CHAPTER 2

Description of Plants

PRINCIPLES OF PLANT DESCRIPTION
HABIT: Natural locality of plants.
• Ornamental plants: Plants cultivated for its beauty rather than its use.
e.g. Marigold, Gladiolus etc.
• Food crop: For economic use e.g. Maize, Rice, Apple etc.
• Wild crop: Grow or produced without human care. e.g. Wild rice (Zizania
aquatica), Wild rye (Elymus spp.).
HABITAT: Place where a plant lives and grows.
• Annual: Occurring every year. e.g. Rice, Brinjal etc.
• Biennial: Occurring every two years. e.g. Raddish, Turnip etc.
• Perennial: Present in all seasons of year i.e. continual. e.g. Mango, Rose
etc.
NATURE: Inherent or basic character.
• Herb: Bushy, non-woody, erect, prostrate and decumbent. e.g. Mint,
Hyacinth etc.
• Shrub: Several stemmed, medium-sized woody plant. e.g. Jasmine, Rose
etc.
• Tree: Stout, woody trunk with few or no branches on its lower part,
perennial. e.g. Mango, Pine, Banyan etc.
• Clums: Nodes and internodes clearly visible. e.g. Bambusa
These may be
a) Deciduous—Falling off leaves annually.
b) Evergreen—Having foliage leaves which remain green.
c) Perennial—Persists for several years.
Root
Organ of a plant which grows downwards, away from light and towards water. It
doesn’t bear leaves and buds but has protective apex called root cap.
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• Assimilatory root: Roots become green and serve for photosynthesis.
e.g. Trapa
• Tuberous root: Swollen, root without any definite shape. e.g. Sweet potato
• Fasciculated root: Several tuberous roots occur in cluster at the base of
stem. e.g. Dahlia
• Nodulous root: Tuberous root becomes suddenly swollen at apex. e.g.
Turmeric, Ginger
• Moniliform root: Some swellings at frequent intervals e.g. Momordica
• Annulated root: It has a series of ring-like swellings on its body. e.g.
Ipecac
Stem
When seed germinates, plumule grows upwards into light and develops shoot of
plant. This bears leaves, branches and flowers.
Texture: Herbaceous or woody, solid or fistular.
Modification of Stems
I. Underground stem: For perenation, stem develops underground.
• Rhizome: Stout, horizontal, thick stem, bears nodes and internodes. e.g.
Ginger, Turmeric
• Tuber: Underground branches given off from axil of lower leaf which
grow horizontally. Their ends swell due to heavy deposit of food material.
e.g. Potato
• Bulb: Stem is reduced in the form of disc which has fleshy leaves on its
upper surface and fibrous roots on lower side. e.g. Onion, Garlic
• Corm: Solid and fleshy stem. Nodes have scaly leaves and buds in axile.
e.g. Gladiolus, Saffron
II. Sub-aerial stem: Means of vegetative reproduction in several plants.
• Runner: Slender shoot running along surface of the ground. e.g. Durva
grass
• Stolon: Arises as a lateral branch from the base of stem. Grows upwards
and then down to ground and gives off roots into soil. e.g. Strawberry
• Sucker: Develops from underground part of stem. At interval, grows
upwards and gives rise to leafy shoot of new plant. e.g. Mint
• Offset: Originates in axil of leaf as short, stout and horizontal branch.
Breaks from mother plant and gives rise to independent plant. e.g. Pistia
III. Aerial stem: Vegetative and floral buds develop into branches and flowers.
• Tendril: Arises from axil of leaf. Specialized, slender, coiled structure
helps plants in climbing. e.g. Vitis
• Thorn: Hard, pointed structure arises from axils of leaves. e.g. Duranta
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Type of Margin
1. Entire
2. Wavy/Repand
3. Serrate
4.
5.
6.
7.
8.

Biserrate
Dentate
Crenate
Spiny
Lobed

Details

Examples

Even, smooth

Banana, Grasses,
Banyan, Mango
Uneven having crests and depressions like a wave
Polyathia
Incised like a saw
Rose, Hibiscus rosa
sinensis
Having teath which themseves are incised like a saw Elm
Teath making an angle of 90° with the margin
Waterlily
Teeth rounded
Bryophylium, hydrocotyle
Spiny margin
Argemone, Annanas
Incised, so that leaf is divided into small lobes
Mustard, Raphanus sativus

• Tripinnate compound: Leaflets are divided upto third order. Arranged on
tertiary branches on rachis. e.g. Moringa
II. Palmate compound: Leaflets come off at same point and diverge from rachislike fingers coming from palm. e.g. Bombax
• Unifoliate compound: Single leaflet on petiole. e.g. Citrus
• Bifoliate compound: Two leaflets are borne on petiole. e.g. Hardwickia
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• Trifoliate compound: Three leaflets are borne on the apex of petiole. e.g.
Aegle
• Quadrifoliate compound: Four leaflets are present on the apex of petioles.
e.g. Paris quadrifoliata.
• Multifoliate compound: More than three leaflets are produced on the
apex of petioles. e.g. Bombax
Phyllotaxy
Arrangement of leaves on stem is phyllotaxy. It is of three types:
• Spiral (alternate): Only one leaf is produced from a node. It lies just
opposite to first one. e.g. China Rose
• Cyclic: One or more than one leaf is produced from each node.
a. Opposite superposed: Two opposite leaves arise from one node in
line with two opposite leaves of next nodes. e.g. Jamun
b. Opposite decussate: Two opposite leaves arise from a node, placed at
right angles to leaves which arise from node below and above. e.g.
Calotropis
• Whorled: More than two leaves arise from each node. e.g. Oleander
alstonia
Venation
Arrangements of veins and veinlets in leaf blade.
I. Reticulate: Veins irregularly distributed forming a network. e.g. Dicotyledonous
plants
• Unicostate (pinnate): Strong midrib gives off internal veins which proceed
towards margin or apex of leaf. e.g. Peepal, Mango
• Multicostate (palmate): Number of more or less equally strong midribs
which arise from lips and proceed outwards and upwards.
a. Divergent: When main vein diverges towards margin of leaf. e.g.
Papaya, Cucumber
b. Convergent: When veins converge to apex of leaf. e.g. Zizyphus, Bay
leaf
II. Parallel: Veins run parallel to each other. e.g. Monocotyledonous Plants
• Unicostate (Pinnate): Lateral veins come out perpendicular to the midrib,
which run parallel to each other towards the margin or apex of lamina.
e.g. Banana, Ginger
• Multicostate (palmate): Many mid veins come out from the petiole.
a. Divergent: All mid veins spread towards the periphery. e.g. Borassus
b. Convergent: All mid veins run parallel to each other from the base of
lamina and unite at the apex. e.g. Rice, Grass
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Fig. 2.11. Venation of leaves

Modification of Leaves
• Leaf tendril: Leaf is modified into slender, thread-like structure which is
sensitive. e.g. Pea
• Leaf spine: Leaf gets modified for defensive purposes into sharp, pointed
structures. e.g. Berberry, Argemone
• Phyllode: Petiole flattened to form leaf-like structure. e.g. Australian Acacia
• Leaf pitcher: Plants growing in soil deficit in nitrogen, leaves are modified
into pitcher-like structure. e.g. Nepenthes
• Leaf bladder: In aquatic plants leaves get modified into bladder-like
structure. Along with water current insects enter in the bladder and are
digested and absorbed. e.g. Utricularia.
• Scale leaves: Thin, dry, stalkless membranous structures usually brownish
or sometimes colorless. e.g. Onion.
Inflorescence
Inflorescence is an axis which bears flowers. It is also the arrangement of flowers
on floral axis. It may be solitary axillary or solitary terminal in which case flowers
are borne singly in axil of leaf or at apex of shoot, e.g. Hibiscus (China-rose),
Papaver (Poppy) etc.
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In many plants, inflorescence is cluster of axis known as peduncle or rachis.
Stalk of individual flower is called pedicel. Sometimes, flowers are sessile i.e.
without stalks.
Types of Inflorescence
There are 3 main types of inflorescence:
1. Racemose
2. Cymose
3. Mixed types
1. RACEMOSE OR INDEFINITE: Main axis does not terminate in a flower.
Grows continuously giving flower in acropetal order i.e. outer or basal flowers
older, central or upper younger. These are following types:
I. Rachis Elongated Pedicellate Flowers
a. Raceme: Main axis elongate. Bears flowers in acropetal succession i.e.,
outer or basal flowers older. Central or upper younger. e.g. Gold mohur,
Brassica, Cassia, etc.
b. Compound Raceme or Panicle or Raceme of Racemes: Main peduncle
bears branched peduncles each of which is a raceme e.g. Yucca
II. Sessile Flowers
Spike: Main axis elongated but bears sessile flowers arranged in acropetal
succession. e.g. Amaranthus, Piper longum, Achyranthes (Chaff-flower)
Spike of Spikelets or Compound Spike: Several spikelets arranged on axis of
spike, e.g., Wheat, Maize, Rice, etc.
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V. Rachis Flattened
Capitulum or Head
Main axis highly reduced flattened called thalamus on which small sessile flowers
are arranged in acropetal order. Flowers present on outer sides called ray florets.
Florets in centre called disc florets. Florets surrounded by a whorl of bracts called
involucre. e.g. Sunflower
2. CYMOSE INFLORESCENCE: Growth of main axis definite i.e., checked by
formation of a flower.
A. Monochasial or Uniparous Cyme
Main axis ends in a flower and a lateral branch develops on one side which forms
a terminal flower and subsequently a lateral branch. Two types:
• Helicoid Cyme: Development of lateral axis on one side. e.g. Begonia,
Juncus
• Scorpioid Cyme: Lateral branches develop alternately to right and left.
e.g. Rananculus, Heliotropium
B. Dichasial or Biparous Cyme: Main axis ends in a flower. Lateral branches
given out on both sides. Both lateral branches end in a flower and form two lateral
branches. e.g. Dianthus, Bougainvillea
C. Polychasial or Multiparous Cyme: Main axis ends in a flower and three or
more lateral branches develop. Some process takes place in lateral branches. e.g.
Calotropis.
3. MIXED TYPE OF INFLORESCENCE
Both racemose and cymose type present on same axis.
Mixed pedicle: Basic pattern racemose but branches are in cymose arrangement.
e.g. Ligustrum
Mixed spadix: Cymose type of flowers arranged acropetally on fleshy axis.
e.g.: Musa (Banana)
Cymose umbel: Cymose flowers arranged in umbellate manner on top of the
suppressed axis. e.g., Allium (Onion)
Cymose corymb: Cymose flowers arranged in corymbose order. e.g. Ixora, Alstonia
Thyrus: Cymose flowers arranged isotopically on axis which has initial growth
e.g. Vitis (Grape)
SPECIAL TYPE OF INFLORESCENCE
Special pattern of arrangement of flowers.
a. Hypanthodium: Receptacle hollow, open outside with the help of minute
pore with scales. Hollow receptacle bears male flowers towards pore.
e.g. Ficus.
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b. Cyathium: Special type of inflorescence with a cup-shaped involucre.
Encloses a single female flower with several male flowers. Involucre has
also nectar glands. Each stamen is single male flower articulated to a stalk
which has scaly bract at the base. e.g. Euphorbia.
c. Verticillaster: Condensed type of cymose inflorescence. Looks like flower
coming out in a whorl from node. But flowers come out from two points.
First axis gives two lateral branches ending in flower. These branches
and succeeding ones bear branches only on one side; result is a whorl
structure. e.g. Salvia, Coleus
d. Coenanthium: Receptacle saucer shaped with slightly curved margins.
Arrangement of flowers similar in hypanthodium. e.g. Dorstenia
Flowers
Most beautiful and essential part of plant body. It performs reproductive function
i.e., production of seed and fruit. Consists of 2 parts pedicel and receptacle. If
pedicel is present it is called pedicellate. If absent sessile. Receptacle bears floral
leaves. In many flowers, thalamus is the name given to that part of flower.
Four whorls of floral leaves are called calyx, corolla, androecium and
gynoecium.
Calyx: First and outermost whorl of a flower. Consists of usually green leaves
called sepals. Function of sepals is to protect flower in bud condition.
Corolla: Consists of coloured leaves called petals and forms whorl next to calyx.
Coloured leaves are source of attraction and also protective in function.
Androecium: Male whorl of flower lies next to corolla. Floral leaves of flower are
called stamens. Each stamen differentiated into anther, connective and filament.
Gynoecium: Female whorl of flower. Innermost whorl of flora. Each pistil or
carpel is differentiated into a ovary, style and stigma. Ovary is a swollen structure
having many ovules.
Flower Discription Terminology
Bract leaf: Like structure at base of flower
Bracteate: Flower having bract.
Ebracteate: Flower without bract.
Bracteole: Leaf-like structure present on any part of flower stalk or pedicel
Bracteolate: Flowers with bracteoles
Pedicellate: Flower having pedicel or stalk.
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Fig. 2.14. Flower and its parts

Type of Flower
Flower are of different types on the basis of:
a. Insertion of floral leaves
b. Forms of calyx
c. Forms of corolla
d. Aestivation of calyx and corolla
e. Androecium
f. Gynoecium

Perigynous flower
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ANDROECIUM
Third and reproductive whorl in a flower made of stamens which are male
reproductive organs. Each stamen consists of a filament and anther. These are of
different types on the basis of:
A. Number of stamens
• Definite: Less than ten.
• Indefinite: More than ten.
• Staminode: Sterile stamens
B. Cohesion
• Polyandrous: Stamens free, not attached to any whorl
• Epipetalous: Stamens fused with petals. e.g. Flowers of Solanaceae family
viz., Datura, Tomato
• Gynandrous: Stamens fused with carpels. e.g. Calotropis
Cohesion of Stamens
• Monodelphous: Anthers free. All filaments fused into one bundle. e.g. China
rose
• Diadelphous: Anthers free but filaments fused in two bundles. e.g. Pea, Bean
• Polyandrous: Filaments fused in several bundles with anthers free. e.g., Lemon
• Syngenesis: Reverse of mono telphous condition. Anthers fused but filaments
free. e.g., Sunflower
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• Synandrous condition: When both anthers and filaments fused, e.g., in
Lagenaria (Cucurbitaceae)
C. Length of Stamens
• Didynamous: Out of four, two stamens short and two long. e.g. Ocimum
(Tulsi)
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Fig. 2.18. Gynoecium and its parts

C. Styles
• Terminal: Apical arise from top of ovary, e.g., Petunia, Sunflower
• Lateral: Arise from side of ovary, e.g., Mango
• Gynobasic: Originates from mid-basal region of ovary, e.g., Salvia
D. Locules or Chambers of Ovary
• Unilocular: Ovary with one chamber, e.g., Pea
• Bilocular: Two ovarian chambers, e.g., Petunia
• Trilocular: Three ovarian chambers, e.g., Asphodelus
• Tetralocular: Four ovarian chambers, e.g., Ocimum
• Pentalocular: Five ovarian chamber, e.g., Shoe flower (Hibiscus)
• Multilocular: Many Locules, e.g., Althacea
E. Placentation
Arrangement of placentae (singular placenta) inside ovary is known as placentation.
These are of following types:
• Marginal: Placenta attached to marginal suture of monocarpellary ovary. e.g.
Pea
• Axile: Placenta arises from axis of multilocular polycarpellary ovary project
towards periphery e.g. China rose (Hibiscus)
• Central: Placenta arises from central axis of one chambered polycarpellary,
syncarpous ovary. e.g. Dianthus (Sun flower)
• Perietal: Polycarpellary ovary wall folded to form a false septura. Placenta
attached to the septum. e.g. Poppy
• Basal: Monocarpellary ovary has single locule having one placenta attached to
base of ovary. e.g. Sunflower
• Superficial: Multicarpellary, syncarpous, multilocular ovary. Placenta scattered
all around partition wall. e.g. Water Lily
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Floral Formula
Important Characters of a flower of number can be represented by a floral formula. Important
symbols are following:
Actinomorphate
Bisexual +
Pistillate
Androecium A
Superior ovary G

Zygomorphic %
Staminate
Calyx K
Gynoecium G
Inferior ovary G

Half superior G –

Epiphyllous PA


Epipetalous GA
Indefinite ∞

(Symbol P represents Perianth)
Floral diagram
Floral diagram represents ground plan and important characters of flower. It is based on floral
formula.
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Fruits
A fruit is modified form of fertilized ovary. It has 2 parts: Pericarp and seed. Fruit
is true, if it develops from ovary of flower. It is false, if parts other than ovary also
take part in formation.
On the basis of pericarp and condition of gynoecium, fruits are classified into
three groups:
1. Simple fruits
2. Aggregate fruits
3. Composite or multiple fruits
1. Simple fruits
It is a simple fruit which develops from a single flower with or without other
parts. It is of two types:
a. Dehiscent and
b. Indehiscent
A. Dehiscent: Dehiscent fruits burst automatically after ripening due to automatic
pressure. Seeds are discharged. Dehiscence are of several types viz. Transverse
(through horizontal plane), Porous (by pores), Valvular (by partition walls) and
Schizocarpic (by rupture of fruit into two or more one-seeded indehiscent fruits).
Dehiscent fruits are of following types:
a. Legume or pod: Develops from monocarpellous, unilocular, superior
ovary having numerous lobules. Each lobule on marginal placenta. Ripe
fruit bursts along both dorsal and ventral sutures. e.g. Pea, Bean, Gram,
etc.
b. Follicle: Resemble to legume in structure. Dehiscence is only through
ventral suture. e.g. Calotropis
c. Siliqua: Develops from bicarpellary, syncarpous, superior ovary with
several ovules in each locule. Fruits burst along both sutures from base
upwards. e.g. Mustard, raddish, etc.
d. Silicula: Small form of siliqua. Its breadth and length are equal. When
fruit matures, it has limited number of seeds. Seeds are small. Flat and
light. e.g. Candytuft.
e. Capsule: Developed from polycarpellary, multilocular, syncarpous,
superior ovary with many ovules. It is of following types:
• Porous: Capsule bursts by means of pores viz. Poppy
• Transverse: Capsule opens by transverse wall e.g. Celosia
• Longitudinal: Fruit wall breaks lengthwise having few seeds attached
to axile placenta. e.g. Cotton, Lady’s finger
• Dehiscence by Teeth: Fruit bursts longitudinally in such a way so
that valve separates like teeth. e.g. Argemone, Papaya
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Fig. 2.20. Simple Dehiscent Fruits

f. Schizocarpic: Fruits develop from multicarpellary, syncarpous, superior
or inferior ovary with several seeds on marginal or basal placenta. Fruits
when mature split up into single-seeded indehiscent parts called mericarps.
These are of following types:
• Lomentum: Fruit has constriction between seeds, usually breaks up
into mericarps. e.g. Acacia, Mimosa, etc.
• Cremocarp: When fruit matures and splits up to form two singleseeded indehiscent parts called mericarps. Two mericarps remain
attached to top of bifurcated branch of central axis called as
carpophore. e.g. Coriander, Fennel, etc.
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3. Composite or Multiple Fruits
These fruits develop from inflorescence. Peduncle, perianth, calyx, corolla and
other ovular plants form a fleshy fruit. Following are the common types of composite
fruits:
1. Sorosis: Develops from a spadix, spike or catkin. Flower after fertilization
and ripening becomes fleshy along with inflorescence axis. Thus entire
fruit is known as sorosis. e.g. Pineapple, Jackfruit, Mulberry, etc.
2. Syconous: Usually develops from hypanthodium inflorescence. Entire
inflorescence forms edible part. e.g. Pipal, Bar (Ficus), etc.
3. Strobilus: Seeds open and fully exposed. Not enclosed by fruit wall.
Female cone grows to become green at the time of fertilization. After it
fruit becomes woody and hard. e.g. Pinus (Cheer)

Rachis
Ovary

Jackfruit

Ficus

Pineaple

Mulberry
Matured female cone

Fig. 2.23. Composite or Multiple fruits

Bryophyta
Gymnosperms

Angiosperms

Phanerogams
1. Beer flower and seeds.
2. Highest evolved plants

1. Not differentiated into root. Stem and leaves.
1. Body dorsiventral structure.
1. Wood flower with naked seeds. 1. Beer flower and seeds
2. Lowest among diffeent groups of plant kingdom. 2.Not differentiated in to root stem and leaves.
2. Vascular system well developed.
enclosed in ovary.
3. Plant body gametophyte.
3. Xylem vessels absent.
2. Vascular system well
4. Reproductive organs are archegonia and antheridia.
developed.
5. Prefer moist habitats.
3. Xylem vessels present.
Algae
Peteridophyta
(i)
Filamentous contains different kinds of bigments
1. Can be differentiated in to root, stem and leaves.
(ii)
Ppigments may be green, brown, blue or red.
2. Well developed vascular system.
(iii) Lives in fresh or marine water.
3. Plant body saprophyte.
4. Reproductive organs: archegonia and antheridia.
Fungi
(i)
Filamentous.
(ii)
Devoid of chlorophyll therefore cannotmanufacture food.
(iii) Saprophytes or parasites.
(iv) Causes several diseases.
Dicotyledons
Monocotyledons
Those plants which poses two cotyledons.
Bacteria
(i) Poses a single cotyledon
(i)
Microscopic; causes several diseases.

Thallophyta

Phylum

Cryptogams
1. Flowerless plants.
2. Do not beer seeds.

Sub Kingdom

Plant Kingdom

Outline classification of Plants
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Fig. 2.25. Diagnostic features of family rutaceae

plant is insect repellent and the fruits yield an essential oil which possesses
deodrant and antiseptic properties and is used in soap making and dental
preparation.
• The fruits of Z. limonella are digestive and appetizing and the leaves are
used as condiment. An essential oil obtained from the fruits is antiseptic
and disinfectant. The roots of Z. nitidum are used in toothache.
• The root bark Toddalia asaiatica is a potent antimalarial drug. It is also
used for the treatment of cough and influenza.
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• The leaves of Peganum harmala (Harmala) are given for rheumatism and
are anthelmintic. The seeds are given in fevers, colic, asthma, rheumatism
and neuralgia. Leaves contain alkaloids like harmaline
• The leaves of Murraya koenigii (Meetha neem or Karri patta) are aromatic
which are used for flavoring curries, especially in south India.
Rubiaceae
Distribution
The Rubiaceae is a very large family of 500 genera and 6,000 species mostly
tropical but some grow in temperate zone. In India, the family is represented by
about 76 genera and 274 species, occurring chiefly in the tropical and subtropical
eastern Himalayas ascending up to about 4600 metres, and mountains of Southern
and Western India. The well-known examples of the family are Kadam
(Anthocephalus cadamba), Haldu (Adina cordifolia), Ixora (Ixora spp.), Coffee
(Coffea arabica) and Cinchona spp.
Vegetative characters
The members are mostly trees and shrubs. Infrequently they are herbs and
sometimes they are woody climbers.
The leaves are opposite decussate, simple, entire and stipulate. The stipules
show much variation in form. They are frequently interpetiolar (the stipules stand
between the petioles) or intrapetiolar (the stipules stand between the petioles and
the axis). The two stipules, one from each of leaf of a pair, are often united. The
stipules are reduced to glandular setae.
Inflorescence and flower
The inflorescence is basically a dichasial cyme. Rarely, the flowers are solitary.
The flowers are actinomorphic, bisexual, tetra- or pentamerous and epigynous.
The calyx consists of four or five free sepals and the aestivation is valvate.
The corolla is of four or five fused petals and is salver-form. Rotate or funnelform. The petal lobes are valvate, twisted or imbricate in bud.
The stamens are as many as the number of corolla lobes and they alternate
with them. They are epipetalous and inserted in or at the mouth of the corolla tube.
The anthers are dithecous and opening lengthwise.
The gynoecium is usually bicarpellary and syncarpous. The ovary is inferior
and bilocular with axile placentation. There are one or numerous ovules in each
locule. The style is simple and the stigma is capitate or bilobed.
Fruit and seed
The fruit is usually a septicidal or loculicidal capsule. The seeds are mostly
endospermic with straight or curved embryo.
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Pollination and dispersion
The pollination is brought about usually by the insects.
The wide occurrence of the heterostyly in several genera favour cross
pollination.
Sticky fruits and persistent calyx limbs often favour their distribution by birds
and animals. Sometimes, the seeds are winged dispersed by wind.
Floral formula
+

⊕ K(4) C(4) A4 G (2) or Br ⊕

+

K(5 or 4) C(5 or 4) A(5 or 4) G(2)

Economic importance
The family is considered important as the source of Coffee beans, Cinchona bark.
Beverages
• The seeds of Coffea arabica (Arabian coffee) provide highest quality of
Coffee. C. liberica (Liberian coffee) and C. canephora (Robusta coffee)
are other species which provide inferior grades of coffee. It contains
alkaloid caffein.
Medicines
• The bark of several species of cinchona, such as C. calisaya, C. ledgeriana,
C. officinalis and C. succirubra is the commercial source of the valuable
drug quinine, used in the treatment of the malarial fever.
• The roots of Cephalis ipecacuanha are the source of a well-known drug
ipecacuanha, an excellent remedy for the treatment of amoebic dysentery.
It contains emetin and cephalin.
• The fruit pulp of Randia tinctoria (Common emetic nut) is emetic and
anthelmintic. The fruit extract possesses insecticidal and insect repellant
properties.
Compositae (Asteraceae)
Distribution
One of the largest family of the flowering plants comprising about 900 genera and
over 13,000 species. They are distributed throughout the world inhabiting every
conceivable situation. In India, the family is represented by about 138 genera and
708 species occurring chiefly in the Himalayas and the mountains of Southern and
Western India. The examples are Sunflower (Helianthus annus), Marigold (Tagetes
erecta), lettuce (Lactuca sativa), Safflower (Carthamus tinctorius) and Carrot
grass (Parthenium hysterophorus).
Vegetative characters
The plants are mostly annual or perennial herbs but a few are shrubs or trees or
woody climbers. A few species produce stem tubers or rhizomes.
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Oils
• The seeds of Helianthus annus (Sunflower) are the source of the edible
fatty oil.
• The oil of seeds of Carthamus tinctorius (Safflower) is useful for heart
patients.
• Tagetes minuta (Stinking roger) and T. patula (French marigold) yield a
strong essential oil used as an antiseptic, a fly repellant and modifier in
hair lotion.
Medicines
• Flower heads of Spilanthes paniculata are chewed to relieve toothache
and infections of throat and gum. It is also a popular remedy for stammering
in children.
• Florets of Calendula officinalis are used in the treatment of sprains and
bruises.
• Essential oil of Tanacetum vulgare is used in gout, rheumatism and chronic
ulcers.
• Roots and rhizomes of Taraxacum officinale is used as a mild laxative,
hepatic stimulant and tonic.
• Essential oil of Blumea balsamifera is used in the treatment of excitement
and insomnia.
• Leaves of Tussilago farfara are used in cold, cough and asthma.
• Dried latex of Lactuca virosa possesses mild sedative and hypnotic
properties.
• Pollen of Ambrosia artemisiifolia causes hay fever and that of Parthenium
hysterophorus skin allergy.
Apocynaceae
Distribution
A family of 180 genera and 1,500 species distributed mainly in the warmer parts of
the world. In India, the family is represented by 29 genera and 60 species occurring
chiefly in the Eastern Himalayas and Southern Peninsular India.
Well-known examples are Oleander (Nerium indicum), Yellow oleander
(Thevatia peruviana), Frangipani (Plumeria spp.), Periwinkle (Catharanthus roseus)
and Sarpgandha (Rauwolfia serpentina).
Vegetative characters
The plants are herbs, shrubs, trees or climbers.
The leaves are usually opposite decussate, simple, entire and mostly exstipulate.
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Inflorescence and flower
The flowers are usually arranged in axillary or terminal cymose or panicled
inflorescences.
The flowers are bracteate, bracteolate, perfect, hermaphrodite, actinomorphic,
pentamerous and hypogynous.
The calyx is gamosepalous, five-lobed and often glandular inside. The
aestivation is valvate.
The corolla is gamopetalous, five lobed usually salver shaped the aestivation is
twisted. Some corona-like outgrowth is present at the mouth or within the corolla
tube.
The stamens are as many as the corolla lobes and alternating with them. They
are epipetalous and attached at the mouth or deeper in the corolla tube. The filaments
are short and the anthers are included in the corolla tube. The anthers are sagittate,
dithecous, introse and dehising longitudinally. They are free around the stigma.
The connective is usually at the apex.
The gynoecium is bicarpellary with superior ovary. Each ovary is unilocular
with a ventral placenta.
There are two to many anatropous ovules in each carpel. The stigma is massive,
variable in shape and bilobed.
Fruit and seed
The fruit is commonly of two follicles dehising by ventral suture.
The seeds are flat, often winged or with a terminal tuft of silky hairs. They are
either non-endospermic or with a hard and fleshy endosperm and the embryo is
straight.
Pollination and dispersal
The flowers are adapted for insect pollination. The winged seeds and presence of
crown of hairs favor distribution by wind.
Floral formula
Br brl

+

+ K(5) C(5) A(5) G(2)

Economic importance
Medicines
• Roots of Rauwolfia serpentina (Sarpgandha) are used as an
antihypertensive and a sedative and are widely used for the relief of various
CNS disorders. It contains alkaloids like reserpine, serpentine and ajmaline.
• The roots and stem bark of Holarrhena antidysentrica (Kurchi) is carving
and is used in the treatment of dysentery.
• Cerbera manghas (Cerberin) has emetic and purgative properties.
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Fig. 2.28: Diagnostic features of family apocynaceae (Catharanthus roseus)

• The bark of Alstonia scholaris (Satni) is used in the treatment of malaria,
diarrhea and dysentery.
• Catharanthus roseus has anti-tumor properties, which contains alkaloids
like vicristine and vinblastine.
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Description of Plants 53
Stigma
Petal

Anther

Filament

Leaf

Style
Sepal

L.S. of
a flower

Flower

Ovary
Ovule

Style

Stem

Calyx

A flowering
twig

Floral
diagram

Fruit

C.S. of
ovary

Fig. 2.30: Diagnostic features of family Solanaceae (Datura stramonium)

54 Introduction to Pharmacognosy
Floral formula
Br ⊕ + K(5) C(5) A(5) G(2) or ⊕ + K(5) C(5) A(5) G(2)

Economic importance
Edibles
• Solanum tuberosum (Potato)
• S. melongena (Egg plant)
• Lycopersicon esculentum (Tomato)
• Capsicum annum (Chillies, Red pepper) and C. frutescens
• Physalis peruviana (Raspberry)
Medicines
• Roots of Atropa belladonna (Belladonna) possess antispasmodic property
and dilate the pupil. It contains tropane alkaloids like atropine.
• Leaves and flowering tops of Hyoscyamus niger (Henbane) are employed
as sedative and in asthma and whooping cough. It containg hyoscine.
• Roots of Mandragora autumnalis are sedative and hypnotic.
• Fruits of Withania coagulans (Indian rennet) are used in the treatment of
asthma, chronic complaints of liver, colic and as blood purifier.
• Roots of Withania somnifera (Asgandh) are used for hiccups, female
disorders, cough and rheumatism. It contains withaferine and withanoloids.
• Leaves and flowering tops of Datura stramonium (Dhatura) and other
species of Datura are used to relieve spasm of bronchioles in asthma. It
also contains tropane alkaloids.

Scrophulariaceae
Distribution
There are about 220 genera and 3,000 species, cosmopolitan in distribution. In
India the family is represented by 57 genera and 350 species occurring chiefly in
Himalayas. The familiar examples are Snapdragon (Antirrhinum majus), Common
fox glove (Digitalis purpurea), Mullien (Verbascum thapsus) and Wood cherry
(Pedicularis spp.)
Vegetative characters
The plants are mostly annual or perennial herbs, sometimes shrubs or trees.
The stem is erect, cylindrical, branched, solid and hairy.
The lower leaves are opposite and upper leaves are alternate. They are simple,
exstipulate and entire.
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Inflorescence and flower
The inflorescences are recimose or spicate. The flowers are axillary solitary.
The flowers are bracteate, bracteolate, perfect, hermaphrodite, zygomorphic
and hypogynous.
The calyx is deeply five-lobed or divided, persistent, imbricate or valvate.The
corolla is gamopetalous and the limb is five lobed and more or less bilipped.
The androecium consists of four fertile stamens and the posterior stamen is
represented by staminode or it is completely absent. The stamens are epipetalous,
arising right from base of the corolla tube, the anthers are dithecous, introse,
basifixed and opening lengthwise.
The gynoecium is bicarpellary and syncarpous with a superior and bilocular
ovary. There are numerous anatropous ovules and the placentation is axile. The
style is simple and stigma is capitate and bilobed.
A cup-shaped nectariferous disc is present at the base of the ovary.
Fruit and seed
The fruit is generally the capsule. The seeds are small with a fleshy endosperm
and straight or slightly curved embryo.
Pollination and dispersal
The flowers are adapted for insect pollination. Seeds are dispersed by water, birds
or animals.
Floral formula
Br% +

+

K(5) C(5) or (2/3) A2+2G(2)

Economic importance
Medicines
• Leaves of Digitalis purpurea are used as myocardial stimulant in congestive
heart failure. It contains cardiac glycosides like digoxine and Digitoxine.
• Rhizomes and roots of Picrorrhiza kurroa are used as laxative, cathartic,
stomachic and have beneficial action in dropsy.
• Leaves of Scoparia dulcis (Sweet Broom weed) is used in the treatment
of fever, cough and bronchitis.
• Bacopa monieri is used in indigenous systems of medicine as a nerve
tonic and as a cure for epilepsy and insanity.
• Torenia polygonoides is emerged as a poultice on sores and ulcers.

Acanthaceae
Distribution
The family includes genera 256 and 2,765 species mostly in the tropical parts of
the world. In India, the family is represented by about 68 genera and 337 species
occurring in the mountains of South and West India. Thunbergia spp., Justica
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Fig. 2.34: Diagnostic features of family Euphorbiaceae (Euphorbia hirta)

• Oil of seeds of Croton tiglium (Purging croton, Jaipal) is used as purgative
and as a constituent of rubifacient liniments.
• Seeds of Jatropha curcas (Purging nut) are purgative and anthelmintic
and oil is used externally for skin diseases and rheumatism.
• Roots of Jatropha gossypifolia are employed against leprosy and as an
antidote for snake bite. The leaves are applied to eczema.
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• Synadeniuym grantii is a stimulant to CNS. The roots are used in the
preparation of ear drops.

Papaveraceae
Distribution
This family contains 26 genera and 200 species distributed in North temperate
region. In India the family is represented by 5 genera and 20 species mostly confined
to the Himalayas. Among the best known examples are Papaver somniferum (Opium
poppy), Argemone mexicana (Mexican poppy) and species of Menonopsis (Blue
poppy).
Vegetative characters
They are mostly perennial herbs with milky or colored latex.
The leaves are radical. They are alternate, exstipulate and simple and their
margins are entire.
Inflorescence and flower
The flowers are solitary at the end of main or lateral branches. The flowers are
large and showy, pedicellate, complete, hermaphrodite, actinomorphic, di- or
trimerous, hypogynous and cyclic.
The calyx consists of two or three sepals and aestivation is imbricate.
The corolla consists of two or three petals arranged in two whorls. The
aestivation is imbricate.
The androecium consists of numerous free stamens in several whorls. The
anthers are dithecous, extrose and opening lengthwise.
The gynoecium is of two to many carpels and it is syncarpous with superior
and unilocular ovary. The placentae are parietal and each bears numerous anatropous
ovules. The style is very short and stigmas are as many as the carpels.
Fruit and seed
The fruit is many seeded capsule opening by pores.
The seeds are small with a minute embryo and a fleshy endosperm.
Pollination and dispersal
The flowers are both self and cross pollinated. The seeds are dispersed by wind or
birds, animals or human beings.
Floral formula
Ebr ⊕ + K2 C2+2 A∞ G(∞)

Economic importance
Medicines
• Papaver somniferum contains several alkaloids (morphine, codeine,
papaverine and narcotine) and is used as sedative to relieve pain, anxiety
and sleeplessness due to pain.
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1. Subfamily: Papilionaceae
Distribution
It contains about 482 genera and 7,200 species cosmopolitan in distribution but
abundant in tropical and subtropical regions. In India the family is represented by
100 genera and 748 species occurring in Peninsular India and the Himalayas. The
familiar examples are Garden pea (Pisum sativum), Soybean (Glycine max),
Groundnut (Arachis hypogea), Beans (Phaseolus spp.), Sunhemp (Crotalaria
juncea) and Fenugreek (Trigonella foenum-graeum).
Vegetative characters
They are predominantly herbs or herbaceous climbers.
The lateral roots of most of the plants have nodules which contain nitrogen
fixing bacteria. The stem is erect, branched, solid and hairy. The climber’s stems
are weak and they possess tendrils.
The leaves are alternate, simple and stipulate. The stipules are free.
Inflorescence and flower
The inflorescence is an axillary, leaf opposed or terminal raceme. The flowers are
bracteate, bracteolate, complete, zygomorphic, hermaphrodite, pentamerous and
hypogynous.
The calyx is composed of five sepals which are united into a tube and show
valvate aestivation.
The corolla is papilionaceous. The five petals are unequal and have a bilateral
symmetry.
The androecium is composed of ten stamens which are arranged in a single
whorl in mature flower. The stamens are diadelphous.
The gynoecium is monocarpellary with a superior and unilocular ovary having
marginal placentation. The style is simple and the stigma is capitate.
Fruit and seed
The fruit is legume and seeds are non-endospermic with a large curved embryo.
Pollination and dispersal
They are generally pollinated by bees and seeds are dispersed by birds, animals
and human agency.
Floral Formula
Br % + K(5) C1+2+(2) A1+(9) G1

Economic importance
Pulses: source of starch and proteins
• Pisum sativum (Garden pea, Matar)
• P. arvense (Field pea)
• Cicer arietinum (Chick pea, Gram)
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Fig. 2.36: Diagnostic features of family Papilionaceae (Pisum sativum)
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The leaves are alternate, stipulate and are unipinnate. The stipules are free and
stipels are absent.
Inflorescence and flower
The flowers are arranged in racemes. The flowers are mostly large and showy,
bracteate, complete, zygomorphic, bisexual, pentamerous and hypogynous.
The calyx is composed of five sepals which are basally connate and the
aestivation is imbricate.
The corolla is of five free petals which alternate with the sepals. The aestivation
is ascending imbricate; the adaxial petal is always inside.
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Fig. 2.37: Diagnostic feature of family Caesalpinieae (Cassia fistula)
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The androecium is diplostemonous with two alternate whorls of five stamens
each. The anthers are dithecous, introse and dehising longitudinally.
The gynoecium is monocarpellary with a superior, unilocular ovary. There are
two rows of ovules on the marginal placentation. The style is simple with a capitate
stigma.
Fruit and seed
The fruit is usually a pod and seeds are endospermic with a large embryo.
Pollination and dispersal
The flowers are pollinated by insects. The dispersal of seeds takes place by wind
or by animals.
Floral formula
Br %

+

K5 C5 A5+5(staminodes) or7+3(staminods) G1

Economic importance
Edibles
• Bauhinia variegate (Kachnar)
• Tamarindus indica (Tamarind)
Medicines
• Fruits of Cassia fistula and C. senna are used as laxative.
• The leaves of C. sophera are used externally for ringworms and are
beneficial in acute bronchitis.
• Leaves and bark of C. glauca are beneficial in diabetes and gonorrhoea.
3. Subfamily-Mimoseae
Distribution
There are about 56 genera and 2,800 species widely distributed in the tropical and
subtropical regions. In India it is represented by 15 genera and 72 species mostly
in the tropical and subtropical Himalayas and Western Peninsular India. The best
known examples are Sensitive plant (Mimosa pudica), Pithecolobium dulce and
species of Acacia and Albizzia.
Vegetative characters
They are mostly trees and shrubs and rarely herbs or climbers.
The root is tap, much branched and deep.
The stem is erect, branched, solid and angular.
The leaves are alternate, stipulate and are unipinnate.
Inflorescence and flower
The minute flowers are condensed into dense and globose heads. The flowers are
bracteate, sessile, complete, actinomorphic, bisexual, pentamerous and hypogynous.
The calyx is composed of four or five sepals which are united in a tube. The
aestivation is valvate.
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Floral formula
Br or EBr ⊕

+

K(5) C(5) or 5 A∞G1

Economic importance
Edibles
• Neptunia prostrate
• Pithecolobium dulce
Tannins and gums
• Barks of Acacia nilotica (Kikar) A. catechu, A. leucophloea and A. pinnata
are the source of tannins and gums.

Labiateae (Lamiaceae)
Distribution
The mint family is rather large, containing 180 genera and 3,500 species of world
wide distribution. In India the family is represented by 64 genera and 380 species
occurring in comparatively dry areas and moderate altitudes. The familiar examples
are Mentha (Mentha spicata), Holy basil (Ocimum sanctum) and Sage (Salvia
spp.)
Vegetative characters
They are mostly annual or perennial herbs. The stems of herbaceous species are
quadrangular.
The leaves are opposite, exstipulate, simple and entire.
Inflorescence and flower
The inflorescence is usually a dichasial cyme which often becomes cincinal in its
later branching. These cymes occur in the leaf axils and often form a whorl of
flowers at each node. This type of inflorescence is known as verticillaster.
The flowers are bracteate, perfect, hermaphrodite, zygomorphic, pentamerous
and hypogynous.
The calyx is persistent and composed of five sepals. The aestivation is valvate.
The corolla is gamopetalous and is differentiated into a tube and a limb. The
tube is straight and often widens upward. The limb is usually two lipped.
The stamens are four, didynamous and inserted on the corolla tube. The anterior
pair of stamens is usually longer. The fifth stamen is represented by a staminode
but usually it is completely suppressed. The anthers are dithecous, introse and
dehisces lengthwise.
The gynoecium is bicarpellary and syncarpous with superior, deeply four lobed
and bilocular ovary having two anatropous ovules in each locule. The placentation
is axile. The style is gynobasic arising between the lobes of the ovary. The stigma
is usually bifid.
A hypogynous disc is present at the base of the ovary.
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Fig. 2.39: Diagnostic features of family Labiateae (Ocimum sanctum)

Fruit and seed
The fruit is four one seeded nutlets enclosed by the persistent calyx. The seeds are
either non-endospermic and the embryo is usually straight.
Pollination and dispersal
The flowers are adapted for insect pollination.
Floral formula
Br ⊕

+

K(5) C(5) A4 G (2)

Economic importance
Perfumery and medicines
• Several species of Ocimum yield essential oils which are used in medicine
and perfumery.

72 Introduction to Pharmacognosy
• O. kilimandscharicum is a source of camphor.
• O. sanctum is used for cough, cold and fever and it also relieves earache.
The plant is mosquito repellant.
• O. basilicum possesses insecticidal and insect repellant properties. The
plant is stomachic, carminative and stimulant.
• Several species of Mentha are useful, particularly for their essential oil.
The plant of M. piperita is used in nausea and vomiting. M. arvensis is
stimulant and carminative and also affords a remedy for ingestion and
rheumatism. The leaves of M. longifolia are useful in rheumatic pain and
the plant decoction is used in fever and heart apoplexy.
• Essential oil of leaves of Rosmarinus officinalis are used in perfumery
and exhibits antibacterial disorders.
• Leaves of Majorana hortensis are employed externally for sprains, stiff
and paralytic limbs and toothache.
• Oil of Lavendula angustifolia, L. latifolia and L. hybrida are carminative,
stimulant and insect repellant.
• Oil of leaves of Pogostemon cablin and P. benghalense is used in perfumery.
The leaves and flowering tops are added in baths for their antirheumatic
properties. The leaf juice is applied to repel leeches.
• Oil of leaves and flowering tops of Plectranthus mollis is cardiac
depressant and respiratory stimulant. The crushed leaves when applied
stop bleeding.
• Thymus serphyllum and T. vulgaris are used for culinary purposes and oil
of this is used medicinally.

Gramineae (Poaceae)
Distribution
This is one of the largest and important families of the plant kingdom. It contains
about 600 genera and 10,000 species, widely distributed all over the world. This is
the largest family of Indian flora and is represented by 239 genera and 1,180
species, occurring throughout the country from sea level to an elevation of about
6,000 metres in the Himalayas. The familiar examples include Wheat (Triticum
aestivum), Rice (Oryza sativa), Maize (Zea mays), Oats (Avena sativa), Barley
(Hordeum vulgare), Sugarcane (Saccharum officinarum) and Bamboos (species
of Bambusa, Dendrocalamus, etc.).
Vegetative characters
Most of the grasses are annual, biennial or most frequently perennial herbs. The
plant is attached by a tuft of fibrous adventitious roots. The perennial grasses
persist by means of a sympodial rhizome formed by the lower internodes of the
stem. The aerial stems terminated by inflorescences are known as culms.
The basal leaves are crowded in a tuft but the leaves on the culm are alternate
and distichous. Each leaf is composed of two parts, the sheath and the blade
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Fig. 2.40: Diagnostic features of family Graminae (Triticum aestivum)

•
•
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•

Avena sativa (Oat)
Secale cereale (Rye)
Triticosecale (Triticale)
Sorghum vulgare (Jowar)
Pennisetum typhoides (Bajra)
Setaria italica (Italian millet)
Panicum miliaceum (Common millet, Sama)
Eleusine coracana (Finger millet)

Oils
Some grasses are the source of commercially important essential oils used in
perfumery, mosquitoes repellant creams and other medicines. The following are
the common species:
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• Cymbopogon citratus (Lemon grass oil from leaves)
• C. nardus (Citronella oil from leaves)
• C. martini (Palmarosa oil from leaves of Motia variety and Ginger grass
oil from the Sofia variety)
• Vetiveria zizanoides (Oil of vetiver or Khus oil from rhizomes and roots)
Umbelliferae (Apiaceae)
Family consist of 421 genera and 320 species. In India it has about 30 genera and
180 species.
Distribution: Throughout the north temperate region of world, whereas in India
alpine and temperate himalayas.
Common examples: Anethum, Centella, Coriandrum, Ferula (180 spp) Pimpinella
(150 species) and Eryngium (230 species) etc.
Vegetative character
Plants
Mainly herbs with hollow internodes. Herbs can be annual, perennial, biennial.
They contain aromatic smell due to presence of essential oil or resins in all organs.
Leaves: Usually alternate and pinnately compound/decompounds, simple
(Hydrocotyle, Centenella and Bupleurum), palmately compound (Sanicula), in some
taxa, leaves look monocotyledonous and exhibit parallel venation (Eryngium).
Inflorescence: Umbel inflorescence, simple umbel examples are Hydorcotyle
(surrounded by involucre of brats)
Flower: Small, actinomorphic, hermaphrodite, pentamerous and epigynous.
Colour: White /yellow rarely violet or pink
Calyx: Five with inconspicuous teeth, having a narrow circular ridge at top of the
ovary. Calyx is absent in Foeniculum vulgare.
Corolla: Five distinct stamen alternate with sepals. Petals are apically inflexed
with imbricate/ valvate aestivation.
Androecium: Five free stamens, alternate with petals, arise in epigynous disc.
Anthers are introrse, dithecous, dorsifixed and dehiscing longitudinally.
Gynoecium: Two united carpels (syncarpous) with bilocular ovary and anatropous
ovule. Stigma are capitates and distinct.
Fruits: Schizocarpic, splits into two, dry one seeded mericarps and such fruits
are called as cremocarp. Mericarp are marked with ribs, grooves and are bristles.
Seed: Hard oily, endospermic with small embryo.
Pollination and Dispersal: Insect pollinated, usually protandrous (Sanicula) and
protogynous (Hydrocotyle) flowers.
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Pharmaceutical Importance
Edibles: Used as spices, for flavouring breads, biscuits, cake etc. important plants
of this category are:
Cuminun cyminum (Cumin, jeera)
Foeniculum vulgare(Fennel, saunf)
Ferula asafoetida L.
(Oleo resin-hing of commerce extracted as root
exudates)
Coriandrum sativum
(Coriander, dhania)
Medicines
1. Hydrocotyle asiatica / Centella asiatica (brahmi) Used in Indian system
of medicine as diuretic, alterative and brain tonic. It also possess insecticidal
properties and used for treatment of leprosy. The plant is reported to
contain terpenoids like asiaticoside, brahminoside, medicasoside etc as
main constituents.
2. Conium maculatum (Poison hemlock): It have poisonous pyridine alkaloids
similar to nicotine i.e. Coniine, methylconiine, conhydrine and
pseudoconhydrine, which are neurotoxic and cause neuro muscular
blockage. It is toxic to animals and has been used as sedative and antispasmodic in small dosage.
3. Ferula asafoetida L. (Devils dung, Hing, food of god): It is a pungent
oleo resin exudates of roots of Ferula sp. It contains Tannins like
assaresinotannol, ferulic acid and umbelliferone as major constituents and
has been used as carminative, antiflatulant and flavouring agent.
4. Anethum graveolens (Dill, Soya): The herb is used as food and flavouring
agent where as seeds are used as carminative and anti-flatulance, It contains
volatile oils and main constituents are dillapiol, pinene, cymene. It is used
similar to caraway and cumin.
Ornamentals: Some species of Pimpinella, Heracleum and Angelica are grown as
ornamentals
Vegetables: The thickened and fleshy roots of Daucus carota (carrot), Apium
graveolens (celery) and Pastinaca sativa (parsnip) are used as vegetable.
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PLANT TISSUES
1. Meristematic tissues
a. Apical meristem
b. Intercalary meristem
c. Lateral meristem
2. Permanent tissues
A. Simple tissues
a. Parenchyma
b. Collenchyma
c. Sclerenchyma
B. Complex tissues
a. Xylem
• Vessels
• Tracheids
• Xylem fiber
• Xylem parenchyma
b. Phloem
• Phloem parenchyma
• Phloem fiber
• Companion cells
• Sieve tubes
3. Special tissues
a. External glands
b. Internal glands
c. Latex glands
d. Latex vessels
1. Meristematic tissue
A. Apical meristem: Present at the shoot tip or root tip and axillary buds. It
increases the length of the plant.
1. Shoot apex: It brings about the growth of the stem and formation of
the leaves. It also produces floral structures.
2. Root apex: It is covered and protected by root cap or calyptra. Root
has a quiescent centre, a zone of actively dividing cells, from which
all other cells are formed.
B. Intercalary meristem: Present at the base of internodes and forms the
leaf sheath of monocots it increases the length of the internodes.
C. Lateral meristem: Present almost parallel to long axis. It increases the
girth or width of the organ.
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Fig. 2.41: Types of parenchyma cells

2. Permanent tissue
A. Simple tissue
a. Parenchyma: These are thin-walled iso-diametric cells, somewhat
elongated, forming pith, medullary rays and cortex. In leaves, they carry
out photosynthesis and gaseous exchange. They are also helpful in storage
of food and transport of water and mineral salts.
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Fig. 2.42: Collenchymatous cells

b. Collenchyma: It consists of living cells, found under epidermis, provides
mechanical support to young plant.
c. Sclerenchyma: When mature they are dead and cannot be elongated. It
consists of two kind of cells, fibers and tracheids. This tissue provides
mechanical strength and support.
B. Complex tissue
a. Xylem: It has two basic functions in the plants: Conduction of water and
mineral salts and provide support to the organ concerned. It is composed
of vessels, tracheids, xylem fibers, and xylem parenchyma.
• Vessels: These are elongated tube-like structures characteristic of
angiosperms. The cell wall is thick, hard and lignified. They provide
an ideal system for the transportation of water in tall plants.
• Tracheids: These are elongated tubes made up of dead cells having
hard, thick and lignified walls. They are the primitive type of water
conducting tissues. Predominant in lower vascular plants.
Abundantly found in the woods of ferns and gymnosperms.
• Xylem fiber: They are dead cells with much thicker walls, they can
not conduct water but being stronger provide mechanical strength.
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Fig. 2.43. Sclerenchyma cells

• Xylem parenchyma: These are living cells having thin cellulose cell
walls meant for storage and transport of food for a short distance in
the plant.
b. Phloem: Phloem cells are meant for preparing and translocation of the
food material from the leaves to the various parts of the plant for its
storage and growth of the plant. This tissue is composed of Phloem
parenchyma, phloem fiber, companion cells and sieve tubes.
• Phloem parenchyma: These are thin-walled living parenchymatous
cells and carry out the storage of food material only in the dicots.
• Phloem fibers or bast fibers: These are similar to sclerenchymatous
fibers and provide mechanical support to the plant found in jute, hemp
and flax etc.
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Fig. 2.44: Tracheids and vessels in xylem

• Companion cells: These are the living parenchymatous cells having
elongated and narrow cells. These cells help in translocation of food
material present in angiosperms only.
• Sieve tubes: These are long tube like structures with transverse walls,
looks like a sieve plate. The sieve element allows the flow of solution
from one element to another. They are living cells.
3. Special Tissue
Some special type of tissues are found in the plants which secrete different types
of chemicals. These tissues may be of following types:
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Fig. 2.45: Phloem parenchyma, companion cell and sieve tube in phloem
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a. External glands: Present at the tip of shoot composed of water secreting
glandular hairs that produce gummy substances as in tobacco, poisonous glands
produce irritants as in neetles, nectarifereous glands produce nectar in flowers,
enzyme secreting glands secrete enzymes.
b. Internal glands: These contain oil glands, secrete essential oils in fruits and
leaves of orange, lemon etc., mucilage secreting glands in betel, resin-secreting
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glands in sun-flower and pinus, digestive glands in drosera, water-secreting glands
in pistia.
c. Latex glands: They are made up of branched units that are formed by the
fusion of cells and act as independent unit. These glands are present in Indian
rubber plants and oleander etc.
d. Latex vessels: They are made up of more or less parallel ducts formed by the
fusion of branches. These are present in sunflower and poppy.
TISSUE SYSTEMS
There are three types of tissue systems:
1. Dermal or epidermal tissue system
2. Ground or fundamental tissue system
3. Vascular tissue system
1. Dermal or epidermal tissue system: This system consists of epidermis, hairs
on epidermis, trichomes, stomata and cuticle. Epidermis is the outermost layer
almost one cell thickened and parenchymatous in nature. It acts as primary protective
plant body in the young tissues like stems, roots, leaves and flowers. Stomata are
minute openings, consisting of kidney-shaped cells called guard cells surrounded
by subsidiary cells found mainly in leaves and in aerial parts of the plant and helps
in gaseous exchange. Stomata are the characteristic of dicot leaves.
Hairs and trichomes may be unicellular or multicellular, glandular or nonglandular in nature but provide secretory action in the plants.
Due to the presence of cuticle and hairs on the epidermis, it acts as protective.
2. Ground or fundamental tissue system: This system forms the ground or
main bulk of the plant body. The tissue is made up of parenchyma, collenchyma,
and sclerenchyma. Leaves are made up of ground tissue and divided into palisade
and spongy parenchyma where palisade tissue carry out the photosynthesis and
spongy parenchyma maintains the buoyancy of the leaves. It consists of following:
1. Hypodermis: Two-three layers of hypodermis are found below epidermis,
meant for providing mechanical strength.
2. Cortex: It is found below hypodermis (in dicot stem) and below epidermis
(roots). Cells are parenchymatous and it is meant for storing the food.
3. Endodermis: It is the innermost layer containing barrel-shaped cells also
containing starch grains.
4. Pericycle: It is the outer most layer of stele usually made up of
parenchymatous cells.
5. Medullary rays: It consists of elongated parenchymatous cells.
6. Pith or medulla: It consists of parenchymatous isodiametric cells, usually
present in dicot stem.
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3. Vascular tissue system: This tissue system is responsible for the transport of
water, mineral and food. The system is composed of vascular bundles e.g. xylem,
phloem and cambium. Depending upon the arrangement of the tissues in the vascular
bundles, they may be of following types:
I. Radial: Present in monocot and dicot roots. In this, xylem and phloem
are present alternating with each other.
II. Conjoint: Xylem and phloem are present in one bundle. These may be of
two types:
a. Collateral: Xylem is placed inside and phloem is placed towards outside
the ring. It may be closed as in monocots or open as in dicots.
b. Bicollateral: Cambium and phloem occurs twice. Xylem forms the
middle ring e.g. dicot stems.
III. Concentric vascular bundles: Xylem and phloem are present as
concentric circles. These may be of following types:
a. Amphicribal: Xylem lies in the centre with phloem surrounding it,
e.g. ferns.
b. Amphivasal: Phloem lies in centre with xylem surrounding it.e.g.
monocot stems of Acorus calamus (sweet flag) and dragon plant
(Dracena).
Phloem

Phloem
Xylem

Xylem

Cambium
A

C

B

Phloem

Xylem

Xylem

Cambium

D

Phloem

E

Phloem
F

A—Radial vascular bundle.
B—Open conjoint vascular bundles
C—Closod conjoint vascular bundles.
D—Bicolluteral vascular bundle.
E—Amphivasal concentric vascular bundle
F—Amphicribal concentric vascular bundle.

Fig. 2.46: Different types of vascular bundles
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The main elements of vascular tissue system are xylem and phloem and are
responsible for the conduction of water, food and minerals. They can be described
as follows :
Xylem – It is also called wood. It is a conducting tissue which transport water
and minerals inside the sap in the plant from root to leaf. It forms a continuous
through roots, stems, leaves, flowers and fruits. It also provides mechanical
strength. It consists of 4 kind of cells :
I. Tracheids- These are elongated tube like dead cells. They are made up of
hard, thick and lignified cell walls having large cavities. They are primitive
water conducting tissue, predominant in lower vascular plants like ferns
and gymnosperms.
II. Vessels or trachea – These are cylindrical tube like structures formed
by fusion of several dead cells. These are characteristics of angiosperms.
They provide ideal system for transportation of water in tall plants and
also provides mechanical support to the plant.
III. Wood fibers – These are sclerenchymatous cells. They provide mechanical
strength to xylem and plant body.
IV. Wood parenchyma – They are living parenchymatous cells, thin walled.
Wood parenchyma directly or indirectly help in conduction of water
upwards through the vessels and tracheids. It is also meant for storing
food.
Phloem: It is also a conducting tissue meant for translocating prepared food
materials from leaves to the various parts of the plant for their storage and growth.
It consists of 4 kind of cells.
I. Phloem parenchyma: These are thin walled living parenchymatous cells
and store food material , found only in dicots.
II. Companion cells : These are living parenchymatous cells. They are
elongated and narrow shaped cells. They help in translocation of food
material and are present only in angiosperms.
III. Phloem fibers : These are similar to sclerenchymatous fibers and provides
mechanical support to the plant as found in jute, hemp and flax. etc.
IV. Sieve tubes : These are long tube like structures having transverse walls
and looks like a sieve plate. The sieve plate allows the flow of solution
from one sieve element to another. They are made up of living cells.
ERGASTIC CELL CONTENTS
The ergastic cell contents or cell inclusions or the non living substances present in
the plant cell as food materials. These are the storage products and the products of
metabolism. These possesses specific characteristics in different plants and their
species hence has been used for identification of plant species by using microscopic,
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chemical or physical tests. These are carbohydrates, volatile oils gums, and
mucilage’s, resins, tannins, calcium oxalate, calcium carbonate and silica etc.
Starch
Starch is the most common polysaccharide and carbohydrate reserve in the green
plants and is found especially in seeds and underground organs (maize and potato)
in varying amounts, some fruits also contain starch. Photosynthesis is the main
source of the starch in the green parts of the plants exposed to sunlight which
contain small granules of transitional starch and in the absence of sunlight it is

Wheat

Maize

Rice
Potato

Curcuma

Fig. 2.46: Different types of starch granules.
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moved to the storage organs. Starch is found in the form of granules (starch
grains) of different sizes and shapes and which are the characteristics of the
species and is also the ratio of content of the principal constituents viz. amylose
and amylopectin.
Starches of pharmaceutical interest are obtained from the grains of maize
(Zea mays), wheat (Triticum aestivum) belonging to family Graminae. It is also
obtained from the tubers of potato (Solanum tuberosum) belonging to family
Solanaceae.
Characteristic properties of starch grain:
A very slight reaction is noted with water; wheat and potato starches being usually
faintly acidic while rice starch is usually, alkaline and maize starch is usually
neutral.
Treatment with boiling water causes the gelatinization of starch and a cloudy
viscous fluid described as mucilage of starch results. Starch gives blue colour
after addition of iodine, serves as identification test for the starch.
A comparative account of the macroscopical, microscopical is and physical
characteristics of the starches described here.
Characteristic

Maize

Rice

Wheat

Potato

1. Color

White

White

Faint grey

Yellowish tint

2. p H

Neutral

Alkaline

Acidic

Acidic

3. Moisture
content
(% w/w)

13

13

13

20

4. Ash content

0.3

0.6

0.3

0.3

5. Shape

Polyhedral/subspherical, rarely
simple grains,

Simple or
compound grains
(2–150
components)
polyhedral with
sharp angles

Mostly
simple, large
and small
grains, faint
striations

Flattened, ovoid
or subspherical,
well marked
striations, hilum
eccentric

6. Size (µm)

10–30

2–10

Small 2–9,
large 10–45

74.75

64–65.5

(aq. solution]

(%w/w)

7. Gelatinization 62.25–71
temperature
(°C)

10–110
66

Proteins
Proteins are of great importance in the functioning of living cells. They are the
complex nitrogenous organic substances produced by and associated with living
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matter. They are essential food stuffs like carbohydrates and fats. They also forms
therapeutically active compounds such as enzymes, hormones, sera, antitoxins
etc.
Proteins occur in the form of aleurone grains in the plant as well as in the oily
seeds and easily extractable. The simplest aleurone grain consists of a mass of
protein surrounded by a thin membrane.
Characteristic properties of proteins:
Amino acids are the ultimate product of complete hydrolysis of proteins, either by
chemical reagents or by enzymes. Proteins are the compounds of high molecular
weight forming colloidal solution in water and are amphoteric in nature.
Proteins are denatured by heat, changes in pH, treatment of organic solvents
or by U.V radiation.
Transverse section of the drug should be treated with following reagents for
examining the aleurone grains:
1. Millon’s reagent: It stains red with protein on warming.
2. Iodine solution: It stains the ground substance and crystalloid, yellowish
brown.
3. Picric acid: It stains the ground substance and crystalloid yellow.
e.g. In the endosperm cells of nutmeg, each contains some large and several
smaller grains of aleurone. The large ones are 12-20 mm in diameter and contain a
large well defined crystalloid.
Aleurone grains containing globoids are present in the endosperm and cotyledons
of linseed.
Fats and fixed oil
Fixed oils and fats are widely distributed in both vegetative and reproductive parts
of the plant. They often occur in the seeds where they may replace carbohydrates
as reserve food material and are commonly associated with protein reserve.
Biological membrane is made up of lipids and fats.
Fixed oils occur as small refractive oil globules usually present in association
with aleurone grains. It can be seen in the cotyledons of nux-vomica and
umbellifereous fruits.
Characteristic properties of oils and fats:
Generally fixed oils and fats are esters of glycerides and at room temperature exist
as liquid in the form of oils and if exists as solid called fats.
Fixed oils and fats share some common properties as they are generally soluble
in ether and alcohol with few exceptions (castor oil is sparingly soluble in alcohol).
1% solution of osmic acid colors them brown to black. Dilute tincture of alkanna
stains if red on heating for 30 minutes. Fixed oils and fats can also be identified
with following values:
1. Saponification value
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2. Iodine value
3. Acid value
e.g. Linseed contains 30-40% of fixed oil, castor seeds contain about 50% of
fixed oil, sesame seeds contain fixed oil 45–55% etc.
Gums and mucilages
Gums and mucilages are the pharmaceutically important polysaccharide derivatives.
Gums are the pathological products consisting of calcium, potassium and
magnesium salts of complex substances known as polyuronides. On hydrolysis, it
yields a mixture of substances i.e. sugars and uronic acids.
Mucilages are physiological products related to gums and they are generally
sulfuric acid esters. The ester group is a complex polysaccharide; they are insoluble
in alcohol but swells in water. They are usually formed from the cell wall
(Tragacanth) or deposited on it on successive layers. Mucilages are generally
normal product of metabolism formed within the cell and may represent storage
material, a water storage reservoir or a protection for germinating seed. They are
often found in the epidermal cells of leaves e.g. senna, in seed coats e.g. linseed,
psyllium, in roots e.g. marshmallow.
Solution of ruthenium red stains the mucilage of buchu leaves, althea, linseed
and mustard but not having good action against tragacanth.
A lead acetate solution can be used if swelling of mucilage creates problem
while testing. Chlor-zinc iodine, methylene blue and glycerine can also be used for
the identification.
Volatile oils
Volatile oils occur as droplets in the plant cells. They represent the active constituents
of plants hence they are also known as essential oils.
They differ from fixed oils in chemical and physical properties. They are
secreted in oil cells, in secretion ducts or cavities or in glandular hairs.
Volatile oils are extracted by steam distillation, solvent extraction, hydrodistillation, enfleurage and eucelle method and widely used in food industry and as
perfumes and cosmetics. Some have therapeutic value as carminative and aromatic,
also utilized as flavoring agent. Volatile oils are soluble in ether, alcohol and other
organic solvents. They are usually lighter than water; most of them are optically
active and have high refractive index.
Identification tests for volatile oils:
1. To the thin section of the drug, add alc. solution of sudan III. Red color
obtained by the globules indicates the presence of volatile oil
2. To the thin section of the drug, add a drop of tincture of alkanna. Presence
of red color indicates volatile oil.
Volatile oil is found in various plant cells and organs as follows:
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Fruits—Cuminum cyminum (jeera)
Flower buds—Eugenia caryophyllus (clove)
Leaves and flowering tops—Mentha piperita (mentha)
Flowers—Calandula officinalis (lavender)
Entire grass—Cymbopogan flexiuosus (lemon grass)
Resins
Resins are the secretory products with amorphous form and having complex
chemical structures. They are transparent or translucent solids, semisolids or liquid
substances. Sometimes associated with volatile oils called oleoresins, with gum
called gum resin, and if associated with both called oleogum resin.
They are usually formed in schizogenous, schizolysogenous cavities or in
ducts as the end product of metabolism. Most of the resins are heavier than water
and insoluble in water but soluble in alcohol, volatile oils, fixed oils, chloral hydrate
and non polar organic solvents like benzene, ether. Upon heating they soften and
ultimately melt.
Resins are classified as
1. Acid resin
2. Ester resins
3. Resin alcohol
Some examples of resins are ginger, capsicum, tolu balsam, myrrh, jalap,
podophyllum resin etc.
Tannins
They are widely distributed in different families of higher plants. They are secondary
metabolites and present in the solution form in cell sap and also in the distinct
vacuoles.
Tannins are mixture of complex organic substances in which polyphenols are
present generally with o-hydroxy or o-tri-hydroxy groups on a phenyl ring.
Tannins are soluble in water so while studying the transverse section, it should
be dry. Clove oil and dilute solution of ferric chloride are the mounting agents for
the study of tannins.
Gold beater skin test is generally used for the identification of tannins.
Alkaloids and glycosides
These are medicinally important secondary metabolites and are rarely visible in
plant cells without application of specific chemical tests. Following are the chemical
reagents used for alkaloids:
1. Mayer’s reagent (potassium mercuric iodide solution): Cream color
precipitate is obtained.
2. Dragendorff’s reagent (potassium bismuth iodide): Reddish brown
precipitate obtained.
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These crystals form a characteristic diagnostic feature for a particular drug. The
solanaceous leaves may be distinguished from one another, A. belladonna by its
sandy crystals, D. stromonium by its cluster crystals and henbane by its single and
twin prism etc.
The sections to be examined for calcium oxalate should be cleared with caustic
alkali or chloral hydrate. Acetic acid (insoluble), caustic alkali (insoluble) hydrochloric
acid (soluble) are used as mountants and with sulfuric acid 60%, on standing
replaced by needles of calcium sulphate.
It is often difficult to determine the exact crystallographic form of crystals by
measuring their angles and by observing the effects of polarized light. Consequently
for descriptive purposes non-crystallographic morphological terms are used in
plant histology.
Examples:
1. Prisms or single crystals: A term applied equally to simple forms and
twinned crystals which are comparatively large and well formed as in
hyoscyamus and liquorice.
2. Cluster crystals: These are the aggregate crystals composed of numerous
prisms or pyramids or both e.g. clusters of spongy parenchyma of senna.
3. Rossette crystals: Rossette crystals of rhubarb
4. Acicular or raphides: These are long slender crystals with pointed ends
usually found in bundles e.g. raphides in squill
5. Sandy crystals or micro crystals: These are very minute crystals often
occurring in a cell in a large numbers, e.g. sandy microsphenoidal crystals
in cinchona.
6. Needles: Acicular needle-shaped crystals in cinchona.
2. Calcium Carbonate
These may be embedded or incrusted in the cell walls. These crystals are formed
as outgrowths of the cell wall and termed as cystoliths. Well formed cystoliths are
seen in enlarged upper epidermal cells and in the clothing hairs of the lower
epidermis of leaves of Cannabis sativum. They occur in the orders-urticaceae,
moraceae, cannabinaceae and acanthaceae and some plants of the combretaceae
and boragenaceae.
Calcium carbonate can be identified by its dissolution (with effervescence) in
acids. If 50% sulfuric acid is used neddle-shaped crystals of calcium sulfate
generally separated.
3. Hesperidine and diosmin
These occur in the cells of various plants of rutaceae and in isolated plants of other
families in the form of feathery like aggregates or sphero-crystalline masses.
Crystalline masses of diosmin are present in the upper epidermal cells of buchu
leaves. e.g. epidermal cells of leaves of Borosomsa betulina showing sphaerocrystalline masses of diosmin.
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Fig. 2.47. Different types of Calcium Oxalate and Calcium Carbonate Crystals (A and B Druses
or Cluster crystals, C. Prismatic crystals, D. Raphides, E. Rosette crystals, F. Sandy crystals, G.
Needle shaped raphides, H. Cystolyth)
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Fig. 2.48. Different types of stomata present in plants, A. Anomocytic or irregular celled
(Ranunculaceous) type, B. Anisocytic or unequal celled (Cruciferous) type, C. Paracytic or
parallel celled (Rubiaceous) type, D. Diacytic or crossed celled (Caryophyllaceous) type, E.
Gramineous type

f) Graminous
These are stomata with dumble shaped structure. e.g. Gramineae family.

TYPES OF TRICHOMES PRESENT IN PLANTS
Trichomes are hair like structures and these are epidermal outgrowths. Trichomes
can be differentiated into base embedded in epidermal cells and a tube like projectant
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b) Glandular: These contain multicellular head and single-celled stalk, present on
the mid-rib and secret secondary metabolites.
Trichomes of nux-vomica: These are highly lignified projections having
multicellular, pitted, bulbous base and there is about 8–10 ribs present in the each
limb of trichome. These are generally present just above the collapsed parenchyma.

Covering trichome
Gland

Grandular tricome
Covering thickness

Epidermal cell

Trichomes of Datura

Lignified trichome

Collapsed parechyma

Endosperm

Trichome of Nux-vomica.

