring produces a wide zone of 
secondary xylem and a narrow zone of secondary phloem (Fig. 3A-C). The secondary 
xylem has few vessels and is mostly made up of xylem parenchyma which store food. In 
Daucus carota also several cambial rings are produced. The secondary xylem is formed 
in small proportions while the secondary 
phloem is in the form of a wide zone (Fig.
3D). The phloem is mostly composed of 
phloem parenchyma and its main 
function is storage of food.

In the root of Beta vulgaris several 
rings of Gambia arise concentrically. The 
first accessory cambium arises outside the 
normal vascular core. It is initiated in the

periderm

mssmt growth rings

phloem
cambium
xylem

outer layers of the pericycle. The 
accessory cambium forms almost 
continuous bands of secondary xylem and 
phloem, which become separated as 
bundles due to the development of bands ^ 
of conjunctive parenchyma between the 
vascular strips. All subsequent 
supernumerary cambia are formed in

-storage
parenchyma

•tv--?)

Fig. 4. Transerse sections of storage root of 
rapid succession at a similar position in Beta vulgaris showing growth rings. In B a

part of A is magnified.the pericycle (Fig. 4).

B. Roots as Organs of Aeration

In plants of swampy habitat and 
many halophytes negatively ■ 
geotropic root branches project 
above the surface of the poorly 
aerated soil, receive enough oxygen , 
for their normal metabolic 
activities. They thus undergo 
various adaptations to ensure ^ 
sufficient aeration. These branches 
are known as pneumatophores.

The surface of the 
pneumatophore is covered by a thick 
layer of cork formed by the 
tmderlying cork cambium 
(phellogen). The cork has many 
small lenticels through which 
exchange of gases takes place. The 
cortex is parenchymatous with large 
intercellular spaces. The stele has 
many collateral and endarch 
vascular bundles.

The entire tissue thus, acts as air 
reservoir (Fig. 5) e.g., Amoora & 
Carapa.

air chamber ^
ientlcel

> cork cells 
■pheflogeni tz

cortex

endodermls 
pericycle 
phloem 
cambium .

xylem

pith

Fig. 5. Transverse section of a pneumatophore 
(note the presence of aerenchymatous cortex and 

endarch xylem).
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In addition to pneumatophores, the lower portions of the atilt roots in 
Rhizophoraceae have spongy cortex to facilitate the aeration of the subterranean parts.

Aerial roots of orchids have a water absorbing tissue, known as velamen. Some 
special structures called pneumatodes, are also present in the velamen. These 
structures consist of groups of cells with dense spiral wall thickenings, extending from 
the epidermis to the endodermis. Pneumatodes help in the exchange of gases during the 
periods when the root is saturated with water.

C. Roots as Organs of Propagation or Reproduction
In some plants, roots also act as an organ of propagation. The roots of cherry, apple 

and some other tree species produce suckers which give rise to new plants. Sweet 
potatoes Upomoea batatas) and dahlias (Dahlia) are commonly propagated by 
thickened fleshy tuberous roots. These produce adventitious shoots at the proximal 
end where buds are present.

Tuberous roots are dug out before planting, the clusters are broken up and ensured 
that each root contains a heel’ of true stem tissue. A fleshy root produces one to several 
buds on the stem end.

• SUMMARY t

Root support plant in the soil & absorb water & mineral for food production. In many 
of the plants root get modified for their function of food storage, aeration for respiration 
& propagation for reproduction.

• STUDENT ACTIVITY
1. Besides absorption & anchorage, what other function can be attributed to the roots?

2. What are pneumatodes?
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• TEST YOURSELF
1. Which part of root give rise to root hairs?
2. Which part of secondary phloem store food materials?
3. For what function tuberous roots are modified?
4. Which part of secondary xylem store food material?

Answers
Phloem parenchyma 

4. xylem parenchyma
1. Epidermis 
3. food storage

2.
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5
THE FLOWER AND ITS FUNCTIONS

STRUCTURE
• Introduction to Flower
• Types of Flower
• Flower: Structure and its Functions
• Flower: A Modified Shoot 

0 Summary
a Student Activity 
D Test Yourself

LEARNING OBJECTIVES
After going through this unit you will learn :
• The types and parts of flower with their functions,

• 5.1. INTRODUCTION TO FLOWER
Flowers are an excellent offering of God, an invaluable aid for personal make-up, 

and a source of inspiration to poets. Since the beginning of civilization man has been 
accustomed to use flowers to make festivals more festive.

The main function of flower is of sexual reproduction. The various embryological 
occur in the flower. A number of flowers grown together is calledprocesses 

“inflorescence”.

• 5.2. TYPES OF FLOWER
A flower is regarded as complete if it has aU the four floral whorls, i.e., calyx, 

corolla, androeciuro and gynoecium (Fig. 1). If anyone of these parts is missing the 
flower is described as incomplete. An incomplete flower can be of two types :

1. Perfect or Bisexual having male |,s well as female sex organs in same flower. 
The plants having such type of flowers are called “monoecious’ e.g., hempcom.

2. Imperfect or Unisexual having male and female sex organs in different 
flowers, organs. Flowers with only male sex organs are described as staminate (male 
flower) and those with only female sex organs are called pistillate (female flower). The 
plants having such type of flowers are called “dioecious”, e.g., Hemp. Polygamous 
plants bear perfect and imperfect flowers on the same individual e.g., Mango.

• 5.3. FLOWER : STRUCTURE AND FUNCTIONS
1. Calyx

This is the outermost whorl of a complete flower (Fig. 2). Its individual member is 
called a sepal. When all the sepals are fused together the calyx is described as 
gamosepalous and when they are free it is called polysepalous.

Functions of Calyx : The sepals are generally green or inconspicuously coloured 
and are more or less foliaceous in texture serving, primarily, to protect the floral bud. 
They usually fall soon after the flower opens (anthesis). However, in plants such as 
gooseberry (rasbhari) they are persistent and protect the developing fruit. In addition 
to the protective role they may become petaloid (Clematis, Salvia) and help in 
attracting pollinating agents, or form a spur which stores nectar, or they may help in 
seed dispersal such as in plumed fruits of many Asteraceae meoAers,
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Fig. 1. DIanthus caryophyllus. A. Flowering twig. B. Longitudinal-half of a flower to show 
its various parts. C. D. Anthers with a part of the filament; C, dorsal view, and D, ventral 
view. E. carpels; the ovaries of both the carpels are fused completely whereas the styles 
and stigmas are free F, G. Longitudinal (F) and transverse (G) sections of the ovary. The 

ovules are borne on a central axis, the placenta.

stigmas. ' 
styles. Y 
ovaries

2. Corolla
The flowers owe their charm 

mostly to the bright and gorgeous 
colours and attractive forms of 
corolla. Each unit of corolla is 
called a petal.

Corolla with free petals is called 
polypetalous, and that with fused 
petals
character has been used in the 
classification of flowering plants 
(Bentham 
1862—1883). All the flowering 
plants are broadly divided into two

carpel

(corolla)
petals i TW .anthers 

fl yy filaments stamen

ki. •.'V -f,

gamopetalous. This
'S.u.

iiiMN.r

if petaland Hooker,
filament scar receptacle “P®*® (“V*)

Fig. 2. Arrangement of flowers on the inflorescence 
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The Flower & Its Fiinclionsgroups, monocotyledons and dicotyledons. On the basis of corolla character the 
dicotyledons are further classified into three groups :

(i) Gamopetalae — plants with fused petals,
(ii) Polypetalae —plants with free petals, and
(iii) Monochlamydeae — plants lacking a distinct corolla.
When the sterile appendages in a flower are not distinguishable into calyx and 

corolla, they are collectively called perianth and their individual member a tepal, e.g., 
Monochlamydeae.

Functions of Corolla : The corolla and perianth protect the young reproductive 
organs aiid help m pollination through their attractive colours and curious forms.

3. Androecium
This is the collective name for the male reproductive elements, the stamens. In 

flowers a stamen is a broad leafy structure bearing a pair of elongated pollen sacs 
embedded on its inner side well removed from the apex. A typical stamen, has an 
elongated sterile filament bearing at its distal end a fertile bilobed anther.

Functions of Androecium : The main function of androecium (anther) is to 
produce pollen grains (male reproductive unit of flower).

4. Gynoecium
The female reproductive apparatus in a flower is gynoecium, and its functional 

units are called carpels (megasporophylls). As a rule, the carpels are borne laterally on 
the receptacle.

A typical carpel comprises a basal swollen ovary with a terminal style surmounted 
with the stigma, the ovary and stigma are essential for the functioning of carpel.

Ovary contains ovuled. The ovules are enclosed by the ovary wall. The portion of 
the carpellary tissue to which the ovules are attached is the placenta (Fig. F, G), and 
their distribution in the ovary is described as placentation. The flower may be 
described as hypogynous if the floral parts are inserted below the ovary, epigynous 
if the floral parts are inserted above the ovary and perigynous if the floral parts 
surround the ovary.

Functions of Gynoecium
(a) Function of style : 1. It make the position of stigma upward so that stigma can 

attract and take more pollen grains from male flower easily.
2. It conduct pollen grains from stigma to ovules in ovary.
(b) Function of stigma : Stigma contains a sticky matter which attach more 

pollen gains when pollination occurs.
(c) Functions of ovary: 1. Ovary produce ovules (female reproductive of flower).
2. Ovary is transformed in fruit after pollination and fertilization.
3. Ovules develop as seed in fruit after fertilization.

• 5.4. FLOWER : A MODIFIED SHOOT
The most widely accepted view for morphological nature of the flower is the 

classical concept, which was given by Goethe’s (1790) as Theory of Metamorphosis. 
According to this theory the flower is homologous to the shoot and the lateral 
appendages of the flower (i.e.. sepals, petals, stamens and carpels) are morphologically 
equivalent to the foliage leaves. According to Thorne (1963), proponent of the classical 
concept the primitive angiosperm flower consisted of an axis with numerous discrete 
and spirally arranged sterile and fertile appendages. From this primitive type of 
flower, all angiosperm flowers are considered to have evolved by modification or 
reduction of the various components. The appendages of some primitive (less 
specialized) flowers show many resemblance with foliar leaves in their initiation, 
development and vasculature.

The shoot nature of flower can be shown by the following facts.

I
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[I] Homology of Floral Bud
The floral bud is identical to the vegetative bud in its origin though different in its 

outward appearance. This finds support from the following facts.
1. Position: Both floral and vegetative budsoccurinaxillary or terminal positions.
2. Modifications ; The floral buds are sometimes modified into vegetative buds or 

bulbils. This shows reversion of floral buds to the original .structures i.e., to the 
vegetative buds, e.g., Agave, Globba.

[II] Axis Nature of Thalamus
The thalamus of the flower is an axis bearing flora! appendages. Since it is highly 

compressed, distinction between nodes and internodes is lost. The nodes bear floral 
leaves — sepals, petals, stamens and carpels. The internodes being very much 
shortened, all floral leaves appear to arise at the same level.

The shoot nature of thalamus is evident from the following facts.
1. Well developed internodes : In floral axis the internodes are usually very much 

compressed. But in Capparis, Gynandropsis, Passiflora, etc., well developed 
internodes are present between corolla and androecium (androphore) and androecium 
and gynoecium (gynophore; Fig. 3 A).

2. Monstrous development: The growth of the thalamus usually terminates after 
the formation of last floral leaves i.e., carpels. Sometimes, however, thalamus continues 
to grow even after producing floral leaves and then produces ordinary foliage leaves 
(Fig. 3 B). Such monstrous development is observed in rose, larkspur, pear, etc.

vegetative 
shoot 
extending 
beyond ttie 
flower

<
floweri3a

i1
i'

•;,

B
Fig. 3. A'C. Shoot nature of flower: A. Well developed internodes in the 

flower of Gynandropsis; 8. Monstrous development of thalamus in Rosa; C. 
Elongated thalamus of Michelia champaca.

3. Elongated thalamus : In some primitive families like Magnoliaceae and 
Annonaceae the carpel bearing region of the thalamus elongates like an ordinary stem 
during the formation of aggregate fruits, e.g., Michelia champaca and Polyalthia. 
longifolia (Fig. 3 C).

[Ill] Leaf-like Nature of Floral Organs
The following examples indicate that floral leaves (sepals, petals, stamens and 

carpels) are homologous to foliage leaves.

' S'
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The Flower & Its Functions1. Phyllotaxy: The arrangementoffloralleaveson the thalamus is similar to that 
of foliage leaves on the stem.

2. Aestivation : The aestivation of floral leaves is similar to prefoliation of foliage 
leaves.

3. Foliar nature of sepals : In Mussaenda (Rubiaceae) one of the sepals in one or 
more flowers of an inflorescence becomes large, brightly coloured and leaf-like (Fig. 4
A).

In Paeonia (Ranunculaceae) there is gradual transformation ,of leaves to bractS; 
sepals and petals (Fig. 4 B).

sepal
modlliad into

leaNike structure

sepals

loliage leal

Fig. 4 A-B. Foliar nature of floral organs : A. Leaf like sepal of Mussaenda; 
B. Transformation of foliar leaves into floral leaves.

4. Transition of floral leaves : In Nymphaea (water lily), there is gradual 
transition from sepals to petals and petals to stamens and carpels. In the wild rose 
there are only five petals while cultivated rose has numerous petals. It is presumed 
that during the course of evolution stamens have transformed into petals. In china rose 
{Hibiscus) also some of the stamens have transformed into petals.

In Zinnia, some of the stamens and carpels become tepaloid, petaloid or sepaloid. 
Similarly, in Canna, there are petaloid stamens and style. ; '

t

• SUMMARY
Flowers are the coloured attractive part of plant. When a number of flower grow 

together on plant in groups a single group is called “inflorescence”. A flower is the 
structure for sexual reproduction of plant. If a flower has all the four floral parts (calyx, 
corolla, androecium and gynoecium) it is said to be complete. Androecium is the male 
reproductive and gynoceium is the female reproductive part of the plant. A flower is a 
modified shoot as it shows resemblance in many views with it.
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• STUDENT ACTIVITY
1. To whom would you say perfect and imperfect flower ?

2. How can you say that flower in angiosperms is a modification of shoot ?

3. Describe the sexual parts of a flower.

• TEST YOURSELF
1. When the flower is called as perigynous ?
2. Which part of flower is called male reproductive element ?
3. The coloured part of flower is called ?
4. Which is the outermost covering of flower in most of the angiospermic plants ?
5. Which part of androedum develop pollen grains ?

ANSWERS
1. If the floral parts are iriserted above the ovary.

f.

2. Stamens of androeciuni.
3. Corolla
4. Calyx 
6. Anther
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UNIT

6
THE REPRODUCTIVE UNITS OF FLOWER

STRUCTURE
• Staicture of Microsporangium or anther
• MiCrosporogenesis
• Structure of pollen grain
• Structure of male gametophyte
• Structure of Pistil or Gynoecium
• Types of ovule
• Development of ovule
• Placentation and thir lypesDevelopment of female gamtophyle or megasporogenesis
• Determination of female gametophyte
• Structure of female gametophyte
• Types of female gametophyte.

0 Summary
□ Student Activity
□ Test Yourself

LEARNING OBJECTIVES
After going through this unit you will learn ;
* Structure of male & female reproductive parts of flower

• 6.1. STRUCTURE OF MICROSPORANGIUM OR ANTHER
Stamen is the male reproductive organ of the flower.

Typically it consists of two, parts - a lower sterile part, the 
filament and an upper fertile part, the anther. The 
filament at median part of the anther is known as 
connective (Fig. 1). The anther is typically two-lobed and 
called anther lobs. Each anther lobe has a pair of pollen 
sacs or microsporangia. Thus characteristically each 
anther has four microsporangia (Fig. 2A). More than four 
microsporangia in an anther is rare but less than four is 
frequent and characteristic of many taxa (Fig. 2B)..

The young anther is a homogeneous mass of 
meristematic cells surrounded by an epidermis (Fig.
3A). During its development the anther assumes a four 
lobed appearance comers become distinguished from the 
surrounding cells by their large size, dense cytoplasm and 
prominent nuclei (Fig. 3B). These cells are arranged in 
plate-like or crescent-shaped vertical rows, form the 
archesporium of the anther. In Malvaceae and 
Asteraceae there is only a single vertical row of archesporial cells, whereas in some 
Lamiaceae, such as Mentha there is a layer of archesporial cells at each corner.

The archesporial cells enlarge radially and divide pericUnally resulting into outer 
primary parietal cells and inner primary sporogenous cells (Fig. 3C, D). The 
primary parietal cells imdergo repeated periclinal and anticlinal divisions giving rise 
to 3-5 concentric layers which eventually form the anther wall.

The primary sporogenous cells may directly function as microspore mother cells 
(MMC) or undergo several mitotic divisions and then function as microspore mother 
cells (Fig. 3E, F).

'K
AS-
'■■X'--5^ anther lobes 

(mlcfo^rangia)

connective

^-lllament

Fig. 1. Single stamen.
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Fig. 2. A. Transverse of a tetrasporangiate anther to show its various tissues.

columella
archesporfum

epidermis

Fig. 2 B. Transverse section of an anther of Arceuthablum 
mlnutlsstum showing a single no!se<shoe*shaped archesporfum and 

sterile central columella.

The Anther Wall

The mature anther wall is made of the following four layers.
(1) Epidermis
(2) Endothedum
(3) Middle layers
(4) Tapetum

p] Epidermis
This is the outermost wall layer of the anther made up of tangentially stretched and 

flattened cells. Stomata may occur in the epidermis as in Alangium.
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Fig. 3. A-E. Development of microsporangium : A-E. Successive stages of the 

development of microsporangium; F. A mature pollen sac in a transverse section.

[II] Endotheclum

This is the subepidermal layer of the anther wall. Mostly there is a single layer of 
endothecium, but sometimes, as in Coccinia indica, it is two layered. The cells of 
endothecium are radially, elongated and attain their maximum development when 
pollen grains mature. The radial and inner tangential walls of these cells have 
characteristic fibrous thickening bands. Usually these bands are U-shaped (Fig. 4A) or 
ring shaped, but in Melothria maderaspatana they occur in the form of two overlapping 
spirals (Fig. 4B). These bands are formed at the expense of the starch stored in 
endothecial cells. In those anthers which dehisce longitudinally, the endothecial cells 
at the junction of two pollen sacs of anther lobe lack thickenings.

. epidermis« 

./')thlckening--\'

'endothecium

Xl

H t\r\, \/

BA
Fig. 4. A. U-shaped thickening bands; B. Overlapped.
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. Endothecial thickenings are also absent in Musa, Sesamum, Annona, Ipomoea, etc. 
but in these taxa the anther epidermis has deposition of cutin and lignin.

The presence of fibrous bands, differential expansion of inner and outer tangential 
walls and hygroscopic nature of endothecial cells play an important role in the 
dehiscence of anthers.

[Ill] Middle layers
One to three layers, lying next to endothecium, are the middle layers. The cells of 

these layers are ephemeral and degenerate almost completely before the pollen mother 
cells undergo meiosis.

Sometimes these layers degenerate soon after meiosis as in Melothria 
maderaspatana, Momordica charantia, etc. Occasionally one or more middle layers 
may persist for indefinite period of time as in Coccinia indica, Ranunculus, Holoptelea 
and Lilium.

PV] Tapetum
Tapetum, the innermost wall layer of the anther, usually occurs as a single layer 

around the sporogenous tissue. Sometimes as in Coccinia, Nicotiana and Costus the 
tapetal cells divide periclinally giving rise to supernumerary layers. The cells of the 
tapetum are relatively large and centripetailly extended. They have dense cytoplasm 
ahd prominent nuclei. Sometimes the cytoplasm of tapetal cells is pigmented for 
instance, red-brown pigments are present in apple and violet pigments ia. Anemone.

Tapetum is present in the form of a homogeneous layer which completely surrounds 
the sporogenous tissue. In some taxa, however, a dimorphic tapetum is present. For 
example, in AZectra thomsonii and Nigella damascena. The tapetum on the protuberant 
side of the anther, formed from the derivatives of primary parietal cells, is called 
P-tapetum; and on the connective side, where it differentiates from the cells of the 
connective and/or septiun between the two pollen sacs, is referred to as C-tapetum. The 
cells of C-tapetum are relatively large than those of P-tapetum.

As the sporogenous cells undergo meiosis, the nuclei of tapetal cells also divide and 
as such the cells of mature tapetum are usually multinucleate. In some orchids (e.g., 
Hermaenia angustifolia) and cucurbits {e.g., Melothria maderaspatana] the cells of the 
tapetum remain uninucleate.

• 6.2. MICROSPOROGENESIS
Microspores are formed by reduction division of microspore mother cells and tliis 

division is completed in two steps. In the first step, known as meiosis-I, two haploid 
cells are formed and the second step, called meiosis-II, is a normal mitotic division. It 
is believed that the stimulus which prompts sporogenous cells to undergo meiosis 
originates in the vegetative shoot apex. This stimulus affects only sporogenous cells 
and not any other cell of the anther. As all microspore mother cells of an anther locule 
are interconnected by plasmodesmata, their meiotic stages are closely synchronised.

In meiosis-I, the homologous chromosomes derived from maternal and paternal 
gamete nuclei of the microspore mother cell come together and pair up forming 
bivalents. Prophase-I is characterised by genetic crossing over. At metaphase 1 the 
bivalents are aranged across the equatorial plate. Subseuently the homologous 
chromosomes of each bivalent are gently pulled to two opposite poles by spindle fibres. 
Thus by the end of meiosis I chromosomes are separated into two haploid sets. In 
melosiS'II these two haploid sets of chromosomes divide mitotically, resulting in the 
formation of four haploid nuclei. Each of these nuclei eventually forms a pollen grain..

Inner to the original cell wall, a special callose wall is formed around each 
microspore mother cell during early meiosis. It increases in thickness during meiosis. 
reaching at its maximum at tetrad stage. As tetrads mature the special wall dissolves.

Cytokinesis
During meiotic division of microspore mother cell, the wall formation may be 

successive or simultaneous type.
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[I] Successive type
In this type of wall formation, which is found mostly in the monocotyledons, a cell 

plate is laid down between two daughter nuclei after meiosis-L This wall gradually 
extends towards the periphery on both sides dividing the cell into two equal halves.

The Reprodiictiv Units of 
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partition wall 
after melosis-i

microspore 
mother cells microspores

Fig. S. A-E. Successive division of cytoplasm in microspore mother celi.

Each cell of the diad thus formed undergoes meiosis-II. The wall formation between 
the two daughter nuclei occurs in the same way as after meiosis-I. This results inthe 
formation of a microspore tetrad (Fig. 5A-E). The second meiotic division may not be 
synchronous in both the cells of the diad.

[II] Simultaneous type
Simultaneous typ of cytokinesis is common in the dicotyledons. Inthis type, there is 

no wall formation between the two daughter nuclei after meiosis-I and as such instead 
of a diad, simply a binucleate cell is formed after meiosis-I. The two daughter nuclei 
then undergo second meiotic division which is usually synchronous. At this stage four 
daughter (haploid) nuclei lie in the common cytoplasm. The wall formation begins in 
the form of four peripheral constrictions which gradually extend from periphery 
towards the centre. These constrictions eventually meet at the centre of the cell and 
divide the cytoplasm into four haploid microspores (Fig. 6A-E).

1

micfospore 
mother cell

2 nuclei after 
meiosis-I

, mfcrospore mother cell 
after me(osls-ll
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I■^^fp^mictosporea

tetrahedral
tetrad

Fig. 6. A-E. Simultaneous division of cytoplasm in microspore mother cell.
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Microspore or Pollen Tetrads

The microspors of a tetrad are separated from each other by callose wall. There is 
also no connection between the raicrospores of different tetrads inthe anther locale. 
However, in some orchids microspores do show cytoplasmic connections.

The four microspores formed from a microspore mother cell are usually arranged in 
tetrahedral or isobilateral tetrads. In tetrahedral tetrads, which are formed as a 
result of simultaneous division, the four microspores lie at the four corners of a 
tetrahedron (Fig. 7A). When seen from an angle, only three microspores are visible and 
the fourth lies at the back. In isobilateral tetrads, which are formed by successive 
divisions, the four microspores are arranged in one plane (Fig. 7B).
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<S>

9
9 y9

c ED
Fig. 7. A-E. Various types of pollen tetract: A. Tetrahedral: 

B. Isobilateral; C. Decussate; D. T-shaped; E. Linear.

Besides the above two types, 
sometimes microspores may be 
arranged in decussate {e.g.,
Magnolia, Crocus, Atriplex, Fig. 7C).
T-shaped (e.g., Aristolochia,
Butomopsis, Pig. 7D) or linear {e.g.,
Halophila, Fig. 7E) tetrads. The 
microspores of a tetrad usually 
separate from each other as the 
anther matures. But sometimes (e.g., 
drimys, Annona, Acacia, Drosera,
Typha, Eloded, etc.) they do not 
separate even at maturity and even 
the. tetrads are stuck together in groups which may contain as many as 64 pollen grains. 
Such groups are called 
compound pollen grains (Fig.
8A). In Asclepiadaceae all pollens 
in a pollen sac are united in a 
single compact mass, known as 
pollinium (Fig. SB). Pollenia are 
also formed in Orchidaceae but in 
certain members of this family 
the pollinium is Iss compact as it 
comprises smaller groups of 
pollen grains. Such loose groups 
are termed as massulae. The 
pollen grains of a massulae are 
loosely joined among themselves' 
by means of a viscin thread. In Ericaceae and Empetraceae the pollen grains are 
permanently united in tetrahedrons (Fig. 9A, B).

disc

ceudicle

P
^ po/lini'a^

B
Fig. 8. A-B. Special types of microspores : 
A. Compound pollen grain, B. A pollinium.

Fig. 9. A-B. Permanent pollen grains : A. Empetrum; 
B. Andromeda.

• 6.3. STRUCTURE OF POLLEN GRAIN
Microspore (pollen grain) is the mother cell of the male gametophyte. During 

gametogenesis, the nucleus of pollen grain divides into a small lenticular generative 
cell and a large vegetative cell. The generative cell again divides and Ibrms tv/o male 
gametes.
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Pollen grain has a well defined wall which 
is differentiated. into two layers-the outer 
exine and the inner intine. The exine 
appears first as a thin layer but later becomes 
considerably thick and can be differentiated 
into two layers - the ektexine (also called 
sexine) and endexine (also called nexine)
(Fig. 10). The ektexine is further 
differentiated into three layers, a basal foot i
layer, a middle bacnla and an upper 
tectum. The bacula, which consists of 
radially extended rods forms various '
sculpturing pattern on the exine. The exine is 
chiefly composed of sporopollenin, a 
substance considered to be the oxidative 
polymer of carotenoids and/or carotenoid 
esters. It is a tough substance proyiding 
resistance to physical and biological 
decomposition and thus checks natural decay 
of pollen greiins. Preservation of pollen grains 
during fossilization is due to the presence of 
sporopollenin.

The exine is comnpletely absent or represented by endexine only below the pore or 
aperture region.

Intine is composed of pectin and cellulose. The fibrils of cellulose are arranged 
parallel to the pollen surface. The intine is usually thicker under the pores, and at these 
points it also contains enzymatic proteins.

In insect pollinated species, the surface of the pollen grains is covered by an oily 
layer called pollenkitt. The substances necessary for the synthesis of pollenkitt are 
secreted by the tapetal cells. Fimction of pollenkitt are : (i) it helps in attracting insects, 
(ii) protects pollen from ultraviolet radiations, and (iii) its sticky nature helps in 
sticking pollen to insect body.

The cytoplasm of pollen grain contains dictyosomes, mitochondria and endoplasmic 
reticulum. Pollen grains are densely cytoplasmic as long as they are in tetrads. But 
soon after their release from the ttetrad they undergo considerable enlargement and as 
a result their cytoplasm becomes highly vacuolated. Mature pollen grains contain 
7.0-26.0% proteins, 24.0-48.0% carbohydrates, 0.9-14.5% fats, 0.9-5.4% ash and 
7.0-16.0% water.
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Fig. 10'. Structure of pollen grain.

» 6.4. DEVELOPMENT OF MAL^ GAMETOPHYTE
[I] Formation of generative and vegetative cells

The first division of pollen grain 
(which is mitotic) results in two 
unequal cells—a larger vegetative 
cell and a smaller generative cell 
(Fig, llA, B). Initially, the 
generative cell is attached to the 
intine of the pollen wall but later it 
gets detached from the pollen wall 
and lies free in the cytoplasm of the 
vegetative cell. Eventually, the 
vegetative cell develops into pollen 
tube and the generative cell forms 
male gametes. (Fig. 11 C-D).

Pollen grains, when they 
separate from the tetrad, are

exine itine
vegetative cell
! mP.

vacuole generativenucleus male
C gametes

vegetative
nucleus

cellA cytoplasm B
male

gametes

Fig. 11. A-D. Successive state of the development 
of male gametophyte.

D
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uninucleate. In most tropical plants, there is a short interval between the second 
meiotic division of microsporogenesis and the first division of pollen grain. In some 
spring flowering species of the temperate region, where floral organs are formed in late 
antumn, this interval may be of several months. There is no synchronization in the first 
division in the pollen grains of an anther locule but the differences in timings m 
different pollen grains are not great. This is probably due to lack of any cytoplasmic 
connections between pollen grains in an anther locule. However, in Asclepiadaceae. 
Mimosaceae and Orchidaceae, where pollens are united into pollinia or massulae, the 
first division in pollen grains in simultaneous.

Protoplast of the pollen shows two marked changes before its division (i) its nucleus 
migrates from the centre to the periphery; the migrates from the centre to the 
periphery; the migration occurs in a definite direction and determines the position of 
the generative cell (the position of generative cell is a genetic character), (ii) many 
vacuoles appear in between the nucleus and poUen wall on the side where vegetative 
cell is to be formed.

The mitotic spindle of the pollen grain is asymmetrical, it is short and blunt towards 
the pollen wall and long and acute on the inner side. The angle of mitotic spindle to the 
wall of the grain is constant in a species and even in a genus. Of the two daughter nuclei 
formed in a pollen, the one lying towards the pollen wa’l is the generative nucleus 
and the other functions as the vegetative nucleus. A thin, of celicate, curved wall is 
formed between the two nuclei, which cuts off the generative nucleus in a small, 
lenticular cell against the wall of the grain. It becomes free from the pollen wall after a 
short time and then this biconvex cell gets surrounded by the cytoplasm of the 
vegetative cell. The shape of the generative cell may become ellipsoidal, vermiform, 
fusiform or lenticular at different stages of development. The elongated form of 
generative cell, however, facilitates its passage through pollen tube.

[II] Vegetative cell
The nucleus of the vegetative cell is spherical or irregular in outline, with thin 

chromatin material. It has one or two nucleoli. The cytoplasm of the vegetative cell 
contains ribosomes, rough ER, piastids, active dictyosomes, mitochondria, fat and 
starch grains. RNA and proteins are also present in sufficient amounts. The vegetative 
cell norroahy does not divide, although it is capable of DNA synthesis.

[III] Generative Cell
The wall of the generative cell is arcuate in outline, but looks quite irregular on 

closer examination. Its texture is relatively uniform and may show occasional .small 
electron-opaque structures. There is no cytoplasmic connection between the generative 
ceE and th vegetative cell. The relatively dense cytoplasm of the generative cell 
contains mitochondria with conspicuous internal membranes, endoplasmic reticulum, 
dictyosomes and abundant free ribosomes. In some species like Oenothera hookeri, the 
generative cell also contains piastids but they do not contain starch. The nucleus of the' 
generative cell occupies most of the cell volume. The nuclear envelope has numerous 
pores in its double membrane.

[IV] Formation of male gametes
Male gametes are formed by mitotic division of the generative cell. This division 

usually occurs before the pollen is shed from the anther, but in some species the 
generative cell divides only after the pollens have been shed. For example, in 
Holoptelea integrifolia and Portulaca it occurs when the pollens have reached the 
stigma and in Euphorbia terracina, Lilium, Nemophila, Impatients, etc. it divides in the 
pollen tube. In most of the plants the division of the generative cell in the pollen tube is 
characterised by the absence of metaphase plate and spindle formation. If pollens ai-e 
shed at two-celled condition, the generative nucleus is already in prophase stage and 
the process of division merely continuous in the pollen tube. Thus depending upon the 
division of the generative cell pollens may have two or three cells at the time of their 
release fromthe anther. Two celled poUens remain viable for a longer period and can be
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easily grown on culture medium. On the contrary, three-celled pollens remain viable 
only for a short time and they can not be grown on culture medium.

Mitotic division of the generative cell results in the formation of two non-motile 
male gametes.

The Reproductiv Units of 
Flower

• 6.5. STRUCTURE OF MALE GAMETOPHYTE
Each male gamete consists of a large nucleus surrounded by a thin sheath of 

cytoplasm, externally limited by a cell membrane. In most of the angiosperms, the cell 
membrane is not covered by cell wall, hence the male gametes are naked. The nucleus 
of the male gamete is bound by a conventional unit membrane. The cytoplasm of the 
male cells contains mitochondria, dictyosomes, ribosomes and microtubules. The 
microtubules probably help in maintaining or altering the shape of male gametes as 
they course down the pollen tube. Functional plastids are generally absent in the male 
cells.

The two male cells of a gametophyte do have physical contact with each other. Such 
a contact is important as it helps in coordinated development of both the cells. It is also 
important from the point of view of double fertilization.

• 6.6. STRUCTURE OF GYNOCEIUM OR PISTIL
Gynoedum (pistil) made up of one to many carpels, is the female reproductive organ 

of the flower. Typically, the carpel consists of a proximal ovule bearing part, the ovary, 
a distal pollen receptive part, the 
stigma, and a median sterile part, the 
style (Fig, 12A). The ovules, which 
are enclosed in the ovary, develop into 
seeds after fertilization (Fig. 12B).
The angiospermic ovule consists of a 
central body, the nucellus, and a 
basal stalk by which it is attached to 
the placenta, the funicle. The 
nucellus is protected and enclosed by 
one or two sheaths, the integuments.
The opening in the integumentary 
sheath, where tip of the nucellus is 
exposed, is the micropyle. The basal 
part of the ovule where nucellus, 
integuments and funicle merge is 
called chalaza (Fig. 13)

The embryo-sac, formed in the 
nucellus is the female gametophyte. A 
typical embryo-sac contains eight 
haploid nuclei. Of these eight nuclei, 
three at the chalazal end organise into 
antipodal cells, three at the microphylar end form egg apparatus and the two 
medium nuclei are called polar nuclei. The egg apparatus has an egg and two 
synergids, the formes represents the female gamete.

stigma

ovuiss'
—style

locule

placenis

ovary

Pr.

A
Fig. 12. A-B. Gynoecium : A. External view, B. 

Transverse section of ovary showing locales and 
ovules.

• 6.7. TYPES OF OVULES
Depending upon the relative position of micropyle and chalazal, the following six 

types of ovules have been recognized.

[I] Atropous or orthotropous ovules
The body of atropous ovule is upright with micropyle, chalaza and funicle falling in a 

straight line (Fig. 14A).

[II] Anatropous ovules
In this type, the whole body of the ovule is inverted through 180*. Micropyle and 

chalaza lie in one line and the funicle lies parallel to it (Fig, 14B). It is the most common 
type and occurs in several families of both dicotyledons and monocotyledons.
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Fig. 13. Ovule : Structure.

[Ill] Campylotropous ovules
This type of ovule has a curved body but. its curvature is less than that of the 

anatropous ovule. The micropyle and chalaza are not in a straight line and the funiclc 
lies at right angles to the chalaza (Fig. 14C).

Fig. 14. A-E. Various types of ovules : A. Atropous, B. Anatropous, C. Campylatropous, 
D. Hemi-antropous, E. Amphitropous, F. Chcinotropous.

62 Self-lnsiniciional Material



[IV] Amphitropous ovules
Such type of ovules have a pronounced curved body like that of anatropous ovule. 

But here the embryo-sac within the ovule also bends and becomes horse-shoe shaped 
(Fig. 14D). Amphitropous ovules are found in the members of Loganiaceae, Alismaceae 
and Butomaceae.

[V] Heml-anatropous or hemitropous ovules
In this type, the body of the ovule is turned through 90°d, i.e., it is horizontally 

placed on the funicle. Hence the micropyle and chalaza are on a horizontal line and the 
funiclelies at right angles to this line (Fig. 14E)c.g., Ranunculaceae and Primulaceae.

[VI] Circlnotropous ovules
In this type of ovules, the funicle is very long and forms a complete circle around the 

body of the ovule (Fig. 14E) e.g. Opuntia, Phyllocactus.
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• 6.8. DEVELOPMENT OF OVULE
The ovule primordium arises 

on the placenta as a 
hemispherical protuberance 
(Fig. 15A). It is initiated by 
periclinal divisions in one to 
many cells, depending upon the 
size of the ovule. These 
divisions mainly occur in the 
first and second layers beneath [o 2/q)^ 
the epidermis of the placenta. ro\,®)^yi.
These are followed by anticlinal 
divisions in the epidermis with 
more divisions the primordium 
enlarges the there is an early 
differentiation of archesporial 
cells (Fig. 15B). In many taxa 
the archesporial cell becomes 
recognizable even before the 
nucellar primordium protrudes 
on the placental surface.
Differentiations of the 
archesporium is followed by 
initiation of the inner and outer 
integuments. Usually the 
innert integument, which is 
formed first, initiates from the 
epidermal layer and the outer 
from the sub-epidermal layer (Fig. 15C, D). The integument arises as a complete ring 
below the nucellar apex which grows upward and covers the nucleus except for a small 
opning at the tip, the micropyle. The growth of the outer integument is slower than that 
of the inner integument. The ovule becomes curved as a result of unequal growth of the 
primordium onthe two sides.

Parts of Ovule
Various parts of the ovule are described below in more detail.

[I] Integuments
The angiospermic ovule has one (unitegmic) or two (bitegmic) or two (bitegmic) 

integuments. Unitegmic ovules are characterstic of Gamopetalae whereas bitegmic 
ovules occur in Polypetalae, Archichiamydeae and Monocotyledons. Sometimes, as in

/\o\ 0/>v parenchymatous
mound

OMov£/o|o7o 2.

epidermis

o

A
Initiation of

Integumentinner Integument
/4ol2JdK

riO
lnitlatior> of outer

Fig. 15. A-D. Successive stage inthe development of 
ovule.\
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Liriosma, Olax imbricata, Crinum, etc., the ovule lacks integuments. Such ovules arc 
called ategmic.

The
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air spaceinteguments
independently; the inner integument 
usually preceeds the outer integument. In 
Lannea and Rhus, however, the outer and 
the inner integuments arise by splitting of a 
single integument primordium. The two 
integuments may show various degrees of 
fusion between themselves and the 
nucellus. Usually the two integuments are 
fused at the chalazal end and are free 
towards the micropylar end. In some 
Cactaceae a prominent air space is present 
between the outer and inner integuments 
at the chalazal end (Fig. 16). In anatropoua 
ovules, the outer integument on the side of 
the funicle is hardly distinguishable.

Chloroplasts are present in the cells of 
the outer integument in several 
monocotyledons such as Gladiolus, Lilium, Amaryllis and Moringa. Stomata have been 
reported in the outer integument of Nerine, Nelumbium, Aquilegia, Canna, etc., which 
perhaps help in exchange of gases.

two arise

chalaza

embiyo sac

— outer 
intagumsnt

(nnar
. Integument

L ftinlculusmicropyle

Fig. 16. Longitudinai section of a mature 
embryo sac of cactus.

It is generally believed that the unitegmic condition has arisen from th bitegmic 
condition either by fusion of the two integuments or due to abortion of one of the 
integuments. The unitegmic conditions in Betulaceae, Ranaculaceae and some 
Papilionaceae is undoubtely the result of fusion of two integuments, and in Salicaceac, 
it has been brought about by abortion of inner integument. Supernumerary

oolian tubeIntact
synergld

degenerating
—synergld

zygote

2nd male 
gamete

secondary
nucleusp-

integuments
endotbelium

embryo saoembryo
sac

amipodala

Fig. 18, Embryo sac surrounded by 
endothelium

Fig. 17. Aril in the ovule of Asphodelus.
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integuments, i.e., more than two integuments have also been reported in some taxa. In 
Asphodelus and Trianthema, a third integument, called aril, arises from the base of the
ovule and it covers completely the other two integuments (Fig. 17). In .........
Euphorbiaceae, an outgrowth arises from the tip of the outer integument which turns 
backward and partially envelops the ovules. This outgrowth is called caruncle.

In Gamopetalae and some Archichlamydeae, the nucellus is tenriinucellate, i.e., it is 
much reduced and represented by a single layer of cells. In such ovules, the innermost 
layer of the inner integument develops into an integumntary tapetum or 
endothelium, which functions as a nutritive tissue. The cells of this layer are often 
radially stretched and possess dense cytoplasm and prominent nuclei. They are also 
rich in starch and fats (Fig. 18). Integumentary tapetum is usuaUy single layered but 
some Asteraceae have a two or more layered tapetum. The cells of the tapetum 
polyploid or multinucleate in certain taxa.

[II] Micropyle
It is a small pore present at the apex of the ovule, mostly formed by both the 

integuments. But in families like Podostemonaceae and Euphorbiaceae only the outer 
integument forms the micropyle. When both the integuments participate in the 
formation of micropyle, the part formed by the outer integiunent is known as 
cxostome and by the inner integument as endostome.

Sometimes the exostome and endostome are not in a straight line and as such the 
micropyle appears zig-zag. In Leguminosae the exostome and endostom are at right 
angles to each other. In Ficus, Cynomorium and some other taxa, the integuments come 
very close to each other and as such the micropylar canal becomes very much 
constricted. An extreme condition is found in Houstonia, a member of Rubiaceae, where 
the micropylar canal is completely obMerated due to contact of the integumental 
margins. In Grevillea, the micropyle is filled with a mucilagenous substance secreted 
by nucellus or the integuments, which probability facilitates the entry of pollen tube in 
the ovule.

[III] Nucellus
Nucellus is a rounded or oval mass of thin walled parenchymatous cells, enclosed by 

integuments. InAegle marmelos and Herminium angustifolium, twin nucelli have been 
reported in an ovule. In Polypetalae and Monocotyledons, the nucellus is massive and 
the sporogenous cell is deeply embedded in it. Such ovules are known as 
carassinucellate. I'his type of nucellus persists till the ripening of the seed. On the 
other hand, in Gamopetalae the nucellus occurs only as a single layer around the 
sporogenous cell. Such ovules are called tenuinucellate. An extreme reduction of 
nucellar tissue in found in Rubiaceae. In Oldenlandia it is represented by a single 
celled cap over the sporogenous cell and in Houstonia it is altogether absent. 
Crassinucellate ovules are usually bitegmic and tenuinucellate unitegmic.

Tenuinucellate and crassinucellate conditions are not characteristic of any genus or 
species. Both tenui-and crassinucellate ovules occur commonly in Butomus and 
Ophiopogon. Sometimes, a false or pseudo-crassinucellate condition may arise by 
periclinal divisions in the single layered nucellus of tenuinucellate ovules.

The nucellus is usually confined within the limits of inner integuments, but in 
Caryophyllaceae it extends into the micropyle. In Codiaeum variegatum 
(Euphorbiaceae) the nucellar tissue forms a nucellar beak which extends beyond the 
micropyle.

The nucellus is used as nutrition by the embryo sac or endosperm and is consumed 
almost completely by the time the endosperm matures. In Scitamineae and Piperaceae, 
however, the nucellus forms a special nutritive layer, called perisperm, around the 
embryo sac. This layer may persist even in the ripening seeds.

pV] Hypostase and epistase
These two structures within the ovule need special mention. In the basal part of the 

nucellus. in between the embryo sac and vascular bundles, there is a group of cells with
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lignified and subcrized walls, which is called 
hypostase (Fig. 19). These cells usually have 
poor cytoplasmic contents and deformed nuclei, 
but occasionally they may have dense cytoplasm 
and thin walls like glandular cells.

Hypostase is known to occur in many diverse 
families like Apiaceae, Loranthaceae,
Euphorbiaceae, Liliaceae and Elaeagnaceae, but 
its definite function is not yet known. Some 
consider the thick walled cells of hypostase limit 
the chlazal expansion of embryo sac, others 
regard it as a tissue responsible for maintaining 
water balance in dormant seeds and still others 
interpret it as a glandular tissue responsible for 
maintaining water balance in dormant seeds. It 
is considered as a glandular tissue which 
produces hormones required by the embryo sac.

In some taxa such as Costalia, Costus,
Rheum and Agave a few modified cells of the 
nucellus are present at the top of the embryo sac 
and these cells are referred to as epistase The 
nature and function of epistase is not known.

[V] Obturator
In families like lamiaceae, Acanthaceae,

Anacardiaceae, Magnoliaceae, Euphorbiaceae 
and Iridaceae, some uni- or multicellular hairs 
present in the basal part of the ovule collectively form the obturator. It may develop 
from the funicle or placenta. It may develop from the funicle’ or placenta. In Rheum 
palmatum, it is formed by a part of the cells around the stylar canal base and project 
into the micropyle. Obturator probably guides the pollen tube towards micropylc. It 
egenerates after fertilization.
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Fig. 19. Ovule showing hypostase.

• 6.9. PLACENTATION AND THEIR TYPES
Physiologically, placenta is an important structure as nutrition to ovules passes 

through it. The arrangement of ovides in the ovary is called placentation. It is very 
often uniform throughout a family and has been useful in the classification of 
angiosperms.

The following are the main types of placentation, distinguished primarily on the 
basis of the number of locules ih the ovary and the position of the ovules.

[I] Marginal placentation
In marginal placentation, the gynoecium is monocarpeUary and unilocular, and the 

placenta is bom on the fused margins of the same carpel. The ovules are present along 
the ventral sutures of the carpel (Fig. 20A). This condition is found in legumes.

[li] Axile piacentatlon
In this type of placentation the gynoecium is multicarpellary, syncarpous and 

multilocular. The placentae are borne on fused margins of the same carpel. The ovules 
are borne on the confluent carpel margins which meet on the central axis of the ovary 
(Fig. 20B). This type of placentation is found in the families like Malvaceae, Rutacae, 
Solanaceae,

[l((] Parietal placentation.
Here the gynoecium is multicarpellary, syncarpous and unilocular, and the 

placentae are borne on the fused margins of the two adjacent carpels (Fig. 20C).
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Fig. 20. A-F. Types of placentation : A. Marginal; B. Axile; 
C. Parietal; D. Free-central; E. Basal, F. Superficial.

Sometimes, as in the Passifloraceae as Cucurbitaceae, the placentae extend towards 
the centre of the ovary and secondarily cohere among themselves to give rise 
multilocular appearance to the ovary.

[IV] Free-central placentation

In this condition, the gynoecinto is multicarpellary. syncarpous and unilocular. The 
placentae are borne on fused margins of the same carpel (Fig. 20D). But the fused 
margins break away fromthe ovary wall during development of the gynoecium as in the 
Caryophyllaceae or from the very beginning as in the Primulaceae. The ovules thus 
appear to arise from the central column.

[V] Basal placentation
In this type of placentation the gynoecium is unilocular and the single ovule arises 

or appears to arise from the bottom of the ovary as in the Asteraceae (Fig. 20E).

[VI] Superficial placentation
When the entire or most of the internal surface of the ovary wall is covered with 

ovules as in the Nymphaeaceae and Butomaceae, the placentation is described as 
superficial.or laminar (Fig. 20F).

[VII] Lamellar placentation
In some Papaveraceae, such as Papaver, the placentae enlarge considerably and 

extend towards the centre. The carpellary margins do not take part in the formation of 
these extensions- Such placentation is described as lamellar (Fig. 20F).

• 6.10.MEGASPOROGENESIS
At a very early stage of ovule development a sub-epidermal cell at the apex of the 

nucellus differentiate as archesporial initial. It is distinguishable from the other 
cells by its conspicuous large sdze, dense cytoplasm and prominent nucleus. In 
tenuinucellate ovules the archesporial initial directly functions as megaspore mother 
cell. But in crassinucellate ovules this cell divides by a perichnal wall forming an outer 
primary partial cell and an inner primary sporogenous cell; the later functions as 
raegaspore mother cell.

Although all the hypodermal cells of the nucellus have the potential to develop into 
archesporial cells, usually a single cell differentiates as archesporial initial. But
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Fig. 21. A-C. Muticeliular archesporium; A. 8.Celled archesporium; B. 3-celled 
archesporium; C. Four megaspore mother cells arranged in a row.

multicellular archesporium is not uncommon and occurs in several families such as 
Fagaceae, Apiaceae, Salicaceae. Ranunculaceae, Poaceae and Liliaceae. All the cells of 
a multicellular archesporium are rarely functional (Fig. 21 A-C).

Thje megaspore mother cell is the last cell of the sporophytic generation. It 
undergoes a reduction division (meiosis) to form four haploid megaspores. As both the 
divisions of meiosis (meiosis I and meiosis II) are transverse to the long axis of the 
nucellus, a linear tetrad of megaspores is formed. But in Caltha, Iris, Yucca, etc., only 
one cell of the dyad (formed by meiosis I) undergoes second meiotic division, and as a 
result only three megaspores are formed.

A linear tetrad of megaspores is typical of most angiosperms (Fig. 22A). but 
occasionally the upper or lower cell of the dyad divides longitudinally instead of 
transversely, and this results in a T-shaped or inverted T-shaped (.L) tetrad Fig. 22B). 
i^esides a typical tetrahedral (e.g., Fasiia japonica) (Fig. 22C), linear or isobilaterai 
(e.g., Musa) tetrads are also not uncommon in angiosperms.

nucellar
epidormia

0 0,
'e ®mi<3P

%

\ iMetrabedral 
tetrad of 

megasporeslinear tetrad of 
megaspores

T - shaped tetrad of 
megaspores cBA

Fig. 22. Mgaspore tetrads : A. Linear tetrad; B. T-shaped; C. etrahedral tetrad.

Of the four megaspores of a tetrad, only the lowest (calazal) is ftinctional and forms 
female gamtophyte the remaining three megaaporee degenerate and are used up as 
nutrition by the functional megaspore. In the Onagraceae andAsteraceae, however, the 
functional megaspore is micropylar and in Rosa the micropylar or second megaspore 
forme the female gametophyte. In Galium, Sedum and Potentilla each of the four 
megaspores of a tetrad form a tubular haustorium and the one which succeeds in 
absorbing maximum nutrition remains functional and the others degenerate.
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• 6.11. DETERMINATION OF FEMALE GAMETOPHYTE
The functional megaspore represents the first cell of the female gametophyte (Fig. 

23 A). It is mostly chalazsil and grows mainly along the micropyle - chalazal axis. As the 
functional megaspore grows, many small vacuoles appear in its cytoplasm which later 
join together to form a large vacuole. The nucleus undergoes three mitotic divisions and 
form eight nuclei.
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Fig. 23. A-E. Successive stages of the embryo sac deveiopntent

The spindle of the first mitotic division is oriented along the vertical axis of the 
ovule. It is not followed by cytokinesis and the two daughter nuclei are separated by a 
large central vacuole (Fig. 23B, C). As the vacuole enlarges, one of the two daughter 
nuclei is pushed to the micropylar end and the other to the chalazal end. Both of these 
nuclei undergo two mitotic divisions, and as a result four nuclei are formed at each pole 
(Fig. 23D, E). Subsequently these nuclei are reorganised; one nucleus from each group 
at a pole migrates to the centre of the cell. These two nuclei are called polar nuclei. 
The three nuclei left at the chalazal end are sturounded by walls and form antipodals. 
Of the three nuclei located at the micropylar end, one serves as egg or female gamete 
and the other two as synei^ds. These three together constitute the egg apparatus. 
The whole structure with two polar nuclei, three antipodals, one e^ and two syner^ds 
is the mature female gametophyte or embryo sac (Fig. 23E).
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Since this type of embryo sac develops from a single megaspore and has 8 nuclei, it is 
called monosporic 8-nucleate embryo sac or Polygonum type of embryo sac. It is 
the most common type of embryo sac and is found in about 81% of the flowering plants.

Striicfure Development and 
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• 6.12. STRUCTURE OF FEMALE GAMETOPHYTE
The mature embryo sac has a well defined 

boundary and is surrounded by a thin 
cellulosic wall. A typical embryo sac consists 
of an egg apparatus at the micropylar end, 
three antipodal cells at the chalazal end 
and two polar nuclei in the center (Fig. 24). 
The egg apparatus consists of an egg and two 
synergids. There is, however, a considerable 
vEuiation in the number of synergids, 
antipodals and in the polar nuclei in different 
types of embryo sacs.

All the constituent cells of an embryo sac 
are connected with each other through 
plasmodesmata. The wall of embryo sac is, 
however, devoid of plasmodesmata and is 
occasionally covered by a thin layer of cutin.
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enUal
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Fig. 24. A mature embryo sac.

• 6.13. TYPES OF FEMALE GAMETOPHYTES
Besides the monosporic embryo sac (which develops from a single megaspore) 

escribed above, in many cases two or all the four megaspores tsike part in the 
development of embryo sac. The following three types of embryo sacs have been 
recognized on the basis of (i) the number of megaspores taking part in the development 
of embryo sac, (ii) the number of divisions occurring in the nucleus of the,functional 
megaspore, and (iii) organization of nuclei in the mature embryo sac (Fig, 25).

(1) Monosporic
(2) Bisporic
(3) Tetrasporic

[I] Mcnosporic embryo sacs
A monosporic embryo sac develops from a single megaspore eind as such all the 

nuclei present in this type of embryo sac are genetically alike. Monosporic embryo sacs 
are of the following two types:

1. Monosporic 8-nucleate or Polygonum type. This type of embryo sac develops 
from the chalazal megaspore. Its nucleus divides thrice to form eight nuclei. This type is 
generally referred to as normal type of embryo sac. It is also called Poly^num 
type as it was first time described in Polygonum divaricatum by Strasburger (1879).

2. Monosporic .4-nucleate or Oenothera type. This type of embryo sac usually 
develops from the micropylar megaspore. The megaspore nucleus divides twice and 
forms only four nuclei of these three organize into egg apparatus and the fourth 
functions as polar nucleus. Thus Oenothera type of embryo sac does not have any 
antipodals. This type is characteristic of the family Onagraceae.

Ill] Bisporic embryo sacs
The bisporic embryo sac develops from one of the two dyads formed as a result of the 

first meiotic division (meiosis I) of megaspore mother cell. One of the dyads 
degenerates. Both the nuclei of the functional dyad take part in the formation of embryo
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Fig. 25. Various types of embryo sacs found in angiosperms.

sac- Each nucleus undergoes two mitotic divisions and as such the mature embryo sac is 
8-nucelate. The eight nuclei are organized into antipodals, egg apparatus and polar 
nuclei as in Polygonum type of embryo sac. In this t5rpe of embryo sac the 4 nuclei 
derived from one megaspore nucleus are genetically different from the other four 
derived from the second megaspore nucleus.

[Ill] Tetrasporic embryo sacs
Sometimes meiotic division of the megaspore mother cell is not accompanied by 

cytokinesis and hence all the four haploid nuclei lie in a single cell caUed 
coeno-megaspore. All the four nuclei of coeno-megaspore participate in the formation 
of embryo sac. This type of embryo sac is called tetrasporic and it is genetically more 
heterogeneous than the bisporic type of embryo sac.

• SUMMARY
The male reproductive part of plant is called anther or anc^ecixim or micro- 

sporangixim & female reproductive part is called ovary, gyno^cium or mega
sporangium. The function of microsporangium is to produce microspore & of meg
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asporangium to produce embryo sac. Microspore or pollen gain from archesporium of 
microsporangium are developed by sereral mitotic division. The microspores are the 
microspore mother cells (MMC) which forms mole gametophyte. A male gametophjde 
contains two male gametes and a nucleus which are surrounded by cytoplasm.

Ovary contains ovules, which develop into seed. The attachment of ovule to ovary is 
called placenta. Depending on the position of inicropyle & chalaza ovule could be of six 
types. The ovule by several mitotic division develops female gametophyte. A mature 
female gametophyle or embryo sac consist of eight haploid nuclei. Out of these three 
develop into antipodal cells, three forms egg apparatus & two are called polar nuclei.

Anther is composed by two anther lobes. In each lobe there is a pair of pollen sacs or 
microsporangia (total 4) microsporangia.

Structure Development and 
Reproduction in Plants

• STUDENT ACTIVITY
1. What do you understand by P-tapetum & C tapetum?

2. Write a short note on pollen wall.

3. Write a short note on placentation.

4. Describe types of embryosac.

5. Describe structure of a matured embryosac.

• TEST YOURSELF
How many sporangia are present in a typical anther? 
What is the chief constituents of pollenkit?
How many layer cover a mature anther ?
Sticky nature of pollen grain is due to?
Which is the first cell of male gametophyte?
How many cells contains a matured embryo sac ? 
What is the main characterstic of atropous orule?

1.
2.
3.
4.
5.
6.
7.

Answers
1. Two pairs 2. Lipids 3. Four 4. Pollenkit 6. microspore 6. 8 
7. micropyle, chalaza & funicle lie in a straight line.
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PollinationUNIT

7V.

POLLINATION

STRUCTURE
• Introduction
• Self Pollination
• Cross Pollination
• Types of Cross Pollination
• Artificial Pollination 

o Summary
D Student Activity'
Q Test Yourself

LEARNING OBJECTIVES .
After going through this unit you will learn : 
« Pollination and Its type

• 7.1. INTRODUCTION
Pollen grains of angiosperms germinate only when they are transferred to the 

stigma. The process of transfer of pollen grains from anthers to the stigma is 
called pollination.

Dehiscence of anthers is the prerequisite for pollination. Once the anther is 
dehisced, the pollination can occur through the agencies of air, water, insects, animals,
etc.

The two broad categories of pollination are 
cross-pollination.

self-pollination and

• 7.2. SELF POLLINATION
Transfer of pollen grains from an anther to stigma of the same flower or to 

a flower on the same plant is known as self-pollination. It can occur in bisexual 
flowers as well as in unisexual flowers which occxur on the same plant (monoecious 
condition). The process of self pollination may be of one of the following two types ;

A- Autogamy. In this type of self-pollination pollen grains of an anther are 
transferred to the stigma of the same flower. In other words, autogamy means 
pollination of a flower by its own pollens. Naturally, autogamy is possible only in 
bisexual flowers.

B. Geitonogamy. When pollens of a flower pollinate any other flower present on 
the same plant. It is called geitonogamy. Thus this type of self-pollination occurs 
between two different flowers present on the same plant.

Self-pollinated flowers show the following two adaptations :
(a) Homogamy. It is the condition in which anthers and stigma of a flower mature 

at the same time. Thus the stigma is receptive at the time when anthers shed their 
pollens as in Catharanthus roseus, Mirabilis etc.

- (b) Cleistogmy. Production of flowers which never open is known as cleistogamy. 
In such flowers, ,self-pollination is carried out within closed buds e.g., Oredis, Juncus..
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• 7.3. CROSS-POLLINATION
Transfer of pollen grains from the anther of the flower on one plant to the 

stigma of the flower on another plant is called cross-pollination. It can occ\ir in 
both dioecious and monoecious species but dioecious species are necessarily cross 
pollinated. As cross pollination leads to cross-fertilization (fusion of male and female' 
gametes from two different flowers), it has the advantage of genetic recombination.

Types of Cross Pollination
The various agencies or agents that help in cross-pollination are classified into two 

broad categories — biotic and abiotic. The biotic agents include living organisms such 
as insects, birds, bats, snails, slugs, etc. and abiotic category includes nonliving agents 
like air, water etc.

Pollinating Agents
Abiotic Agents

Types of cross pollination
Anemophily
Hydrophily
Entomophily
Ornithophily
Cheiropteriphily
Malacophily

Biotic agents

[I] Anemophily (pollination by wind)
Transfer of pollen grains through wind is known anemophily. The plants which are 

adapted to anemophily show certain peculiarities. The flowers are inconspicuous, 
usually not brightly coloured or scented. The petals are either small and green or 
absent. The male flowers are usually more numerous than female flowers. The anthers 
are versatile so that they swing freely by air currents. Sometimes the entire flower is 
swayed by the wind. The pollen grains are usually smooth walled, relatively light, small 
and dry so they can be easily blown away by wind. They are produced in very large 
numbers as much of the pollen grams are lost in transit and a large number may land 
on unsuitable surfaces.

[II] Hydrophily (pollination by water)
Aquatic plants make excellent use of water for pollination. Generally, those plants 

whose flowers are permanently 
submerged
Ceratophyllum, Zostera, Vallisneria 
are adopted to hydrophyly.

Hydrophilous flowers are usually 
small and inconspicuous like 
anemophilous flowers, Hydrophily is of 
the following two types :

1. Hypo-hydrophily. It is the 
pollination of flower below water 
level and is found in submerged plants 
like Najas, Ceratophyllum and 
Zostera. The specific gravity of pollen 
grains is same as that of water and so 
they are freely distributed in water.
The pollens are trapped by the sticky 
lower surface of the style which serves 
as stigma.

2. Epi-hydrophily. It is the 
pollination of flower at the surface 
of water. In nature, it is more common

■:—-,z;mal0 flowerswater e.g;in .TK.rrmzr: .-zprA 45^s— s:nr -----
-ff •e

female V flowers Y I
'll.'It

I// i: 1\ I

Hill?i\'

fj'Sfi§

than hypo-hydrophily e.g.. Vallisneria pig. 1. Vallisinria spiralis showing free-floating 
spiralis, a dioecious plant, is the male flowrs.
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common example of epi-hydrophily. Both the male and female flowers of Vallisneria 
are submerged (Fig. 1); The whole male flower (not only pollens) breaks away and floats 
on the surface of water. The female flowers are raised to the surface by a lorig spiral 
stalk. Free floating male flowers get lodged in the cap-shaped female flower bringing 
open anthers in contact with the stigmas. After pollination the female flower is 
withdrawn inside the water by coiling of the stalk, where fruit development takes 
place.

[Ill] Entomophily (pollination by insects)
If the pollination is occurred by insects the process is known as Entomophily. 

Angiosperms as a whole are probably more dependent on insect than any other agency 
for pollination. Insects visit flowers to secure food in the form of pollen, sap and nectar 
to deposit, their eggs, for shelter or for unknown reasons. In order to attract insects, 
flowers develop large and brightly coloured petals or if flowers are small, they are 
grouped into conspicuous inflorescences. Insects can see ultraviolet wavelengths and 
as such the flowers which appear white to man may infact appear coloured to insects.

In insect pollinated flowers, the position of anthers and stigmas is such that the 
insect while taking its food becomes dusted with pollen grains and apply the dusted 
portion of its body to the stigma of another flower with almost unerring certainty.

Satylia has a remarkable adaptation for insect pollination. The flowers of Salvia are 
bilabiate with two stamens. Each anther has a fertile (upper) and a sterile Gower) lobe, 
separated by an exceptionally long connective (Fig. 2A). The filament is attached to the

Pollination

connective style

stigma
filament

lertile anther lobe 
dusting pollens on 

the Insect
- twUle anther

lobe

aterlle /
anther lobe A Insect
connective

upper lipfertile antherfilament of corollalobe
stigma

Insect strikes 
herer

D
Fig. 2. A-B. Insect pollination in Salvia: A. Structure of flowr; B.i Diagrammatic 

representation of changes taking place in ttie position of anther lobes during the entry of 
Insect in the flower, C.l Entry of insect in the flower (note the dusting of pollen grains on the 
back of the insect); D. insect entering another flower and the pollens on its back are being

collected by stigma.

connective in such a way that a lever mechanism is formed, and the connective can 
easUy swing on the filament. When an insect enters the flower in search of nectar, its 
head strikes the lower sterile anther lobes which block the mouth of the corolla tube, 
and as a result the upper fertile lobe hits the insect on its back (Fig. 2B, C). Thus pollen 
grains from fertile lobe get dusted on the insect’s body. When this insect enters the 
corolla tube of another flower, the pollen from its body is picked up by the stigma (Fig. 
2D).

^ •

To erisure cross-pollination some flowers have a special trap mechanism. In 
Aristolochia the flower has a long corolla tube and the reproductive structures are 
located in the swollen base of the tube (Fig. 3). The inner wall of the tube is lined with 
deflexed hairs. The flower is protogynous i.e., the stigma becomes receptive before the
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anthers attain maturity. A special 
odour emitted by the flower 
attracts insects to the corolla tube.
Once inside the tube, the insect 
fails to come out due to the 
presence of deflexed hairs. In its 
attempt to come out of the corolla 
tube the insect repeatedly strikes 
the stigma and in this process the 
pollen grains attached to its body 
are transferred to the stigma.
When pollination is over, the 
anthers dehisce and the insect gets 
dusted with pollen grains. Almost 
at the same time the deflexed hairs 
in the corolla tube become flaccid 
and now the pollen laden insect 
easily moves out of the tube to 
pollinate another flower.

A close interdependence exists 
between the life-cycle of the Fig. 
tree, (Ficus carica) and its ^
pollinator, the fig wasp 
(Blastophoga psenes). There are ^ 
two types of fig trees 
produces edible fruits and the 
other only small hard inedible 
fruits The latter serves simply as 
incubator for fig wasp larvae. In both edible and inedible types of figs the receptacle is 
in the form of a hollow flask-shaped structure which opens externally through a small 
terminal pore. Unisexual flowers 
line the interior of the hollow 
receptacle. In inedible figs the 
male flowers lie near the pore and 
the female with short style line 
the rest of the ca%dty (Fig. 4A-D).
The edible figs, on the other hand, 
have only female flowers.

The female wasp lays eggs 
inside the ovary of the female 
flower of inedible figs. The eggs 
batch into larvae and then into 
wasps which eat their way out of 
the ovary and male inside the 
immature fig. The male wasps are 
usually contained inside the fig. 
and eventually die but the female 
wasps escape through the pore. In 
this process they get dusted with 
pollens from the male flower 
present near the pore.

These pollen laden female 
wasps may enter the edible fig.
while searching for ovaries to lay A. Longimaton section of fruit, B. Staminats flower; 
eggs. The female flowers of the 
edible fig have long style and 
hence the w’asp is unable to lay

deflexed hairs

corola tube

(rapped files

one
Fig. 3. Flower of Aristolochia showing trapped 

insects.

Btamnaie

pistillateA

Fig. 4. A-D. Structure of fig. {Ficus carica) fruit:

C. Long styled pistillate flower; D. Abortive 
(short-styled) pistillate flower.
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eggs in these flowers but succeeds in pollinating them. If a single branch of an inedible 
fig is grafted to an edible fig tree, it provides sufficient number of pollinators for the 
tree.

[IV] Ornithophily (pollination by birds)
A large number of tropical plants are pollinated by some small birds known as

humming birds and honey thrushes.
Like insect pollinated flowers, ornithophilous flowers also have a number of 

structural peculiarities. These flowers are generally tubular, cup-shaped or 
urn-shaped and mostly of scarlet colour. In order to attract birds they secrete large 
quantities of nectar. Scent or odour hardly play any part in the process of attraction. 
Ornithophilous flowers usually have a tough texture so that they may withstand the 
onslaughts of little birds (Fig. 4A-D).

[V] Cheiropteriphily (pollination by bats)
Some tropica] flowers like Anthoeephalus cadamba, Kigelia africana and Bauhinia 

megalander are pollinated by bats. These have large flowers or inflorescences with long 
pedicels. The bat visits flowers to eat floral parts or in search of moths which are 
attracted towards flowers by their white colour. In their frequent run from one flower to 
another, they help in pollination.

Pollination

• 7.3. ARTIFICIAL POLLINATION
Plant breeders, with an objective of developing new improved varieties, transfer one 

or more desired characters into a variety from other varieties. This is achieved by 
hybridization which consists of mating or crossing of two plants of dissimilar 
genotypes.

The pollen grains from a plant with desired characters are transferred to the 
stigmas of female flowers of other plant. In hybridisation special care is taken to 
prevent self-pollination and pollination by pollen from other undesired plants.

• SUMMARY
The process of transfer of pollen grains from anther to stigma is called pollination. 

Mainly pollination is of two types depending on the type of flower. It is self in bisexual 
and cross in unisexual flowers. On the basis of pollinating agent (biotic or abiotic) self 
and cross pollination can further be divided into many parts. Pollination may occur by 
the help of wind; anemophily. by water, hydrophily, by bird; Ornithophily and when it 
is done by bats it is called cheiropteriphily. Pollination can also be performed 
artificially to improve plant breeds. It is called artificial pollination and process of 
improvement as hybridization.

• STUDENT ACTIVITY
1. What is ornithophily ?

2. Describe cross pollination in salvia.
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4. Describe polluting agents.

• TEST YOURSELF
1. What type of pollination occurs in vallisneria ?
2. Which type of agents do entomophily pollination ?
3. Trap mechanism in Aristolochia is developed for ?
4. Pollination by bats is called ? i
5. Bisexual flower mainly exists ?
6. What type of pollination occurs in perfect flowers ?

Answers
1. Hydrophily (cross pollination) 2. Biotic 3. Entomophily pollination 4. 

Cheiropteriphily 5. Self pollination 6. Self pollination.
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Vegetative PropagationUNIT

8
VEGETATIVE PROPAGATION

MiiiiiiiiilisTRUc™
• Introduction
• Propagation by Specialized Vegetative Structure
• Cutting
• Layering
• Grafting
• Micropropagation
• Advantages of Vegetative Propagation 

□ Summary
o Student Activity 
D Test Yourself

LEARNING OBJECTIVES
After going through this unit you will learn :
» Vegetative Propagation, its type and advantages.

• 8.1. INTRODUCTION

Vegetative propagation is that in which a part of the plant body is separated from 
the parent and it gives rise to a new individual without any obvious changes in the 
protoplast. Asexual reproduction is similar to vegetative reproduction in that both 
processes are accessory means of propagation and do not bring together genes from 
different cell lineages in one cell lineage. In involves rejuvenation of the protoplast and 
formation of specialized asexual reproductive structures by the parent plant. These 
structures eventually grow into new individuals.

Vegetative propagation can be defined as the regeneration of new plants from 
vegetative parts of a parent plant. Depending upon he ^lant part used and the 
technique involved vegetation can be categorised into following types :

(1) Propagation by specialized vegetative structure
(2) ' Cuttings
(3) Layering
(4) Grafting
(5) Micro-propagation

seals leaves

fleshy
leaves• 8.2. PROPAGATION BY SPECIALIZED 

VEGETATIVE STRUCTURES

Certain modified plant parts are used for 
vegetative propagation. The modified part may be 
a stem {e.g., bulb, tuber, corm, rhizome, runner, 
sucker), roots, leaves or bulbils.

terminal
bud

axillary bud

stem

Fig. 1. Bulb (longitudinal section)
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[I] Bulbs
In botanical terminology bulb refers to a short and thickened, underground stem 

axis represented by a convex or slightly conical disc. On its upper surface are present 
many fleshy levels surrounding a terminal bud at the centre of the disc (Fig. 1). The 
bulbs are said to be tunicate when the fleshy leaves are arranged in concentric manner 
{e.g., onion, tuhp, hyacinth) or non-tunicate when the scale leaves are loosely 
arranged in non-concentric whorls (e.g., garlic, some lilies).

The mother bulb has many axillary buds in the axil of the scale leaves. These buds 
grow into daughter bulbs and 
towards the end of the growing 
season the mother bulb is 
completely depleted and the 
daughter bulbs can be separated 
from the mother plant.

bud
scaJe leaf scarlentlcel

end
stolon scar

[11] Tubers
Tubers modified

underground stem developed as a 
result of accumulation of reserve 
food material at the tips of 
branches. The tuber has many 
notches on its surface, called ‘eyes’
(Fig. 2). The eyes are infact axillary buds and are spirally arranged on the surface of 
the tuber. Each eye consists of one or 
more small buds. During favourable 
conditions one bud in each eye sprouts 
and the growth of other buds is 
suppressed, e.g., Potato (Solarium 
tubersum).

[Ill] Conns
Corm is a condensed form of rhizome 

which grows vertically (not horizontally 
like rhizome) down into the soil. It is 
spherical to oval in shap. The 
internodes are usually reduced and one 
or more axillary buds are present in the axil of scale leaves. At the tip of the corm is a 
tuft of leaves with one dr several buds e.g., Crocus, Gladiolus and water chestnut 
(Eleocharis tuberosa) are the typical examples of cormous plants (Fig. 3).

In nature, cormous plants produce new corms and cormlets at the end of the growing 
season. The original corm becomes shrivelled due to the withdrawal of food from it to 
supply the buds as they grew out to form the 
leaves and flowers of the current season.

are

Fig. 2. Potato tuber.

remains of last year's 
flower stalk

—lateral bud 
scale

fibrous scale
, I

r‘ fibrous seal© scar 
bud

■‘"■^Wfi^.oots
I’j-

Fig. 3. Crocus corm.

intemode

[IV] Rhizome

Rhizomes are thick, prostrate and branched 
stems which grow horizontally beneath the soil 
surface. It has distinct nodes and internodes. The' 
nodes bear small scale leaves with buds in their 
axil. The buds remain dormant and during 
favourable conditions develop into aerial shoots.
The lower surface of the node gives out small 
slender adventitious roots e.g., ginger (Zingiber 
officinale), turmeric (Curcuma domestica), Canria (canna), Iris, banana, etc., are 
propagated by means of rhizomes (Fig. 4).

Fig. 4. Rhizome.
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[V] Runner

It is a slender, prostrate aerial stein that creeps horizontally on the surface of the 
soil. It has long internodes and at each node axillary buds form new aerial shoots and 
roots.. ’

Vegetative Propagation

tansitlonal
lei transitional% leaf

Fig. 5. Runner: Fragaria (Strawberry).

In natiire many plants produce runners, e.g., doob grass (Cynodon dactylon), 
creeping buttercup {Ranunculus repens), Ajuga reptans, Veronica agrestis, strawberry 
{Fragaria sp., Fig. 5).

[VI] Slicker

A sucker is a sub-aerial 
branch that arises, from the 
basal underground portion of 
the main stem. Initially it 
grows horizontally below the 
surface of the soil but soon 
grows obliquely upward 
forming a leafy shoot e.g.
Chrysanthemum, 
arvensis (mentha) (Fig. 6B).

For propagation suckers are 
separated from the main plant 
and planted in the nursery for 
rooting or to the final site.

[VII] Roots

Roots of some woody plants like Dalbergia 
sissoo, Albizzia lebbek, Murraya, etc., produce 
buds which grow into new plants. Tuberous roots 
of sweet potato {Iponioea batatas), Dahilia,
Asparagus, yams and Manihot esculenta 
(Tapioca) also produce adventitious buds that 
develop into new plants (Fig. 7).

[VIII] Leaves

In Bryophyllum and Kalanchoe, foliar buds 
produced on the leaf margin grow into new plants. Foliar buds are also formed on the 
leaf surface of Begonia that grow into new plants (Fig. 8).

runner rV

K*'. •; sucker

Mentha ■‘el

A B
Fig. 6. A'B. A. Runner, B. Sucker.

adventitious

tuberous root

rig. 7. Tuberous root of Ipomoea 
batatas.
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A
Fig. 8. A-C. Vegetative propagation by laves : A. Bryophyllum; B. Begonia.

Fig. 9. A-C. Bulbils : A. Globha bulbifera; B. Dioscorea bulbifera; C. Agave sisalana.

[IX] Bulbils
In Globba bulbifera some flowers in the lower pari of the inforescenee are modified 

into small multicellular structures called bulbils (Fig. 9 A). Thej' fall on the ground and 
grow into new plants.Bulbils are also produced in the leaf axil of wild yam (Dioscorea 
bulbifera) and Lilium bulbiferum (Fig. 9B).

• 8.3. CUTTINGS
Any part of the plant (root, stem or leaf) that produces roots when put in the soil and 

eventually gives rise to a plant exactly similar to the parent plant is known as a cutting. 
A cutting must essentially have primary meristems.

[I] Root cuttings
Many plants which produce suckers under natural conditions can be propagated by 

root cuttings.'The method is often used for propagating guava, apple, pear, plum 
cherry, rhododendron, sweet potato, etc.

[II] Stem cuttings
Stem cuttings are used to propagate both herbaceous and woody plants. In 

herbaceous plants such as chrysanthemum, geranium, dahlia, coleus,, etc., soft 
terminal leafy portions of the stem are'used for propagation.

Vegetative propagation of woody plants by stem cuttings can be classified into 
various types depending upon the type of the wood and part of the stem used as 
cuttings."
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Vegetative PropagationThe stem cuttings made from the soft non-lignified parts of the woody plants are 
known as softwood cuttings. Rose, blueberry and privet are the common plants 
which are propagated by softwood cuttings.

In some shrubs like jasmine the stem parts used for propagation are those with 
semi-hardwood, i.e., those stem parts which have passed through the softwood stage 
but are not mature to attain hardwood stage.

Woody trees such as mango, citrus, guava, litchi, ficus, etc., are propagated by stem 
cuttings taken from mature wood of the current year. Hardwood cuttings are taken 
from the shoots of moderate growth extremely vigorous or too weak shots are not 
desirable. Hardwood cuttings are usually taken after leaf fall from shoots in which 
buds are absent to open.

't * '
Depending upon the part of the stem used for cutting, stem cuttings are called 

terminal cuttings (when terminal part of the shoot is used), heel cuttings (made by 
stripping laterals from the main stem, thus they contain both soft herbaceous upper 
part and basal woody .part) and the mallet cuttings (those with a small portion of the 
woody branch attached to its base).

• 8.4. LAYERING
The practice of inducing root formation in stem while it is still attached to the parent 

plant is known as layering.
Some common methods of layering are described below.

[I] Simple or ordinary layering
It is similar to the natural layering found in strawberry and raspberry. Lower 

flexible branches of the stock plant are suitable for simple layering. The selected 
flexible branches are trimmed of side branches and leaves for 10 to 30 cm behind the 
tip. It is bent to the ground and covered with 5-10 cm thick layer of soil (Fig. lOA). It is a 
common practice either to make a girdle below the lowest leaf in the distal part of the 
branch or to make shts with a knife under each node towards the distal end of this 
flexible branch. This practice is to stop the flow of metaboUtes from the distal end of the 
flexible shoot. As a result the metabolites accumulate in its distal end and eventually 
promote root formation in the layer.

1

\
\B

Fig. 10. A-B. Layering : A. Simple layering; B. Tip layering.
i

[II] Tip layering
In,gooseberry, blackberry and rasphberry, growing tip of a current year’s shoot is 

bent and buried in the soil to a depth of 5 to 7.5 cm (Fig. 10B)‘. The covered tip gives out 
bunch of adventitious roots in the soil within 2 to 3 weeks aaed at the same time the 
shoot tip emerges out of the soil surface.

[III] Compound or serpentine layering
N

It is suitable for plants with long slender shoots. The shoot is bent and laid to the 
ground. It is covered with soil at short regular intervals so that.^EBe of .the parts are 
exposed while others are under the soil (Fig. IIA). Rootii^ takes ptaee at each covered 
node and buds at expose nodes form shoots. After the roots and ^rial shoots have
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been formed the layered shoot is cut into pieces, each consisting of a bunch of roots and a 
shoot. Thus compound layering unlike simple layering gives many plants from a single 
shoot.

A

£2

B
Fig. 11. A-B. Layering : A. Serpentine (compound) iayering; B. Continuous iayering

[IV] Continuous or trench layering

In this method middle and basal portion of some long shoots placed in 5-11) cm deep 
tench, leaving the apical portion exposed (Fig. 11 B). To promote rooting at the nodes of 
the layered portion, these are notched or sUt on the lower side. As in compound 
layering, roots are produced at each node 
on the lower side and shoot emerges on 
the upper side e.g., apple, pear.

[V] Air layering or goottee
Here the stem is girdled (a ring of 

back tissue is removed) or slit at an 
upward angle and covered with moist 
moss or cotton. It is then wrapped with a 
polythene bandage to prevent drying. In 
drier climate, anearthernpot witha hole 
at the bottom is hanged over the bandage 
in a convenient position and the two are 
connected by a soft cotton cord (Fig. 12).
The pot is filled with water, and water 
trickles down the cord and keeps the 
bandage constantly moist.

water
supply

gooiee

moss or
cotton bandage

Fig. 12. Air layering.

• 8.5 GRAFTING
The technique of joining together parts of two different plants in such a 

manner that they live as one plant is called grafting. Grafting is a widely used
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horticultural practice of multiplying, the desired genotypes in mango, citrus, apple, 
pear, guava and others. A part of the plant is inserted into another plant of the same 
species or sometimes compatible plants of different species or genera.

Graft involves two plants, of which the one rooted in the soil is known as stock and 
the other grafted on it is as scion. When the cambium of the stock plant comes into 
physical contact with the cambium of the scion, both form new xylem and phloem 
simultaneously. Consequently, the stock and scion become united and grow as one 
plant. It is the scion which largely determines the type of the plant one gets after 
grafting although the stock may have some influence. Grafting is of two types — (i) 
scion grafting, and (ii) bud grafting.

[I] Scion grafting >
In scion grafting the scion consists 

of a twig with several buds. The stock 
may be a promising root stock or an 
inferior variety better adapted to the 
prevailing soil and climatic 
conditions. Scion grafting may be of 
following types :

1. Whip or tongue grafting. In
this type of grafting, stock and scion, 
are almost of the same diameters 
(about 1 to 1.5 cm). Both are given 
oblique cuts of 5-8 cm long, followed 
by a notch in the scion in such a way 
that it exactly fits into the stock. The 
scion is then insei-ted into the stock 
and tied firmly. All buds are removed 
from the stock but retained on the 
scion (Fig. 13A).

2. Wedge grafting. In wedge grafting also stock and scion are of nearly the same 
diameter. A V-shaped notch is given in the stock, while the scion is cut like a wedge. 
The scion is then inserted into the stock and the two are tied firmly (Fig. 14 B).

3. Crown grafting. In crown grafting, the diameter of the stock is several times 
than that of the scion. Thus, many scions are grafted on a single stock (Fig. 14C).

[II] Bud grafting
In bud grafting, the scion consists of only a single bud accompanied with a portion of 

the living tissue. A T-shaped incision is made in the bark of the stock, the bark is gently 
raised on edges and the scion is inserted into the incision. It i4 then firmly fastened with 
strings (Fig. 14D: it is also known T-budding). The bud germinates after sometime 
and becomes the part of the new plant e.g., Roses, peaches.

Vegetative Propagation

Fig. 13. Scion grafting.
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Fig. 14. 'A-D. Grafting : A. Whip or tongue grafting; B. Wedge grafting; C. Crown grafting;

D. Bud grafting.
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There are some modifications of T-budding. For example, in citrus budding an 
inverted'T' is used; it provides be ter drainage and avoids drowning of buds during rainy 
season. The other modification is H-budding in which two vertical incisions are joined 
by a horizontal cut.

Sometimes instead of a T-shaped or H-shaped cut in the stock a square patch of bark 
is removed. It is replaced by another bark of the same shape and size along with a bud. 
This is called patch budding.

Structure Development and 
Reproduction in Plants

• 8.6. MICROPROPAGATION
The technique of propagation involving cell, tissue and organ culture is known as 

micropropagation. The success of plant tissue culture techniques has made possible 
large scale cloning of plant species. The technique is very useful because it makes 
possible to produce literally millions of liigh quality genetically important plants with a 
relatively small investment in space, technical support and material. The most common

cotton plug

/Callus .embryold

4m WiplantlGf
nutrient
medium
solidified

witti
agar

w
B cA

Fig. 15. A.C. Micropropagation : A. Culture tube with tissue; B. Organised cellus; 
C. Ptantlets developed from cellus.

technique is to place excised meristematic tissue on a medium that reduces apical 
dominance and encourages axillary bud development (Fig. 15). The new shoots can be 
separated and subcultured to produce more axillary shoots or placed in a medium 
induced rooting and planted in the pots or nursery beds.

Micropropagation is also an effective way to ebminate viruses and other pathogens 
and produce commercial quantities of pathogen free propagules. Cymbidium, an orchid 
was the first plant to be mass produced by tissue culture and the technique has also 
been found useful for potato, lilies, tulips and other species that are propagated 
vegetatively. Potato, for example, is normally propagated through tubers and this 
procedure readily transmits viruses to the next generation. Micropropagation of potato 
from meristem cultures has proved to be an effective way to isolate virus free lines.

Microspropagation is now being used extensively in the production of forest tree 
species. Here the propagules are generated primarily from cultures of axillary and 
adventitious buds. Many economically important cultivars of peach, apple and pear, 
have been successfullypropagated by this technique. Since most ofthe temperate fruits 
are highly heterozygous, they do not breed true from seed and, therefore, are 
propagated by vegetative cuttings. Micropropagation has been' very effective in 
liminating virus from many economically important plants. For example, using this
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technique mottle virus has been eliminated from strawberry, potato virus X from 
potato, and cauliflower mosaic virus from cauliflower. It has significantly increased the 
yield of these crops.

Ill India, Department of Biotechnology, New Delhi is promoting research in the field 
of tissue culture. Besides this many private organizations are engaged in the large 
scale production of plants through micropropagation, Private companies like A.V. 
Thomas and Co., Cochin, Indo-American Hybrid Seed (lAHS) Bangalore, Unicorn 
Biotech, Hyderabad, Tree Tech. Corporation are actively engaged in the 
micropropagation of plants of economic importance, such as spices, vegetables, 
ornamental plants and trees.

Vegetative Propagation

• 8.7. ADVANTAGES OF VEGETATIVE PROPAGATION
The following are some of the advantages of vegetative propagation.
(1) It is a cheaper and easier method of multiplication. Many fruit trees do not 

produce viable seeds (g.g., banana, pine apple, grapes, etc.), such plants can be 
propagated by vegetative means only.

(2) Many fruit trees usually required 4-5 years to bear the fruits when developed 
seeds. The plants developed by vegetative methods, however, take only a year to bear 
fruits.

(3) Fruits like mango, citrus, litchi are cross pollinated plants and are highly 
heterozygous. Such heterozygous plants are not always true to type and may tend to 
lose their unique characteristics if when raised from seeds. Vegetatively propagated 
plants are exactly similar to their parent plants. Therefore, prized varieties of fruit 
plants are preferably propagated by vegetative methods.

(4) AU the plants developed by vegetative methods are genetically similar to the 
parent plant. Such genetically uniform population of plants raised from a single parent 
constitutes clone. Contrary to this, plants grown from seeds show variations due to 
tneiosis that brings about genetic recombinations and segregation. The vegetative 
propagation thus helps propagating the plants with selected and desirable traits.

(5) Yield of fruits can be increased by grafting high yielding varieties on the stocks of 
the varieties which have low yield but are better adapted to a particular region.

(6) Micropropagation is useful in raising disease free plants. This technique is also 
useful in the production of virus free population of potato, tomato, cauliflower, etc. 
Millions of plants of the same genetic stock can be raised within a very short span of 
time which would otherwise take several years if raised from seeds.

• SUMMARY
When a new plant is cultivated by any other plant part (shoot, root, leaf or any other 

part) except seed, called vegetative propagation. It can be cultivated by bulb, tuber, 
corm, rhizome, runner or sucker which are all modification of plant parts. Other 
process of vegetative propagation are cutting, grafting, layering and micropropagation.

• STUDENT ACTIVITY
1. Explain layering.

2. What is micropropagation ?
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3. Describe the methods of wedge grafting.Structure Development and 
Reproduction in Plants

V —

• TEST YOURSELF
1. In which tj-pe of grafting the size of stock and scion are same ?
2. Which part of plant is used for vegetative propagation in garlic ?
3. Which type of vegetative propagation is used for rose cultivation ?
4. Potato is a example of ?
5. For which plant leaves are used for vegetative propagation ?

ANSWERS
1. Whip or tongue grafting 2. by Bidb 3. Stem cutting
4. Propagation by specialized vegetative structure
5. Bryophyllum and Begonia.
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