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EXERCISE – 1 

 

STUDY OF FLOWERING PLANTS, SEED AND SEED GERMINATION  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - -  
What is Plant? 

It is passive living organism without nervous system that synthesizes its own food by the process of 

photosynthesis. 

Parts of a Flowering Plant are divided into two parts (Fig. 1.1) 

1. Vegetative parts 

2. Reproductive parts 

 

(1) Vegetative parts 

Vegetative parts are mainly concerned with nutrition and growth of plant. It is divided 

into (a) Root system and (b) Shoot system. 

A. Root System 

The root is the descending organ of the plant and is the direct prolongation of the radical 

of the embryo. It is an underground part of the plant, which grows against the sunlight 

(geotropism). The root system performs two functions: 

(i) Fixation (It fixes the plant with ground surface) 

(ii) Absorption (Absorption of water and minerals from soil) 

B. Shoot System 

The shoot is the ascending organ of the plant and is direct prolongation of the plumule of 

the embryo. Main axis of the shoot is called stem. The shoot system may be vegetative or 

reproductive. Vegetative shoot consists of main stem, nodes, internodes, buds, branches and 

leaves. Shoot system performs three functions 

(i) Support 

(ii) Conduction 

(iii) Food manufacture (primarily by leaves). 

Node: Point from where the leaf arises is called node. 

Internode: Portion between two successive nodes is called internode. 

Bud: It is young, compact and undeveloped shoot consisting of a short stem and a number of tender 

leaves arching over the growing apex. 

(2) Reproductive Parts 

Reproductive parts are essentially concerned with the reproduction of plant and their 

multiplication in numbers for the purpose of continuation of race. Flower is the reproductive shoot 

with differentiated organs. 
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Fig. 1.1 Parts of an Angiospermic Plant 

 
Fig. 1.2 Difference between Monocot and Dicot plants 
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What is a Seed? 

Seed is a mature ovule consisting of an embryonic plant together with a food storage tissue 

surrounded by a protective seed coat. There are three main parts of seed (1) Seed Coat, (2) Embryo, 

(3) Endosperm 

 

(1) Seed Coat 

o Seed coat is an outer protective coat of seed. 

o It is made up of two layers, outer layer is called testa and inner layer is called tegmen.  

o Function: Seed coat gives necessary protection to the embryo. 

o Hilum: It is a small oval depression near the pointed end. Seed is attached with the fruits or 

fruit stalk with hilum. 

o Micropyle: It is the minute slit near hilum. This opening helps seed for respiration and 

germination. Raphe: It is a ridge like structure fused with the testa of seed coat. Food is 

supplied to the embryo through the raphe. 

 

(2) Embryo 

o Embryo is a baby plant in resting stage develops from the fertilized egg. 

o Embryo consists of five parts: plumule, epicotyl, cotyledons, hypocotyl and radicle. 

o Epicotyl is situated above the cotyledons and hypocotyl is situated below the cotyledons. 

o Cotyledons are also known as seed leaves attached to the embryonic-axis. 

o Function: The radical gives rise to the roots and the plumule gives rise to the shoot. 

 

(3) Endosperm 

o Endosperm is a special food storage tissue of the seed.  

o Function: It supplies the food to developing embryo. 

 

Classification of Seed 

There are two main categories of seed which are classified as under:  

(A) According to food storage tissue present in the seed 

(1) Albuminous seeds OR Endospermic seeds 

(2) Ex-albuminous seeds OR Non-endospermic seeds 

 

(B) According to number of cotyledons present in the seed 

(1) Monocotyledon seeds 

(2) Dicotyledonous seeds 
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 Albuminous Seeds          OR 

Endospermic Seed 

 Ex-albuminous Seeds          OR 

Non-endospermic Seed 

1. The seeds that possess their food materials 

in the endosperm are called albuminous 

or endospermic seeds. 

1. The seeds that possess their food materials 

in the cotyledons are called ex-albuminous 

or non-endospermic seeds. 

2. Examples: castor, wheat, bajra, maize, rice, 

sugarcane, onion, four o'clock plant etc. 

2. Examples: gram, beans, pea, cucumber, 

mango, cotton, sunflower etc. 

 
 Monocotyledon Seeds 

(Monocot Seeds) 

 Dicotyledon Seeds 

(Dicot Seeds) 

1. The seeds that possess only one cotyledon 

are called monocotyledon seeds. 

1. The seeds that possess two cotyledons are 

called dicotyledon seeds. 

2. Wheat, rice, maize, sorghum, bajra, 

sugarcane etc. 

2. Gram, pea, pigeonpea, castor, mustard, 

cotton, mango, groundnut sunflower etc. 

3. Monocotyledon seeds are mostly 

endospermic seeds. 

3. Dicotyledonous seeds are either 

endospermic or non-endospermic seeds. 

 

 Monocotyledons Plants  Dicotyledons Plants 

1. The embryo of the seed bears only one 

cotyledon. 

1. The embryo of the seed bears two 

cotyledons. 

2. It has fibrous root system. 2. It has tap root system. 

3. Parallel venation in leaves with no free 

ending of veinlets. 

3. Reticulate venation in leaves with free 

ending of veinlets. 

4. Flowers are trimerous (Three petals). 4. Flowers are mostly pentamerous (Five 

petals) or tetramerous. 

5. Secondary arowth mostly absent i.e. only 

main shoot (stem) 

5. Secondary growth present in roots and 

shoots. It means branching habit is present. 

 

Seed Germination 

The process by which the dormant embryo wakes up and begins to grow is known as 

germination. Types of Seed Germination: 

 

There are two main types of seed germination (Fig. 1.3) 

(1) Epigeal germination and 

(2) Hypogeal germination 



6 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 
 

 
Fig. 1.3 (a) Epigeal germination 

 
Fig. 1.3 (b) Hypogeal germination 
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 Epigeal germination  

(epi-upon, ge-earth) 

 Hypogeal germination 

(hypo-below, ge-earth) 

1. In this type of germination, cotyledons 

(including epicotyl and plumule) are 

pushed upwards above the soil surface due 

to rapid elongation of hypocotyl. 

1. In this type of germination, plumule is 

pushed upwards above the soil surface due 

to rapid elongation of epicotyl. 

2. The cotyledons may turn green like normal 

leaf 

2. The cotyledons remains in the soil, do not 

turn green and dry up. 

3. e.g. bean, groundnut, cucumber, sunflower, 

cotton castor, bottle gourd, onion etc. 

3. e.g. gram, pea, mango, wheat, rice, maize, 

sorghum, pearlmillet, sugarcane, etc. 

 
 Epicotyl  Hypocotyl 

1. The portion of embryonic axis lying 

immediately above the cotyledons. 

1. The portion of embryonic axis lying 

immediately below the cotyledons. 

2. It plays active role in hypogeal 

germination. 

2. It plays active role in epigeal germination. 

 
Special Type of Germination (Viviparous Germination ) 

e.g. Rhizophora, Avicennia, Sonneratia. 

o Oviparous : Egg laying organism e.g. birds, fish, reptiles. Viviparous means the animals 

which give direct birth to their young ones e.g. Mammals.  

o Mangrove plants growing in sea coasts and salt lakes show a special type of seed 

germination, known as viviparous germination.  

o The seed germinates inside the fruit while still attached to mother plant and nourished by 

it.  

o The radicle elongates, swells in the lower part and get stouter, (refer Fig. 1.5)  

o Finally, the seedling separates from mother plant due to its increasing weight and falls 

vertically to become embedded inside the soft mud in the soil.  

o The radicle presses inside the soil and lateral roots are quickly formed for proper 

anchorage. 

 
 
 
 

//*/*/*/*/*// 
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EXERCISE – 2 
STUDY OF ROOT AND ITS MODIFICATIONS  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - -  
A root is the positively geotropic leafless lower portion of the plant axis. Basically, it arises 

from radicle and is characterized by non-green smooth surface and not differentiated into nodes and 

internodes. Lateral branches arise endogenously. Main function of the root is the anchorage of the 

plant into the soil and absorption of water and dissolved minerals from the soil by means of root 

hairs. Three kinds of roots have been recognized on the basis of their nature (tap roots, seminal 

roots and fibrous roots), and into two types on the basis of their origin (normal roots and 

adventitious roots). 

Regions of root or Components of root (Fig. 2.2) 

 Root-cap: It is made up of hard mucilaginous cells. It protects tender root apex and helps to 

grow in the soil. The root apex contains an active meristem (rapidly dividing cells) by which 

the root increases its length. 

 Region of cell division: Rapid cell division takes place in this zone 

 Region of cell elongation: After cell division, cells elongate to perform specific functions. 

 Region of maturation: Matured parts of root are found in this zone like phloem, xylem, 

epidermis, parenchyma etc. 

 Region of root hairs (absorbing region): Root hairs are unicellular, develops from 

epidermis tissue and their cell wall are thin containing cellulose. Root hairs absorb water and 

salts from the soil. This zone has conducting lateral branches. 

 
Fig. 2.1 Regions of root 
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Characteristics of the root 

 Root is a descending organ of the plant and non-green in colour. 

 Roots do not bear chloroplasts in cells, buds, nodes and internodes. 

 Roots are protected by root-cap at root apex. 

 Lateral roots develop from internal tissues i.e. roots are endogenous in origin. 

 Root bears unicellular root-hairs for absorption of water and mineral salts from the soil types. 

Functions of the roots Normal functions 

i. Mechanical: Roots fix the plant in the ground and give support (Fixation). 

ii. Physiological: 

1. Absorption: Roots absorb water and mineral salts from the soil 

2. Conduction: Roots conduct water and food. 

3. Food Storage: Roots store food material in mature region. 

Special functions in some plants: Roots also perform additional functions such as modifications 

for storage of food, respiration, mechanical support, climbing, hanging etc. 

 

Tap root: 

A root system with a prominent main root, directed vertically downwards bearing small 

lateral roots. It is characteristic to dicot plants, e.g. carrot, radish, rose, trees etc. (fig..2.2A). Tap 

root is primary in nature as it is formed from the radicle. 

 

 
Seminal root: In monocots, such roots arise from near the base of the radicle, as in rice (fig. 2.2 

B) and barley seedlings.  

Fibrous root: A root system that develops from the base of the plumule (hypocotyl) in which all 

roots are equally prominent, as characteristically found in monocots (grasses) (fig.2.2 C).  

       Fig. 2.2 
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Normal root: A root arising from the radicle.  

 

Adventitious root: A root developing from any other plant part, except the radicle. It may arise 

from the underground or aerial stem or from leaf margins.  

 

Modified Roots: Some roots are modified to carry out specialised functions of mechanical and 

physiological nature.  

 

Modified tap roots: Some tap roots are modified for food storage. These are classified on the basis 

of their shape as follows:  

(i)Fusiform roots: swollen in the middle and tapering at the two ends. as in radish (Raphanus 

sativus) (fig. 2.3 A).  

(ii) Conical roots - broad at the upper end and gradually tapering towards the lower end, as in 

carrot (Daucus carota) (fig. 2.3 B).  

(iii) Napiform roots-almost spherical at the upper end which abruptly tapers at the lower end, 

e.g. beet root (Beta vulgaris) and turnip (Brassica oleracea) (fig. 2.3 C). 

 
Modified adventitious roots: Some adventitious roots are modified for various purposes, as 

follows: 

a. Modified adventitious roots for food storage: 

(i)  Root tubers: arising from the node. These swell like tubers for food storage, e.g. sweet potato 

(Ipomoea batatas) (fig. 2. 4A). 

       Fig. 2.3 Modification of tap roots 
A. Radish (fusiform )  B. Carrot (Conical)  C.  Turnip (Napiform) 
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(ii) Fasciculated roots: the cluster of adventitious tuberous roots, as found in Aspatagus and 

Dahlia (fig. 2.4 B). 

(iii) Nodulose roots: apices of the roots swell up to form bead-like structures, e.g. mango ginger 

(Curcuma amada) (fig. 2.4 C). 

(iv) Moniliform roots: roots develop alternate swellings and constrictions to give a beaded 

appearance, as found in Vitis, Dioscorea and some grasses (fig. 2.4 D). 

(v) Annulated roots: roots appear as if a number of discs are place done above the other, as in 

ipecac (Cephalis ipecacuanha) (fig. 2.4 E) 

 

Modified roots for absorption –  

 Aerial roots: Orchids grow as epiphytes on trees and bear hanging aerial routs to absorb 

atmospheric moisture with the help of spongy velamen tissues (fig. 2.5 A). 

Fig. 2.4 
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Fig. 2.5 A-aerial roots of orchids and B & C-respiratory roots (pneumatophores) of 
mangrove plants 

 
 Modified Assimilatory roots: These are hanging green aerial roots which have the power 

of assimilation (photosynthesis), as found in Tinospora cordifolia. 
 Modified Respiratory roots: These are negatively geotropic vertically growing roots into 

air for breathing or oxygen requirement found in mangrove plants growing in saline waters, 
as in Rhizophora, Heritiera, Avicennia etc. These are also called pneumatophores (fig. 2.5 B 
& C). 

 Modified Parasitic or haustorial roots: These absorb nutrition by sending out haustoria 
into the tissue of hosts, as found in parasitic plants like Loranthus and Cuscuta (fig. 2.6 A 
and B). 

 Modified Reproductive roots: Roots that bear adventitious buds which grow into plantlets 
as  elephantum). 

 Modified Mycorrhizal roots: Roots of higher plants infested with fungal mycelia which 
absorb food from the soil. Mycorrhiza facilitates nutrient absorption specially N, P and K by 
the higher plants. These are found in Monotropa (a saprophytic angiosperm), Sarcodes and 
Pinus (fig. 2.6 C and D). 
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Food storing roots: These accumulate reserve food material to carry out physiological functions, 

e.g. fusiform, conical and napiform roots (tap roots) or tuberous, fasciculated, nodulose, 

moniliform or annulated roots (adventitious roots). 

 

Roots modified for mechanical support: Roots may be modified variously to provide mechanical 

support to the plants and are named accordingly, e.g. 

(i) Prop roots: Strong, woody and sunken in the soil, these aerial roots 

arise from horizontal branches (stem) to provide stem-like 

support, as found in banyan tree (Ficus benghalensis) (fig. 2.7 A). 

(ii) Stilt roots: Roots arising from lower nodes of the stem and 

growing obliquely downwards to anchor the plant into the soil, as found in maize (Zea 

mays), sugar cane (Saccharum officinarum), screw pine (Pandanus foetidus) and in some 

mangrove plants (Rhizophora) (fig. 2.7 B and C).  

(iii)     Clinging roots: found in epithytic plants (orchids) to cling the plant on the stem of  other 

plant (fig. 2.5 A). 

       Fig. 2.6 
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(iv)  Climbing roots: adventitious roots arising from the node of the stem that help in  climbing or 

twinning of the plant, as found in betel vine (Piper betle)  and money plant (Pothos). 

 

 
 (v) Root buttresses: found in some large trees to provide additional support by producing plank-

like roots arising from base of trunk, in Salmalia, Ficus and Terminali. 

 
 
 
 

       Fig. 2.7 

       Fig. 2.8 
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Other modified roots 

(i) Floating roots: Found in aquatic floating plants-special adventitious spongy and whitish roots 

filled with air to facilitate plant floating on the water. These also help in respiration, as 

found in Jussiaea repens and Pistia stratiotes (fig. 2.8 A).  

(ii) Contractile roots: special type of roots which can contract or pull the stem deep into the soil, as 

found in Lilium, Allium and Canna (fig. 2.8 B). 

 

QUESTIONS 

1. Define and draw properly a Tap root system. Mention its functions. 

2. Enlist different types of modified roots (tap & adventitious) for physiological functions with 

suitable example. 

3. Enlist different roots modified for mechanical function with suitable example. 

 
//*/*/*/*/*// 
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EXERCISE – 3 
STUDY OF STEM AND ITS MODIFICATIONS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - -  
What is Stem? 

The stem is the ascending organ of the plant and is the direct prolongation of the plumule of 

the embryo. 

Stem is the axis of a plant bearing leaves with buds in their axils. It is formed by the plumule of the 

seed. 

 Acaulescent: A plant which is stemless or without visible stem. 

 Arborescent: A plant almost tree-like with a short main trunk. 

 Arboreous: A tree with well-developed trunk. 

 Culm. A jointed stem with distinct nodes and internodes, as in grasses and sedges  

Branching of the Stem: Branching may be: 

(i) Racemose or monopodial branching-main stem (terminal bud) grows indefinitely and 

lateral branches are produced in an acropetal order (i.e., older towards base), as in 

Polyalthia. 

(ii) Cymose- The terminal (apical) bud loses its activity and axillary 

buds grow vigorously to form a large spreading tree as in mango (Mangifera indica), neem 

(Azadirachta indica), banyan (Ficus benghalensis) etc. Cymose branching may be: (a) 

Uniparous (only one branch at each node), (b) Biparous (two branches at each node) or (c) 

Muitiparous (more than two branches at each node). 

 

Modification of stem 

(1) Underground modifications (2)  Sub-aerial modifications 

a) Rhizome 

b) Tuber 

c) Bulb 

d) Corm 

a) Runner 

b) Stolon 

c) Offset 

d) Sucker 

(3) Aerial    modifications    of    stem    or Metamorphose 

a) Tendril 

b) Thorn 

c) Phylloclade 

d) Cladode 

e) Bulbils 
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Modified Stems 

(I) Underground Modifications 

 (1) Rhizome-underground, dorsiventral, horizontally growing below the soil surface with 

distinct nodes and internodes. Nodes bear scale leaves on the upper surface and adventitious 

roots on the lower surface. They are usually fleshy due to the storage of food, as found in 

ginger (Zingiber officinale) and turmeric (Curcuma longa)  (fig. 3.1A). 

 
(2) Tubers-fleshy, swollen, underground stem bearing scale leaves with buds (eyes) in their 

axils. The eyes are spirally arranged, but more crowded towards the distal end (called rose end), 

each eye develops into a small shoot. Stem tubers are commonly found in potato (Solanum 

tuberosum) (fig. 3.1B), Jerusalem artichoke (Helianthus tuberosus) and Cyperus rotundus.  

 

(3) Bulb-a rounded, modified, underground bud bearing highly reduced (disc-like) stem and 

fleshy scale leaves which make up the bulk of the organ. According to the arrangement of the 

scale leaves, the bulbs are called (i) tunicated-scale-leaves arranged in a concentric manner and 

the whole bulb is enclosed by dry membranous scale leaves, called tunic, as seen in onion 

(Allium cepa) , tulips (Tulipa) and tuberose (Polianthes) (fig. 3.2 A, B),  

 
 

       Fig. 3.1 

Fig. 3.2 
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and (ii) scaly or imbricated-scale-leaves arranged loosely with overlapping margins and are not 

covered by any common tunic, as in garlic (Allium sativum) and lily (Lilium) (fig. 3.2 C).  

(4) Corm-a solid, highly condensed, vertical 

root-stock with a large apical bud. Some scale 

leaves are present on its body and 

adventitious roots grow either from the base 

or all over its body. Corms are found in 

Colocasia, Crocus, Colchicum, Gladiolus and 

Amorphophallus. In Amorphophallus 

complanatus, the corm is single internode 

with numerous adventitious buds and roots all 

over its body (fig. 3.3).  

 

II) Sub-aerial Modifications; 

 (1) Runners-develop from the basal internode of the axillary buds of the lowest leaves and which 

elongate horizontally along the ground carrying the buds, and after trailing for a short 

distance along the ground, each runner attaches itself to the soil by means of adventitious 

roots and develops into a new daughter plant, as in Cynodon, Oxalis (fig. 3.4A) and 

Hydrocotyl. Sobole is a special type of underground runner found in many grasses. The 

grasses send out soboles in all directions and develop numerous offsprings (fig. 3.4B). It is a 

more effective method of propagation, as in Saccharum spontaneum, Agropyron and 

Imperata arundinacea.  

    

 

 

 

 

 

 

 

Fig. 3.4 A-runner (Oxalis) and B-sobole 

 

(2) Stolon-a special type of runner which grows upward like ordinary branch and then archs down 

to strike roots in the soil and forms a daughter plant, as in Mentha (fig. 3.5A). 

       Fig. 3.3 

Fig.
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(3) Sucker-an underground runner which after travelling a short distance grows up and forms a 

daughter plant. These may also develop from the axillary buds. Suckers are commonly found 

in Mentha arvensis, Musa and Chysanthemum (fig. 3.5B). 

(4) Offset-similar to a runner but shorter and thicker and found in aquatic plants. It runs for 

sometimes under-water and then surfaces to bear a bunch of leaves and adventitious roots, as 

in Pistia stratiotes and Eichhornia crassipes (fig. 3.6). 

 

 

(III) Aerial Modifications 

(1) Phylloclade or Cladophyll-a stem in which several nodes and internodes become flattened 

or swollen, fleshy and green leaf-like. Such stems carry out the photosynthesis and also store 

the food. Leaves, present on the nodes, are reduced to scales or modified into spines. 

Phylloclade is a xerophytic adaptation to reduce transpiration, as found in cocoloba 

(Muehlcnbeckia platyclada), cactus (Opuntia) and ruscus {Ruscus) (fig 3.7 A, B and C). In 

Ruscus, phylloclades look exactly like leaves, but occurrence of flower at the nodal points, 

justify their stem nature.  

 

 

       Fig. 3.6 

Fig. 3.5 
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(2)    Cladode - A special type phylloclade consisting of one or two internodes only. In Asparagus, 

the ultimate branchlets are of one internode only and modified into cylindrical leaf-like 

structures, whereas leaves are reduced to scales or spines (fig. 3.7 D, E). It is a xerophytic 

adaptation to reduce transpiration. 

(3)    Thorn-a modified straight, hard and pointed axillary branch. Thorns are deep seated, direct 

prolongations of the stem and have vascular connections. These are xerophytic adaptations. 

Thorns of Duranta bear leaves (fig. 3.8) and those of Prunus flowers 

 

 

 

 

 

 

 

 

 

 

 

(4) Stem-tendril-a modified axillary or terminal bud into tendril for climbing. Tendrils of 

Passtflora (fig. 3.4C) are modified axillary branches whereas those of Vitis are modified tips 

of sympodial branches. 

 

       Fig. 3.7 

       Fig 3.8 
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QUESTIONS 

1. Define: Shoot system, Acaulescent, Arborescent, Arboreous, Culm 

2. Enlist different types of stem modifications with function and proper examples in 

tabulated form.  

3. Write down the important functions of stem. 

4. Differentiate between  

(i) Stem and root 

(ii) Culm and Caudex 
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EXERCISE – 4 
 

STUDY OF LEAF, LEAF VENATION, COMPOUND LEAF AND  
LEAF PHYLLOTAXY 

 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
What is Leaf? 

It is a flattened lateral outgrowth of the stem or the branch, developing exogenously (i.e. 

from superficial tissues) from a node in acropetal succession and having a bud in its axil. 

Leaf is a lateral appendage of the stem borne at the node and bears an axillary bud in its axil. 

It is usually expanded and concerned with the manufacture of food (photosynthesis). 

Kinds of Leaves 

1. Cotyledonary leaf-cotyledon green and appearing like foliage leaf as in Tilia and Geranium. 

2. Cataphylls or Scale leaves-dry, papery or fleshy scale leaves or bud scales, as found on various 

parts of Casuarina, Asparagus and bamboos. 

3. Hypsophylls or bract leaves-special leaves which bear floral buds at their axils. 

4. Prophylls-first few leaves of a branch which differ from other leaves as found in wood apple 

(Aegle marmelos) where these are represented by spines. 

5. Floral leaves or sporophylls-stamens and carpels are called sporophylls in common with lower 

plants. 

6. Foliage leaves-common green leaves (discussed in detail here). 

Duration of Leaves 

1. Caducous or fugacious-leaves fall off as soon as they are formed as in Opuntia. 

2. Deciduous or annual-leaves fall off at the end of a particular season as in Acer. 

3. Persistent-leaves last for a long time as in most tropical trees, as in Polyalthia. 

 

Phyllotaxy 

It is the mode of arrangement of leaves on the stem.  

Leaves borne directly on the main trunk are called cauline as in Dracaena and other 

monocots and borne on the branches are called ramal as in most dicot trees. Leaves are called 

radical if these arise from reduced stem and appear as if arising from the root as in radish. 

In cauline or ramal leaves, there may be one, two, three or more leaves at each node. When 

there is only one leaf on each node, the arrangement is called spiral, alternate or acyclic and if 

there are, two or more leaves on each node, it is called cyclic.  

Spiral or alternate phyllotaxy. Leaves are produced alternately or spirally on the long axis or 

stem. If these are found to lie in a fixed number of vertical rows, the arrangement is called 

orthostichous and is variously termed: 
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1) Distichous or ½ phyllotoxy – the leaf of second node is just opposite the leaf of the first 

node, as in grasses.  

2) Tristichous or 1/3 phyllotoxy – leaves are three ranked and the fourth is just above the first 

leaf as in Cyperus rotundus.  

3) Pentastichous or 2/5 phyllotoxy – the sixth leaf is found above the first leaf and seventh 

above the second leaf as in china rose (Hibiscus rosa-sinensis) (fig. 4.24)  

4) Octastichous or 3/8 phyllotaxy – the ninth leaf is found above first leaf ad so on, as in 

Carica papaya.    

5) Parastichous phyllotaxy - term is used when it is not possible to establish orthostichy, as 

on date palm trunk.  

 

Cyclic phyllotaxy. The leaves at each node form a whorl with the leaves placed on a circle in 

which the angles between adjacent leaves are same. It can broadly be of two types: 

 

(1) Opposite phyllotaxy-two leaves on each node and opposite to one another. It can be of two 

kinds : (i) Opposite decussate-successive pairs of leaves placed at right angles to one another 

as in Calotropis (fig. 4.1) or  Opposite superimposed-successive pairs of leaves exactly on top 

of one another so that all leaves lie in one plain as in Psidium guajava and Quisqualis (fig. 4.1). 

 
 

(2) Verticillate phyllotaxy-also called whorled phyllotaxy in which three to five leaves form a 

whorl in each node as three leaves in Nerium odorum (fig. 4.1) and five or more in Alstonia 

scholaris.  

Heterophylly. Presence of different types of foliage leaves as in Ranunculus aquatilis and 

Limnophila heterophylia where submerged leaves (in water) are dissected and aerial leaves are 

more or less entire. 

Anisophylly. In some opposite phyllotaxy, leaves are of unequal size, as in Pellionia daveanana.  

Fig. 4.1 
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Leaf Parts (of Foliage Leaves) 

A typical leaf is made up of three parts, (i) the leaf base or hypopodium, (ii) the stalk or 

petiole or mesopodium and (iii) the leaf blade or lamina or epipodium (fig. 4.2). 

 
Fig. 4.2 Parts of a typical leaf. 

 

Leaf base. The point of attachment of the leaf to the stem. It may be variously modified, e.g. (a) 

pulvinus-a swollen leaf base, as in mango (Mangifera) and Mimosa pudica (fig. 4.3A). (b) 

sheathing-(clasping or forming sheath around the stem, as in banana {Musa paradisiaca) (fig. 

4.3B), (c) amplexicaul-a sheathing leaf base which surrounds stem completely, as in grasses and 

Aethusa cynapium, (fig. 4.3C) and (d) decurrent-a winged leaf base which extends down to the 

stem, as in Symphytum (fig. 4.3D). 

 
 

Fig. 4.3 Variations in leaf bases. A-pulvinus (Mangifera indica), B-sheathing leaf base (Musa 

paradisiaca), C-amplexicaul (Aethusa cynapium) and D-decurrent (Symphytum officinale). 
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Stipules. A pair of lateral outgrowth present at the base of the leaf. Leaves possessing stipules are 

called stipulate and lacking are exstipulate (as in mango).  

Stipules may be of various types, e.g.  

 Adnate-adhering to the petiole upto a certain height and making it somewhat winged as in 

rose (Rosa) (fig. 4.4A),  

 Free lateral-free on the two sides of the leaf base as in china rose (Hibiscus rosa-sinensis), 

(fig. 4.4B),  

 Intrapetiolar-present between the leaf and the axis as in Gardenia (fig. 4.4C),  

 Interpetiolar-two stipules lying between the two leaves, as in Ixora (fig. 4.4D),  

 Ochreate-stipules which form a hollow tube encircling the stem from the node upto a 

certain height, as in Polygonum (fig. 4.4E), 

 Tendrillar - stipules modified into tendril, as in Smilax (fig. 4.4F), 

 Foliaceous-leafy stipules, as in Pisum (fig. 4.4G), (viii) Scaly-smalland dry as in 

Artocarpus, and  

 Spinous-modified into spines, as in Acacia and Zizyphus (fig. 4.4H) 

 
 

The duration of the stipules may be (i) Caducous-shed very early as in Michelia champaca, (ii) 

Deciduous-lasting for one season, as in Cassia tora or (iii) Persistent-as in foliage leaves, e.g. 

Pisum and Rosa. 

 

       Fig. 4.4 
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Stipels. Stipule-like appendages at the base of leaflets, as in Dolichos lablab, Vicia faba and 

Desmodium gyrans (all leguminous plants). 

 

Petiole. Stalk of the leaf, and also called the mesopodium. A leaf having a petiole is called 

petiolate as in mango {Mangifera indica) and without petiole is called sessile, as in Calotropis. The 

petiole shows, sometimes modifications, as it is winged in Citrus (fig. 4.5A), swollen and spongy in 

Eichhornia (fig. 4.5B) and Trapa, flattened or leaf-like called phyllode in australian acacia {Acacia 

auricuiaeformis) (fig. 4.5C and D), tendrillar in Smilax, partly wing-like and partly tendrillar in 

Nepenthes and spinous in Quisquatis. 

 

 
                        A                     B                     C                        D 

Fig. 4.5 Modifications of petiole. A-winged {Citrus), B-spongy (Eichhornia) and C-phyllode 

(Acacia). C-young seedling part and D-mature leaf (phyllode) 

 
Lamina (Epipodium).  

The most important part of the leaf and a seat of gaseous exchange for photosynthesis, 
respiration, transpiration etc. If the upper surface (adaxial) differs in structure from the lower 
(abaxial) surface, the leaves are called dorsiventral as in most dicots and if both surfaces receive 
equal light and there is no difference between the two surfaces, they are called isobilateral, as in 
maize and other grasses. Sometimes, leaves are cylindrical or centric (no distinct two surfaces), e.g. 
Allium cepa. 

Several features of leaf are considered regarding appearance of lamina, such as shape, base, 
margin, apex, surface, texture, venation, incision and simple or compound etc. 
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(I) Shape: Important shapes of lamina are: 
1. Acicular-needle-shaped (as in Pinus). 
2. Linear-longer and slightly broader as in grasses and tube roses (Polianthes tuberosa). 
3. Lanceolate-lance-shaped as in Nerium and Polyalthia. 
4. Oblong-more or less rectangular as in banana (Musa).  
5. Ovate-egg-shaped as in china-rose {Hibiscus rosa-sinensis) and banyan. 
6. Cordate-heart-shaped as in betel vine {Piper betle).  
7. Sagittate-shape like arrow head with two basal lobes as in Sagittaria sagittifolia. 
8. Hastate-like sagittate but the two basal lobes are directed outwards as in some Ipomoea.  
9. Reniform-kidney-shaped as in Hydrocotyle.  

10. Lunate-half moon-shaped as in Passtflora lunata.  

11. Obovate-reverse of ovate as in jackfruit (Artocarpus). 

12. Obcordate-reverse of cordate with an apical notch as in Bauhinia. 

13. Spathulate-spathula-shapcd as in Lippia nodiflora and Euphorbia nerifolia. 

14. Cuneate-wedge-shaped as in Pistia stratiotes. 

15. Elliptical-like an ellipse as in Vinca rosea and guava (Psidium guajava). 

16. Rotund-orbicular or circular as in water lily and lotus (Nelumbo) 

 

       Fig. 4.6 
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(II) Margin: The outermost boundary of the lamina is known as margin. Margins show variation 
1. Entire-smooth margin as in mango (Mangifcra). 
2. Repand-wavy margin as in Polyalthia. 
3. Serrate- margin with teeth pointed upwards as in saw, e.g. china-rose  (Hibiscus rosa-

sinensis) and rose. 
4. Biserrate-teeth again serrated as in elm (Maple). 
5. Retroserrate-teeth pointed downwards. 
6. Dentate-margin toothed, but teeth pointed outwards (at right angles) as In water-lily or 

Nymphaea. 
7. Bidentatc-tccth again dentate. 
8. Crenatc-margin with rounded teeth as in Bryophyllum and Hydrocotyl. 
9. Bicrenate-margin with tooth and teeth again crenate. 
10. Spiny-teeth pointed to form spines as in Ananas (pineapple) and Argemone (Mexican 

poppy). 
11. Lobed or incised-margin much dissected or incised as in Raphanus. 

 
(III)   Apex: The anterior tip of the lamina is called apex. It may be of various shapes 

1. Acute-pointed and narrow as in mango. 
2. Acuminate-apex drawn out into long tapering tail as in peepal (Ficus religiosa). 
3. Obtuse-apex blunt or broad angled as in banyan (Ficus benghalensis). 
4. Mucronate -apex broad but with a sharp point as in periwinkle (Vinca rosea). 
5. Cuspidate-spiny as in pineapple (Ananas), date palm (Phoenix) screw-pine (Pandanus) etc. 
6. Tendrillar- apex forms tendril for climbing as in Gloriosa. 
7. Cirrhose- mucronate apex with a fine thread-like structure as in banana (Musa). 
8. Truncate-apex abruptly cut across as in Paris  polyphylla. 
9. Retuse-slightly notched obtuse apex as in Pistia and Clitoria. 
10. Emarginate-deeply notched obtuse apex as in Bauhinia. 

 

       Fig. 4.7 
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(IV) Surface: The external surface of lamina may show variation, 

1. Glabrous-smooth and without any hair, as in mango. 

2. Glaucus-shiny and covered with waxy coating as in Calotropis and lotus. 

3. Scabrous-rough because of the presence of short rigid points, e.g. fig leaves. 

4. Viscose-sticky because of the some secretion as in leaves of Cleome and  Nicotians tabacum, 

sometime called glutinous. 

5. Rugose-wrinkled surface as in Rubus rugosvs. 

6. Gland dotted-glands found on the leaf surface as in lemon (Citrus). 

7. Hairy-surface covered with hairs. Hairs may be of various types and accordingly called: 

(a)  Pubescent-hairs soft and woolly as in tomato. 

(b) Pilose-hairs long, distinct and scattered as in Grewia pilosa. 

(c)  Villose-hairs long, soft, closely set as in Leucas aspara. 

(d) Tomentose-hairs short, dense, cottony as in Terminalia tomentosa and Calotropis procera. 

(e)  Hirsute-hairs stiff, fine scattered as in Eclipta alba. 

(f)  Hispid-hairs long and rigid as in Cucurbita. 

8. Spinose-surface covered with small prickles as in brinjal (Solarium 

melongena). 

 

(V) Venation: The pattern of arrangement of vascular system in the lamina is called venation. It is 

mainly of two types: 

(A) Reticulate venation. The main vein branches repeatedly to form a network or reticulum 

covering the entire leaf. It is a characteristic of dicotyledons except in Callophyllum. It shows two 

variations: 

  Fig. 4.8 
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 (1) Unicostate or Pinnate-almost racemose type. One prominent mid-rib runs from the base 

to the apex with several secondary and tertiary and so on anatomizing veinlets forming a net-like 

framework, as in peepal (Ficus religiosa), banyan (F. benghalensis), Eugenia jambolina and most 

dicots (fig. 4.9 A and B).  

 (2) Muticostate or Palmate-from the base of the lamina arises a number of equally strong 

veins (or costas) which spread out like fan, hence called palmate. Palmate veins may be:  

a) Convergent-veins converging towards the tip as in Zizyphus jujuba and               

Cinnamomum tamala (fig. 4.9C) 

b) Divergent-veins spread out from one point to different directions as in Cucurbita 

maxima (fig. 4.9D). 

(B) Parallel or Striate venation. Main veins run parallel to one another with laterally connected 

unbranched veinlets. Parallel venation may be: 

 (1) Unicostate or Pinnate-presence of single strong mid-rib which gives rise to parallel 

branches, joined by parallel transverse veinlets, as in banana {Musa) (fig. 4.10A) and Canna. 

 

 
 

       Fig. 4.9 

       Fig. 4.10 
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(2) Multicostate or Palmate-presence of a number of strong veins arising from the base, this may 

be:  

 (a) Convergent-as in bamboos (fig. 4.10B) and grasses or  

 (b) Divergent-as in fan palm (Borassus flabellifer) (fig, 4.10C) 

 

(VI) Leaf Incision (Simple and Compound Leaves) 

Indentation of the lamina margin is called leaf incision. Accordingly two main categories are 

recognized, i.e., simple leaf and compound leaf. 

 

Simple Leaf: A leaf having entire margin (as in mango) (fig. 4.11A) or, if dissected, presenting a 

single appearance due to presence of some apparent laminar connection as in radish and mustard 

(Raphanus satlvus and Brassica campestris). Leaf-shape of radish is called lyrate. 

 

Compound Leaf: The leaf has incised margin, and the incision goes so deep, touching the mid-rib, 

so that lamina breaks up into lobes or segments called leaflets. A compound leaf may be (A) 

Pinnate or (B) Palmate. 

 

 
 (A) Pinnate Compound; The midrib (or rachis) directly bears the leaflets along both the sides. It 

may be simple pinnate, bipinnate, tripinnate and decompounds.  

 (i) Simple pinnate or unipinnate-leaflets borne directly on rachis, and may be. 

(a) Paripinnate-leaflets present in pairs as in Tamarindus indica (fig. 4.11B), Cassia, Swietinia 

etc. 

Fig. 4.11 
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(b) Imparipinnate-rachis is terminated by an odd leaflet as in rose (Rosa indica)   (fig. 4.11C), 

Clitoria, Murraya, Melia azadirachta etc. 

 Bipinnate-a compound leaf with main segments again pinnately divided into pinnules, i.e., 

leaflets (pinnules) borne on the rachis but on its branches as in Acacia arabica. Mimosa 

pudica (fig. 4.11 D), Caesalpinia pulcherrima etc. 

 Tripinnate-incision goes to the third order so that leaflets are found 

on secondary branches of the rachis, as in Moringa pterygosperma (fig. 4.11E). 

 Decompound-incision high in number to give dissected appearance of the leaf as in fennel 

(Foeniculum vulgare) (fig. 4.11F) and other plants of Apiaceae. 

 

(B) Palmate Compound: In such leaves, rachis does not differentiate and the lamina appears 

articulated or attached to a point on the top of the petiole. Such compound leaves may be of 

following types: 

i. Unifoliate-single leaflet attached to the top of the petiole, as in Citrus (fig. 4.12A). 

ii. Bifoliate-only two leaflets articulated to the rachis, as in Hardwickia binata and Bignonia 

grandiflora (fig. 4.12B). 

 
iii. Trifoliate-three leaflets articulated at the top of the rachis, as in Trifolium, Aegle marmelos, 

Oxalis corniculata, Dolichos lablab (fig. 4.12C). 

iv. Quadrifoliate-four leaflets articulated to the top of the rachis, as in Paris quadrifoiia and in 

a pteridophyte, Marsilea quadrifoliata (fig. 4.12D). It is a rare type. 

v. Multifoliate-more than four leaflets attached at the top of rachis (petiole), as in Cleome 

viscosa, Gynandropsis pentaphylla, Bombax (fig. 4.12E) or Salmalia malabarica.  

 

  Fig. 4.12 
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Modifications of the Leaf Lamina:  The lamina or sometimes the entire leaf undergoes 

modification to suit various purposes. Some important modifications are: 

(1) Leaf tendrils-tendrils formed by climbing plants which may be modification of entire leaf or its 

parts, e.g. petiole tendril (as in Clematis), entire lamina  (in Lathyrus), terminal leaflets (Bignonia 

vensuta and Pisum) and leaf apex (Gloriosa superba) (fig. 4.13 E). 

(2) Hooks-leaf modified into hooks for climbing as in Bignonia unguis-cati, three terminal leaflets 

become claw-like hooks. 

(3) Spines-entire or part of leaf modified into spines (pointed hard structure), as in Opuntia, whole 

leaf is modified into a spine; in pineapple (Ananas), Agave and Argemone mexicana, leaf margin 

and in Phoenix, the apex is modified into a hard spine. In Chrus, prophyll is a spine. 

(4) Pitcher-a pitcher-like structure formed either by entire leaf (as in Dischidia rafflesiana) or by 

part of it such as by lamina (as in Nepenthes, the pitcher plant). In Nepenthes, pitchers are modified 

to catch insects to meet the need of nitrogenous substances (fig. 4.13B) and in Dischidia (an 

epiphytic climber), the pitcher accumulates the rain water as well as debris which is absorbed by the 

adventitious roots formed within. 

(5) Bladder-in Utricularia (aquatic insectivorous plant), the leaf segments modify into bladder to 

catch the insects (fig. 4.13D). 

(6) Fleshy leaves-in some xerophytes and halophytes leaves become fleshy or succulent to store 

water due to presence of special storage tissue. Such plants are commonly called succulents, e.g. 

Portulaca oleracea, Basella rubra, Suaeda maritima and species of Aloe, Agave, Bryophyilum, 

Sedum etc. 

 

Fig. 4.13 
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(7) Absorbing organs – submerged leaves of aquatic plants absorb water by their general surface. 

Such plants are often rootless, e.g. Ceratophyllum and Utricularia 

 
 

QUESTIONS 
1. Enlist different types of leaves and mentions its functions. 

2. Describe phyllotaxy with suitable example. 

3. Draw and describe a typical foliage leaf. 

4. Enlist various leaf lamina features. 

5. Enlist various leaf lamina surface features with proper example. 

6. Define leaf venation and describe in detail. 

7. Define compound leaf and it different types with proper example.  

8. Enlist different modifications of leaf lamina with example and purpose for each 

modification. 

9. Differentiate between palmate compound  leaf and pinnate compound leaf. 

 
 

//*/*/*/*/*// 
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EXERCISE – 5 
STUDY OF INFLORESCENCE 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - -  
THE REPRODUCTIVE ORGANS AND FRUITS 

 

BRACT AND BRACTEOLES 

Axillary floral buds are usually borne in the axils of the specialized leaves called bracts. Such 

flowers are called bracteate, as in most members of Acanthaceae. In some cases, bracts are absent 

where flowers are called ebracteate, as in Brassicaceae and Boraginaceae. Sometimes additional 

bract-like small and thin structures are borne on the pedicel (or peduncle) between the flower and 

bracts. These are called bracteoles and such flowers are called bracteolate. 

Bracts and bracteoles may be variously modified, such as: 

(1) Foliaceous or Leafy bract-bract appears like ordinary green leaf, as in China rose (Hibiscus 

rosa-sinensis). 

(2) Petalloid bract-bract becomes brightly colored and appears like a petal as in Bougainvillea 

spectabilis (fig. 5.1A) in which three small flowers are enclosed within three colored bracts. 

Similarly, bright red or orange bracts are found in Poinsettia pulcherrima. 

 
Fig. 5.1 A-petaloid bracts of Bougainvillea and B-involucral bracts of Daucus 

carom. 

(3) Spathy bract-large, thick, boat-shaped bract and called spathe covering full or a part of a Spadix 

inflorescence, as in Colocasia antiquorum (fig. 5.4D)' and Amorphophallus titanum. In some palms, 

the spathe may be several feet (upto 20) long. Spathes in maize and banana are well developed and 

prominent. 

(4) Involucral bract-whorls of green sepaloid bracts occurring around the base of the inflorescence. 

These form an involucre, as in family Compositae. Involucre of bracts is also found in Apiaceae (as 

in Daucus carota fig. 5.1B). In addition to bracts, there may be smaller involucres "round the base 

of each branch of the inflorescence as in Daucus and these are called involucels or partial 

involucres. 
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(5) Scaly bract-additional scaly bracts found with each 

individual floret as in capitulum (fig. 5.2), catkin or cyathium 

inflorescences. 

(6) Cupule-hard and woody bracts and bracteoles found at 

the base of flower, somewhat like an involucre, as in 

Cupulifereae. These fuse together to form a cup-like 

structure (cupule) as the fruit matures.  
(7) Epicalyx-a whorl of sepaloid green bracteoles found below the calyx, as in china rose. 

(8) Glumes-two scaly bracts present at the base of each spikelet as in Poaceae, also called empty 

glumes (fig. 5.5C). 

(9) Lemma and Palea-in the spikelet of Poaceae, each flower bears a bract called flowering glume 

or lemma and a bracteole called palea which fits within the lemma (fig. 5.5C). 

 

INFLORESCENCE: The arrangement of flowers and mode of distribution of flowers on the shoot 

system of a plant is called inflorescence. Sometimes, flowers are found singly and such a condition 

is called solitary. Solitary flowers may be terminal as in Papaver or axillary as in Hibiscus rosa-

sinensis (fig. 5.3). 

 
Kinds of Inflorescence 

Different types of inflorescences are grouped into three categories: 

(i)  Simple inflorescence (ii) Compound inflorescence (iii) Special inflorescence 

 

(A) SIMPLE INFLORESCENCE 

In such inflorescence, flowers are arranged directly on the main axis. These are of two types. 

I. Racemose or indefinite inflorescence  II. Cymose or definite inflorescence 

I. Racemose inflorescence. It has indeterminate growth of main axis, all flowers are lateral and  

Fig. 5.2 

       Fig. 5.3 
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arranged in acropetal succession, i.e., oldest towards base and youngest towards apex. These are of 

following types: 

1. Raceme. Peduncle is elongated and flowers are pedicillate (stalked), e.g. mustard (fig. 5.40A) 

and larkspur (Delphinium). 

2. Spike. It is similar to raceme but flowers are sessile, e.g. Achyranthes (fig. 5.4C) and 

Amaranthus. 

 

 

 

 

 

 

 

 

 

 

 

 

3. Spikelet. It is a secondary small spike with one or a few flowers. Spikelets are arranged in 

spike, raceme or panicle (fig. 5.4B). Each spikelet bears at its base two minute bracts called empty 

glumes. Above this is a fertile glume, a third bract or bracteole. The fertile bracteole may be called 

pa/ea or lemma. Opposite to the lemma, it bears a small glume called upper palea (or superior 

palea). Each flower of the spikelet remains enclosed by a lemma and palea. Such inflorescence is 

characteristic to family Poaceae (Wheat and rice) (fig. 5.5B, C). 

4. Catkin (Ament). It has a delicate and pendulous floral axis which bears unisexual flowers. All 

flowers are sessile and densely set Entire inflorescence appears like one unit, e.g. mulberry (Moms) 

(fig. 5.5A) and Acalypha. 

5. Spadix. It has a fleshy floral axis which remains covered with large and coloured bract, called 

spathe. Flowers are sessile and unisexual Male flowers are arranged on the upper part of the axis 

while female flowers on the lower part of the axis. Space on axis left between two types of flowers 

remains covered with sterile hairs. Spadix is found in Arum, Colocasia (fig. 5.4D) and Musa. 

       Fig. 5.4 
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6. Corymb. It has a comparatively short main axis and the lower flowers have much longer 

pedicels than the upper ones so that all flowers are brought more or less to the same level, e.g. 

candytuft (Iberis) and cherry (fig. 5.6A). 

7. Umbel. It has a very much shortened main axis and all flowers appear to be arising from the 

same point. Flowers are bracteate. Younger flowers are arranged towards centre while older flowers 

towards periphery. The whorl of bracts is called involucre. Such inflorescence is characteristic to 

family Apiaceae (Coriandrum, Foeniculum (or fennel), Daucus etc. (fig. 5.6B, C). 

 

8. Capitulum or Head. It has a flattened receptacle on which several sessile small florets are 

arranged in a centripetal manner, i.e. youngest in the centre and oldest towards the periphery. 

Individual florets bracteate. The whorl of bracts present is celled involucres. On the receptacle, two 

kinds of florets are usually found: 

(i) Ray florets. These are found at the rim of receptacle (periphery) and have ligulate or strap-

shaped showy corolla. Flowers are either sterile (neuter) or female (pistillate) and are 

zygomorphic. 

 

 

       Fig. 5.5 

       Fig. 5.6 
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(ii) Disc florets. These are grouped in the centre and are actinomorphic, tubular and  bisexual. 

Capitulum of sunflower has both types of flowers (fig. 5.7) but that of Ageratum has only 

disc florets. Capitulum inflorescence is characteristic to family Asteraceae. 

  

 

II. Cymose inflorescence. Such inflorescence has determinate (definite) growth of the main axis, as 

the apical bud forms the first flower. Other flowers are produced on lateral branches which also 

bear terminal flower. Thus, every time new lateral branch is formed to produce new flower. Flowers 

are arranged centrifugally. 

Cymose inflorescences are of following types: 

1. Monochasial or Uniparous cyme. A single lateral branch arises 

from the peduncle of old flower which terminates in a flower. The lateral branch also terminates in 

a flower. Monochasial cyme can be of two types: 

(i) Helicoid cyme (Bostryx). In this case, all lateral branches arise only on one side of  main 

axis, e.g. Heliotropium and Drosera (fig. 5.8B). 

(ii) Scorpoid cyme. In this case, lateral branches arise alternately on left and right sides, as in 

Ranunculus and Gossypium(fig. 5.8A). 

2.  Dichasial or Biparous cyme. The peduncle bears a terminal flower and stops growing. From the 

main peduncle arise two lateral branches, each of which also terminates in a flower. From the 

pedicel of each lateral flower further branching may arise repeatedly, as in Dianthus (fig.5.8C). 

3.   Polychasial, Polychasium or Muciparous cyme. The peduncle bears a single terminal flower 

and below it more than two branches arise. These also bear terminal flowers. In Calotropis, the 

inflorescence is a polychasial umbellate cyme, i.e., groups of multiparous cymes in which main 

peduncle becomes much short (fig. 5.8D). 

       Fig. 5.7 
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(B) COMPOUND INFLORESCENCE 
In a compound inflorescence, the peduncle (main axis) branches repeatedly once or twice in 
racemose or cymose manner and ultimate branches bear flowers in a racemose or cymose manner.-
These can be of following types: 
1. Compound raceme or panicle, e.g. gold mohur (Delonix regia) and Yucca. 
2. Compound spike or spike of spikelets, e.g. wheat  
3. Compoud corymb, e.g. cauliflower 
4. Compound umbel, e.g. Coriandrum and Foeniculum (fig. 5.8B) 
 
(C) SPECIAL INFLORESCENCES 
These are of following types: 
1. Cyathium. The bracts or involucre becomes fused to form a cup-shaped structure. Few nectaries 
are found in the involucral cup. This cup completely encloses a centrally placed female flower 
surrounded by a large number of male flowers. Each male flower is bracteate and achlamydeous 
and is represented by a single stalked stamen. The female flower is bracteate and achlamydeous and 
is represented by stalked (gynophore), tricarpellary and syncarpous gynoecium. This type of 
inflorescence is characteristic to genus Euphorbia. The inflorescence is a special cymose type in 
which male flowers are arranged basipetally (fig. 5.9). 
2. Verticillaster. In this type, leaves are borne on opposite side on a node; each node bears flowers 
arranged in dichasial cyme. After the formation of three flowers, each dichasial cyme passes on to 
monochasial cyme of scorpoid type. Flowers are condensed, sessile, bisexual and bilipped. The 
inflorescence is characteristic to family Lamiaceae (e.g. Ocimum) (fig. 5.10). 
3. Hypanthodium. The fleshy receptacle forms a hollow pear-shaped cavity with a narrow small 
opening. The flowers are borne on the inner wall of the cavity and are unisexual. Male flowers are 
borne on upper side, i.e., towards mouth and female flowers are borne at the base of cavity. Such 
inflorescence is characteristic to genus Ficus (fig- 5.11). 

       Fig. 5.8 
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       Fig. 5.9 

       Fig. 5.10 

       Fig. 5.11 
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Some Special Terms:  

 Peduncle. A stalk which bears inflorescence. 

 Scape. A leafless inflorescence stalks arising from the middle of a rosette of leaves. It bears a 

flower, several flowers, or a crowded inflorescence (as in onion). 

 Rachila, The axis in the centre of a grass spikelet.  

 Strobile. A spike in which each flower is borne in the axil of a persistent membranous bract. 

 Umbellule. A unit of a compound umbel. Cymule. A diminutive of cyme inflorescence. 

 Cincinus (or Cincinnus). A cymose inflorescence with the lateral axes arising on alternate sides 

of the relatively main axis. 

 Drepanium. A monochasial cyme in which all branches arise from the same side of the 

relatively main axis. 

 Rhipidium. A monchasial cyme in which the branches lie in one plane, so that it becomes fan-

shaped. 

 Glomerule. A cluster of short-stalked cyme. It is distinguished from a head inflorescence by 

blooming of the central flower first. 

 Tassel. Male inflorescence in maize. 

 Thyrse (or Thyrsus). A densely branched inflorescence with the main branching racemose 

(indeterminate), but the lateral branches cymose (determinate), as in grapes. 

 Secund. Having lateral members all turned to one side, i.e., appearing as if arising from one side. 

 
QUESTIONS 

1. Define bract. Differentiate it from bracteole. 

2. Define inflorescence. Enlist the major types of inflorescences with suitable example for 

ech in tabulated form. 

3. Describe the inflorescence of capitulum and hypanthodium with proper diagram.  

4. Define Peduncle, Polychsial cyme, Scorpioid cyme. 

 
 

 

//*/*/*/*/*// 
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EXERCISE – 6 
STUDY OF FLOWER AND ITS CLASSIFICATION 

 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - 
Flower is considered as a modified shoot in which every appendage represents a single leaf. 

Sepals and petals are sterile leaves while stamens and carpels are fertile leaves. The different floral 

appendages are arranged in whorls. Different parts of flower are shown in fig. 6.1. 

1. Calyx. It is a collective name for sepals which are present in the outermost whorl. Sometimes a 

whorl of epicalyx may be present outer to it as in china rose. 

2. Corolla. It is a collective name of petals found next to calyx. Petals are variously coloured. 

3. Androecium. It is third inner whorl of a flower that consists of male reproductive structures 

called stamens. 

4. Gynoecium. It is a collective name of female reproductive structures called carpels which are 

centrally placed in a flower. 

 
These structures give a fundamental organisation to a flower; however, there may be several 

variations. These variations are described under the heading Terminology. 

Terminology 

 Bracteate. A flower is said to be bracteate when bract is present.  

 Ebracteate. Bracts are not found.  

 Pedicillate. Flower is produced on a stalk or pedicel.  

 Sessile. Stalk is not found. 

 Complete. A flower when it contains all the four whorls (calyx, corolla, androecium and 

gynoecium) is called complete. 

 Incomplete. Absence of either one of the whorls. 

 Hermaphrodite. Bisexual, bearing both androecium and gynoecium. 

 Unisexual. Presence of only one type of sex organs. 

 Staminate. Presence of only male reproductive structures (stamens). 

       Fig. 6.1 
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 Pistillate. Presence of gynoecium (stamens are absent). 

 Neuter. Sex organs are altogether absent (no androecium and gynoecium). 

 Actinomorphic. A flower with radial symmetry and the parts with similar size and shape 

(fig. 6.2 A, B) 

 

 
 Zygomorphic. A flower capable of equaJ division by only one plane of symmetry (fig. 6.2 

C,D). 

 Asymmetric. A flower which cannot be divided equally from any plane. 

 Dioecious. When male and female flowers are produced on separate plants. 

 Monoecious. When male and female flowers are present separately on the same plant. 

 Polygamous. A plant in which both bisexual and unisexual flowers are present. 

 Trimerous. The floral whorls contain units in multiple of three (as in Liliaceae). 

 Tetramerous. The floral whorls contain units four in number or in multiple of four (as in 

Cruciferae). 

 Pentamerous. The floral whorls contain units five in number or in multiple of five (as in 

Malvaceae). 

 Hypogynous. A flower with superior ovary (as in Brassicaceae). 

 Perigynous. A flower with half embedded or sunken ovary (as in Rosaceae) (fig. 6.3B). 

 
 Epigynous. A flower with inferior (completely sunken) ovary (as in Asteraceae)  (fig. 

6.3C). 

 

       Fig. 6.3 

       Fig. 6.2 
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Terms Used in Description of Calyx 

 Polysepalous. Sepals are free, i.e not united with each other (as in Brassica). 

 Gamosepalous. Sepals are fused with each other.  

 Asepalous. Sepals are absent. 

 Caducous. Sepals fall off after fertilization (as in Brassica). Persistent Sepals do not fall off 

rather these remain with the developing fruits (as in brinjal and tomato).  

 Petaloid. Sepals are colored. 

 Tubular. Sepals fuse to form a tubular structure (fig. 6.4B).  

 Cupulate. Sepals fuse to form a cup-like structure (fig. 6.4E).  

 Urceolate. Sepals fuse to form urn-shaped structure (fig. 6.4C)  

 Campanulate.   Sepals fuse and form a bell-shaped structure (fig.6.4D). 

 Bilabiate. Sepals fuse and form a two lipped structure (fig. 6.4G) 

 Infundibuliform. Sepals form a funnel-shaped structure (fig. 6.4F) 

 
 Spurred. One or more sepals form a long, pointed, spine-like structure, which is called spur 

(fig. 6.5A). 

 Pappus. Sepals are modified into hair-like structures (fig. 6.5B). 

 Spinous. Sepals are modified into spines as in water chestnut (fig. 6.5C) 

 Leaf-like. Sepals form a leaf-like structure (fig. 6.5D).  

 Hooded. Sepals enlarge to form a hood-like structure (fig. 6.5E).  

 

Aestivation of calyx. Arrangement of sepals in the bud. It may be of following types : 

(i) Valvate. Sepals are closely arranged in a circle without overlapping to each other (as in Mimosa) 

(fig. 6.6). 

(ii) Twisted. With parts roiled up in such a way that the outer part of each covers the inner part of 

the one in front of it, while in turn its inner part is covered by the one behind it (fig. 6.6). 

 

 

 

       Fig. 6.4 
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(iii) Imbricate. Both ends of one sepal are outer and of another sepal are inner while other three 

sepals have one end outer and another one inner (fig. 6.6). 

(iv) Quincuncial. Two sepals are outer and two sepals are inner while one sepal has one  

overlapped and one exposed margin (fig. 6.6). 

     (v)  Vexillary. Out of the four sepals, the posterior one is the largest covering two lateral sepals 

and the lateral sepals overlaps the anterior or smallest sepals. 

 

Terms Used in Description of Corolla 

 Polypetalous. Petals are free (not united) as in Brassicaceae.  

 Gamopetalous. Petals are fused as in Solanaceae.  

 Apetalous. Petals are absent. 

 Sepaloid. Petals are green in colour or similar to sepals.  

 Caducous. Petals fall off after fertilization. 

 Persistent. Petals do not fall off, rather remain attached with fruits.  

 Deciduous. Petals fall off after drying. 

 Cruciform. Petals arranged in a cross-like fashion as in Brassica (fig. 6.7A). 

 Rosaceous. Petals arranged as found in rose (fig. 6.7B). 

 Caryophyllaceous. Petals with comparatively long claws and with limbs placed at right 

angles to the claws (fig. 6.7C). 

 

       Fig. 6.5 

       Fig. 6.6 
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 Papilionaceous. Petals appearing butterfly like; a zygomorphic corolla with one large 

posterior standard, two lateral wings and two inner most fused petals, the keel (fig. 6.7D), as 

in pea. 

 
 Tubular. Petals fused forming tube-like structure (fig. 6.8A). 

 Infundibuliform. Petals fused forming funnel-shaped structure (fig. 6.8B). 

 Campanulate. Petals fused forming bell-shaped structure (fig. 6.8C). 

 Hypocrateriform. Petals fused with basal portion narrow and tube-like and upper portion 

bowl-shaped (fig. 6.8D). 

 Trumpet-shaped. Petals fused with basal portion tube-like and upper funnel-like 

appearance. 

 Urceolate. Petals fuse to form a pitcher like structure (swollen in middle and narrow at the 

apex). 

 Rotate. Petals fuse to form a saucer-shaped structure at their uper part (fig. 6.8E). 

 Bilabiate ringent. Corolla irregular with petals used to form a bilipped structure but the slit 

in between two remains open or broader (fig. 6.8G). 

 Bilabiate personate. Corolla irregular with petals fused to form a bilipped structure having 

compactly closed slit (fig. 6.8H). 

 Ligulate. Petals fused to form a tube-like structure at the base and broad flap-like structure 

in the upper part (fig. 6.8F), as in ray florets of Compositae. 

 

Aestivation. Arrangement of petals in the bud which may be valvate (fig. 6.9A), twisted (fig. 6.9B), 

imbricate (fig. 6.9C), quincuncial (fig. 6.9D) or vexillary (fig. 6.9E). The details are 

described under the aestivation of calyx. 

       Fig. 6.7 
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 Perianth. Petals and sepals are of similar appearance and the two cannot be  distinguished. 

The unit of perianth is called tepal. If tepals are fused, the condition is called gamotepalous 

and if free called polytepalous. If tepals are green in colour, these are called sepaloid and if 

coloured like petals called petaloid. 

 

 
 

 

 Fig. 6.8 

       Fig. 6.9 
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Terms Used in Description of Androecium 

Androecium is a collective name given to male reproductive organs, the unit of which is 

called stamen. A stamen consists of filament, connective and anther (fig. 6.4).   The two lobes of 

anther remain connected by a connective. 

 
Other terms used to describe androecium are as follows: 

Number of Stamens: 

 Monoandrous. Single stamen in each flower as in Euphorbia.  

 Diandrous. Two stamens in each flower as in Coronopus.  

 Triandrous. Three stamens in a flower as in Triticum.  

 Tetrandrous. Four stamens in a flower as in Scoparia.  

 Pentandrous. Five stamens in a flower as in Solatium.  

 Hexandrous. Six stamens in a flower as in Gynandropsis.  

 Polyandrous. Indefinite number of stamens as in Nymphaea. 

 

Cohesion of Stamens: 

 Monadelphous. Filaments are fused but anther lobes are free as in Malvaceae (fig. 6.11A)  

 Diadelphous. Stamens with fused filaments arranged in two groups (9+1) (fig. 6.11B) as in 

Pisum (Fabaceae).  

 Polyadelphous. Stamens with fused filaments arranged in several groups (fig. 6.11C), as in 

Salmalia. 

 Syngenesious. Anthers are fused with each other but filaments remain free as in Compositae 

(fig. 6.12A). 

 Synandrous. Both anthers and filaments remain fused as in Cucurbitaceae (fig. 6.12B) 

 

       Fig. 6.10 
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Adhesion of Stamens 

 Epipetalous. Stamens are found attached to petals, as in Solanum.  

 Epiphyllous. Stamens are found attached to tepals, as in Asparagus. It may also be called 

epitepalous. 

 Gynandrous. Stamens are fused with the gynoecium, as in Calotropis (6.14B). 

 

Length of Filaments: 

 Didynamous. Four stamens, of which two have long filaments and two short filaments (fig. 

6.13B), as in Labiatae and Scrophulariaceae. 

 Tetradynamous. Six stamens with outer two short and inner four long as in Brassica (fig. 

6.13A). 

 Inserted. Length of stamens shorter than petals so these remain within corolla tube. 

 Exerted. Length of stamens longer than petals so these come out of corolla tube. 

   Fig. 6.11 

       Fig. 6.12 
       Fig. 6.13 
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 Branched stamens. Filaments of the stamens found branched as in castor (Ricinus 

communis) (fig. 6.14A). 

 Gynostegium. Anthers crowning the column are adnate by the connective to the pentagonal 

stigma and form gynostegium (fig. 6.14B) as in Calotropis. 

 
Insertion on Thalamus 

 Diplostemonous. Stamens arranged in two whorls on the thalamus and stamens of outer 

whorl alternate with petals and of inner whorl opposite the petals, as in Rhamnaceae and 

Portulacaceae. 

 Obdiplostemonous. Stamens are arranged in two whorls and stamens of outer whorl 

opposite and inner whorl alternate with the petals, as in Rutaceae. 

 

Attachment of Filament with Anther Lobe  

 Basifixed. Filament attached with the base 

of anther lobe (fig. 6.15A), as in Brassica. 

 Dorsifixed. Filament attached to the dorsal 

surface of anther (fig. 6.15B), as in 

Passiflora.  

 Adnate. Filament running the whole 

length of the anther from the base to the       

apex (fig. 6.15C), as in Magnolia.    

 Versatile. Filament attached to the back of anther at a point only, so that anther can 

swing freely, as in grasses (fug. 6.15D) 

 

 

       Fig. 6.14 

       Fig. 6.15 
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Dehiscence 

 Extrorse. An anther dehiscing towards the periphery of the flower.  

 Introrse. An anther dehiscing towards the centre of the flower.  

 Longitudinal.   Anther   lobe   bursts   along   longitudinal   suture (fig. 12.16A). It is 

common type, as in Datura. 

 
 Transverse. Found in unilocular anthers, it appears to be transverse because suture is placed 

that way, as in Malvaceae (fig. 6.16B). 

 Porous or Apical. Discharge of pollens through apical pore, as in potato   (fig. 6.16C). 

 Valvular. Wall of the anther opens like trap door, as in Barberis (fig. 6.16D). 

 

Terms Used in Description of Gynoecium 

Gynoecium is the collective name of female reproductive 

organs and the unit of which is carpel. A carpel consists of ovary, 

style and stigma (fig. 6.17). Ovules are contained in the ovary  

 

Fusion of Carpels: 

 Apocarpous. Carpels are free (not united), as in 

Nymphaea and Ranunculus (fig. 6.18A). 

 Syncarpous. Carpels are fused, as in Brassica (fig. 

6.18B).  

 

Number of Carpels: 

 Monocarpellary. Presence of a single carpel in a flower, as in Fabaceae. 

 Bicarpellary. Gynoecium formed by fusion of two carpels, as in Brassicaceae. 

 Tricarpellary. Gynoecium that consists of three carpels, as in Cucurbitaceae. 

 Pentacarpellary. Gynoecium that consists of five carpels. It may also be called  

multicarpellary as in Malvaceae. 

       Fig. 6.16 

       Fig. 6.17 
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Number of Locules 

 Unilocular. Ovary with single chamber (locule), as in Fabaceae and Asteraceae (fig. 

6.19A,B). 

 Bilocular. Ovary with two chambers, as in Brassicaceae and Solanaceae (fig. 6.19C). 

 Trilocular. Ovary with three chambers, as in Liliaceac (fig. 6.19D). 

 Tetralocular. Ovary with four chambers, as in Labiatae or Ocimum (fig. 6.19E). 

 Penta or polylocular. Ovary with 5 or more chambers as in Malvaceae (fig. 6.19F). 

 
 

Placentation (arrangement of ovules within the ovary): 

 Marginal. Placenta present along the junction of two margins of the carpel in one 

chambered ovary (fig. 6.20 A,B), as in Fabaceae. 

 Parietal. Placentae bearing ovules developed on the inner wall of the ovary and their 

position corresponds to the confluent margins of carpel in which ovary is unilocular (fig. 

6.20 C,D), as in Brassicaceae and Cucurbltaceae. 

 Axile. Ovules present at or near the centre of ovary on the axis formed by the fusion of septa 

and usually in vertical rows (ovules are attached on the axis of a compound ovary) (fig. 6.20 

E,F), as in Malvaceae, Solanaceae and Liliaceae. 

       Fig. 6.18 

       Fig. 6.19 
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 Free central. The ovules are borne on a central column with no septa present, the ovary 

remains unilocular (fig. 6.20 G.H), as in Caryophyllaceae. 

 Superficial. The placenta develop all round the inner surface of a multilocular and 

multicarpellary gynoecium, as in Nymphaea (fig. 6.20 K,L). 

 Basal. A single ovule borne'-at the base of a unilocular ovary, as in Asteraceae (fig. 6.20 

I,J). 

 

Position on Thalamus 

 Superior. Ovary placed above the point of attachment of corolla and stamens. 

 Inferior. Ovary borne below attachment of all other floral parts and adnate to them. 

 Semi-inferior. A condition intermediate to superior and inferior.  

 

Style: Part between ovary and stigma is called style. Commonly, it arises from the top (apex) of 

ovary. However, style may arise laterally as in mango (fig. 6.21A), or from the central base 

of the ovary, i.e. gynobasic (as in Lamiaceae (fig. 6.21 B). Sometimes, style may be 

branched (fig. 6.21C), as in some plants of Euphorbiaceae. 

 

Stigma: The apex of carpel is called stigma on which pollen grains are collected. It may be bilobed, 

trilobed, bifid, capitate, discoid, dumbell-shaped, feathery, linear, highly branched or striate 

as illustrated in fig. 6.22. 

 

 

 

 

      Fig. 6.20 



76 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



77 
 

 
 

 
 

OVULE 

Ovules are found in the basal part of the carpel and are: 

(i) integumented megasporangia 

(ii) the nucellus containing the embryo sac and enclosed by one or two integuments, which after 

fertilisation, and subsequentdevelopment, becomes a seed, or 

(iii)Young seed in the course of development. 

Ovule arises from the placenta and the arrangement of ovules in an ovary is called placentation. 

The various parts of the ovule are - Funicle or Funiculus (short stalk through which it 

remains attached), Raphe (a ridge-like structure formed by fusion of funicle and body of the ovule), 

Integument (the membrane enclosing the nucellus), Nucellus (the central tissue of the ovule, 

containing embryo-sac), Micropyle (a canal-like pore or structure formed by an upgrowth of the 

integuments), Chalaza (the base of the nucellus of the ovule), Embryo-sac (the female gametophyte 

of the angiosperm comprising antipodal cells, polar nuclei/secondary nucleus, egg and synergid 

cells) etc. 

 

 

 

 

       Fig. 6.21 

       Fig. 6.22 
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 Ategmic ovule. The ovule without any integument as found in Loranthus and Santalum. 

 Tegmic ovule. The ovule with integument. It may be unitegmic (with a single integument as 

generally found in sympetalae / gamopetalae, e.g. Compositae / Asteraceae), or bitegmic 

(with two integuments found generally in polypetalae and monocots). 

 

Types of Ovules 

The mature ovule may be classified into six types, based on the position of micropyle in relation to 

the funiculus (fig. 6.24). 

 
1. Orthotropous type (also called atropous). The mature ovule is straight and the micropyle 

and funiculus are in a straight line and above the hilum, as found among members of 

Polygonaceae and Piperaceae. 

2. Anatropous type (also called inverted). It is the most common type of ovule found in 

angiosperms and is characteristic of sympetalous families. The ovule bends at 180° and gets 

inverted, so that the micropyle comes to lie close to the funicle. 

3. Campylotropous type. In this type of ovule, the curvature is incomplete, and the body of the 

ovule lies at right angle to the funiculus, and is somewhat curved, as in Capparaceae/ 

Capparidaceae and Leguminosae. 

       Fig. 6.23 

       Fig. 6.24 
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4. Amphitropous type. When the curvature of the body of the ovule becomes more than that of 

campylotropous and the embryo sac assumes a horse-shoe shape, the ovule is said to be 

amphitropous type. It is commonly found in Alismaceae. 

5. Hemianatropous type (also called hemitropous). It is a modified type of anatropous ovule in 

which the body of ovule lies at right angle lo the funicle and micropyle and chalaza lie in a 

straight line. The micropyle is not found near the funicle as in Ranunculus and in members of 

Primulaceae. 

6. Circinotropous type. It is a special type of ovule formed due to unilateral growth. Initially, 

the nucellar mass is in line with the funicle and appears orthotropous, then unilateral growth 

of ovule takes place and it gets inverted, thus becoming anatropous. The curvature continues 

till the ovule takes a complete 180° turn and the micropyle again faces upwards as in Opuntia 

(Cactaceae). 

 

POLLINATION:  The transfer and deposition of pollen on the stigma of the flower. Terms related 

to pollination are: 

Self pollination. The pollination between the different flowers or same flower of the same plant, as 

in groundnut, tobacco, barley, oat, wheat etc. 

 Autogamy. The transfer of pollen grains from the anther to the stigma of the same flower. 

 Geitonogamy. The transfer of pollen grains from the anther to the stigma of another flower 

of the same plant. 

 Homogamy. Simultaneous maturation of sex organs, as in Mirabilis jalapa and Ymca rosea. 

 Cleistogamy. Flowers do not open at the time of the fertilisation and do not expose their sex 

organs, as in Commelina benghalensis. 

 

Cross pollination (Allogamy). The transfer of pollen grains from the anther of a flower to the 

stigma of another flower (i.e., pollination between the flowers of two different plants). 

 Xenogamy. Pollination between flowers of different genetic constitution. 

 Dicliny or Unisexuality. Plant bearing unisexual flowers, either only male or only female 

flowers, as in Carica papaya. Phoenix sylvestris, Morus alba etc. 

 Dichogamy. Maturation of sex organs at different time periods. If anthers mature first, 

flowers are called protandrous, and if stigma (female sex organ) mature first, they are called 

protogynous. 

 Protandrous. A dichogamous flower in. which anthers mature first, as in Lamiaceae 

(Labiatae), Malvaceae and Rubiaceae. 
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 Protogynous. A dichogamous flower in which stigma matures before the anthers, as in 

Magnolia, Michelia and Adhatoda. 

 Heteromorphy. The phenomenon of bearing two types of morphologically dissimilar 

flowers, as in Primula vulgaris. 

 Herkogamy. Presence of some morphological barriers which make self pollination 

impossible, as in Calotropis, Asclepias, Ptsrgularia, Coelogyne etc. 

 Entomophily. Pollination brought about by insects, as in Salvia, Yucca, Ficus, Calotropis 

etc. 

 Ornithophily. Pollination carried out by birds, as in Salmalia, Callistemon, Erythrina etc. 

 Cheiropterophily. Pollination carried out by bats, as in Kigelia pinnate, Bauhinia 

megalandra, Eperua falcata etc. 

 Malacophily. Pollination carried out by snails and slugs, may be found in subterranean 

runners. 

 Anemophily. Pollination by wind as in wheat, maize;, coconut, bhang etc. 

 Hydrophily. Pollination by water as found in Elodea, Hydrilla and Vallisnaria. 

 

 

QUESTIONS 

1. Define: Flower, Actinomorphy, Zygomorphy, Perfect flower, Imperfect flower, Pedicel, 

Thalamus, Dioecious 

2. Enlist and draw different kind of aestivation with examples. 

3. Write a short note on placentation. 

4. Differentiate between self –pollination and cross pollination.  

5. Draw a typical orthotropous ovary and label properly. 

6. Enlist: 

 Types of ovules 

 Types of anther dehiscence 

 Types of anther attachmen 

 Ttypes of cohesion and adhesion of anthers 

 Types of different types of ovary position on thalamus 

7. Draw a typical androecium and gynoecium and label properly.  

8. Draw a typical flower and label properly.  

 

//*/*/*/*/*// 
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EXERCISE – 7 
STUDY OF FRUITS  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 A ripened ovary is called fruit, and study of fruit and fruit bearing plants is called 

pomology. Fruit is an important constituent of a balanced diet and is rich in carbohydrates, 

minerals, vitamins etc. 

On the basis of climate, three types of fruits are recognized: 

1. Temperate fruits. These plants grow in cold climate, e.g. apple, pear, cherry, musk melon, 

water melon, mulberry, strawberry etc. 

2. Tropical fruits. These plants grow in warm climate, e.g. pineapple, custard apple, jack fruit, 

cheeku, mango, lemon, mandarin, banana, guava, papaya etc. 

3. Sub-tropical fruits. These plants grow in moderate climate, e.g. litchi, ber, pomegranate, 

loquat, fig, date, phalsa, jamun, grapes, bel etc. 

 

Classification of Fruits: There are three main types of fruits: 

I. Simple fruits. These develop from monocarpellary ovary or multicarpellary syncarpous ovary. 

II. Aggregate fruits (Etaerio). These develop from multicarpellary, apocarpous ovary. 

III.Composite fruits (Multiple). These develop from the complete inflorescence. 

 

I SIMPLE FRUITS 

On the basis of nature of pericarp, simple fruits are divided into two types: 

A. Dry fruits. Pericarp remains dry and undifferentiated into three layers. 

B. Succulent fruits. Pericarp is fleshy or fibrous and remains distinguishable into three layers. 

These are indehiscent. 

 

A. DRY FRUITS 

According to mode of dehiscence, these fruits are divided into three groups: 

(a) Dehiscent or Capsular fruits. Pericarp is ruptured after ripening and seeds are dispersed. 

(b) Indehiscent or Achenial fruits. These fruits do not dehisce. 

(c) Schizocarpic or Splitting fruits. After ripening, these fruits split (divided) into one seeded 

segments, called mericarps. Mericarps do not rupture further  
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(a) Dehiscent Fruits (Capsular Fruits). According to mode of dehiscence, these are broadly 

divided into five groups: 

1. Legume or Pod. Such fruits develop from monocarpellary superior ovary with marginal 

placentation. Ovary is unilocular with many ovules. The fruit dehisces by both sutures, as in pea, 

gram, red gram etc. (fig. 7.1A). 

2. Follicle. Such fruit develops from superior and unilocular ovary. These are usually found in pairs 

or groups. The fruit dehisces by one suture as in larkspur, Calotropis, Michelia, Vinca etc. (fig. 

7.1B). 

3. Siliqua. The fruit develops from bicarpellary, syncarpous, superior ovary with parietal 

placentation. The ovary remains unilocular in the beginning but becomes bilocular due to 

formation of false septum, called replum. Each locule has many seeds. On maturity fruit dehisces 

from below to upwards. Such fruits are characteristic of family Brassicaceae, e.g. mustard, 

radish, turnip etc. (fig. 7.1C). 

4. Silicula. It resembles with siliqua but its breadth and length are equal. It is wide and flat, as in 

candytuft (Iberis amara) and shephard's purse (Capsella bursa-pastoris) (fig. 7.1D). 

 

 

5.  Capsule. It develops from multicarpellary syncarpous, superior ovary with several locules 

and axile placentation. According to mode of dehiscence, these fruits are further classified as 

follows: 

(i) Porous dehiscence. Fruit dehisces through the pores developed in the terminal part. Seeds are 

slowly dispersed by wind through these pores,, as in poppy [Papaver). 

 

                Fig. 7.1 
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(ii) Loculicidal dehiscence. In these fruits pericarp opens through the middle of locules and 

placenta is divided, as in cotton (Gossypium) and okra (Hibiscus esculentus).  

 (iii) Septicidal dehiscence. In such fruits, during dehiscence septa are ruptured and locules are 

separated. Pericarp is also separated in the form of valves, as in linseed and Aristolochia.  

(iv) Septifragal dehiscence. In such fruits, during dehiscence placenta remains attached in the 

centre of undivided fruit and pericarp's segments become separated. Dehiscence can be either 

septicidal or septifragal, as in Datura (fig. 7.2B). 

 (v) Transverse dehiscence. In such fruits, pericarp dehisces transversely into two parts. The 

upper part opens out like a lid and exposes the seed to the wind for dispersal, as in Celosia. Such 

fruits are also called pyxidium (fig. 7.2). 

 
(b) Indehiscent or Achenial Fruits. In such fruits, pericarp docs not rupture and seeds remain 

enclosed within it. Achenial fruits are further divided into: 

1. Achene. The fruit develops from monocarpellary superior ovary. It is unilocular and single 

seeded. The pericarp does not fuse with seed coat, as in Clematis and Naravelia (fig. 7.3A). 

       Fig. 7.2 
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2. Caryopsis. The fruit develops from monocarpellary, superior ovary and it remains unilocular 

and single seeded. The pericarp remains fused with testa. Such fruits are characteristic to 

family Poaceae, e.g. wheat, rice, maize etc. 

3. Cypsella. The fruit develops from bicarpellary, syncarpous, inferior ovary with basal 

placentation. Fruits are unilocular and single seeded. Persistent hairy calyx (pappus) are found at 

the apex of fruit. These are characteristic to family Asteraceae, e.g. Taraxacum  and Cosmos (fig. 

7.3B). 

4. Nut. Fruit develops from unilocular, syncarpous, multicarpellary, superior ovary. The fruit is 

single seeded. Pericarp becomes hard j and stoney as in cashew nut (Anacardium), litchi, water 

chestnut (Trapa) (fig. 7.3C). 

5. Samara. The fruit develops from bicarpellary, syncarpous, superior ovary. It is single seeded. 

The pericarp becomes flat like wings, e.g. chilbil (Holoptelea) (fig. 7.3D).  

 

 
(c) Schizocarpic or Splitting Fruits. These fruits are dry and multiseeded, and after ripening are 

divided into one seeded segments or mericarps. Mericarps do not rupture further. Such fruits are 

further divided into: 

1. Lomentum. The fruit develops from monocarpellary, unilocular, superior ovary. It is a 

modification of legume. These are bisutural fruits which are constricted or divided into one 

seeded mericarps as in groundnut, Mimosa, Tamarindus etc.  (fig. 7.4A). 

      Fig. 7.3 
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2. Cremocarp. The fruit develops from bicarpellary, syncarpous, inferior ovary, on maturation, 

these divide along with carpophore into two mericarps, and each single seeded (fig. 7.4B). The 

fruit is characteristic to family Apiaceae, as in coriander, carrot, fennel etc. 

3. Regma. The fruit develops from tricarpellary (multicarpellary), syncarpous, superior ovary. The 

fruit is multilocular. On maturation, after splitting, these divide into as many parts as the number 

of carpels. Each part is known as coccus and has one seed, as in castor (Ricinus) and Geranium 

(fig. 7.4C). 

4. Carcerulus. The fruit develops from bi- or polycarpellary, syncarpous, superior ovary and is 

mutilocular. Number of locules may increase due to false septation. On maturity, single seeded 

mericarp splits away, as in Althaea, Ocimum and Malva (fig. 7.4D). 

5. Double samara. The fruit develops from bicarpellary, syncarpous, superior ovary. Pericarp 

develops into two wings. On maturation it is divided into two one seeded parts, as in Acer 

(maple) (fig. 7.4E). 

6. Samaroid. In sal (Shorea robusta), persistent calyx forms wing, hence look-like samara fruit. 

 

B. SUCCULENT OR FLESHY FRUITS 

In these fruits, the pericarp is distinguished into three layers - epicarp, mesocarp and endocarp. 

Mesocarp is fleshy or fibrous. These are of following types : 

1. Drupe. The fruit develops from mono- or polycarpellary, syncarpous, superior ovary. Fruits are 

usually single seeded, rarely many seeded. Pericarp comprises three layers. The epicarp forms 

the skin of the fruit. Mesocarp is fleshy or fibrous and endocarp is hard and stoney, as in mango, 

coconut, peach, walnul, cherry, almond etc. (fig. 7.5A).  

2. Berry. The fruit develops from mono- or multicarpellary, syncarpous, superior or inferior ovary 

with axiie or parietal placentation. Epicarp forms (he rincl of the fruit, mesocarp becomes fleshy 

and endocarp remains thin or membranous, as in tomato, brinjal, guava, date, papaya, chiku, 

areca nut etc. (fig. 7.5B). 
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3. Pepo. The fruit develops from tricarpeilary, syncarpous, unilocular, inferior ovary with parietal 

placentation. These fruits are full of swollen placenta and are many seeded. Epicarp makes the 
hard rind. Mesocarp and endocarp are fleshy. Such fruits are characteristic of family 
Cucurbitaceae as in bottle gourd, cucumber, muskmelon etc. (fig. 7.5C). 

4. Hesperidium. The fruit develops from multicarpellary, syncarpous, superior ovary with axile 
placentation. These are multilocular. Epicarp is firm and leathery and has several oil glands. 
Mesocarp is in the form of white, fibrous part fused with epicarp. Membranous endocarp 
projects inwards forming distinct chambers. Many juicy unicellular hairs are found on the inner 
side of endocarp, as in lemon and orange (fig. 7.6A). 

5. Balausta. The fruit develops from multicarpellary, syncarpous, multilocular superior ovary. It is 
a many seeded fruit. The epicarp is rough and leathery, mesocarp is papery and thin and 
endocarp is hard and it forms chambers to enclose seeds irregularly. The fruit has persistent 
calyx. Testa is red and fleshy whereas tegmen becomes hard, as in pomegranate (fig. 7.6B). 

6. Amphisarca. The fruit develops from multicarpellary, syncarpous, multichambered superior 
ovary. The fruit is many seeded-Epicarps is hard. Mesocarp and endocarp are fleshy on which 
are found scattered seeds, as in wood apple (Aegk marmelos) (fig. 7.7A). 

      Fig. 7.4 
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7. Pome. The fruit develops from bi- or polycarpellary, syncarpous, inferior ovary. The thalamus 
becomes fleshy and swollen and surrounds the fruit. So it is a false fruit. The pericarp is thin and 
papery. Fleshy swollen thalamus forms the edible part of the fruit, as in apple and pear (fig, 7.7 
B and C). 

 

 

 

      Fig. 7.5 

      Fig. 7.6 

      Fig. 7.7 
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II. AGGREGATE FRUITS 
Infact, these fruits are the group of fruitlets developed from multicarpellary, apocarpous ovary of a 
single flower. Such type of aggregate fruits is called etaerio, i.e., aggregate of fruitlets. 
These are of following types: 
1. Etaerio of follicles. In such fruits, each free (separate) carpel develops into a fruitlet which is 

known as follicle. Many follicles of a flower make it etaerio, i.e., etaerio of follicles, as in 
Calotropis and Catharanthus (aggregate of two follicles) and Michelia (aggregate of several 
follicles) (fig. 7.8A). 

2. Etaerio of achenes. It is an aggregate of achene fruitlets developed from a single flower, as in 
rose, strawberry, Clematis and Naravelia (fig. 7.8C). 

3. Etaerio of berries. It is an aggregate fruitlets of berries developed from a single flower, as in 
custard apple (Annona) (fig. 7.8D and E). 
 

 
4. Etaerio of drupes. It is an aggregate of fruitlets of drupes developed from apocarpous ovaries 

of a single flower, as in raspberry (Rubus) (fig. 7.8B). 
 
III. COMPOSITE OR MULTIPLE FRUITS 

These fruits develop from complete inflorescence and are known as infructescence. These are of 

two types: 

1.   Syconus. Such fruit develops from hypanthodium inflorescence. The receptacle becomes fleshy 

and hollow cup-shaped with a narrow apical opening. Unisexual flowers are found on its inner 

surface, male flowers towards upper side and female (pistillate) flowers towards lower side. Larvae 

of insects live in gall flowers (female flowers). The fruit is achene. Fleshy receptacles form the 

edible part, as in figs (Ficus) (fig. 7.9D). 

      Fig. 7.8 
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2. Sorosis. This type of fruit develops from spike, spadix or catkin inflorescence, as in jack fruit, 

mulberry and pineapple. The fruits are so compactly set that entire inflorescence appears as one 

fruit. In jackfruit, stigmas fuse with each other to make rough and spiny rind. Bracts, perianth and 

seeds become edible in jackfruits. In mulberry, perianth present around the dry achenes is eaten up  

(fig. 7.9A, B & C). 

 

Table 7.1 Some Common Fruits and their Edible Parts 
Name Type of fruit Edible parts 

I. Simple Fruits   

1 Pea 

(Pisum sativum) 

Legume Seeds 

2 Okra or ladies finger 

(Abelmoschus esculentus) 

Capsule Whole fruit 

3 Wheat 

(Triticum aestivum) 

Caryopsis Endosperm and embryo 

4  Cashew nut 

(Anacardium occidentale) 

Nut Cotyledons and fleshy peduncles 

5 Litchi 

(Nephelium litchi) 

Nut Fleshy aril 

6  Water chestnut 

(Trapa bispinosa) 

Nut Cotyledon 

7 Tamarind Lomentum Mesocarp 

      Fig. 7.9 
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(Tamarindus indica) 

8  Groundnut 

(Arachis hypogea) 

Lomentum Embryo 

9 Coconut 

(Cocos nucifera) 

Drupe Endosperm 

4 Walnut 

(Juglans regia) 

Drupe Lobed cotyledons 

11  Mango 

(Mangifera indica) 

Drupe Mesocarp 

12 Grape 

Vitis vinifera) 

Berry Pericarp and placenta 

13 Areca nut 

(Areca catechu) 

Berry Endosperm 

14 Guava 

(Psidium guajava) 

Berry Whole fruit 

15 Banana 

(Musa sapientum) 

Berry Mesocarp and endocarp 

16 Tomato 

(Solanum lycopersicon) 

Berry Pericarp and placenta 

17 Cucumber 

(Cucumis sativus) 

Pepo Mesocarp, endocarp and 

placenta 

18  Muskmelon 

(Cucumis melo) 

Pepo Mesocarp and endocarp 

19 Bottle gourd 

(Lagenaria siceraria) 

Pepo Mesocarp and endocarp 

20 Pome granatc 

(Punica granatum) 

Balausta Fleshy testa 

21 Madarin orange 

(Citrus reticulata) 

Hesperidium Fleshy unicellular hairs of 

endocarp 

22 Sweet orange 

(Citrus sinensis) 

Hesperidium Fleshy unicellular hairs of 

endocarp 

23 Lemon 

(Citrus lemon) 

Hesperidium Fleshy unicellular hairs of 

endocarp 

24 Lime Hesperidium Fleshy unicellular hairs of 
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(Citrus aurantifolia) endocarp 

25 Apple 

(Pyrus malus) 

Pome Fleshy thalamus 

26 Pear 

(Pyrus communis) 

Pome Fleshy thalamus 

 

II. Aggregate Fruits 

1 Lotus  

(Nelumbium speciosum) 

Etaerio of 

achenes 

Thalamus and seeds  

2 Strawberry  

(Fragaria indica 

Etaerio of 

achenes 

Fleshy receptacle 

3 Custard apple  

(Annona squamosa) 

Etaerio of 

berries 

Pericarp (except apical part) 

 

 III. Composite Fruits 

1 Fig 

(Ficus carica) 

Syconus Fleshy receptacle and seeds 

2 Pineapple 

(Ananas sativus) 

Sorosis Outer rachis, bracts, perianth 

and pericarp 

3 Jackfruit 

(Artocarpus heterophyllus) 

Sorosis Bracts, perianth, seeds 

 

4 Mulberry 

(Morus indica) 

Sorosis Perianth 
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Table 7.2 Differences between Achene, Caryopsis and Cypsella 

Achene Caryopsis Cypsella 
1 
 

The fruit develops from 
monocarpellary       and 
superior ovary. 

The fruit develops from 
monocarpellary       and 
syncarpous ovary. 

The fruit develops from 
bicarpellary, syncarpous 
and inferior ovary. 

2 Pericarp and testa              
(seed coat) are separate. 

Pericarp and testa are 
fused and cannot be 
separated. 

Pericarp and testa are 
separate. 

3 The fruit is etaerio of 
achenes. 

 

Fruit is not found in 
groups. 

 

Fruit is not developed in 
groups. 

 Examples.                     
Clematis, Naravelia 
and Ranunculus 

 Examples.         
Triticum,Oryza and Zea. 

Examples.                        
Helianthus and Cosmos.  

 Table 7.3 Differences between Legume and Follicle 

Legume or Pod Follicle 
1 The fruit develops from 

monocarpellary, unilocular and 
superior ovary.  

It also develops from monocarpellary, 
unilocular and superior ovary. 

2 Fruit is found singly Fruit is found usually in pairs, two or 
more in number. 

3 It dehisces from both the sutures and 
from top towards base. 

It dehisces by a single suture  

4 When fruit dehisces, all seeds come 
out. 

When fruit dehisces, seeds are exposed 
and are released slowly with drying.  

Examples. Fruit is characteristic of 
family Fabaceae, i.g. Pisum, 
Dolichos, Vigna etc. 

Examples. Calotropis and Michelia  

 

Table 7.4 Differences between Siliqua and Silicula  

Siliqua Silicula 
Both types of fruit are found in Brassicaceae  
1 The fruit is long and cylindrical  The fruit is broad and flat  
2 Fruit has a number of seeds Fruit contains a few seeds.  

Examples. Brassica and Raphanus Examples. Iberis and Capsella  
Table 7.5 Differences between Legume and Lomentui 

Legume Lomentum 
1 It is a multi seeded dry and dehiscent 

fruit. 
It is a multiseeded schizocarpic fruit. 

2 Mericarps are not formed. Mature fruit breaks transversely into 
single seeded parts, called mericarp. 

3 The fruit has two sutures and dehisces 
by both the sutures. 

Mericarps are indehiscent. 

Examples. Pisum, Cicer. Phaseolus 
etc. 

Examples. Arachis. Tamarindus. 
Mimosa etc.       
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Table 7.6 Differences between Aggregate and Composite Fruits 

Aggregate Fruits Composite Fruits 
1 It is a group of fruitlets which 

develops from multicarpellary and 
apocarpous gynoecium of a single 
flower. 

It develops from an entire inflorescence. 

2 The fruit develops from carpels of a 
single flower. 

In the formation of a fruit, ovaries, 
perianths and thalamus participate. 

Examples. Michelia, Calotropis, 
Annona etc.  

Examples. Morus (mulberry), Ananas, 
Ficus etc.  

 

 

 

Tabid 7.7 Differences between Follicle and Capsule 

Follicle Capsule 
1 It develops from a single carpel with 

unilocular and superior ovary. 
It   develops   from   multicarpellary, 
syncarpous and superior ovary. 

2 The fruit dehisces by the single 
suture. 

On    maturity,    the    fruit   shows 
longitudinal, transverse and porous 
dehiscence. 

3 The fruits are formed in pairs or in 
groups. 

The fruit is formed singly. 

4 The fruit is dehiscent. Fruit is schizocarpic or splitting. 
Examples. Calotropis and Michelia. Examples. Papaver, Gossypium, 

Datura etc. 
 

 

 

Table 7.8 Differences between Caryopsis and Regma Fruits 

Caryopsis Regma 
1 The fruit is dry and indehiscent. The fruit is dry and schizocarpic. 
2 The fruit develops from 

monocarpellary and superior ovary. 
The fruit develops from tri-carpellary, 
syncarpous and superior ovary. 

3 Fruit is single chambered and single 
seeded. 

The fruit is multichambered, each 
chamber with a single seed. 

4 Pericarp and testa are fused and 
cannot be separated. The seed remains 
completely enclosed in the fruit. 

Fruit on maturity splits into as number 
of parts as the number of carpels. Each 
part is called coccus. Cocci split to 
release seed. 

Examples. Triticum, Oryza, Zea mays 
etc. 

Examples. Ricinus and Geranium. 
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Table 7.9 Differences between Cremocarp and Regma Fruits  

Cremocarp Regma 
1 The fruit develops from bicarpellary, 

syncarpous and inferior ovary. 
The fruit develops from tricarpellary, 
syncarpous and superior ovary. 

2 The fruit is bilocular and two seeded. The fruit is multilocular and many 
seeded. 

3 The fruit on maturity splits into two 
mericarps, each placed at the top of 
carpophore. The mericarp is single 
seeded. 

The fruit splits into as many number of 
cocci as the number of carpels. The 
coccus is single seeded. 

4 Fruit wall has ridges and furrows. On the outer surface of the fruit wall, 
spiny structures are found: 

Examples. Foeniculum and 
Coriandrum. 

Example. Ricinus communis.  

 

Table 7.10 Differences between Drupe and Schizocarpic Fruits 

Drupe Schizocarpic Fruit 
1 It is a succulent type of fruit. It is a dry type of fruit. 
2 Fruit   develops   from   mono -   or 

polycarpeilary, syncarpous, superior 
ovary. 

It develops from monocarpellary or 
polycarpeilary, syncarpous, superior 
ovary. 

3 Pericarp is clearly distinguishable into 
three layers: epicarp, mesocarp and 
endocarp. 

Such differentiation in pericarp is not 
found. 

4 The epicarp forms skin of the fruit, 
rnesocarp is fleshy or fibrous and 
endocarp is hard and woody. 

No such structure is found. 
 

5 The fruit is usually single seeded. The fruit is usually multiseeded. 
6 Fruit does not split open at maturity Fruit    breaks    into    number    of 

indehiscent mericarps. 
Examples.  Mangifera  (mango)  and 
Cocos (coconut). 

Examples. Arachis (groundnut) and 
Tamarindus (tamarind). 

 

Table 7.11 Differences between Pome and Drupe Fruits 

Pome Drupe 
1 It is a kind of false fruit as the fleshy 

fruit-like structure develops from the 
thalamus. 

It is a true fruit that develops from ovary 
wall 

2 The   fruit   develops   from   bi-   or 
polycarpeilary,   syncarpous,   inferior 
ovary and it remains surrounded by 
enlarged fleshy thalamus. 

The       fruit       develops       from 
monocarpellary    or    polycarpeilary 
superior ovary. 
 

3 The pericarp is thin, papery and 
inedible. 

The pericarp is well developed and. 
differentiated into epicarp, mesocarp 
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and endocarp 
4 The edible part is actually a fleshy 

thalamus. 
The edible part is mesocarp. 
 

5 The fruit has 5-6 seeds. The fruit has a single seed. 
Examples. Pyrus (apple and pear). Examples.  Mangifera (mango)   and 

Cocos (coconut). 
 

Table 7.12 Differences between True and False Fruits 

True Fruit False Fruit 
1 It    develops    from    ovary    after 

fertilization. 
In its formation, thalamus, perianth or 
rachis participate along with ovary. 

2 Examples.  Mangifera   (mango)   
and Carica (papaya). 

Examples. Pyrus (apple) and Ficus 
(fig). 

 

Table 7.13 Differences between Pepo and Pome Fruits 

Pepo Pome 
1 It is a true fruit that develops from 

ovary after fertilization. 
It is a false fruit in which fruit like 
structure is formed by the thalamus. 

2 It    develops    from    tricarpellary, 
syncarpous, inferior ovary with 
parietal placentation. 

It develops from bi- or polycarpellary, 
syncarpous inferior ovary and remains 
surrounded by fleshy thalamus. 

3 The pericarp is well developed and 
differentiated into epicarp, mesocarp 
and endocarp. 

The pericarp is thin and papery and 
indistinguishable into three layers. 

4 Seeds are produced in a large number. Only 5-6 seeds are formed. 
5 The edible part is fleshy mesocarp 

and 
endocarp. 

The edible part is thalamus. 

Examples. Cucurbita, Citrullus, 
Momordica etc. 

Example. Pyrus malus (apple). 

 

Table 7.14 Differences between Lomentum and Caryopsis Fruits 
 

Lomentum Caryopsis 
1 The       fruit       develops       from 

monocarpellary and superior ovary. 
It   develops   from   monocarpellary 
superior ovary. 

2 The fruit is unilocular, multiseeded 
and bisutural. It is divided into several 
mericarps. 

The fruit is unilocular and single 
seeded. 
 

3 Pericarp and testa remain separate. Pericarp and testa are united or fused. 
Examples. Arachis (groundnut) and 
Tamarindus (tamarind). 

Examples. Triticum (wheat) and Oryza 
(rice).  
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Table 7.15 Differences between Drupe and Berry Fruits 
 

Drupe Berry 
1 The fruit develops from mono - or 

polycarpellary,     syncarpous     and 
superior ovary. 

The fruit develops from mono- or" 
polycarpellary, syncarpous, superior or 
interior ovary. 

2 Pericarp is divided into three layers, 
i.e., epicarp, mesocarp and endocarp. 
The endocarp is hard and woody. 

Pericarp   is divided into epicarp, 
mesocarp and endocarp. The endocarp 
is thin and membranous. 

3 The fruit is usually single seeded but 
sometimes multiseeded. 

The fruit is usually multiseeded. 
 

Examples.  Mangifera (mango) and 
Cocos (coconut).  

Examples. Lycopersicum (tomato) and 
Vitis (grapes).   

 

 
Table 7.16 Differences between Hesperidium and Syconua Fruits 
 

Hesperidium Syconus 
1 Fruit develops from the ovary of a 

single flower. 
The fruit develops from the entire 
inflorescence, thus a type of false fruit. 
It   develops   from   hypanthodium 
inflorescence and each fruit is achene. 

2 Pericarp is distinguishable into three 
layers, the epicarp, the mesocarp and 
the endocarp. 

Pericarp is indistinct. 

3 The edible part of the fruit is the 
fleshy unicellular juicy hairs 
developed from endocarp. 

The edible part comprises pericarp, 
thalamus, perianth and rachis. 

4 The epicarp has a large number of oil 
glands. 

Oil glands are not found 

Example. Citrus species. Example. Ficus species (figs). 
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Methodical Vegetative and Floral Description (Taxonomic Description) 

As far as possible fresh flower must be taken for description. The minute vegetative and floral 

structures should be viewed under dissecting microscope. For the study of carpels and locules a transverse 

section through immature ovary should be examined.  

  

The taxonomic description should be written adopting following sequence: 

1. Habitat (a) Hydrophyte, mesophyte or xerophyte. 

(b) Cultivated, ornamental, food crop or wild. 

(c) Tropical, temperate or arctic. 

2. Habit (a) Herb (whether prostrate, erect, diffuse or weak- 

stemmed), shrub or tree.  

(b) Annual, biennial or perennial. 

3. Root (a) Tap or adventitious. 

(b) Branched or unbranched. 

(c) Any modification  

(Both for tap and adventitious types of roots). 

4. Stem (a) Erect, prostrate or climbing. 

(b) Modification-bulb, tuber, corm, rhizome etc. 

(c) Branching: monopodia or sympodial. 

(d) Herbaceous (solid or fistular) or woody  

(e) Angular, cylindrical or flattened. 

(f) Hairy, spiny, glabrous or glaucous  

(g) Colour: green or brown. 

5. Leaves (a) Radical, cauline or ramal. 

(b) Alternate, opposite (superposed or decussate) or whorled. 

(c) Sessile or petiolate. 

(d) Stipulated or exstipulated, type of stipule (if present). 

(e) Leaf base sheathing connate, perfoliate or ligulate. 

(f) Simple or compound. 

(g) If compound, pinnate or palmate, number of leaflets.  

(h) Venation-uni or Multicostate, parallel or reticulate. 

(i) Leaf margin : entire, serrate or reticulate 

(j) Surface: hairy, glabrous or glaucous. 

(k) Apex : acute, acuminate or obtuse 
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6. Inflorescence (a) Racemose, cymose or any special type 

7. Flower (a) Pedicellate or sessile. 

  (b) Bracteate or ebracteate. 

(c) Complete or incomplete. 

(d) Unisexual or bisexual. 

(e) Regular or irregular. 

(f) Actinomorphic or zygomorphic. 

(g) Hypo, peri- or epigynous. 

(h) Colour.  

(i) Nectaries present or absent. 

8. Calyx  (a) Number of sepals. 

(b) Gamosepalous (fused) or polysepalous (free). 

(c) Shape and form. 

(d) Green or petaloid. 

(e) Aestivation: valvate, twisted or imbricate (ascending, 

descending or quincuncial). 

9. Corolla (a) Number of petals. 

(b) Gamopetalous (fused) or polypetalous (free). 

(c) Shape or form. 

(d) Coloured or sepaloid. 

(e) Aestivation. 

4. Perianth When there is no distinction between calyx and corolla it is called 

perianth.  

(a) Number of tepals.  

(b) Gamophyllous (fused) or polyphyllous (free). 

11. Androeclum (a) Number of stamens. 

(b) Polyandrous (free), adelphous (fused to form a tube) or 

syngenesious (anthers fused). 

(c) Epipetalous or free. 

(d) Filament long or short. 

(e) Anthers basifixed, dorsifixed Or versatile. 

(f) Anthers monothecous or dithecous, introrse or extrorse.  

12. Gynoecium   (a) Number of carpels.  

(b) Syncarpous (fused) or apocarpous (free). 
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(c) Ovary superior or inferior. 

(d) Number of locules.  

(e) Placentation (marginal, axile, parietal, free central or basal). 

(f) Number of ovules in each locule. 

(g) Styles free or united. 

(h) Stigma simple, lobed, capitate etc. 

13. Seed (a) Endospermic or non-endospermic. 

(b) Number of cotyledons. 

14. Fruits (a) Kinds of fruits-dry, succulent or of any special type 

 

Floral Formula. It is written the help of the following symbols: 

Br Bracteate 

brl bracteolate 

% Zygomorphic 

 Actinomorphic 

♂ Staminate 

♀ Pistillate 

 Bisexual or Hermaphrodite 

 Neuter 

Ep. K Epicalyx 

K Calyx free 

(K) Calyx fused 

C Corolla free 

(C) Corolla fused 

p Perianth 

A Stamens free 

(A) Stamens fused 

 G Gynoecium free 

(G) Gynoecium fused 

G Ovary inferior 

G Ovary superior 

<x Indefinite 

CA Epipetajous stamens 

PA Epiphyllous stamens 
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For example floral formula of shoe flower (Hibiscus rosa-sinensis) is: 

 
Floral diagram. Arrangement of floral parts and method of drawing the floral diagram is illustrated in fig. 13.4. 

The procedure of drawing floral diagram should be taken up carefully, starting from outermost whorl to central 

whorl (gynoecium). The position of each floral part should be ascertained with its relative position in respect to 

mother axis (hypothetical). 

 

 

 

 

 

QUESTIONS 

1. Define fruit. 

2. Classify fruit into different categories in tabular form with examples.   

3. Write a short note on  

 Legumes 

 Aggregate fruits 

 Syconus 

 Pineapple 

4. Differentiate between fruits of tomato, cucurbits and Lemons. 
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EXERCISE – 8 
STUDY OF SPECIMENS AND SLIDES 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Selection of material 

Cytological study may be undertaken either through mitosis or meiosis. For mitotic study 

the fast developing meristematic region of the plants like root tips or stem tips are selected. The root 

tips of onion (Allium cepa) are the widely used for mitotic study. Whereas, for meiotic study the 

immature flower buds are selected. The selection of flower bud for meiotic study required critical 

knowledge and experience of floral biology. The meiotic activities are highly influenced by 

temperature, hence the time as well as the stage of the bud selection is also very important. Steps 

involved in the slide preparation 

In slide preparation for the cytological studies, following treatments are to be given to the 

selected materials 

1. Pre-fixation / Pretreatments 

2. Fixation 

3. Preservation 

4. Staining 

 

1. Pre-fixation: 

Living materials can be treated in various ways prior to fixation. Pre-fixation is an optional, 

extra treatment given to the material. Large chromosomes along with their nuclei form a lump, 

while 

small chromosomes may undergo too much swelling. Therefore, pre-fixation is essential before 

fixation. * 

Objectives of the pre-fixation : 

1) To clear the cytoplasm of the cell. 

2) To soften of tissues, which make easy penetrations of stains and other chemicals. 

3) To destroy the spindle fibers, which stop the chromosomal movement.  

Chemicals used for pre-fixation : 

a) Colchicine : It is an alkaloid obtained from the roots or corm of Colchicum autumnale, which 

blocks the spindle formation and thus inhibits the movement of sister chromatids to opposite 

poles. The material deep in 0.1 to 0.5 % colchicine solutions for 30-60 minutes. The chemical 

is highly hazardous, so it should be handled with almost care. 

b) Hydrochloric Acid (HC1) : One normal HC1 solution is used to clear the cytoplasm and for 

the softening the tissues. 
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c) Pectinase : The cells are connected with other cells with middle lamella and it is made of the 

pectins. Therefore, pectinase enzyme is used to break the middle lamella and to separate the 

cells. 

d) Pera Dichloro Benzene (PDB): The material is kept in the saturated solution for two to three 

hours at 12 to 16 °C temperature. 

e) Alpha Bromo Naphthalene (ABN) : The material is kept for one to two hours in the 

saturated solution of Alpha Bromo Naphthalene at 4 to 15 °C temperature. 

f) Hydroquinine : The selected material is to be treated with 0.002 M hydroquinine solution for 

two to four hours at 4 to 15 °C temperature. 

Finally, after any pre-fixation treatment, the material is to be washed for 5-4 minutes in running tap 

water to remove the excess chemicals and its residual effects.  

2. Fixation : 

The immediately killing of the living cells without disturbing their internal structure is 

known as fixation. 

Objectives of the fixation : 

1) To stop all the biological activities of living cells by coagulating cells protein. 

2) To stop fermentation and decaying of the tissues. 

3) To precipitate the proteins, which changes the refractive index of the chromosomes, making 

them visible. 

4) To preserve the cell structure and contents in natural form and harden the tissues for further 

treatment. 

Fixatives (reagents) for fixation:  

The chemicals, which used for fixation purpose are known as fixatives. It should be 

prepared fresh at the time of their use and the commonly used fixatives in cytological studies are 

carnoy's fluid-I and carnoy's fluid-II. 

 

a) Carnoy's Fluid-I: It is also known as Farmer's fluids or Aceto-Alcohol. It is prepared using 

three parts of absolute ethyl alcohol and one part of glacial acetic acid [75 cc. Ethyl alcohol + 25 cc 

Glacial Acetic Acid]. The treatment is given for 3 to 4 hours to fix the materials. This solution is 

used as fixatives for root tip. 

b) Carnoy's Fluid-II: This fixative is prepared using six part of ethyl alcohol, three part 

chloroform and one part glacial acetic acid (60 cc Ethyl alcohol + 30 cc Chloroform + 4 cc Glacial 

Acetic Acid). The treatment is given for 3 to 4 hours to fix the materials. This solution is used as 

fixatives for flower buds. 
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3. Preservation: 

After fixation, the material is transferred to 70 % alcohol for preservation (70 cc alcohol + 

30 cc distilled water) and stored in a cool place preferably in refrigerator for long term use without 

any adverse effect on the tissues. 

4. Staining: 

The process of coloring the cell components with the help of certain organic and inorganic 

dyes are known as staining. Aceto-carmine, Aceto-orcein, Carbol-fuchsin and Basic-fuchcin are the 

commonly used staining agents in various cytological studies. Generally, 2 % solutions of Aceto-

carmine and Aceto-orcein are used in meiotic and mitotic studies, respectively.  

Procedures to prepare 2 % solutions of Aceto-carmine or Aceto-orcein : 

1) Add 55 ml of distilled water to 45 ml glacial acetic acid to form 45 % acetic acid solution. 

2) Heat the conical flask containing above solution till boiling and then add 2 gram of aceto-

carmine or aceto-carmine powder (depending upon use) to the boiling solution. Heat up the 

solution till the colour of the solution transferred to dark red from red colour. 

3) Allow the solution to cool down at room temperature for 12 hours and then filter it using the 

filter paper. 

4) Add two drops of saturated aqueous solution of the ferric acetate to increase the keeping 

quality of the stain. 

5) Fill up the solution in the dropping bottles and store in a dark place. 

 

Techniques for preparing the slides for cytological studies: 

There are two main techniques use for preparing the slides for cytological studies viz., 

smears and squashes. 

a) Smears: In this techniques, the cells are directly spread over a slide before fixation and any sort 

of treatment is not necessary to separate the cells from each other. This technique is mainly use for 

preparing the slide for meiotic study using pollen mother cell (PMC) from anthers. 

b) Squahes: This technique is use after fixation and in this technique the cells are separated by 

dissolving middle lamella and tissues are soften using 1 N HC1 at 60 °C. After this the soften 

tissues are stained and squashed on- a slide by applying a gentle pressure over the cover slip. This 

technique is mainly use for preparing the slide for mitotic study using root tips of onion. 

 

Preparation of permanent slide: 

A clean and dry slide is used for preparation of temporary slide followed by sealing with 

paraffin wax to prevent it from drying. For permanent slide preparation, use any one of the 

following methods after two to three hours of sealing. 
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Method-I 

1. Remove the paraffin wax without displacing cover slip. 

2. Invert the slide in acetic acid : ethyl alcohol (1:1) and allows the cover slip to get detached. 

3. Pass through absolute alcohol: xylene (1:1), xylene series and keep for 4 minutes in each of 

them. 

4. Mount in euparal or Canada balsum. 

 

Mehod-II 

1. Remove the paraffin wax without displacing cover slip. 

2. Invert the slide in acetic acid : butyl alcohol (1:1) and allows the cover slip to get detached. 

3. Pass through two containers of butyl alcohol and keep for 4 minutes in each of them. 

4. Mount in euparal before the alcohol is evaporated. 

 

Mehod-III 

1. A freshly prepared slide is used. Remove the paraffin wax if the slide is sealed. 

2. Place the slide on a block of dry ice or dip in liquid nitrogen for one to two minutes. 

3. Immediately remove the cover slip with a sharp razor blade and dip the slide in absolute 

ethyl alcohol. 

4. Give the two wash of alcohol for 2 to 3 minutes each. 

5. Mount in euparal. 

 

Method-IV 

1. Keep the unsealed temporary slides for 2 to 7 days in desiccators containing absolute ethyl 

alcohol or tertiary butyl alcohol as a desiccant. 

2. Take out the slides one by one and put euparal on the slides of the cover slip. 

3. Slowly, acetic acid will dry off and euparal will get in. 

 

 

 
 
 

******* 
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EXERCISE – 9 
CELL & CELL DIVISION 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 

Cell division 

Cell is the basic unit of structure and function of all living systems. The process of 

formation of new cells from pre-existing cells is referred as cell division. In cell division process, 

the cell going under the division process is referred as mother cell and the new cells which are 

formed due to the process of cell division is termed as daughter cells. There are mainly two types of 

cell division viz., mitosis and meiosis. 

The process of cell division is divided into two parts : (1) Karyokinesis and (2) Cytokinesis 

1. Karyokinesis: It is the process of nucleus division. 

2. Cytokinesis : It is the process of division of cytoplasm. Cytokinesis follows to karyokinesis. 

 

Preparation of slide for mitosis study 

Plant material used for slide preparation : Root tip of onion or somatic cells from shoot tip.  

 

Procedures: 

1. Excise the young root tips of onion from plant or germinating onion seeds. 

2. Transfer the root tips to vials containing one of the pre-fixatives and keep them at 4 to 14 °C 

for 2 to 4 hours. 

3. Fix the root tips, after washing in water, in carnoy's fluid-I for 24 hours. 

4. Root tips are transferred to 70 % ethyl alcohol and keep them at 4 to 4 °C for further use. 

5. Put two to three pre-fixed or fixed root tips in a watch glass containing ten drops of 1 % 

aceto-orcein and one drop of IN HC1. 

6. Heat the watch glass with materials over flame for 4 to 15 seconds in such a way that the 

root tip should not come out from stain and then allow them to cool it down. 

7. Transfer the root tip to a clean slide and add one to two drops of. 1 % aceto-orcein. 

8. The materials are squashed by tapping firmly with a flat end of pencil, metal rod or glass rod 

to separate the cells. 

9. Put a cover slip and press the slide in folds of blotting paper with the help of thumb to 

spread the cells and to remove excess stain. 

10. Observed the prepared slide under compound microscope on 4X and then shift it on 45X to 

identify the various stages of mitosis. 
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Fig. 9.1 Cell cycle with different sub-stages  

Cell cycle 

It is the period in which one cycle of cell division is completed is called cell cycle. It 

consists of two phases viz., Interphase and Mitotic phase. 

 

Interphase: 

It is the phase of the DNA synthesis in which the chromosomal material is in special stage, 

which is known as metabolic stage or interphase. It occupies the time between the end of telophase 

of previous mitotic division and the beginning of the next prophase. It occupies the largest period in 

a cell cycle. It is often not regarded as a stage of cell division. The interphase is divided into three 

sub stages i.e. Gi, S and G2 (Fig-9.1). 

1. G1: Synthesis of RNA and protein (Pre DNA replication phase). It occupies 25-50 % of 

interphase duration 

2. S: Synthesis of DNA (DNA replication phase). It occupies 35-40 % of interphase time 
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3. G2: Synthesis of mRNA and some fraction of RNA (Post DNA replication phase). It 

occupies 15-25 % of interphase duration 

During interphase chromosome do not goes any observable cytological changes but 

chromosomes are in form of chromatin fibers. While, during mitotic phase (M phase) chromosomes 

are duplicated and as a result chromosome number remain constant and definite in each species. 

The M phase consists of four stages viz., prophase, metaphase, anaphase and telophase. (Fig 9.2). 

 

Mitosis 

The term mitosis was coined by Flemming in 1892. Mitosis refers to the cell division 

process in which two identical daughter cells are produced from a mother cell. The chromosome 

numbers of newly developed daughter cells are also remaining same as mother cell in mitotic 

division. Mitotic division is take place in somatic cells, so it is also referred as a somatic cell 

division. 

Significance of mitosis: 

1. The chief function of the mitosis is growth of organisms and regeneration of damaged 

tissues. 

2. To keep the chromosome number-constant. 

3. It multiplies the cell number and causes vegetative growth and development. 

4. Regeneration of damaged tissues and organs. 

5. Replacement of old tissues and organs. 

6. Production of new tissues and organs like roots, shoots, branches etc. 

 
Stages of mitosis  

Mitosis is divided into four different stages viz., (1) Prophase (2) Metaphase (3) Anaphase and (4) 

Telophase. (Fig-3.2). 

Prophase  

Prophase starts immediately after G2 stage of interphase. 

o It is the longest mitotic stage. 

o Formation of individual chromosome from a chromosomal reticulum. 

o Chromosome become shorter, thicker and stains darkly due to condensation and coiling. 

o Each chromosome consists of two chromatids and attached at the centromere. 

o At the end of prophase nucleolus disappears and nuclear envelop start to breakdown. 
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Metaphase  

o Metaphase phase begins after prophase. 

o Metaphase is shorter than prophase but slightly longer than anaphase.  

o Nuclear membrane dissolves and formation of spindle fibers takes place. 

o Individual chromosomes are arranged at the equatorial plate (metaphase plate). 

o The centromere of the each chromosomes serves as its point of orientation 

o Each centromere is attached to the spindle fibers.  

o Each chromatids of chromosome are clearly visible. 

 

Anaphase  

o It is the shortest of all stages in the mitotic cycle. 

o The centromere splits longitudinally. 

o Two sister chromatids of same chromosome are separated from each other and move 

towards opposite poles. 

o At end of anaphase, due to contraction of spindle fibers and repulsion forces between newly 

formed chromosomes, the daughter chromosomes reach to the respective poles. 

o Two groups of chromosomes are visible at each pole. 

 

Telophase  

o Uncoiling of chromosome takes place, so that they become long and thin 

o The nucleolus and nuclear membrane reappears around each group of daughter 

chromosomes 

 

Cytokinesis : 

o At the end of telophase, new cell wall is formed at equatorial plate, which divides the 

cytoplasm into two equal parts. This process is known as cytokinesis. The division of 

cytoplasm into two daughter cells may take place in two ways. 

 In plants, the division of cytoplasm takes place due to formation of cell plate. The 

formation of such plate begins in the center of the cell, which moves towards 

periphery in both sides dividing the cytoplasm into two daughter cells. 

 In animals, the separation of cytoplasm starts by furrowing of plasma lemma in the 

equatorial region, which results into division of cytoplasm into two daughter cells. 
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MEIOSIS 

 The term meiosis was coined by Moore and Farmer (1905). It is a cell division process in 

which, from a single mother cell four haploid daughter cells are produced. The process of meiosis is 

divided into two types of division. The first division (meiosis-I) is known as reductional division 

and the second division (meiosis-II) is known as equational division.  

 

Important features of the meiosis: 

o Meiosis results in the formation of four daughter cells from a single mother cell in each 

cycle of cell division. 

o Newly developed daughter cells are identical to mother cell in shape and size but it differ in 

chromosome number. 

o Meiosis occurs in reproductive organs like anthers and ovaries. 

o The complete process of meiosis consists of two types of division. The first division results 

in the reduction of chromosome number to half (Reductional division) and the second 

division is like mitotic division (Equational division). 

o Meiosis results in segregation of chromosomes and genes and their independent assortment. 

Crossing over and recombination also occurs during meiosis. 
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Slide preparation for meiosis studies: 

Material use for slide preparation: Flower buds 

1. First fix the flower buds in Carnoy’s fluid-II solution for 24 hours. Transferred the material 

into 70 % alcohol and stored it 4 0C for further use. 

2. Open the young flower bud with the help of pointer and collect the anthers. 

3. Transfer the anther on a clean slide and add one drop of 2 % aceto-carmine. 

4. Crush the anther with the help of pointer and tap it with the flat end of pencil or glass rod. 

5. Put a cover slip on the material and heat up the slide gently. 

6. Again gently tap the material to separate the cells. 

7. Put a blotting paper on it and press it with thumb to remove the excess stains. 

8. Finally, observe the prepared slide under the microscope. 

 

Significance/Importance of meiosis : 

o Meiosis maintains a definite and constant number of chromosomes from one generation to 

the next generation produced by sexual reproduction. 

o  It facilitates the segregation and independent assortment of chromosomes and genes.  

o The recombination of genes takes place during meiosis, which act as the basis of genetic 

variation. 

 

STAGES OF MEIOSIS 

 

First meiotic division (Reductional division) 

 In first meiotic division, the chromosome number of newly developed cells is half in 

compared to the mother cell, therefore it is referred as reductional division. It consist four different 

phases viz., Prophase-I, Metaphase-I, Anaphase-I and Telophase-I. 

1) Prophase –I : This phase consist very long duration and it is sub divided into five stages 

viz.,   Leptotene, Zygotene, Pachytene, Diplotene and Diakinesis. 

a) Leptotene : 

o Chromosomes look like long, thin thread under light microscope, They are inter woven 

like a loose ball of wool.  

o Chromosomes are scattered throughout the nucleus in a random manner. 

o RNA and protein synthesis also take place. 

b) Zygotene : 

o Each chromosome divides into two chromatids. Chromatids become clear due to 

continuous coiling. 
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o Chromosomes become shorter and thicker. 

o This stage is also characterized by pairing of homologous chromosomes (Synapsis). 

o The pairing take place in zipper like fashion and may start at centromere, at chromosome 

ends or any other position. 

c) Pachytene : 

o Chromosomes look like bivalent and each bivalent has now two chromatids. Thus each 

chromosome has four chromatids generally known as tetrads. 

o In this stage, the chromosome number look likes haploid number (but actually it is 

diploid). 

o Nucleolus is present and attached to a chromosome. 

o Formation of chiasmata and crossing over take place i.e exchange of segments between 

non homologous chromatids of homologous chromosomes take place. 

d) Diplotene : 

o In this stage further thickening and shortening of chromosomes take place. 

o Homologous chromosomes start separating from each other. The separation starts from 

centromere and proceeds towards terminal end (Chromosome terminalization) 

o Homologous chromosomes are held together only at certain point, such points are 

referred as chiasma or chiasmata.  

o Nucleolus decrease in size. 

b) Diakinesis : 

o This stage begins after complete terminalization of chiasmata. 

o Chromosomes are further condensed. 

o Bivalents are distributed throughout the cell. 

o Nucleolus and nuclear membrane disappear towards the end of the diakinesis. 
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Stages of Prophase-I 

2) Metaphase - I  

o This is the best stage to counting the chromosome number. 

o Spindle fibers attached from poles to the centromere. 

o Bivalents are arranged at equatorial plate with homologous chromosomes oriented towards 

opposite poles. 

o Chromatids are clearly visible. 

o The centromere of each homologous chromosomes separates from each other. 

3)  Anaphase - I  

o From each bivalent, one homologous chromosome moves toward one pole and another 

opposite pole. In another word one homologous chromosomes moves towards one pole and 

another to opposite pole. 

o Sister chromatids of each chromosome remain attached at the centromere. 

o Homologous chromosomes reach the opposite pole at the end of this phase. 

4) Telophase - I  

o Chromosomes uncoiled and relax and regrouping of chromosome occurs. 

o Nucleolus and nuclear membrane reappear. 

o Two haploid daughter nuclei are formed. 

Cytokinesis : 

o At the end of telophase-I, cytoplasm is divided into two halves and each two halves are 

staying to gether, this structure is called Dyad. 
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Second meiotic division (Equational division) 

 The first meiotic division (meiosis-I) results in reduction of chromosomes number from 

diploid to haploid. The second nuclear division (meiosis-II) is required to reduce the number of 

chromatids per chromosomes. Meiosis –II differs from mitosis in the following three aspects : 

1) The interphase prior to meiosis II is very short. It does not have S phase because each 

chromosome already contains two chromatids. 

2) The two sister chromatids in each chromosomes are not sister chromatid throughout. In 

other words, some chromatids have alternate segments of non sister chromatids due to 

recombination. 

3) The meiosis-II deals with haploid chromosome number, whereas normal mitosis deals with 

diploid chromosome number. 

 

 
Different stages of meiosis (2n=4) 
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Rest of the features of meiosis –II is similar to mitosis. It also consist the phases like prophase-II, 

metaphase-II, anaphse-II and telophase-II.   

 

1) Prophase - II  

o This stage is quite similar to that of mitosis but it differs in several aspects 

o There is no relational coiling between sister chromatid, as a result two sister chromatids of 

each chromosome are clearly visible. 

o The chromosomes are much more condensed and appeared shorter and thicker. 

o At the end of prophase, nucleolus and nuclear membrane are disappearing. 

2) Metaphase - II  

o In this stage, chromosomes become arranged on the equatorial plate. 

o Nucleolus and nuclear envelope are absent. 

o Spindle apparatus is present and centromere of each chromosome is arranged at the 

equatorial plate. 

o Two sister chromatids of each chromosome are distinctly separated from each other. 

o Chromosomes become more condensed, thicker and shorter. 

o The stage is quite short in duration.  

3) Anaphase - II  

o In this stage, centromere of the each chromosome divides longitudinally. 

o Two sister chromatids of each chromosome begins to separate and move away to opposite 

poles. 

 

4) Telophase - II  

o In this stage, uncoiling of chromosomes take place. 

o Reappearance of nucleolus and reformation of nuclear envelop around each group of 

chromosomes. 

Cytokinesis : 

o By the end of telophase- II, the cytoplasm of each of the two cells divides into two parts, so 

total four haploid daughter cells are produced after completion of two meiotic divisions. 

These four haploid daughter cells are all to gether referred as Tetrad.   

o Then this four haploid cells differentiate into gamete and this process is known as 

gametogenesis  

 
******* 
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EXERCISE – 10 
 

INTERNAL STRUCTURE OF ROOT, STEM & LEAF  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 
Earlier, you studied the external morphology of Root, Stem and Leaf and their 

modifications. In this exercise you will study the internal structure of root, stem, and leaf of 

dicotyledonous and monocotyledonous plants. 

1. Internal Structure of a Leaf 

In dicot plants, usually the leaf arises from the axis and grows in the horizontal direction. 

Thus their upper or dorsal surface gets more sunlight than their lower or ventral surface. Such 

leaves are called dorsiventral leaves. These leaves show difference in structure on their dorsal and 

ventral surface. 

The monocot leaves arise from the axis and grow erect. Thus both surface get equal amount 

of sunlight such leaves are called isobilateral leaves. 

(A) Structure of a Dorsiventral Leaf 

To study the structure of a dorsiventral leaf any leaf of a dicot plant is taken and its 

transverse section is cut passing through its mid rib. The following structures are seen in the 

section:- 

(1)  Upper Epidermis:-  

This is single layered and has a thick cuticle on the outside. The epidermis controls the 

excessive transpiration from the plant. The epidermis cells are parenchymatous type but do not have 

chloroplasts some leaves have hairs present on the epidermis. The cuticle protects the inner parts of 

the leaf. 

(2)  Lower Epidermis:-  

This is also single layered and has numerous stomata. Each stoma is guarded by two guard 

cells. Guard cells have chloroplasts. Each stoma opens on the inside into a respiratory cavity. 

Due to the presence of stomata, the function of lower epidermis is exchange of gases. 

Through these stomata transpiration also takes place. 

 

(3) Mesophyll:-  

The ground tissue between the upper and lower epidermis is called mesophyll. Mesophyll is 

made of two different types of parenchymatous cells. 

 



124 
 

(A) Palisade Parenchyma:- These cells are long and tubular. The tissue has 2 to 3 layers of cells. 

The cells lie close to the upper epidermis. They have numerous chloroplasts, thus  they perform 

photosynthesis and manufacture starch. 

 
 

Fig. 10.1 T.S. of Mango leaf showing the different tissues. 
 

(B) Spongy Parenchyma:- This tissue is made of irregular cells located towards the lower 

epidermis. In between the cells numerous intercellular spaces and air cavities are round. The cells 

lie closely around the veins. The cells of spongy parenchyma also have chloroplasts. Thus this 

tissue is associated with both photosynthesis and diffusion of gases for respiration. 

 

(4) Vascular bundle:- 

At the base of the leaf blade the vascular bundles are larger and towards the leaf apex and 

margin their size is smaller and their components become lesser. In the vascular bundle the phloem 

is located towards the lower epidermis. The remaining portion of the vascular bundle consists of 

anular and spiral vessels, tracheids, wood fibres and parenchyma. 

In petiole and bigger veins the vascular bundles are surrounded by sclerenchyma. At other 

places the vascular bundles are surrounded by parenchymatous cells having chloroplasts. This is 

called border parenchyma. 

 

(B) Internal Structure of Isobilateral leaf:- 

Like the dorsiventral leaf to study the structure of isobilateral leaf also a section of any 

morocot leaf such as wheat maize etc. is observed. The main structures found are as follows:- 

(1) Upper and Lower epidermis 

There is no difference in the epidermis of two surfaces. Both are single layered and have 

stomata. 

(2) Mesophyll 

 Mesophyll of isobilateral leaves is made of only spongy parenchyma. In the cells 

chloroplasts are equally distributed. In some leaves instead of spongy parenchyma, the entire 
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mesophyll is made of palisade parenchyma. In few leaves both types of parenchyma may be present 

with. Spongy parenchyma in the centre surrounded by palisade parenchyma. 

 
Fig. 10.2 T.S. of typical Isobilateral leaf 

 

(3) Vascular Bundles 

In these leaves above and below the vascular bundles sclerenchyma is present phloem is 

towards lower epidermis and xylem towards the upper epidermis. On the lateral sides of the 

vascular bundles simple parenchyma is present. 

 

Anatomical Differences between Dorsiventral & Isobilateral leaves 

Tissue 

 

Dorsiventral leaf Isobilateral leaf 

 

1. Epidermis 

 

Upper and lower epidermis present. 

Stomata present in lower epidermis 

only. 

Stomata found in both upper and 

lower epidermis 

 

2. Mesophyll 

 

(i) Differentiated into two types 

of tissues palisade parenchyma 

and spongy parenchyma. 

(ii) In the spongy parenchyma 

intercellular spaces are present. 

(i) Normally only one type of 

tissue present mostly spongy 

parenchyma. 

(ii) Intercellular spaces not found. 

 

3. Vascular 

bundles 

Vascular bundles are conjoint 

collateral and closed type. 

They also have sanse type of 

vascular bundles. 

 

2. Anatomical Differences between Dicot & Monocot Stem & Root  

There is a lot of difference in the presence and arrangement of these tissues in the stems and 

roots of dicot and monocot plants. Hence instead of giving a description of the anatomical features 

separately here the comparative description of dicot and monocot roots and stem is being given. 
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(A) Stem 
Tissue Dicot Stem Monocot Stem 

Epidermis Has multicellular hairs. Normally hairs absent 
Hypodermis Made of collenchyma Made of sclerenchyma. 
Cortex It is parenchymatous and differentiated 

into different parts. 
Made up of parenchyma and 
not differentiated. 

Endodermis Single layered and wavy. No endodermis present 
Pericycle Made of alternate patches of 

parenchyma and sclerenchyma 
No pericycle present 
 

Pith Found in the form of a cylinder in the 
centre of stem. It is parenchymatous 

No pith present 
 

Pith rays A group of parenchymatous cells 
arising from the pith, moving through 
the vascular bundles up to the pericycle. 

Not present 
 

 

 
Vascular 
Bundles 

a) Conjoint, collateral open. 
b) Bundles arranged in a ring. 

 
c) All vascular bundles of equal 

size. 
 

d) Phloem parenchyma present 
e) Bundles are wedge shaped. 
f) No bundles sheath present 

outside the vascular bundle. 
 

a) Conjoint collateral and 
closed. 

b) Bundles found scattered in 
the 
ground tissue. 

c) Bundles found towards the 
centre larger than those 
found in the periphery 

d) Absent 
e) They are oval. 
f) Sclerenchymatous bundle 

sheath present around the 
vascular 
bundle. 

 Secondary 
growth 

Cambium is present in the vascular 
bundle (open type) secondary growth 
takes place (except in young stem.) 

No cambium present in vascular 
bundle (closed type) no secondary 
growth seen.  
 



127 
 

(B) The Root 
Tissue Dicot Root Monocot Root 

Epiblema Single celled outermost layer 
having unicellular root hairs. 

Single celled outermost layer 
with unicellular hairs. 

Cortex Made of parenchyma which is 
many layered. The cells have 

leucoplasts. 
When epiblema is destroyed the 

outer cells of cortex become 
cutinised and from exodermis. 

Here also cortex is multi-layered 
and parenchymatous cells have 

leucoplasts and the outer layer gets 
cutinised to form exodermis on the 

destinction of epiblema. The 
parenchymatous cells are spherical 
or oval with inter cellular spaces 

as in dicot roots. 
 

 
 

   
Endodermis It is the circular innermost 

layer of the cortex made of 
barrel shaped thick walled cells. 
It separates the cortex from the 
state. In between thin walled 

passage cells are present. 

It is also the circular inner most 
layer of cortex. It is also made of 
barrel shaped thick walled cells. 

Here also the endodermis 
demarcates the cortex from 

the stele 
Pericycle Single layer of thin walled 

cells inner to endodermis lateral 
roots and secondary meristem 

tissues originate from the pericycle. 

Single layer of thin walled cells 
inner to endodermis only lateral 

roots arise from pericycle. 
 

Pith Not well developed. Well developed and occupies a 
bigger area. 

Vascular 
bundles 

Radial, in a single layer xylem    
and phloem at equal distance and in 

equal numbers. Total number of 
vascular bundles 2-6. 

Secondary growth present for 
which secondary meristem 

develops later. 

Radial and arranged in a ring 
like manner. Xylem and phloem 

equidistant and in equal numbers. 
Number of bundles more than 6.  

No secondary growth. 
 

 
 

//*/*/*/*/*// 
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EXERCISE –11 

STUDY OF FAMILIES AND TAXONOMIC STATUS OF CROP PLANTS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 
What is Family?  

A family is a group of genera which show generally structural resemblances to me one 

another mainly in their floral organs. Thus, in the genera Gossypium, Hibiscus, Thespesia, Sida, 

Abutilon Malva etc., we find free lateral stipules, epicalyx, twisted aestivation of corolla, 

monoadelphous stamens, unilocular anthers, axile placentation, etc. so, all the above genera belomg 

to the same family i.e. Malvaceae. 

 

What is Floral Diagram?  

 The number of parts of a flower, their general structure, arrangement and the relationship to 

one another (aestivation), adhesion, cohesion, and position with respect to the mother axis 

may be represented by a diagram Known as the floral diagram. 

 The floral diagram is the ground plan of a flower. 

 In the diagram, the calyx lies outermost, the corolla internal to the calyx, the androecium's in 

the middle and the gynoeciums in the centre. 

 Adhesion and cohesion of members of different whorls may also be shown by connecting 

the respective parts with lines. The black dot on the top represents the position of the mother 

axis (not the pedicel), which bears the flower. The axis lies behind the flower. 

 The floral characteristics of species may be represented by a floral diagram, while more than 

one diagram may be necessary to represent a genus or family. 

 

What is Floral Formula?  

The different whorls of a flower, their number, cohesion and adhesion may be represented 

by a formula known as the floral formula. 

 

SYMBOLS: The symbols are used in the construction of floral formula. 
 

CHARACTERISTICS OF A FLOWER SYMBOL USED 
Bracts  
            Present (Bracteate) Br. 
            Absent (Ebracteate) Ebr. 
Bracteoles  
            Present (Bracteolate) Brl. 
            Absent (Ebracteolate) Ebl. 
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Symmetry of the flower  
           Actinomorphic (Regular)  
           Zygomorphic (Irregular) %  
 Sexuality of the flower  
          Bisexual (Hermaphrodite)  
          Unisexual  
          Male (Staminate) flower ♂ 
          Female (Pistillate) flower ♀ 
           Monoecious ♂-  
          Dioecious ♂ 
          Polygamous ♂♀ 
Non essential whorls  
Perianth P 
          Tepals free P3 
          Tepals united P(3) 
Epicalyx EP 
Calyx K 
          Sepals free (polysepalous) K5 
          Sepals united (Gamosepalous) K(5) 
Corolla C 
          Petals free (Polysepalous) C5 
          Petals united (Gamopetalous) C(5) 
Essential whorls  
Androecioum A 
          Stamens free A5 
          Stamens united Monoadelphous A(4) 
                                   Diadelphous A(9)+1 
          Stamens numerous A 
Gynoecium G 
          Carpels free (Apocarpous) G5 
          Carpels united (syncarpous) G(5) 
          Superior ovary G 
          Inferior ovary G 
Cohesion of a whorl: Figure encloses within brackets K(5), C(3), P(3)  
Adhesion: A line is drawn on top of the two whorls concerned.  
         Epiphyllous P5 A5 
         Epipetalous C5 A5 
         Gynandrous A5 G3 
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  Features used in descriptions of Angiospermic Plants: 
 
Habitat : Natural mode of the plant. 

Habit : Herb (erect, prostrate, decumbent, diffuse, trailing, twining or climbing), shrub 

(erect, twining or climbing or tree or any other peculiarity in the habit. 

Root : Nature of the root, any special form. 

Stem : Kind of stem- herbaceous or woody; cylindrical or angular, hair or smooth; jointed 

or not, hollow or solid; erect, prostrate, twining or climbing; nature of 

modification, if any. 

Leaf : Arrangement- whether alternate, opposite (superposed or decussate) or whorled; 

stipulate or exstipulate; nature of the stipules, if present, simple or compound; 

nature of the compound leaf and the number of leaflets; shape and size; hairy or 

smooth; deciduous or persistent; venation; margin; apex; and petiole. 

Inflorescence : Type of inflorescence. 

Flower : Sessile or stalked; complete or incomplete; unisexual or bisexual; regular, 

zygomorphic or irregular; hypogynous, epigynous or perigynous; bracteate or 

ebracteate; nature of bracts and bracteoles, if present; shape, size and colour of the 

flower.  

Calyx : Polysepalous or gamosepalous; number of sepals or lobes; superior or inferior; 

aestivation; shape, size and colour. 

Corolla : Polypetalous or gamosepalous; number of petals or lobes; superior or inferior; 

aestivation; shape, size, colour and scent; corona or any special feature. 

Androecium : Number of stamens-definite (ten or less) or indefinite (more than ten); free or 

united; nature of cohesion-monadelphous, diadelphous, polyadephous, 

syngenesious or synandrous; nature of adhesion- epipetalous or gynandrous or any 

special feature; whether alternating with the petals (or corolla-lobes) or opposite 

them. Length of stamens-general length; inserted or exerted; didynamous or 

tetradynamous; position of stamens-hypogynous, perigynous or epigynous; 

attachment of the anther and its dehiscence; anther lobes or appendages.  

Gynoecium or 

Pistil 

: Number of carpels; syncarpous or apocarpous; nature of style-long or short; 

stigma-simple, lobed or branched; their number and nature-smooth or papillose; 

ovary-superior or inferior; number of lobes; number of chambers (loculi); nature of 

placentation; number and form of ovules in each loculus of ovary. 

Fruit : Kind of fruit. 

Seeds : Number of seeds in the fruit; shape and size; albuminous or exalbuininous; nature 

of endosperm, if present.  

 
 



132 
 

[1] MALVACEAE FAMILY 

This is the biggest family among dicotyledons. 

Taxonomic Status of Malvaceae family: 

Sr. 
No. 

Taxonomic 
categories 

 

1.  Kingdom Plantae 
2. Division Phanerogams 
3. Sub-division Angiosperms 
4. Class Dicotyledons 
5. Sub-class Polypetalae 
6. Series Thalamiflorae 
7. Order Malvales 
8. Family Malvaceae 
9. Genus  
4. Species  

Description of Malvaceae family: 

Habit : Herbs, shrubs or trees  
Root : Tap root system, branched 
Stem : Lower portion woody, aerial, erect, cylindrical, branched, green, stellate or 

scaly hairs and mucilaginous sap 
Leaf : Simple alternate, reticulate, palmate divergent venation, Two free lateral 

stipules. 
Inflorescence : Flower solitary, axillary occasionally group into cymose clusters 
Flower : Pedicellate, embracteate, complete, regular, polypetalous, bisexual, 

pentamerous, hypogynous and copiously mucilaginous. 
Epicalyx : Whorl of bracteoles known as epicalyx (except in Abutilon and sida). Calyx is 

surrounded by three fused lobed of epicalyx with deeply cut margins in cotton 
and five to eight epicalyx in okra and china-rose. 

Calyx : Five sepals, united (Gamosepalous), valvate aestivation.  
Corolla : Five petals, attached to the base of staminal tube, free (Polypetalous), twisted 

aestivation. 
Androecium : Numerous stamens, monoadelphous (united into one bundle called the staminal 

column or tube), epipetalous (staminal tube adanate to the petals at the base). 
The anthers are free, reniform and unilocular. The pollen grains are large and 
spiny. 

Gynoecium 
or Pistil 

: Five to  carpels, syncarpous. The ovary is superior and 5 to  locular (usually 
five locular) Each locules has one to many ovules. Axile placentation, style 
passes through the staminal tube, stigmas are free and same in number as 
carpels. 

Fruit : A capsule or sometimes a schizocarpic 
Seeds : Dicots, in cotton dark coloured with epidermal hairs. 
Floral 
Formula 

:  
 Ep K(5) C5 A() G(5-) 

Examples Botanical name (Genus + 
Species) 

Cotton Gossypium arboreum 
Gossypium herbaceum 
Gossypium hirsutum 

Gossypium barbadense 
China rose 

(Shoe-flower) 
Hibiscus rosa-sinensis 

Okra     (Lady 
finger) 

Abelmoschus esculentus 
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Identifying characters of Malvaceae: 

1. Plant: Herbs, shrubs or trees. 

2. Leaves: Simple, alternate, stipulate. 

3. Flowers: Actinomorphic and bisexual, epicalyx present. 

4. Stamens: Monoadelphous, staminal tube divided at apex and bearing one locular anthers. 

5. Carpels: 2-5 with anatropous ovule. 
 

[2] FABACEAE OR LEGUMINOSAE FAMILY 

This is the second biggest family among dicotyledons and it is divided into following sub-families: 

1.  Papilionaceae     2.  Caesalpinieae      3.  Minoseae 

 

Taxonomic Status of Fabaceae family: 

 

  

 

 

 

 

 

 

 
 
 
 
 
 
 

 
 
 
 
 

 

Identifying characters of Fabaceae: 

1.  Leaves: Compound and stipulate. 

2.  Flowers: Papilionaceous and diadelphous (except groundnut). 

3.  Gynoecium: Monocarpellary. 

4.Ovary: Unilocular with marginal placentation.   

5.  Fruit: Usally a pod. 

 

Examples Botanical name 

(Genus + Species) 

Greengram Vigna radiata 

Blackgram Vigna mungo 

Mothbean Vigna aconitilifolia 

Indian bean Dolichos lablab 

Cowpea Vigna unguiculata 

Soyabean Glycine max 

Pea Pisum sativum 

Chickpea/gram Cicer arietinum 

Pigeonpea Cajanus cajan 

Groundnut Arachis hypogaea 

Lentil Lens culinaris 

Lucerne Medicago sativa  

Sunhemp Crotalariajunces 

Fenugreek Trigonella 

foenumgraecum 

Sr. 

No. 

Taxonomic 

categories 

 

1.  Kingdom Plantae 

2. Division Phanerogams 

3. Sub-division Angiosperms 

4. Class Dicotyledons 

5. Sub-class Polypetalae 

6. Series Calyciflorae 

7. Order Rosales 

8. Family Fabaceae 

9. Genus  

4. Species  
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   Description of Papilionaceae family: 
 

Habit : Herbs, shrubs, trees or climbers. 

Root : Tap root system, branched. 

Stem : Aerial, weak, climbing, cylindrical branch, herbaceous. 

Leaf : Petiolate, alternate, reticulate, palmate divergent venation, pinnately 

compound, unipinnate, imparipinate (number of leaflets 5-7, of which3-

5 terminal leaflets modified in to tendril), sometimes trifoliate, rarely 

simple, two free stipules, pulvinus leaf base. 

Inflorescence : Solitary, axillary or usually a simple raceme. 

Flower : Zygomorphic, polypetalous and papilionaceous, bisexual and complete, 

hypogynous or slightly perigynous. 

Calyx : Five sepals, united (Gamosepalous), often imbricate, sometimes valvate 

aestivation.  

Corolla : Five petals, free (Polypetalous), of very unequal sizes (one standard, two 

wings and two keels), vexillary aestivation. 

Androecium : Ten stamens, diadelphous (united into two bundles, nine fused in one 

bundle and one free), rarely 4 free as in groundnut (8 fertile + 2 sterile) 

and coral tree (Erythrina) or (4) connate as in rattlewort (Crotalaria). 

Gynoecium or 

Pistil 

: One carpel, the ovary is superior, one celled with one to many ovules. 

Marginal placentation. The ovary born on a long or short stalk, called 

gynophore. 

Fruit : Legume or pod (dehiscent) or sometimes a lomentum (indehiscent) in 

case of groundnut. 

Seeds : Exalbuminous or dicots. 

Floral Formula : Br. %     K(5) C1+2+(2)  A(9)+1 G1 

 

 
Distinguishing Characteristics of Fabaceae / Leguminosae Family: 

Characteristics Papilionaceae Caesalpinieae Minoseae 

Leaves Usually 1-pinnate, 

rarely simple, 

stipules often 

present 

1 or 2 -pinnate, rarely 

simple, stipules often 

absent 

Bipinnate, stipules 

present or absent 

Inflorescences Racemose Racemose Spherical head 

Flowers Papillionaceous Zygomorphic Regular and small 
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Calyx Gamosepalous, 

imbricate 

aestivation 

Polysepalous or sometimes 

gamosepalous, usually 

imbricate aestivation 

Gamosepalous, usually 

valvate aestivation 

Corolla Polypetalous, 

posterior petal 

largest & outer 

most, vexillary 

aestivation 

Polypetalous, posterior 

petal smallest & inner 

most, imbricate aestivation 

Gamosepalous, petals 

equal, valvate aestivation 

Androecium Stamens ten, (9)+1 

Rarely (4) or 4; 

simple pollen 

grains 

Stamens 4 or fewer; 

simple pollen grains 

Stamens 4 or many; 

rarely 4 or 8, free; 

compound pollen grains. 

Examples All pulses Tamarind (Tamarindus 

indica, Cassia fistula, 

Camel's foot tree 

(Bauhinia purpurea), Gold 

mohur (Delonix regia), 

Dwarf gold mohur or 

peacock flower 

Catechu (Acacia 

catechu), Gum tree 

(Acacia Arabica), Rain 

tree, Sensitive plant 

(Mimosa pudica) 

Floral Formula %    K(5) C1+2+(2)  

A(9)+1 G1 

% K5 C5 A4 G1  K(5-4) C(5-4)  A or 4 G1 

 
 

[3] BRASSICACEAE OR CRUCIFERAE FAMILY 

 

Taxonomic Status of Brassicaceae (Cruciferae) Family: 

Sr. 
No. 

Taxonomic 
categories 

 

1.  Kingdom Plantae 
2. Division Phanerogams 
3. Sub-division Angiosperms 
4. Class Dicotyledons 
5. Sub-class Polypetalae 
6. Series Thalamiflorae 
7. Order Parietales 
8. Family Brassicaceae 
9. Genus  
4. Species  

Examples Botanical name (Genus + 
Species) 

Indian mustard Brassica juncea 
Sarson Brassica compestris 
Cabbage Brassica oleracea var. 

capitata 
Cauliflower Brassica oleracea var. 

botrytis 
Knol - khol Brassica oleracea var. 

gongylodes 
Radish Raphanus sativus 
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Description of Brassicaceae (Cruciferae) family: 
 

Habit : Usually annual or biannual herbs with pungent watery latex. 

Root : Tap root system, branched. 

Stem : Aerial, erect, cylindrical, branchede, solid, smooth and green. 

Leaf : Petiolate or sessile, exstipulate, simple, alternate, reticulate, pinnate 

venation, radical and cualine, lower leaves lyrate with deeply cut 

margines. 

Inflorescence : A raceme (Corymbose towards the top). 

Flower : Regular and cruciform, bisexual and complete, hypogynous, tetramerous, 

pedicellate, emracteate. 

Calyx : Four sepals, 2+2 in two whorls, free (Polysepalous), imbricate aestivation.  

Corolla : Four petals, free (Polypetalous) in one whorl, they are alternate with 

sepals, cruciform, each petal has distinct limb and long claw and spread 

out in the form of Greek cross, valvate aestivation. 

Androecium : Six stamens in two whorls; two short outer ones and four long inner ones 

(tetradynamous). 

Gynoecium or 

Pistil 

: Two syncarpous carpels, ovary is superior, unilocular but becomes 

bilocular later on due to the development of a false septum (replum), 

many ovules in each cell, sometimes only two, parietal placentation, style 

short, stigma bilobed. 

Fruit : A long, narrow siliqua or a short, broad silicula. 

Seeds : Exalbuminous or dicots. 

Floral Formula : Ebr.       K2+2 C4  A2+4 G(2) 

 

 
Identifying characters of Apiaceae: 

1. Plant: Herbs with alternate, exstipulate, simple or compound leaf. 

2. Inflorescence: Umbels. 

3. Flowers: Bisexual, epigynous, sepals 5, petals 5, stamens 5, ovary bilocular 

with inferior position. 

4. Fruits: Schizocarpic. 
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[4] APIACEAE OR UMBELLIFERAE FAMILY 
 

Taxonomic Status of Apiaceae (Umbelliferae) Family: 
 

 
 

Sr. 
No. 

Taxonomic 
categories 

 

1.  Kingdom Plantae 
2. Division Phanerogams 
3. Sub-division Angiosperms 
4. Class Dicotyledons 
5. Sub-class Polypetalae 
6. Series Calyciflorae 
7. Order Umbellales 
8. Family Apiaceae 
9. Genus  
4. Species  

 
Description of Apiaceae (Umbelliferae) Family: 

 
Habit : Mostly biannual or perrinial herbs with creeping stem. 

Root : Tap root system, branched. 

Stem : Herbaceous, aerial, erect, angular branch, solid, swollen nodes and 

aromatic smell present. Stem is usually fistular. 

Leaf : Petiolate, sheathing leaf base, simple, alternate exstipulate, decompound 

compound leaf, reticulate, pinnate venation 

Inflorescence : Compound umbel, but in few cases simple umbel (centella) 

Flower : Complete, central flowers actinomorphic and peripheral flowers are 

zygomorphic due to unequal size of petals, bisexual or polygamous, 

epigynous, pentamerous. The outer flowers are sometime rayed; mostly 

protandrous. The bracts are in the form of an involucre. 

Calyx : Five sepals, free (Polysepalous), adnate to ovary, persistent, often reduced 

in size, valvate aestivation.  

Corolla : Five petals, free (Polypetalous), adnate to ovary and sometimes unequal. 

The margin is often curved inwards, valvate or imbricate aestivation. 

Androecium : Five stamens, free (Polysepalous), alternating with the petals, epigynous. 

The filaments are long and slender, dorsifixed and bent inwards in the 

bud. 

Gynoecium or 

Pistil 

: Two fused syncarpous carpels, ovary is inferior, bilocular, with one 

pendulous  ovule in each locule, axile placentation, epigynous disc 

Examples Botanical name (Genus + 
Species) 

Coriander Coriandrum sativum 
Cumin Cuminum cyminum 
Fennel Foeniculum vulgare 
Carrot Daucus carota 
Ajowan Trachyspermum ammi 
Dill seeds Anethum graveloens 
Hing Ferula assafoetida 
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(stylopodium), two free  styles, two capitate stigma, two ovules, solitary 

and pendulous. 

Fruit : Cremocarp, consisting of two indehiscent carpels laterally or dorsally 

compressed, breaking up into two parts, called mericarps, which are 

attached to carpophore. Each mericarp shows five longitudinal ridges and 

oil-canals in the furrows. 

Seeds : Two seeds, one in each mericarp; albuminous or dicots. 

Floral Formula : Br.  or %      K5  C5  A5   G(2) 

 
 

Identifying characters of Solanaceae: 

1. Plants: Herbs or shrub with watery juice. 

2. Leaves: Simple and exstipulate.  

3. Flowers: Complete and actinomorphic. 

4. Petals: Five, rotate or fennel shaped. 

5. Carpels obliquely placed, ovule numerous, axile placentation. 

 
[5] SOLANACEAE FAMILY 

 
Taxonomic Status of Solanaceae Family: 

Family : Solanaceae 
 
 

Sr. 
No. 

Taxonomic 
categories 

 

1. Kingdom Plantae 
2. Division Phanerogams 
3. Sub-division Angiosperms 
4. Class Dicotyledons 
5. Sub-class Gamopetalae 
6. Series Bicarpellatae 
7. Order Polymoniales 
8. Family Solanaceae 
9. Genus  
4. Species  

 

Examples Botanical name 
(Genus + Species) 

Potato Solanum tuberosum 
Brinjal Solanum melongena 
Chillies/red pepper Capsicum annum 
Tomato Lycopericum esculntum 
Tobacco Nocotiana tabacum 

Nicotiana rustica 
Bell-pepper Capsicum grossum 
Gooseberry Physalis peruviana 
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Description of Solanaceae family: 
 
Habit : Mostly annual or perrinial herbs or shrubs. Bicollateral bundles or internal 

phloem are often present. 

Root : Tap root system, branched. 

Stem : Aerial, erect, cylindrical, branched, solid smooth and green.  

Leaf : simple (pinnately compound in tomato),  exstipulate, Petiolate, alternate 

or opposite, reticulate, pinnate venation. 

Inflorescence : Axillary cyme. 

Flower : Embracteate, pedicilate, complete, regular/actinomorphic bisexual, 

pentamerous hypogynous. 

Calyx : Five sepals, united (gamosepalous), persistent, valvate or imbricate 

aestivation.  

Corolla : Five petals, united (gamosepalous), Usually funnel or cup shaped, five 

lobed. valvate or imbricate aestivation. 

Androecium : Five stamens, free (Polysepalous), epipetalous and alternate with the 

corolla lobes. Anthers are connate, opened by pores, basifix and introse. 

Gynoecium or 

Pistil 

: Two fused syncarpous carpels, ovary is superior and obliquely placed,  

two celled or four celled, owing to the development of false septum as in 

tomato and thorn-apple, many ovules in each chamber, axile placentation, 

style long and stigma capitate or bilobbed. 

Fruit : Either a berry with mostly persistent calyx or a capsule with many seeds. 

Seeds : Albuminous / Endospermic or dicots. 

Floral Formula : Ebr.     K(5)  C(5)  A5   G(2) 

 

 

 
Identifying characters of Asteraceae: 

1.  Plants: Herbaceous. 

2.  Leaves: Simple and exstipulate.  

3.  Inflorescence: Capitulam surrounded by an involucre of bracts. 

4. Florest: Two types, outer unisexual female and inner bisexual. 
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[6] ASTERACEAE OR COMPOSITAE FAMILY 
 

Taxonomic Status of Asteraceae (Compositae) Family: 

 
 
 
 

Description of Asteraceae or Compositae family 
 

Habit : Mostly herbs or shrubs. Rarely twiners or trees. 
Root : Tap root system, branched. 
Stem : Solid, erect, herbaceous, cylindrical, branched, hairy. 
Leaf : Simple, rarely compound, alternate, or opposite, reticulate, palmate, 

convergent venation, Petiolate, exstipulate 
Inflorescence : Head or capitulum, with an involucre of bracts. 
Flower : The flowers are of two types: the central ones (called disc florets) are 

tubular and the marginal ones (called ray florets) are ligulate. Sometimes 
all florests are of one kind, either tubular or ligulate. 

Disc florets : Complete, bisexual, bracteate, sessile, regular (actinomorphic), tubular, 
epigynous, heteromerous. 

Calyx : Modified into a cluster of hairs called pappus (as in Tridex and Ageratum) 
or into scales (as in sunflower and Eclipta) or absent (as in water cress), 
free, superior. 

Corolla : Five petals, united (gamosepalous) and tubular. Rarely liguate, superior, 
valvate aestivation. 

Androecium : Five stamens are epipetalous. The filaments are free but the anthers are 
united (syngenesious). 

Gynoecium or 
Pistil 

: Two fused syncarpous carpels. The ovary is inferior, one celled with one 
basal, anatropous ovule. One style and stigma is bifid, basal placentation. 

Fruit : Cypsela. 
Seeds : Exalbuminous. 
Floral Formula : Br.     K2 scales   C(5)  A5   G(2) 

Sr. 
No. 

Taxonomic 
categories 

 

1.  Kingdom Plantae 
2. Division Phanerogams 
3. Sub-division Angiosperms 
4. Class Dicotyledons 
5. Sub-class Gamopetalae 
6. Series Inferae 
7. Order Asterales 
8. Family Asteraceae 
9. Genus  
4. Species  

Examples Botanical name (Genus 
+ Species) 

Sunflower Helianthus annuus 
Safflower Carthamus tinctorious 
Chicory Cichorium intybus 
Lettuce Lactuca sativa 
Chrysanthemum Phrethrum spp 
Cosmos Cosmos bipinnatus 
Dahlia Dahlia juarezii 
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Ray Florets : Bracteate, sessile, incomplete, unisexual, pistillate (both tri and 

pentamerous) or sometimes neuter as in sunflower, zygomorphic, ligulate, 
epigynous. 

Calyx : Like a disc florets, modified into a cluster of hairs called pappus (as in 
Tridex and Ageratum) or into scales (as in sunflower and Eclipta) or 
absent (as in water cress). 

Corolla : Three to five petals, united (gamopetalous) and ligulate (strap-shaped), 
superior, valvate aestivation. 

Androecium : Absent. 
Gynoecium or 
Pistil 

: As in disc florest: Two fused syncarpous carpels. The ovary is inferior, 
one celled with one basal, anatropous ovule. One style and stigma is bifid, 
basal placentation. 

Fruit : Cypsela. 
Seeds : Exalbuminous. 
Floral Formula :  

Pistillate: Br % ♀ K2-3 scales C(3-5) Ao G(2) 
 
Neuter: Br % N K(2-3) scales C(3-5) Ao Go  
 

General floral 
formula for 
Asteraceae 

:  
Br.  K(5)  C(5)  A5     G(2) 

 
 

[7] CUCURBITACEAE FAMILY 
 

 
Taxonomic Status of Cucurbitaceae Family: 

 
 
 

 
 
 
 

Sr. 
No. 

Taxonomic 
categories 

 

1.  Kingdom Plantae 
2. Division Phanerogams 
3. Sub-division Angiosperms 
4. Class Dicotyledons 
5. Sub-class Polypetalae 
6. Series Calciflorae 
7. Order Passiflorles 
8. Family Cucurbitaceae 
9. Genus  
4. Species  

Examples Botanical name (Genus 
+ Species) 

Bottle gourd Lagenaria siceraria 
Bitter gourd Momordica charantia 
Ridge gourd Luffa acutangula 
Sponge gourd Luffa cylindrical 
Cucumber Cucumis sativus 
Pumpkin Cucurbita pepo 
Watermelon Citrullus lanatus 
Muskmelon Cucurbita moschata 
Pointed gourd Trichosanthus dioica 
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Description of Cucurbitaceae family: 
 

Habit : Tendril climbers, annual or rarely perennial, The tendrils are extraaxillary, 

simple or branched. Trailing or prostrate veins which grow very fast and 

climb with the coil of tendrils. 

Root : Tap root system, profusely branched. 

Stem : Mostly weak, herbaceous, climbing by means of spirally coiled tendril, 

often pentangular and usually fistular, often stem shows bicolletral 

vascular bundles in a ring. 

Leaf : Simple, alternate and reticulate plamate divergent venation.  

Inflorescence : Flowers often solitary and large, sometimes arranged in raceme, cymose or 

panicle. 

Flower : Regular/actinomorphic unisexual, epigynous and monoecious or dioecious. 

Calyx : Five sepals, united (gamopetalous), often deeply five lobed, imbricate 

aestivation. 

Corolla : Five petals, united (gamopetalous), rarely polypetalous as in Luffa often 

deeply five lobed, imbricate aestivation. Petals inserted on the calyx tube. 

Male Flower 

Androecium 

: Stamens usually three, sometimes five, varying characteristics, sometimes 

they are free, but more commonly they are united in a pair (or in two pairs 

when stamens are five) throughout their whole length (synandrous), the 

odd one remaining free. In some cases, only anthers are united 

(syngenesious). Each anther is 1-lobed or 2-lobed. Paired stamens have 

either 2-lobed or 4-lobed anthers. The anthers are variously folded or 

sinuous i.e. twisted like a transverse. Rudiments of pistil are sometimes 

present. 

FemaleFlower 

Gynoecium  

: Three fused syncarpous carpels, The ovary is inferior, unilocular and 

parietal placentation but often the placentae intrude far into chamber of 

ovary making the latter falsely trilocular. Many ovules, one style and three 

stigma which are often forked.  

Fruit : Pepo 

Seeds : Exalbuminous or dicots. 

Floral Formula : Male Flower:  ♂ K(5)  C(5)  A(2) +(2)+1  G0 

Female Flower:  ♀ K(5)  C(5)  A0  G(3) 
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 Identifying characters of Cucurbitaceae: 

1. Plants: Annual, climbing, cirrohose herbs. 

2. Leaf: Cordate or palmately lobbed with coarse hairs. 

3. Flowers: Unisexual, monoecious or dioecious, regular, epigynous. 

4. Sepals and petals 5, stamens 5 or less (commonly 3:2 larger and 1 smaller). 

5. Pistil: Tricarpellary, ovary inferior, trilocular or unilocular, parietal    placentation. 

6. Fruits: Pepo 

7. Seeds: Exalbuminous. 

 
 

[8] EUPHORBIACEACE FAMILY 
 

Taxonomic Status of Euphorbiaceace Family: 

 
 

Description of Euphorbiaceae family: 
 
Habit : Herbs, shrubs and trees. They yield an acrid, milky juice. Many are 

xerophytic. 
Root : Tap root system, profusely branched. 
Stem : Aerial erect, cylindrical, herbaceous or partly woody, branched, greenish 

purple in colour, watery latex present. 
Leaf : Simple, alternate and reticulate palmate divergent venation. Stipules are 

usually present. 
Inflorescence : It may be raceme, cymose or mixed forms. 
Flower : Small, bracteate, regular/actinomorphic, hypogynous. They are always 

unisexual and may be monoecious or dioecious. Rudiments of the other 
sex or often present.  

Perianth : It may be five in numbers in one or two whorls and sometimes altogether 
absent. It is dissimilar in male and female flowers, valvate aestivation. 

Male Flower 
Androecium 

: Usually many stamens (solitary stamens in Euphorbia), polyadelphous, 
extrose stamens. The filaments are either free or connate in one to many 
bundles. 

Female Flower 
Gynoecium  

: Three fused syncarpous carpels, ovary is superior, 3-celled, 3-lobed with 
one or two ovules in each locule. Three styles, each bifid and six stigmas. 

Sr. 
No. 

Taxonomic 
categories 

 

1.  Kingdom Plantae 
2. Division Phanerogams 
3. Sub-division Angiosperms 
4. Class Dicotyledons 
5. Sub-class Monoclamydeae 
6. Series Unisexuales 
7. Order ------------ 
8. Family Euphorbiaceae 
9. Genus  
4. Species  

Examples Botanical name 
 (Genus + Species) 

Castor Ricinus communis 
Jathropha Jatropha curcus Jatropha 

gossypifolia 
Poinsettia Poinsettia pulcherrima 
Rubber plant Hevea brasiliensis 
Anola Emblica officinalis 
Tapioca or 
cassava 

Manihot esculenta 

Crotons Codiaeum variegatum 
Cat's tails Acalyphy tricolor 
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Fruit : Regma or a schizocarpic capsule, splitting into three cocci. 
 

Seeds : Albuminous or dicots 
Floral Formula  

: 
Male Flower:  ♂ P0 or (5)  A1 or   G0 
Female Flower:  ♀ P0 or (5)  A0  G(3) 

 

 

Identifying characters of Euphorbiaceae: 

1. Plants with latex. 

2. Leaves: Alternate and stipulate.  

3. Flowers: Unisexual and mostly monoecious. 

4. Perianth: 1 to 2 whorls. 

5. Stamen: One to indefinite, free or united over branch. 

6. Carpels: Three syncarpous, superior, trilocular with one or two ovules in each locules and 

three style, axile placentation. 

 

[9] POACEAE OR GRAMINEAE FAMILY 
 

Taxonomic Status of Poaceae (Gramineae) Family: 

 

 

Identifying characters of Poaceae: 

1. Plants: Annual or perennial herbs. 

2. Stem: Hollow, cylindrical, nodes enclosed and swollen. 

3. Leaves: Simple, solitary, ligulate sessile, leaf base sheathing. 

4. Inflorescence: Spike or spikelet. 

5. Flowers: Bisexual (unisexual in maize), small and inconspicuous. 

6. Perianth: Represented by two lodicules. 

7. Stamens: Three, Carpels: Monocarpellary, Fruit- Caryopsis. 

Sr. 
No. 

Taxonomic 
categories 

 

1.  Kingdom Plantae 
2. Division Phanerogams 
3. Sub-division Angiosperms 
4. Class Monocotyledons 
5. Sub-class ------------ 
6. Series Glumaceae 
7. Order Poacetles 
8. Family Poaceae 
9. Genus  
4. Species  

Examples Botanical name  
(Genus + Species) 

Rice Oryza sativa 
Wheat Triticum aestivum 
Bajra Pennisetum glaucum 
Sorghum Sorghum bicolor 
Maize Zea mays 
Barley Hordeum vulgare 
Oat Avana sativa 
Sugarcane Saccharum officinarum 
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Description of Poaceae (Gramineae) family: 
 

Habit : Herbs, rarely woody as in bamboo. Most of the grasses are herbaceous 

either annual or perennial. 

Root : Adventitious, fibrous, branched fascicled or stilt (maize). 

Stem : Cylindrical with distinct nodes and internodes, sometimes hollow, called 

culm. Tillers are also present. 

Leaf : Simple, long and narrow, rarely broad, alternate (distichous) and parallel 

palmate convergent venation. Sheathing leaf-base which is split open on 

side opposite to leaf blade. There is a hairy structure at the base of leaf 

blade called the ligule. 

Inflorescence : Usually a spike or a panicle of spikelets. Each spikelet consists of one or 

few flowers and its base bears two empty bracts or glumes, opposite to 

each other. A third glume, called lemma or flowering glume, stands 

opposite to the second glume. The lemma encloses a flower in its axil. It 

may have abristle like appendage (long or short), known as the awn. 

Opposite to lemma, there is a smaller, two nerved glume called palea. The 

spikeket may be sessile or stalked. 

Flower : Usually bisexual, sometimes unisexual and monoecious (maize). 

Perianth : Represented by 2 or 3 minute scales at the base of ovary called lodicules. 

These are considered to form rudimentary perianth. 

Androecium : Usually three stamens (six stamens as in case of rice and bamboo). The 

anthers versatile and pendulous. 

Gynoecium  : Three fused carpels reduced to one free carpel. The ovary is superior, 1-

celled, withone ovule. Two styles (3 in bamboo and 2 fused into 1 in 

maize), two stigmas are feathery.   

Fruit : Caryopsis 

Seeds : Albuminous or monocots. Pollination by wind is most common. Self 

pollination in wheat. 

Floral Formula : %  P (Lodicules)2 or 3 A 3 or 6 G(3) or 1 
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[4] LILIACEAE FAMILY 
 

Taxonomic Status of Liliaceae Family: 

 

Description of Liliaceae family: 

Habit : Herbs, and climbers, rarely shrubs or trees. 

Root : Adventitious, fibrous roots 

Stem : Underground stem: bulb, corm or rhizome or cladode (Asparagus). 

Leaf : Simple, radical or cauline or both. Alternate and parallel venation. Stipules 

absent. 

Inflorescence : Usually a spike, raceme, panicle or umbel (solitary flowers in Tulipa), 

often on a scape. 

Flower : Regular, bisexual (rarely unisexual) and dioecious as in Smilax. Trimerous 

and hypogynous, small and scarious, pedicelate. 

Perianth : Tepals are petaloid. There are usually 6 in two whorls. They may be 3 + 3 

and free (polyphyllous) or (3+3) and united (gamophyllous). 

Androecium : Usually six stamens in two whorls 3+3, rarely 3 free or united with 

perianth (epiphyllous) at the base. The anthers are often dorsifixed.  

Gynoecium  : Three united carpels (syncarpous). The ovary is superior, 3-celled. There 

are usually  ovules in two rows in each locules. Axile placentation. 

There are (3) or 3 simple styles with trilobed stigma. 

Fruit : Loculated capsule or rarely berry 

Seeds : Albuminous or monocots.  

Floral Formula  

: 

Br    P3+ 3 A 3 +3 G(3)      OR    Br    P3+ 3 A 3 +3 G(3) 

 

 

Sr. 
No. 

Taxonomic 
categories 

 

1.  Kingdom Plantae 
2. Division Phanerogams 
3. Sub-division Angiosperms 
4. Class Monocotyledons 
5. Sub-class ------------ 
6. Series Coronarieae 
7. Order ------------ 
8. Family Liliaceae 
9. Genus  
4. Species  

Examples Botanical name  
(Genus + Species) 

Onion Allium cepa 
Garlic Allium sativum 
Indian Aloe Aloe vare 
Colchicine Colchium autumnale 
Asparagus Asperragus officinalis 
Lily Lilium candidum 
Glory lily Gloriosa superba 
Dracaena Dracaena terniflora 
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Identifying characters of Liliaceae : 

1. Plants: Herbaceous, rhizomatous. 

2. Leaves: Radical or cauline or reduced to leaf like structure, parallel   

venation.  

3. Inflorescence: Racemose, mostly umbel. 

4. Flowers: Actinomorphic, bisexual, hypogynous. 

5. Stamens: Six. 

6. Carpel: Three, united, ovary superior, axile placentation. 

 

 

 

 

 

 

 

 

//*/*/*/*/*// 



 

 

PRACTICAL JOURNAL OF  

“INTRODUCTORY BIOLOGY” 

 

By 
 

Dr. Sunil S. Patil, 

Assistant Professor 

 

Dr. Sunayan R. Patel, 

Associate Professor & I/C Head 

 Dr. H. N. Patel, 

Associate Professor 

  

  

Dr. Dinisha Abhishek, 

Assistant Professor 

Prof. N. N. Patel, 

Assistant Professor 
 

   

Department of Genetics and Plant Breeding 

College of Agriculture, N.A.U., Bharuch 

 




