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UNIT -1
BENTHAM AND HOOKER'S CLASSIFICATION OF PLANTS

The outline of Bentham and Hooker's classification of plants is given below. The seeded plants are divided
into three classes ' Dicotyledonae,Gymnospermae and Monocotyledonae Bentham and Hooker's
classification of plants t is a natural system of classification and is based on important characters of the
plants. Even today this system is being followed in India, United Kingdom and several other
Commonwealth countries. It is also used in a number of herbaria and botanical gardens all over the world.
It is a well known and widely accepted classification of seeded plants. It was proposed by two English
botanists George Bentham (1800-1884) and Sir Joseph Dalton Hooker (1817-1911). Their system of
classification was published in '‘Genera Plantarum' in three volumes and they had described 97,205 species
of seeded plants in 202 orders (now referred to as families). In Bentham and Hooker's classification of
plants, the present day 'orders' were referred to as 'cohorts' and ‘families' as 'orders'.

The outline of Bentham and Hooker's classification of plants is given below.

The seeded plants are divided into three classes 'Dicotyledonae, Gymnospermae and Monocotyledonae.
Class | Dicotyledonae Seeds of dicotyledonous plants contain two cotyledons. Leaves show reticulate
venation. Flowers are tetramerous or pentamerous having four or five members in various floral whorls
respectively. It includes three sub-classes ' Polypetalae, Gamopetalae and Monochlamydeae. Sub-class

I. Polypetalae Plants having flowers with free petals come under polypetalae. The flowers are with distinct
calyx and corolla. It is further divided into three series - Thalamiflorae, Disciflorae and Calyciflorae.

Series (i) Thalamiflorae It includes plants having flowers with dome or conical thalamus. Ovary is superior.
Thalamiflorae includes 6 orders and 34 families. The family Malvaceae is placed in the order Malvales
Series

(ii) Disciflorae It includes flowers having prominent disc shaped thalamus below the ovary. Ovary is
superior. Disciflorae is divided into 4 orders and 23 families. Series

(iii) Calyciflorae It includes plants having flowers with cup shaped thalamus. Ovary is superior or inferior
sometimes half inferior. Calyciflorae includes 5 orders and 27 families. TThe family Fabaceae is placed in
the order Rosales.

Sub-class 2. Gamopetalae Plants having flowers with petals, which are either partially or completely fused
to one another are placed under Gamopetalae. The sepals and petals are distinct. Gamopetalae is further
divided into three series ' Inferae, Heteromerae and Bicarpellatae. Series

(i) Inferae The flowers are epigynous and ovary is inferior. Inferae includes 3 orders and 9 families. The
family Rubiaceae is placed in the order Rubiales and Astraceae in Astrales. Series

(ii) Heteromerae The flowers are hypogynous and ovary is superior with more than two carpels.
Heteromerae includes 3 orders and 12 families. Series

(iii) Bicarpellatae The flowers are hypogynous and ovary is superior with two carpels only.
Bicarpellataeincludes 4 orders and 24 families.eg. The family Solanaceae



Sub-class 3. Monochlamydeae or incomplete Plants having flowers with single whorl of perianth are placed
under Monochlamydeae. Flowers are incomplete. The sepals and petals are not distinguished and they are
called perianth. Tepals are present in two whorls. Sometimes both the wholrs are absent. Monochlamydeae
includes 8 series and 36 families.

The family Euphorbiaceae is placed in the series unisexuales.

Series | Curvembryeae: embryo curved round the endosperm, ovule usually one. Family amrantaceae,
chenopodisceae, polygonacy

Series Il Multiovulatae aquaticae: aquatics with numerous ovules. Family podostemaceae.

Series I1l Multiovulatae terrestris: terrestrial plants with numerous ovules. Family Nepenthaceae. Series
IV Microembryeae: embryo very small in copious endosperm. Family Monimiaceae/chloranthaceae.
Series V Daphnales: ovary usually with one carpel and single ovule. Family Proteaceae.

Series VI Achlamydosporeae: overy usually inferior, unilocular and one to three ovules. Family
Loranthaceae.

Series VII Unisexuales: flowers unisexual. It includes 9 orders: Family Euphorbiaceae. Unisexual flowers
Series VIII Ordines anomaly: uncertain relationship.

Class Il Gymnospermae The members of this class have naked ovules or seeds. Ovary is absent and
gymnospermae includes three families ' Gnetaceae, Coniferae and Cycadaceae.

Class 111 Monocotyledonae Seeds of monocotyledonous plants contain only one cotyledon. Leaves show
parallel venation. Flowers are trimerous having three members in various floral whorls. The plants have
fibrous root system. The Monocotyledonae has 7 series and 34 families. The family Musaceae is placed in
the series Epigynae and Arecaceae in Calycinae.

Series | Microspermae: ovary inferior, seeds very small. It includes 3 orders: Family Orchidiaceae Series
Il Epigynae: ovary usually inferior, seeds large. Family eScitaminae/Musaceae

Series Il Coronarieae: perianth petaloids, ovary superior. Family Liliaceae Perianth petaloids,

Series IV Calyciane: perianth sepaloid, ovary superior. It includes 3 Orders: family Juncaceae, palmae 1.
Perianth sepaloid 2. Ovary superior

Series V Nudiflorae: perianth mostly lacking, ovary superior. Family Lemnoceae, typhaceae

Series VI Apocarpeae: carpels free. Family Naidaceae

Series VII Glumaceae: perianth small, scale-like or chaff. It includes 5 orders: Family Cyperaceae, Poaceae
etc.

Merits of Bentham and Hooker's classification of plants

1. Bentham and Hooker's classification is the most natural system, based on actual examination of
specimens.

2. The description of plants is quite accurate and reliable.

3. As it is easy to follow, it is used as a key for the identification of plants in Kew herbarium and several
other herbaria of the world.

4. Although this system is natural, most of the aspects of this system show affinity to modern concepts of
evolution. For example, theorder Ranales, which is the first order in the arrangement of plants, has been
given a primitive position in this system. Recent taxonomic findings also indicate that the members of
Ranales are the most primitive living angiosperms.

5. The placement of monocotyledonae after the dicotyledonae also appears to be in accordance with the
evolutionary trends.



Demerits of Bentham and Hooker's classification of plants

1. The placement of Gymnospermae in between dicotyledonae and monocotyledonae is an error.

2. Several important floral characters have been neglected in this system.

3. Advanced family Orchidaceae has been considered as primitive among monocotyledons and it is placed
in the beginning of the system.

4. In this system, some closely related families have been separated and placed under different groups. For
example, all the families of series Curvembryeae of Monochlamydeae are related to Caryophyllaceae of
series Thalamiflorae of Polypetalae, but they are separated.

5.Unrelated families have been grouped nearer. For example, Podostemaceae of series Multiovulatae
aquaticae of Monochlamydeae deserves a place in Rosales of the series Calyciflorae of Polypetalae.
Similarly Laurineae of series Daphnales of Monochlamydeae deserves a place in Ranales of the series
Thalamiflorae of polypetalae. Thus, two unrelated families Podostemaceae and Laurineae are grouped
nearer.

CUCURBITACEAE
Systematic position

Class :Dicotyledons

Subclass:Dillenitidae

Order :Violales

Family :Cucurbitaceae

Genus :Coccinia

Species tindica
Characters of Cucurbitaceae

Prostrate herb bearing tendrils; leaves palmately lobed, surface hispid; flowers pentamerous,
unisexual, monoecious or less commonly dioecious; stamens five, usually less, anthers free or connate,
ovary inferior, trilocular, parietal placentation, fruit fleshy, pepo. Vascular bundles bicollateral and in two
alternating rows.
Common plant of the family:

1. Cucurbita- Cultivated for vegetables.

2. Trichosanthes- Scandent herb cultivated for delicious vegetable.

3. Lagenaria (H. Lauki) Cultivated for common man vegetable.

4. Luffa aegyptcia (H. Tori) Cultivated for vegetable.

5. Momordica charantia (H. Karela) Fruits are slightly bitter in taste.

6. Ecballium elaterium It has a special method for the dispersal of seeds.
Distribution of Cucurbitaceae

It is commonly called gourd family. The family has 110 genera and 850 species out of
which 86 species are found in India. The members are chiefly inhabitants of tropical
regions; a few in temperate regions. The members are wanting in the colder regions.

Vegetative characters

Habit-Mostly annual or perennial herbs, rarely shrubs (Acanthosicyos) or small trees (Dendrosicyos),
usually trailing, climbing by means of tendrils.Root-Tap root, branched may be thickened due to storage
of food and water.Stem-Herbaceous,climbing, angular,f istular, branched.Leaves-Alternate, petiolate-
petiole long and hollow; simple, lobed, exstipulate, palmately veined; tendrils present in the axil of leaf or
opposite to the leaf. In Acanthosicyos the leaves are absent but thorns are present.

Morphological nature of the tendril-Morphological nature of tendril has been a subject of great
controversy. Tendrils have been considered by various authors as roots, stems, leaves, stipules, shoots,
flower stalks or organs sui generis.According to Braun (1876) it is a modified bracteole. Engler considered
it is modified stipule. Muller (1887) regarded the upper portion of the tendril as a modified leaf and lower
stiff portion as the axis. This view was supported by Hagerup (1930). Probably the tendrils originate as



stipules as shown by their lateral position to leaf-base and being rarely paired. By the work of Sensarma
(1955) it appears that the tendrils is partly vascularised in the manner of a stipule in some cases.

Floral characters

Inflorescence

There is great variation in the inflorescence. Flowers are solitary, or racemose or cymose panicles
(Actinostemma).

Flower Regular, mostly unisexual rarely bisexual (Schizopepon), incomplete, epigynous, small or large,
mostly white or yellow, pentamerous.

Male flower-Produced in large numbers.Calyx-Sepals 5, gamosepalous, sepals pointed rarely petaloid,
campanulate, aestivation imbricate.Corolla:Petals 5, gamopetalous united at the base (Momordica) or
throughout (Cucurbita, Coccinea), polypetalous (Luffa, Lagenaria), may be campanulate, rotate, imbricate
or valvate aestivation.Androecium-Stamens 5, sometimes free or combined to form a central column,
anthers dithecousextrorse, dehiscence longitudinal or in curves; androecium may be modified in one of
thefollowing ways:

1. In Thaldiantha two pairs of stamens are closely approximated in the lower part of their

filaments and the fifth stands apart.

2. In Sincydium the pairs of stamens are united below; in Momordica, Citrullus, the

union of pairs of stamens is complete and apparently only three stamens are present.

3.InSicyos and Sechium the filaments unite to form a central column and the anthers are

very much curved.

4. In Cyclantliera the stamens are united into a central column with two ring like pollen

chambers running round the top. (Compare with the condition found in Phyllanthus

cyclanthera of the Euphorbiaceae).

m 5. In Fevillea a polyandrous condition is found with all the five stamens free and

alternating to the five free petals. This is a primitive genus.

Gynoecium-Reduced or rudimentary or absent.Female flower-They are fewer in number than the male
flowers.Calyx-Sepals 5, gamosepalous, calyx tube adnate to the ovary wall; imbricate
aestivation,superior.Corolla-Petals 5, gamopetalous, inserted on calyx tube; imbricate aestivation,
superior.Androecium-Staminodes 0, 3, 5.Gynoecium-Tricarpellary, syncarpous, ovary inferior, unilocular
with parietal placentation, the intruding placentae make the ovary to appear trilocular. In Luffa the ovary is
narrow and ultimately 3-4 celled and apparently of the axile type. In Sechium the ovary is unilocular with
only a single ovule; ovule bitegmic. Style stout and columnar and bears a forked stigma for each carpel.
The stigmas are commissural i.e. stand above the dividing lines between the carpels. This is explained by
assuming that each is a joint structure and composed of a branch of the stigmas of two adjacent
carpels.Fruit-Soft, fleshy, indehiscent and either a berry or pepo. Fruits sometimes very large in size
(Citrullus sp. Benincasa sp., Cucurbita sp.). In Ecballium the fruit is highly turgid when

ripe and dispersal is by explosion.Seed-a Exalbuminous, flattened, numerous, embryo straight, cotyledons
large and oily,Pollination= Entomophilous.

Floral formulae

Male flower : © ¢ K(5) C5 or (5) Ad or (5) GO

Female flower : @ 9 K (5) C5 or (5) A O or 3-5 staminodes G (3).
Floral diagram

Fig. 4.80 Cucurbitaceae (Coccihima{'érandis) : A. Portion of ;plant with male flower; 8. V.S. of a staminate
flower: C. Staminate flower after removal of corolla; D. V.S. of a pistillate flower; E. Pistil; F. T.S. of
ovary;




G. Fruit; H. Floral diagram of staminate flower. and |. Floral diagram of pistillate flower
Economic Importance of Cucurbitaceae
I. Vegetables and fruits
1. Cucumis melo (Hindi — Kharbuza)
The fruits are edible and a number of varieties are known. C. melo var. momordica is Phut and C.
melo var. utilissimus is Kakri. Cucumis sativus is Khira.
2. Citrullus vulgaris (Hindi — Tarbuz)
The fruits are large and ripen during summers; it is cultivated on the sandy beds of rivers. C.
vulgaris var. fistulosus is Tinda which is used as vegetable.
3. Cucurbita maxima is Kaddu
a Cucurbita maxima is Kaddu while C. pepo is Safed Kaddu; both are used as vegetable.
4. Benincasa heipida is Petha
Benincasa heipida is Petha. It is used as vegetable; PETHE-KI-MITHAI is also prepared
from the fruits.
9. Citrullus colocynthis — produces the alkaloid colocynthin from its fruits. The fruits and roots are used
against snake bite. The alkaloid is also used in other diseases.
10. Ecballium elatarium fruits produce elatertum of medicine which has narcotic effect and
useful in hydrophobia.
FABACEAE
Systematic position
Class : Dicotyledons
Sub class : Polypetalae
Series ;Calyciflorae
Order : Leguminales
Family : Fabaceae
Common plant
Pisum sativum
Cicer arietinum
Glycine max
Lathyrus odoratus
Crotolaria guncea
Arachis hypogea
Clitoria ternatea
Distribution
O It includes 600 genera and 1200 spices.
O It is recorded as the second largest family of dicotyledons.
(1 In India the family is represented by 1100 species and 100 genera.
00 The family divided into 3 sub-families
> Faboideae
o Caesalpinoideae
> Mimosoidceae
Habit
O Fabaceae a wide variety of habits
00 Generally the plants are herbs or shrubs (often climbing), very rarely trees.
[1 Sometimes they are hydrophytes and xerophytes.
[1 Most of the members are cultivated in the fields which yield pulses.
Stem-The stem is erect or climbing (it climbs by means of tendrils), branched, angular or cylindrical
herbaceous or woody.

Leaves



O The leaves are alternate, opposite or whorled, usually compound (digitate or pinnate), rarely even pinnate,
sometimes simple, stipulate, stipules occur at the base of the petiole (foliaceous and large), sometimes
secondary stipules arise at the base of individual leaflets.

Inflorescence
[0 The inflorescence is racemose, the spike, and the contracted raceme or head.

Flower
O The flowers are usually pedicellate, zygomorphic, irregular, hermaphrodite (bisexual), complete,
perigynous and papilionaceous.

Calyx

(1 It consists of sepals, gamosepalous (united sepals), equal or unequal, below the disc united in a tubular
calyx, 5 toothed or five lobed or bi-labiate (the two upper and three lower may unite). Aestivation ascending
imbricate.

Corolla

O The corolla consists of 5 petals (unequal), the uppermost and the largest petal is known as standard or
vexillum; the two free lateral petals are known as wings or alae; the anterior pair of united petals is termed
keel or carnia, this encloses stamens and pistil. They are of various colours. Venation is conspicuous.
Aestivation descending imbricate.

Androecium

[1 The stamens are usually 10, inserted on a disc below the calyx, they may be in two bundles (diadelphous)
of 9+1 or 5+5, or in one bundle (monadelphous), rarely free. Anthers bi-celled, dorsifixed, dehiscence by
longitudinal slits.

Fruit

O Legume or pod, splitting along both dorsal and ventral sutures. In some species it

is indehiscent lomentum.

Seeds

O Many, exalbuminous, usually flattened.

Pollination

[0 Entomophilous(insect pollinated)

Floral formula

- § K(5), € 142+ (2). A(9)+1, GL.

Floral diagram

Economic important

0 1. Food

o The fruits and seeds of Pisum sativum (H. Matar), Cicer arietinum, (H. Chana), Cajanus cajan (H. Arhar),
Dolichos lablab (H. Sem), Vigna aconitifolius (H. Moth), Phaseolus radiatus (H. Moong), P. mungo (H.
Urd), Lens esculenta (H. Masur), Glycine max (Soyabean) are used as vegetable and pulse. Soya-bean is
supposed to contain very high percentage of proteins comparable to meat.

O 2. Oil - The seeds of Arachis hypogea are pressed to obtain an oil. It is converted into vegetable ghee
after hydrogenation and largely used as substitute for pure ghee. The oil cake is used for cattle feeding.
Mungfali is also eaten after roasting.

(1 3. Medicine



o Glycyrrhiza glabra (H. Mulathi) is used in throat pain and cough. Physostigma venenosum has several
alkaloids and sometimes used as an eye ointment. The fresh juice of the leaves of Abrus precatorius (H.
Ratti) is said to remove spots of leucoderma. Its seeds have constant weight to an astonishing degree and
traditionally used by goldsmiths.

(1 4. Fibre

o Crotalaria juncea (Sunn Hemp or H-Swun) yields fibres, which are used for making rope, mat, coarse
canvas, sacks, nets etc. It is a blast fibre.

00 5. Timber

o Dalbergia sissoo (H. Shismam), D. latifalia (Indian rose wood) yield timber.

o Many plants viz., Lathyrus odoratus, Clitoria, Sesbania, Lupinus, Genista, Robinia, etc. are used as
ornamental plants in gardens.

MIMOSACEAE

Class : Dicotyledons

Sub class : Rosidae

Order : Fabales

Family : Fabaceae

Common plants Mimosaceae

1. Acacia

m Tree or shrub, with yellow flowers in rounded head.

2. Albizzia lebbek (Siris)

m Silk flower, flowers in round heads, flower fragrant.

3. Mimosa — H. Chuimui

m Leaves are highly sensitive, showing sleep movements.

4. Neptunia oleracea

m An aquatic, common water weed.

5. Parkia roxburghii

m A handsome avenue tree.

6. Prosopis

m Prickly tree or shrub. Prosopis spicigera- tree of arid regions; it is water indicator.

7. Entada

m A woody climber.

8. Xylia

m Iron wood tree.

Characters of Mimosaceae

m Trees or shrubs; leaves bipinnate and stipulate, stipule may be modified into spines;

inflorescence cymose head or head; flowers actinomorphic, hermaphrodite, small, tetra or pentamerous;
calyx and corolla valvate; petals connate below, stamens number varies from 4 (Mimosa) to many (Acacia,
Albizzia); carpel one; fruit legume.

Distribution of Mimosaceae

m [t is commonly called Acacia family. It includes 40 genera and 2000 species. The members are mostly
distributed in tropical and sub-tropical regions. In India it is represented by 12 genera and 90 species.
Vegetative characters

Habit

m Herbs (Mimosa), climbers (Entada) and trees (Acacia, Albizzia) and hydrophytic (Neptunia oleracea).
Many members are xerophytic (Acacia, Prosopis).

Root

m Tap, much branched and deep.

Stem

m Erect or climbing woody, branched angular or cylindrical, solid, covered with bark, some species yield
gum, sometimes spiny.

Leaf



m Cauline, ramal, alternate, pinnate or bipinnate compound, stipulate, stipules may be modified into spines,
petiolate; in some species of Acacia the petiole becomes flattened into a phyllode and leaflets fall down;
leaflets show movements (Mimosa, Neptunia).

Floral characters

Inflorescence- Cymose head (Acacia), spike or racemose (Dichrostachys and Prosopis).
Flower-Pedicellate or sub-sessile (Acacia) or sessile (Prosopis), bracteate, actinomorphic, hermaphrodite,
hypogynous, complete, tetra or pentamerous, small.

Calyx-Sepals 5, gamosepalous, valvate or imbricate (Parkia), green or petaloid (Acacia nilotica), inferior.
Corolla-Petals 5, polypetalous or gamopetalous (Acacia, Albizzia) valvate, inferior.

Androecium-4 free in Mimosa, 10 free in Prosopis, indefinite and monadelphous in Albizzia, filaments
long, anthers dithecous, pollen grains often in packets; often gland dotted to attract the insects.
Gynoecium-Monocarpellary, ovary superior, unilocular, marginal placentation, one or many ovules in a
carpel; style long and filiform; stigma minute and simple

Fruit-A legume or lomentum.

Seed-Non-endospermic.

Floral formula

Br @4 K (4) or (5) C4 or 5 Al0 or ot Gy

Floral diagram

Economic Importance of Mimosaceae

m The sub-family is not of much economic importance. A few members are however
useful.

m 1. Acacia catechu serves as a host for the lac insects. From this plant Katha is also
obtained. Gum arabic is obtained from the barks of A. nilotica (syn. A. arabica) and
A. Senegal. Saresh- a type of gum — is obtained from Albizzia lebbek.

m The flowers of A. decurrens var. dealbata yield a perfume.

m The bark of Acacia yields tannin which is used in leather tanning.

m 2. The wood of Adenanthera pavonina is powdered and yields a red dye.

m 3. Prosopis spicigera is grown as a hedge plant and also as a wind breaker in Rajasthan to
check spreading desert, acts as water indicator.

m 4. Durable timber is obtained from Acacia melanoxylon, Lysistoma sabicu, Xylia
dolabriformis (Iron wood).

CAESALPINIACEAE

Class : Dicotyledons

Sub class : Rosidae

Order : Fabales

Family : Fabaceae

Characters of Caesalpiniaceae

OOLeaves paripinnate; flowers zygomorphic; calyx and corolla 5, ascending imbricate; Bstamens 10 or
less, free, gynoecium monocarpellary with marginal placentation.

Vegetative characters



Habit

O0OIt shows great variation in habit i.e. may be trees (Delonix regia, Tamarindus, Caesalpinia, Saraca
indica, Cassia fistula, Bauhinia etc.), shrub, under shrubs or herbs. Besides this sometimes all types of
plants occur in same genus e.g. Cassia fistula — tree; C: sophera-shrub; C. occidentalis — undershrub and
C. tora — annual herb. Bauhinia vahlii is a woody climber.

Root

[00Tap and branched.

Stem

O OErect, woody, herbaceous or climbing, branched, glabrous or covered with prickles and

spines (Parkinsonia).

Leaf

OOAlternate, leaf base pulvinate, compound unipinnate (Cassia, Tamarindus), bipinnate (Delonix,
Caesalpinia) or rarely simple; stipulate. In Bauhinia the leaf is deeply emarginate — perhaps due to the fusion
of two leaflets.

Floral characters

Inflorescence

URacemose.

Flower

O OPedicellate, bracteate, zygomorphic, complete, hermaphrodite, slightly perigynous,

pentamerous.

Calyx

[10Sepals 5, free, or connate, odd sepal anterior, imbricate aestivation. In Tamarindus the

two posterior sepals are united.

Corolla

OOPetals 5, in Tamarindus there are only three posterior petals; in Copaifera saraca the petals are totally
reduced; free, ascending imbricate aestivation, posterior petal is innermost.

Androecium

O OStamens 10, free, reduction in number of stamens by the formation of staminodes. In

Cassia there are 3 posterior staminodes; Saraca 3-8 stamens; in Tamarindus only 3 stamens and
monadelphous; dithecous, introrse.

Gynoecium

[000Monocarpellary, ovary superior or slightly inferior, unilocular with marginal placentation, straight or
curved, hairy; style long; stigma simple.

Fruit

O OLegume and never breaks up into one seeded parts.

Seed

[1CJNon-endospermic.

Pollination

0 CJEntomophilous.

Floral formula:

Br,op YK5C5A 100r 7 + 3std, G.l.‘

Floral diagram

Economic important



1. Food

OOThe flower buds of Bauhinia variegata (H. Kachnar) are used as vegetable. The fruits of

Tamarindus indica (H. Imli) are spicy and used as condiment. L The seeds of Tamarindus indica yield
starch.

2. Medicine

[00The pulp of the pods of Cassia fistula (H. Amaltas) is utilised as a purgative. The barkdecoction

of Saraca indica (H. Ashoka) is used as a remedy for menstrual disorders.

3. Fibre

OOThe bark of Bauhinia vahlli yields fibres which are used in rope making.

4. Dye

O0OThe wood of Haematoxylon campechianum yields a dye called haematoxylin. This is an

anatomical stain.

5. Tanning

[00The pods of Caesalpinia coriaria, C. sappan and C. digyna are used in tanning leather.

6. Ornamentals

[00Delonix regia (syn. Poinciana regia) H — Gulmohar, Bauhinia sp., Caesalpinia pulcherrima, Colvillea
racemosa, Parkinsonia aculeata, Saraca indica etc., are grown in gardens and along the road side. Delonix
and Saraca are liked for their deep shade giving quality.

EUPHORBIACEAE

Systematic position
Class :Dicotyledons
Order :Malpighiales
Family :Euphorbiaceae
Genus :Phyllanthus
Species:emblica
Habit

The plants exhibit great variation in their habit. The plants may be herbs, shrubs or trees.[] Euphorbia hirta,
E. thymifolia, E. helioscopica, E. peplus; E. heterophylla, E. cristata, E. elegans; Phyllanthus niruri, Croton
sp., Acalypha indica, etc., are annual or prennial herbs. Euphorbia pulcherrima, E. splendens, are beautiful
shrubs. Pedilanthus sp., and Jatropha sp., are shrubby plants.

Euphorbia royleana, E. tirucalli are cactus like shrubs. Ricinus communis (Arand) is a tall annual] and
becomes small tree-like in habit. The tree habit of the family is represented by Phyllanthus emblica (Amla),
Bischofia javanica, Putranjiva roxburghii, etc. Have a brasiliensist (rubber tree) is a large tree 60 to 100
feet in height and 8-12 feet in girth.1 Species of the genus Tragia are tropical climbers.Majority of the
members of the family possess large laticiferous vessels which contain latex.

Root-Tap and branched. The roots of Manihot utilissima and M .palmata are tuberous and rich in(1 starch.
Stem- Herbaceous or woody, erect, very rarely climbing as in a tropical genus Tragia. The species of(]
Xylophylla possess flat phylloclades. The stem is branched. It may be cylindrical, angular or flat. Usually
solid but sometimes hollow as in Ricinus communis. Many stems possess spines. In many Euphorbia sp.,
the stems become fleshy, green and cactus like in appearance. Leaves- The form and position of leaves are
variable. The arrangement is usually alternate but sometimes(! they are opposite, e.g., Euphorbia hirta.

In Pedilanthus the leaves are arranged alternately in the lower region of the plant whereas opposite in the
floral region. Usually the leaves are simple but in some they are deeply incised, e.g., Ricinus, Manihot, etc.
InC1 many Euphorbias the leaves are scaly and caducous. In many cases the leaves are reduced to spines. In
few cases the leaves are replaced by cladodes. Usually the leaves are stipulate. In Jatropha sp., the stipules
become branched and hair-like. In many Euphorbia sp., they are represented by glands or spines.



Inflorescence
The inflorescence varies greatly. It may be racemose or cymose or sometimes complex. InCJ Euphorbia, the
inflorescence is peculiar but very characteristic and known as cyathium. This is the modification of a cyme.
In cyathium inflorescence a large number of male flowers each represented by a stalked stamen are found
arranged around a central stalked female flower. The female flower consists of gynoecium only. The
complete inflorescence looks like a single flower. The bracts are being arranged like al] perianth.
The bracts are so united that they form a cup-like structure. In Acalypha the inflorescence is catkin type. In
Croton and Ricinus the flowers are arranged in terminal racemes.
In Jatropha the inflorescence is of cymose type and the flowers are arranged in terminal cymes. In Manihot
the flowers are being arranged in racemes.
Flowers
The flowers are always unisexual. They are much reduced and may be monoecious or dioecious.[] In
Euphorbia sp., each male flower is represented by a single stalked stamen.
The flowers are incomplete, regular, actinomorphic and hypogynous. Perianth Occasionally, both calyx
and corolla are present, e.g., Croton. In majority of cases either calyx or(] corolla or both are absent. In
Ricinus communis the calyx is present and the corolla absent.
In Euphorbia hirta both the whorls of calyx and corolla are absent. In Jatropha sp., both calyx and corolla
are present.

In Acalypha indica the perianth is represented by four minute sepaloid petals. In Phyllanthus onlyL
sepaloid perianth is present.
In Euphorbia the perianth is absent or represented by tiny scaly structures. The perianth consists of 4 to 5
petals. The calyx and corolla consists of 4 or 5 sepals or petals.[] The aestivation is valvate or imbricate.
Androecium
The number of stamens varies from one to many. Usually as many stamens are present as many( ] perianth
leaves.
In Euphorbia a single stalked stamen represents a single male flower. In Ricinus sp., usually five stamens
are present, each stamen is profusely branched. In Jatropha they are arranged in two whorls each of five
stamens.
In many the stamens are indefinite, e.g., Croton. The filaments may be free or united. The anthers(] are
dithecous. They dehisce either by apical pores or by transverse or longitudinal slits.
Gynoecium
Three carpels (tricarpellary), syncarpous; the ovary is trilocular, superior. Each locule contains(’ one or
two pendulous, anatropous ovules. The placenation is axile.
Fruit
The fruits are schizocarpic. The fruits break violently and dehisce into one seeded cocci. Suchl] type of fruit
is termed regma which is characteristic of Ricinus sp.
The sp., of Trewia and Bridelia bear drupe fruit. Phyllanthus emblica also bears drupe.
Seeds
The seed is endospermic. In Ricinus caruncle develops from the micropyle. The cotyledons either(] lie flat
or are folded within the endosperm. Pollination 21 Usually entomophilous, i.e., through the agency of
insects. Only cross- pollination takes place. In[1 many species the leaves and bracts become coloured and
showy to attract the insects.
Economic Importance of the Family



1. Acalypha hispida; An ornamental herb.

2. Acalypha wilkesiana- (Eng. -Garden Acalypha). Grown in the gardens as ornamental plant.

3. Bischofia Javanica; (Eng.-Bishop wood; Verna-Bhillar)- A tree. A red dye, obtained from the bark is
used to stain rattan baskets.

The bark is also used as a tan. The wood is extremely resistant to water effect and therefore, largely utilized
in the construction of bridges and boats.

4. Bridelia retusa, (Verna.-Ekdania, Khaja)-A tree, found in Rajasthan, Madhya Pradesh, the[] Western
Peninsula and Bihar.

The bark is used for tanning. The fruits are edible and the leaves are used as fodder.

5. Cleistanthus collinus (Verna-Garari)-A small tree, found in Tamil Nadu, Malabar, Bihar,1 Orissa and
Madhya Pradesh. The bark, leaves and green fruits are used as tan.

6. Croton aromaticus; An aromatic shrub or small tree found in Andhra Pradesh produces a gumresin, which
is used in varnishes.

7. Croton oblongifolius; (Verna-Chuka) — The seeds yield an oil, which is used as a purgative and’ ! also as
an insecticide.

8. Croton tigllium; (Verna-Jamalgota)-A shrub or small tree, native of South East Asia but(] cultivated in
Assam, Bengal and South India. The seeds are the source of croton oil, which is used as a purgative.

9. Baccaurea courtallensis: Found in the Western Ghats. The fruits are edible.[]

10. Baccaurea sapida- (Verna-Lathua)-Found in Assam, Bengal and Andaman Islands The fruitsC are
edible.

11. Chrozophora prostrata (Verna-Subali)-The root ashes are given to the children for coughlJ treatment.
The seeds are used as a purgative.

12. Baliospermum montanum; (Verna-Danti)-The seeds are used as a strong purgative. The ] decoction of
leaves is used in asthma.

13. Euphorbia milii; Syn. E. splendens; A small climbing shrub; native of Madagascar. Grown in[J gardens
as ornamental.

14. Euphorbia pulcherrima-, Syn. Poinsettia pulcherrima’, Eng-Poinsettia; (Verna.-Lal Patta)-Al] shrub,
native of Central America. Grown as an ornamental.

15. Euphorbia tirucalli, (Verna.-Tohar)-Succulent spineless small tree, native of Africa. The roots ] are used
for poisoning fish and birds.

16. Euphorbia hirta, (Verna.-Dudhi)-The plant is of medicinal value and used in many diseases! | of children
and adults.

17. Euphorbia thymifolia; (Verna.-Chhoti dudhi)-The juice of leaves and seeds is used as a strongl’
purgative. The juice is also used for remedy of ringworms and other skin diseases. It is an antidote for snake
bite. 22

18. Euphorbia royleana- (Verna.-Thar)-The plants are used in hedges. The latex is used] medicinally in
several ways.

19. Euphorbia antiqguorum- (Verna.-Tridhara, sehund)-The decoction of stem is used as a remedyL of gout.
The juice of the plant is also used as a strong purgative. The root bark is also used as a purgative.

20. Glochidion zeylanicum; (Verna.-Kumbalm)-The leaves are used in itches.[

21. Securinega leucopyrus; Syn. Phyllanthus leucopyrus; Flueggea leucopyrus (Verna.- Hartho)-[1 A large
shrub or small tree, found in Uttar Pradesh, the Punjab, Maharashtra and Tamil Nadu. The fruits are edible.



22. Jatropha curcas; (Verna.-Safed arand)- A shrub or small tree, native of tropical America, nowl!
cultivated in Travancore.

The seed oil is used for manufacturing candles, soaps and as a lubricant and for illumination. The seed oil
is also used as a purgative. The tender shoots are edible. Oil also used as biodiesel.

23. Jatropha gossypifolia; (Verna.-Bherenda)-A shrub, native of Brazil. Cultivated as anCJ ornamental. 24.
Jatropha hastate; Grown as an ornamental for bright crimson flowers.[]

25. Jatropha padagrica; (Eng.-Gouty stemmed Jatropha)-Native of Panama, grown for its bright’ scarlet
flowers.

26. Manihot esculenta; Syn. M. utilissima; (Eng.-Tapioca; Verna.-Sakarkand)- A small shrub;[ | native of
Brazil, now grown in Kerala, Tamil Nadu and Karnataka.

The tapioca tubers are exploited commercially to obtain starch, sago, semolina and flour.

27. Hevea brasiliensis; (Eng.-Para rubber; Verna.-Rabar) — A tall tree; native of Brazil;, now( grown in
Kerala, Tamil Nadu, Karnataka and North-Eastern Assam.

The latex, obtained from the bark of the tree, is used for preparing rubber, which is used for tyres and inner
tubes, waterproof clothing and various electrical goods.

28. Mallotus philippinensis- (Verna.-Kamala, Rauni)-A small tree found commonly in Bengal,[] Madhya
Pradesh, Maharashtra and Orissa.

The red dye, obtained from the surface of the fruits, is used for dyeing silk. Also used medicinally to remove
thread worms and Ascaris.

29. Cicca acida; Syn. Phyllanthus acidus; Averrhoa acida; (Eng.-Stargoose-berry; Verna.-[1 Hariphul)- A
small tree cultivated in Bengal and South India for the edible fruits. The leaves are edible. The bark is used
as a tan.

30. Emblica officinalis; Syn. Phyllanthus emblica; (Verna.-Amla)- A common tree with ediblel fruits. The
fruits are also used in diarrhoea and dysentery.

The bark, leaves and fruits are used in dyeing and tanning. The wood yields excellent charcoal. The pickle
or jam is prepared from the fruits. The fruit is very rich in vitamin C.

31. Emblica fischeri; A small tree, found in South India. The fruits are edible.[]

32. Kiganelia reticulate; Syn. Phyllanthus reticulatus; (Verna.-Panjoli)- A climbing shrub,.J commonly
found in Northern India. The roots are the source of a red dye.

33. Putranjiva roxburgii, (Eng.-Child-life tree; Verna.-Putranjiva)-A tall tree, grown as a hedgel] plant. The
nuts are made in rosaries. The Hindus believe that if the hard stones of the fruits are made into rosaries and
placed around the neck of the children, they keep them in good health. The seeds also yield an oil which is
used for burning purposes. The leaves are used as fodder. Thel] leaves, fruits and stone of fruits are used
medicinally in colds and fevers.

34. Ricinus communis; (Eng.-castor-oil plant; Verna-Arand)-A small tree, cultivated chiefly in(1 Andhra
Pradesh, Maharashtra, Karnataka and Orissa. The seeds are the source of castor-oil, which is mainly used
as a lubricant and as a purgative. It is also used for transparent soap, textile soap, typewriter-inks, perfume,
aromatics, varnishes and paints. The seed cake is used as a fertilizer.The writing and printing-papers are
made of the wood-pulp.[] Castor stems are used for strawboards and cheap wrappings.

35. Tragia involucrate; (Verna-Barhaita)-The roots and fruits are used medicinally.

POACEAE
Systematic position



Class : Monocotyledons
Order: Cyperales
Family: Poaceae
Genus: Oryza

Species: sativa

Distribution of Poaceae
The family is commonly known as grass family. It is one of the largest among the angiospermic families.
It consists of 620 genera and 6,000 species. The members are cosmopolitan in distribution. The plants
represent all the 3 ecological types as hydrophytes, xerophytes and mesophytes. In India it is represented
by 850 species. Characters of Poaceae Mostly herbs, stem jointed, fistular, cylindrical; leaves simple,
alternate, sheathing, sheath open,ligulate; inflorescence compound spike; flowers zygomorphic,
hypogynous, protected by palea; perianth represented by 2 or 3 minute scales (lodicules); stamens 3,
versatile; carpel one, style 2 or 3, stigmas feathery, basal placentation; fruit caryopsis; testa fused with
pericarp.

Vegetative characters Habit:

Herbs, annuals or perennials or shrubs, sometimes tree like (Bambusa, Dendrocalamus).[1 Root
Adventitious, fibrous, branched, fascicled or stilt (Zea mays).Stem Underground rhizome in all perennial
grasses, cylindrical, culm with conspicuous nodes and internodes, internodes hollow, herbaceous or woody,
glabrous or glaucous, vegetative shoots are arising from the base of aerial stem or from underground stems
are called tillers. Leaves Alternate, simple, distichous, exstipulate, sessile, ligulate (absent in Echinochloa),
leaf baseforming tubular sheath, sheath open, surrounding internode incompletely, ligule is present at the
junction of the lamina and sheath, entire, hairy or rough, linear, parallel venation.

Floral characters Inflorescence Compound spike which may be sessile or stalked. Each unit of
inflorescence is spikelet. Thell spikelets are arranged in various ways on the main axis called rachilla. A
compound inflorescence may be spike of spikelets (Triticum), panicle of spikelets (Avena). The spikelet
consists of a short axis called rachilla on which 1 to many sessile or short stalkedJ flowers are borne. The
florets may be arranged in alternate or opposite manner on the central axis. At the base of rachilla two
sterile scales, called glumes, are present. The glumes are placed onell above the other on opposite sides.
The lower one is called first glume and the upper is called second glume. Both the glumes are boat shaped
and sterile. Above the glumes a series of florets are present. Each floret has an inferior palea or lemma and
above it a superior palea. The lemma frequently bears a long, stiff hair called awn.

Flower
Bracteate and bracteolate, sessile, incomplete, hermaphrodite, or unisexual (Zea mays), irregular,’]
zygomorphic, hypogynous, cyclic. Perianth Represented by membranous scales called the lodicules.

The lodicules are situated above andl] opposite the superior palea or may be absent, or many (Ochlandra),
or2or3.

Androecium

Usually stamens 3, rarely 6 (Bambusa, Oryza) and one in various species of Anrostis, Lepturus;C
polyandrous, filaments long, anthers dithecous, versatile, linear, extrorse; pollen grains dry.

Gynoecium

24 Monocarpellary, according to some authors carpels 3, of which 2 are abortive, ovary superior,[’
unilocular with single ovule, basal placentation, style short or absent; stigmas two feathery or papillate and
branched.



Fruit

Caryopsis (achene with pericarp completely united or adherent with the seed coat) or rarely nutll
(Dendrocalamus) or berry (Bambusa).

Seed

Endospermic and containing a single cotyledon called scutellum, which is shield shaped and pressed
against the endosperm.

Economic Importance of Poaceae

The family stands first and foremost in respect of economic importance in whole of Angiosperms.

The staple food grains of the population of world is derived from Oryza sativa (Rice) and Triticum aestivum
(Wheat).

They are cultivated from time immemorial. Food Triticum aestivum, Oryza sativa, Zea mays (Maize),
Hordeum vulgare (Jaw), Sorghum vulgarel/(Jowar), Avena sativa (Oats), Pennisetum typhoides (Bajra) are
cultivated for cereals and food grains.

Fooder

Many grasses as Cynodon dactylon, Panicum, Cymbopogon, Agrostis, Poa are grown for fodder.Sugar
Saccharum officinarum (Sugarcane; H. Ganna) is cultivated for gur and sugar.C

Building material

Some species of Bambusa e.g. B. tulda, B. vulgaris are used for scaffolding, thatching huts etc.1 Furniture
Species of Dendrocalamus (H. Bent), Arundinaria, Melocalamus are used in manufacture of furniture.
Aromatic grasses

Many grasses yield scented oils which are used in perfumery viz. Vetiveria zizanioides (H. Khus[l khus)
yields vetiver oil from the roots.

The roots are also woven into curtains. Andropogon odoratus (Ginger grass), Cymbopogon citratus (Lemon
grass), Cymbopogon martini (Geranium grass), Cymbopogon jawarancusa etc. also yield oil.

Medicinal

Phragmites karka, Cymbopogon schoenanthus etc. are medicinal.CJ Secale cereale is cultivated for infection
of its inflorescence by Claviceps purpurea forl] production of Ergot and for extraction of ergotine.
Ergotine is an excellent remedy for uterine contraction. Paper It is manufactured from certain species of
grasses and bamboos.[]

Ornamental

25 Rhynchelytrum repens, Cortaderia selloana and some species of the tribe Bambusoideae arel!
ornamentals. Besides these a number of grasses are grown to form fine lawns, play grounds etc.[’

UNIT- I

Explain the s tructure of T.S of mature anther with a neat labeled diagram?

Stamens are the male reproductive units of a flower. Each stamen is composed of an anther arid filament;
Anther consists of microsporangium, pollen grains which contribute male gametes are formed within
microsporangium present in anther.A typical anther consists of column of sterile tissue called connective
and anther lobes on either side. Each anther lobe bears two pollen chambers also called microsporangia.
Thus, dithecous anther consists of 4 pollen sacs or micro sporanga. Anther at maturity consists of
sporogenous tissue covered by anther wall which is made up of epidermis, endothelium, middle layer and
tapetum.

Epidermis: It is the outmost covering of the anther wall, single layered and protective in function.
Endothelium: It lies below the epidermis. The cells of the endothelium are radially elongated with fibrous
thickenings.



These cells are hygroscopic and when they lose water they contract as a result anther dehisces which helps
in the release of pollen grains.

Middle layers: Two to three layered cells present below the endothelium constitute middle layers. The
cells of the middle layer store food materials.

Tapetum: Itis the inner most layer of the anther wall and surrounds the sporogenous tissue. The cells have
dense cytoplasm and prominent nuclei.

Structure of Ovule

The ovule is a multicellular oval-shaped structure which originates from the placenta and lies inside the
chamber of the ovary. Each chamber may consist of one or more number of ovules. A fully mature ovule
consists of the stalk or funicle and the body. One end of the funicle is attached to the placenta and the other
end to the body of the ovule. The point of attachment of the funicle with the body is called hilum. Funicle
sometimes extends up to the base of the ovule and the ridge thus formed is called raphe. The body of the
ovule shows two ends — the basal end often called, the chalazaand the upper end, known as
the micropylar end. The main body of the ovule is covered with one or two envelops called
the integument. In some cases, however, there may be a single layer of integument. Accordingly, the
ovules are referred to asunitegmic or bitegmic. The integument gives protection to the internal
tissues. There is a small opening at the apex of the integument called the micropyle. The integument
encloses a large parenchymatous tissue known as nucellus. In center of the nucellus is situated the female
gametophyte known as embryo-sac which develops from a functional megaspore. The embryo sac bears
the embryo and is the most important part of the ovule.
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Embryo Sac

The embryo sac is the female gametophyte. It is oval in shape and lies within the nucellus of the ovule. A
mature embryo sac consists of a group of three cells at each of its ends, lying on either side of a big centrally
placed nucleus. These cells are thin- walled. The group of three cells lying towards the micropylar end is
called the egg-apparatus. The central cell of the egg-apparatus is known as the egg cell or ovum. It forms
the female gamete. The other two cells, one on each side of the egg cell are called the synergids. The egg
cell after fusion with the male gamete, i.e, after fertilization, gives rise to the embryo. The synergids are
nonfunctional, short-lived and disintegrate soon after the fertilization. The group of three cells at the chalazal
end and lying opposite to the egg-apparatus are called the antipodal cells. The antipodal cells have no
definite function and they disintegrate after the fertilization of the ovum. The large nucleus lying somewhat
at the center of the embryo sac is called the definitive nucleus. It is the fused product of the
two polar nuclei, contributed one each from the two poles or ends of the embryo- sac. The definitive
nucleus fuses with one of the male gametes to form the endosperm nucleus, which later grows into the
endosperm of the seed.

evelopment of the embryo sac: The embryo sac develops from a single cell of the hypodermal layer of the
nucleus. This cell is called the embryo—sac mother cell or megaspore mother cell. It divides twice to
produce a row of four embryo- sac cells or megaspores. The upper three cells degenerate and form dark
patches or caps, while the lowermost cell becomes functional. It enlarges to form the embryo sac. The
nucleus of the embryo sac divides thrice to give rise to eight nuclei, four at each end or pole. One nucleus
from each pole migrates to the center of the embryo- sac. These are called the polar nuclei, which fuse



together to give rise to definitive nucleus or fusion nucleus. The other six nuclei three at each pole enclose
themselves by their walls and form the egg-apparatus and antipodal cells.

Types of Ovules

Ovules have been separated into six categories based on their shapes:

(i)Orthotropous or Atropus : The micropyle, chalaza and funicle are in straight line. This is most primitive
type of ovules. e.g., Betel, Piper, Polygonum.

(ii) Anatropous : The body of the ovule is completely inverted (turn at 1800 angle ) so that micropyle and
hilum come to lie very close to each other. e.g., 82% of angiosperm families.

(iii) Hemianatropous : Ovule turns at 900 angle upon the funicle or body of ovule is at right angle to the
funicle e.g., Ranunculus.

(iv)Campylotropous : Ovule is circled more or less at right angle to funicle. Micropylar end is bent down
slightly. e.g., in members of Leguminosae and Cruciferae.

(V) Amphitropous : Curvature of ovule is more and embryo sac becomes curved like horse shoe e.g.
Lemna, Poppy, Alisma.

(vi) Circinotropous : The ovule is initially orthotropous but becomes anatropous due to unilateral growth
of funicle. The growth continues till the ovule once again becomes orthotropous. As a result funicle
completely surrounds the body of the ovule e.g., Opuntia
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What is Double Fertilization?

Double fertilization is a chief trait of flowering plants. In the phenomena, one female gamete unites with
two male gametes. One of the male gametes fertilizes the egg resulting in the formation of a zygote and the
other unites with 2 polar nuclei for the formation of an endosperm.Double fertilization provides stimulus
to the plant resulting in the ovarian development to fruits and development of ovules into the seed. When
the haploid male gametes and female gametes fuse, the diploid state of the plant is restored. Double
Fertilization in Angiosperms

Angiosperms are flower-bearing plants and are the most diverse group of terrestrial plants. The flowers
form the reproductive part of angiosperms with separate male and female reproductive organs. Each
contains gametes — sperm and egg cells, respectively.Pollination helps the pollen grains to reach stigma via
style. The two sperm cells enter the ovule-synergid cell. This proceeds to fertilization.In
angiosperms, fertilization results in two structures, namely, zygote and endosperm, hence the name “double
fertilization.”Double fertilization is a complex process where out of two sperm cells, one fuses with the egg
cell and the other fuses with two polar nuclei which resultin a diploid (2n) zygote and a triploid (3n) primary
endosperm nucleus (PEN) respectively.Since endosperm is a product of the fusion of three haploid nuclei,
it is called triple fusion. Eventually, the primary endosperm nucleus develops into the primary endosperm

cell (PEC) and then into the endos:erm .The z¥= ote becomes an embryo after numerous cell divisions.
DOUBLE FERTILIZATION 1=

Development of Embryo in Angiosperms

Once fertilization is completed, embryonic development starts and no more sperm can enter the ovary. The
fertilized ovule develops into a seed, and ovary tissues develop as fleshy fruit which encloses the seed.After
fertilization, the zygote divides into the upper terminal cell and lower basal cell. The basal cell develops


https://byjus.com/biology/fertilization-in-plants/
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into suspensor, which helps in the transport of nutrients to the growing embryo. The terminal cell develops
into pro-embryo.

Stages of Embryonic Development In Angiosperms

In the first stage of development, the terminal cell divides forming a globular pro-embryo. The basal cell
also divides, into a suspensor.The developing embryo attains a heart shape due to the presence of
cotyledons.The growing embryo gets crowded and begins to bend.The embryo fills the seed completely.
Development of dicot embryo

The zygote divides transversely to form a two-celled proembryo. The cell towards the micropyle is known

as the basal cell and the other is known as terminal cell. The basalcell undergoes several transverse divisions
to form a long suspensor. The terminal cell divides longitudinally twice to form four cells. This four-celled
stage of terminal cell is called quadrant stage.

The four cells of the quadrant stage now divide transversely to form an octant stage of eight cells arranged
in two tiers of four cells. The lower tier gives rise to the stem tip and cotyledons, while the upper tier is
meant for the formation of hypocotyl.This is followed by periclinal division in the octant cells to give rise
to eight outer cells, and eight inner cells. The eight outer cells form the dermatogen, which divide
anticlinally and develop into the epidermis. The inner cells form the periblem and plerome. The cortex
develops from the periblem and stele from the plerome. The basal cell divides several times to form a long
suspensor of six to ten cells. The lowermost cell of the suspensor nearest to the developing embryo is known
as hypophysis. The hypophysis, by repeated divisions, gives rise to root cap, epidermis and cortex of the
root. Further enlargement of hypocotyl and cotyledon result in a curvature of the cotyledons. The embryo
at this stage appear as a horse-shoe shaped structure. In the mature embryo, the stem tip is terminal and the
two cotyledons occupy the lateral position.
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UNIT-1V

Importance of Horticulture

Horticulture can play a very important role in our daily lives. The sad part is that most of us do not know
this and we take things for granted. We never think about the hard work that the farmers of this country
do, just to give us the food we eat in huge quantities every day. That is why this article brings to light
how important horticulture is and so this will educate you on the same so that if someone asks you what
horticulture is, you will be ready to answer it as you will have a lot of information about it. These are
the 6 main important things how horticulture affects and helps us in our daily lives whether we think
about it or not.

Diet

When we look at a human nutrition point of view currently, the field of horticulture is the most important
to our daily living. Many of the crops related to horticulture and their products find a place in our meals
as well as diet. The human body requires a lot of vitamins, minerals, proteins, and energy for our health.
All these are supplied by horticultural crops because it comes from fruits and vegetables. These are the
chief sources of vitamins that our body requires like minerals, carbohydrates, fats, proteins, and so on.



They are also recognized as protective foods and that is why they play an important role as it is necessary
for the maintenance of human health.

Entertainment

People might be wondering how it is important for entertainment, but actually it is. Roaming around in
the gardens and orchards or other places that are well planted with flowerbeds gives you a nice feeling.
It also gives the person a feeling of mental peace and a will to do stuff. One always enjoys fresh air and
the natural beauty of things as they shed away any kind of tension by making him/her fresh. That is how
horticulture helps.

Medicinal purposes

It can be important for medicinal purposes as well because the parts of a plant like a stem, leaf, flowers,
roots, and even the fruits of horticulture plants can be used to make drugs, chemicals, insecticides,
germicides, and the likes. For example, the rose water we used to use daily can actually cure eye
ailments. Similarly, there is a particular saffron that is an important ingredient in many medicines.
Papain is also a well used digestive enzyme and a citrus fruit like sweet lime can be used for a liver
ailment as well

Environment

The importance of horticulture in improving the productivity of land is very important as it generates
employment and this leads to more workers and more the plants the better it is for the environment.
Also improving the economic conditions of the farmers and entrepreneurs goes a long way, enhancing
exports and, above all, providing nutritional security to the people of our country and it is now widely
acknowledged. So basically horticulture helps in keeping the environment clean and green.

Aesthetic value

Aesthetic value and religious importance is the unique factor distinguishing it from agricultural
activities. Mango leaves, wood, banana leaves, etc. are used for religious functions. Similarly, the
plantation of the banana tree in the courtyard or tulsi plantation is said to bring prosperity as per the
Hindu religion.

Economic value

Increased production possible in comparison to other Agronomical crops because trees have a longer
life and their production increases with the advancement in age provided proper care is taken. Similarly,
vegetables can also be grown 3 to 4 times each year giving the products all the time they are grown.
More crops can be grown from the same piece of land.

Scope of Horticulture

The Scope and business in horticulture especially in India are increasing day by day. Floriculture is
another part of horticulture which we will not get into too much in detail as it is another topic but we
will give you a gist of it. It is actually a process of cultivation of mainly flowering plants which are used
as a raw material for the making of perfumes that we humans so heavily use when we go out and also
cosmetics for that matter in the pharmaceutical industry. Growing vegetables is also another important
part of horticulture that people often neglect, which is very much demanding in India. It is said that in
our country, horticulturists are high in demand as well as in various industries.

There are a great number of job opportunities that are available for the people of India after completion
of this study. This is because, after a lot of research in this field, people have found out that, once this
is done, one can become a horticulturist, floriculturist, pomologist, and any of the following as long as
it is in the same field. In Horticulture, one can also become a scientist as they can go for research studies.
Under this course, you can find a lot of jobs regarding the same in productions and sales, public gardens,
marketing, research, and development also called R&D, landscape design, agricultural engineering, pest
management, and so on.

Cutting (plant)

A plant cutting is a piece of a plant that is used in horticulture for vegetative (asexual) propagation. A piece
of the stem or root of the source plant is placed in a suitable medium such as moist soil. If the conditions
are suitable, the plant piece will begin to grow as a new plant independent of the parent, a process known
as striking. A stem cutting produces new roots, and a root cutting produces new stems. Some plants can be
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grown from leaf pieces, called leaf cuttings, which produce both stems and roots. The scions used

in grafting are also called cuttings.!!

Propagating plants from cuttings is an ancient form of cloning.”2&! There are several advantages of cuttings,

mainly that the produced offspring are practically clones of their parent plants. If a plant has favorable traits,

it can continue to pass down its advantageous genetic information to its offspring. This is especially
economically advantageous as it allows commercial growers to clone a certain plant to ensure consistency
throughout their crops.!

Types

Many vegetative parts of a plant can be used. The most common methods are:

e Stem cuttings, in which a piece of stem is part buried in the soil, including at least one leaf node. The
cutting is able to produce new roots, usually at the node.

e Root cuttings, in which a section of root is buried just below the soil surface, and produces new
shoots. ]

e Scion cuttings are used in grafting.

e Leaf cuttings, in which a leaf is placed on moist soil. These have to develop both new stems and new
roots. Some leaves will produce one plant at the base of the leaf. In some species, multiple new plants
can be produced at many places on one leaf, and these can be induced by cutting the leaf veins. The
leaf cutting method is commonly used with succulents.

Although some species, such as willow, blackberry and pelargoniums can be grown simply by placing a
cutting into moist ground, the majority of species require more attention. Most species require humid, warm,
partially shaded conditions to strike, thus requiring the approach above to be followed. Particularly difficult
species may need cool air above and warm soil. In addition, with many more difficult cuttings, one should
use the type of cutting that has the most chance of success with that particular plant species.

Layering

Layering has evolved as a common means of vegetative propagation of numerous species in natural
environments. Layering is also utilized by horticulturists to propagate desirable plants.Natural layering
typically occurs when a branch touches the ground, whereupon it produces adventitious roots. At a later
stage the connection with the parent plant is severed and a new plant is produced as a result. The horticultural
layering process typically involves wounding the target region to expose the inner stem and optionally
applying rooting compounds. In ground layering or simple layering, the stem is bent down and the target
region is buried in the soil. This is done in plant nurseries in imitation of natural layering by many plants
such as brambles which bow over and touch the tip on the ground, at which point it grows roots and, when
separated, can continue as a separate plant. In either case, the rooting process may take from several weeks
to a year.Layering is more complicated than taking cuttings, but has the advantage that the propagated
portion continues to receive water and nutrients from the parent plant while it is forming roots. This is
important for plants that form roots slowly, or for propagating large pieces. Layering is used quite frequently
in the propagation of bonsai; it is also used as a technique for both creating new roots and improving
existing roots.

Ground layering

Ground layering or mound layering is the typical propagation technique for the popular Malling-
Merton series of clonal apple root stocks, in which the original plants are set in the ground with the stem
nearly horizontal, which forces side buds to grow upward!citation needed] - After these are started, the original
stem is buried up to some distance from the tip. At the end of the growing season, the side branches will
have rooted, and can be separated while the plant is dormant. Some of these will be used
for grafting rootstocks, and some can be reused in the nursery for the next growing season's crop.

Ground layering is used in the formation of visible surface roots, known as "nebari", on bonsai trees.
Air layering
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In air layering (or marcotting), the target region is wounded by an upward 4 cm long cut and held open
with a toothpick or similar, or a strip of bark is removed. The wound is then surrounded with a lump of
moisture-retaining medium such as sphagnum maoss or cloth, and then further surrounded by a moisture
barrier such as plastic film tied or taped to the branch to prevent moisture loss or ingress of too much water
as from rain. Rooting hormone is often applied to the wound to encourage root growth. When sufficient
roots have grown from the wound, the stem is removed from the parent plant and planted, taking care to
shield it from too much sun and to protect it from drying out until the new roots take hold. It can take the
layer from a few weeks to one or more growing seasons to produce sufficient roots; this is largely dependent
on the plant species and the vigor of the parent plant.

Grafting

Grafting or graftage™ is a horticultural technique whereby tissues of plants are joined so as to continue
their growth together. The upper part of the combined plant is called the scion (/'saron/) while the lower
part is called the rootstock. The success of this joining requires that the vascular tissues grow together and
such joining is called inosculation. The technique is most commonly used in asexual propagation of
commercially grown plants for the horticultural and agricultural trades.

In most cases, one plant is selected for its roots and this is called the stock or rootstock. The other plant is
selected for its stems, leaves, flowers, or fruits and is called the scion or cion.!X! The scion contains the
desired genes to be duplicated in future production by the stock/scion plant.

In stem grafting, a common grafting method, a shoot of a selected, desired plant cultivar is grafted onto the
stock of another type. In another common form called bud grafting, a dormant side bud is grafted onto the
stem of another stock plant, and when it has inosculated successfully, it is encouraged to grow
by pruning off the stem of the stock plant just above the newly grafted bud.

For successful grafting to take place, the vascular cambium tissues of the stock and scion plants must be
placed in contact with each other. Both tissues must be kept alive until the graft has "taken", usually a period
of a few weeks. Successful grafting only requires that a vascular connection take place between the grafted
tissues. Research conducted in Arabidopsis thaliana hypocotyls have shown that the connection
of phloem takes place after 3 days of initial grafting, whereas the connection of xylem can take up to 7
days.® Joints formed by grafting are not as strong as naturally formed joints, so a physical weak point often
still occurs at the graft because only the newly formed tissues inosculate with each other. The existing
structural tissue (or wood) of the stock plant does not fuse.

Techniques

Approach -grafting or inarching is used to join together plants that are otherwise difficult to join. The
plants are grown close together, and then joined so that each plant has roots below and growth above the
point of union.!® Both scion and stock retain their respective parents that may or may not be removed

Cleft- In cleft grafting a small cut is made in the stock and then the pointed end of the scion is inserted in
the stock. This is best done in the early spring and is useful for joining a thin scion about 1 cm (34 in)
diameter to a thicker branch or stock. It is best if the former has 3-5 buds and the latter is 2-7 cm (34—
2 %, in) in diameter. The branch or stock should be split carefully down the middle to form a cleft about
3 cm (1 % in) deep. If it is a branch that is not vertical then the cleft should be cut horizontally. The end of
the scion should be cut cleanly to a long shallow wedge, preferably with a single cut for each wedge surface,
and not whittled. A third cut may be made across the end of the wedge to make it straight across.
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Slide the wedge into the cleft so that it is at the edge of the stock and the centre of the wedge faces are
against the cambium layer between the bark and the wood. It is preferable if a second scion is inserted in a
similar way into the other side of the cleft. This helps to seal off the cleft. Tape around the top of the stock
to hold the scion in place and cover with grafting wax or sealing compound. This stops the cambium layers
from drying out and also prevents the ingress of water into the cleft.

In whip grafting the scion and the stock are cut slanting and then joined. The grafted point is then bound
with tape and covered with a soft sealant to prevent dehydration and infection by germs. The common
variation is a whip and tongue graft, which is considered the most difficult to master but has the highest
rate of success as it offers the most cambium contact between the scion and the stock. It is the most common
graft used in preparing commercial fruit trees. It is generally used with stock less than 1.25 cm (Y% in)
diameter, with the ideal diameter closer to 1 cm (%4 in) and the scion should be of roughly the same diameter
as the stock.

The stock is cut through on one side only at a shallow angle with a sharp knife. (If the stock is a branch and
not the main trunk of the rootstock then the cut surface should face outward from the centre of the tree.)
The scion is similarly sliced through at an equal angle starting just below a bud, so that the bud is at the top
of the cut and on the other side than the cut face.

In the whip and tongue variation, a notch is cut downwards into the sliced face of the stock and a similar
cut upwards into the face of the scion cut. These act as the tongues and it requires some skill to make the
cuts so that the scion and the stock marry up neatly. The elongated "Z" shape adds strength, removing the
need for a companion rod in the first season (see illustration).

The joint is then taped around and treated with tree-sealing compound or grafting wax. A whip graft without
a tongue is less stable and may need added support.

Stub grafting is a technique that requires less stock than cleft grafting, and retains the shape of a tree. Also
scions are generally of 6-8 buds in this process.An incision is made into the branch 1 cm (34 in) long, then
the scion is wedged and forced into the branch. The scion should be at an angle of at most 35° to the parent
tree so that the crotch remains strong. The graft is covered with grafting compound.

After the graft has taken, the branch is removed and treated a few centimeters above the graft, to be fully
removed when the graft is strong.

Veneer

Veneer grafting, or inlay grafting, is a method used for stock larger than 3 cm (1 % in) in diameter. The
scion is recommended to be about as thick as a pencil. Clefts are made of the same size as the scion on the
side of the branch, not on top. The scion end is shaped as a wedge, inserted, and wrapped with tape to the
scaffolding branches to give it more strength.

Bonsai

Introduction:

Bonsai is an old Chinese art of growing trees. Bonsai comprises a tree or shrub planted in a small container
for developing as a miniature plant showing the general appearance of that plant species found in nature. It
differs from a pot plant where the foliage and flowers are important whereas for Bonsai the appearance of
the plant in a miniature form is to be maintained for many years.

Plants Suitable for Bonsai



Although the suitability of plants for developing as Bonsai has been tested in Japan consisting mostly of

sub-tropical and temperate plants, very little information is available on the response to the growth of

tropical trees in miniature form. Late Shri V.P.Agnigotri has developed a technique of dwarfing trees

commonly found in this country. The suitability of a tree to develop as a Bonsai depends on various factors:
1. The plant should be hardy so that it can be grown in a small container for many years with all the

manifestations of a living plants.

The trunk should develop a natural appearance.

The branches should grow in natural but artistic forms.

The growth of the plant and its appearance should be harmonious with the shape of the container.
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The miniature plant showing seasonal variation in growth and flowering is a very interesting feature
of Bonsai.

6. Plants of low height and strong trunk, thick at the base are good as Bonsai.
Among the tropical trees that thrive well as miniature plants are: Adonsonta digitata, Anthocephalus
cadomba, Bombax malabaricu, Adenanthera pavonina, Brassia actinophylla, Butea frondosa, Caesalpinia
coriaria, Erythrina cristagalli, E.parcelli, Ficus religiosa, F.bengalensis, Jacaranda mimosaefolia, Kigelia
pinnata, Putranjiva roxburghii, Tabebuia chrysantha and Thespesia populnea.
Several tall shrubs like Adenium obesum, Brya ebenus, Fortunella japonica, Hamelia patens, Hibiscus
schizopetalous, Jatropha podagrica and Murraya exotica form very attractive dwarf plants. Woody climbers
like Combretum, Derris scandens, Hiptage madhablata, Roupellia grata and Jasminum auriculatum can also
be trained as Bonsai. Among the conifers grown in tropical conditions, Juniperous prostrata and Pinus
khasiana will form good Bonsai.
Growing the Bonsai-Plants suitable for growing as Bonsai are planted in small containers. In tropical
climate, the monsoon is the best season for planting or transplanting. For making Bonsai, plants growing
wild or seedlings grown in the nursery for several years should be carefully uprooted, grown in ordinary
pots for a year or two and then planted in a shallow container. Plants may also be obtained from layering
of a large branch, grafting or by raising seedlings in a pot.
It is advisable to grow the plant in the ground for a year or two which helps in developing a strong root
system and healthy branches. They are the transferred into a container after pruning the roots and branches.
The plants grown in pots may also planted directly in the container.
Containers
The containers should be unglazed shallow pots of various sizes and shapes. They may be round, rectangular
or square, the size and depth depending on the plant to be grown. The containers should be simple and non
eye catching.
Soil



The soil for potting should be fresh, well-drained, and on very rich in fertilizer. It should not be highly
acidic or alkaline. Clayloam or loam of different structures and clump sizes, obtained by sieving the soil is
used in potting. It should not be very sticky or sandy. Well-rotted leaf mould is mixed with the soil.

Soil Preparation

The soil is dried in the sun and sieved through meshes of at least three sizes. Large, medium and fine soil
obtained by sieving are kept in separate containers. At the time of planting, the larger particles are placed
at the bottom of the pot and a thin layer of medium-sized particles is spread over it. The tree is planted and
the top soil consisting of small particles holds the plant in position and comes in close contact with roots.
Removal of tree

The soil of the plant to be transplanted should be kept on the dryside to facilitate removal of the plant from
the pot. It may be necessary to remove thick roots and also the tips of some fibrous roots with a pair of
sharp shears. After pruning the roots, the shoots are pruned depending on the growth habit and the desired
appearance of the plant in miniature form, when the branches are crowded in any part of the plants. In the
case of unbranched seedlings growing terminally, the main stem is cut to a height, which may form a well-
shaped Bonsai.

If the branches are small and well arranged, pruning is not needed but the terminal growth is removed to
minimise the height of the plant and to encourage the growth of auxillary branches. In case the branches
have already grown to a size too tall for a Bonsai, they are pruned to 1/2 to 1/3 the length depending on the
rate of growth of the plant and its response to pruning. Generally broadleaved plants and harder pruning
than small-leaved conifers.

Planting in Container

The holes of the container are first covered with crocks or plastic net. Then a layer of large soil particles is
placed with a thin layer of medium-sized soil above it. The tree is then placed in the soil. Before it is finally
planted, the side presenting the best view should have been determined. The medium-sized soil is placed
around the root region a consolidated by means of a bamboo stick without pressing too hard. Then a layer
of fine soil is spread on the top, levelled and pressed gently. While planting, care should be taken to keep
the base of the trunk from where the main roots rise above the soil and to place the plant in the middle of
the container. After planting, watering should be done with the help of a fine rose from the top of the plant.
Care of the Plant

The container is kept on a platform in a cool and shady place for about two weeks to allow the roots to
develop and the plant to establish. It is then gradually exposed to sunlight for longer durations beginning
with the morning sun for two hours. The soil should never be allowed to dry up completely. In summer
months with high temperature and low humidity, the plants may be placed in shade in the midday and
afternoon. They also need protection from frost. The miniature plants should be arranged in a planned



fashion on a plantform or on stands of different sizes and heights so that the collection of plants looks like
a garden. Proper spacing between the rows will facilitate watering the maintenance of the plants.
Watering

Watering is very important for Bonsai, as they are grown in shallow containers with small amount of soil.
They should not be allowed to dry as temporary wilting of the plants adversely affects their growth. If the
roots shrivel due to shortage of moisture in the soil, the plants are likely to die. Excessive watering often
causes poor growth and waterlogging for a considerable period may cause rotting of the roots.

Pruning and Pinching

Removal of buds from Bonsai is an important practice. Pruning maintains the shape of the plant, stimulates
branching and helps in the utilization of energy for the growth of other parts of the plant. The frequency
and mode of pruning will depend on the growth habit rate of shoot growth, response to pinching and
subsequent growth of auxiliary shoots.

In order that the plant may maintain an attractive appearance, pinching is not done at the same length in all
the direction. In the case of two axillary branches growing in two directions, one may be pinched at the
apical bud, while the other one is pruned up to several nodes below the terminal bud. If the plant tends to
grow fast in a particular season or continues to grow in length throughout the year if may be necessary to
pinch more than once a year. But frequent pruning leads to the formation of thin and weak shoots, which
may wither in an unfavourable environment. Pinching or pruning should be done clean without damaging
the shoot at the cut end It should be ensured that the plants remain in a fixed position and the soil and root
are not disturbed at the time of pruning. Bonsai varies in shape and size. Following are common types:

A single tree with straight trunk

A tree with twisted trunk

A tree with slanted trunk

A tree with a large hanging branch
A tree with two trunks

A tree with several trunks
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Several trees grown in a single pot
8. Tree grown on rocks
Arrangement of Branches

The arrangement of trunk and branches is also an important technique to be followed to develop an
attractive Bonsai. It is done to improve the shape and to help in the manifestation of natural appearance of
the plants. In order to maintain the space between two branches the lower one is suspended by a strong
twine or wine.Before using wire, the portion of the branch is wrapped with raffia where the wire is to be
tied. To improve the arrangement of the branches on the plant, wire is to be used very carefully and the
technique needs experience, skill and proper tools. Wire cutter and pincers are normally used for the



purpose. Copper wire is better than iron wire, as it is softer and can be seen easily and does not rust.Another
very effective method of modifying the shape of the tree or arranging the branches is to tie wire around the
trunk or branches so that they may grow in the desired direction and form.

Repotting

Bonsai needs repotting when the soil is completely exhausted or the container is filled with roots. In general,
plants in the growing stage are repotted once a year, and a full-grown tree once every two or three years.
Containers should be used after thorough washing and drying. While repotting, the old soil should be
removed as far as possible and dead roots and ends of fine roots pruned. Unnecessary branches are also
removed to improve the appearance of the tree. Then the Bonsai is planted firmly in the container using the
similar type of soil mentioned earlier.

Application of Manure and Fertilizer

Fertilizer is necessary for Bonsai as the plant thrives and grows in a small container. One kilogram of
mustard cake is diluted with six litres of water and allowed to decompose thoroughly. After about 3-4
weeks, the water above the decomposed manure is again diluted with 5-10 times the amount of water and
the dilute solution is applied to the soil leaving the base of the trunk. Thoroughly powdered cake is lightly
mixed with the topsoil slightly away from the trunk, in two or three areas using 1-2 tablespoonful of cake
in each case.The plants should be manured in the spring and again in the rainy season when they show
vegetative growth. During the growing season the plants can be manured once a month followed by
watering.

Control of Diseases and Pests

Diseases and pests are common with Bonsai. Root rot is a common and serious disease caused by excess
watering, drying of soil, poor drainage, direct contact with undecomposed organic matter, etc. the affected
plant will show poor growth and decay of shoots. In the case of fungus infection either on shoots or on root,
the diseased part should be removed at the earliest opportunity. Spraying of insecticides and fungicides
should be a routine practice.
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	Stamens are the male reproductive units of a flower. Each stamen is composed of an anther arid filament; Anther consists of microsporangium, pollen grains which contribute male gametes are formed within microsporangium present in anther.A typical anth...
	Epidermis: It is the outmost covering of the anther wall, single layered and protective in function.
	Endothelium: It lies below the epidermis. The cells of the endothelium are radially elongated with fibrous thickenings.
	These cells are hygroscopic and when they lose water they contract as a result anther dehisces which helps in the release of pollen grains.
	Middle layers: Two to three layered cells present below the endothelium constitute middle layers. The cells of the middle layer store food materials.
	Tapetum: It is the inner most layer of the anther wall and surrounds the sporogenous tissue. The cells have dense cytoplasm and prominent nuclei.
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	Approach -grafting or inarching is used to join together plants that are otherwise difficult to join. The plants are grown close together, and then joined so that each plant has roots below and growth above the point of union.[6] Both scion and stock ...
	Cleft- In cleft grafting a small cut is made in the stock and then the pointed end of the scion is inserted in the stock. This is best done in the early spring and is useful for joining a thin scion about 1 cm (3⁄8 in) diameter to a thicker branch or ...
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