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Katherine Esau
(1898 — 1 967)

Rapmame Esar wits bom o Ukasine o 1898, She stisdled
agreuiture in Russta and Germiany and recdtved her doctorate
i 1931 in United States. She reported 1o her eay publicitions
thal the ety topvirus spreads throngh & plant via Lthe foeod-
cordict g of plieerm Ussie. DF Esan's Plord Andfopy publishied
i 1954 (ool & dynamle, developrieniisl approsch destgned Lo
enliance one's undersianding of plant sirocture and dn
cnomous fmpact worlcwide: iiterally bringing about a rovival
of the disctpline. The Anatomiy of Seed Plards by Kathorine Esau
was pubilished o 1960, ltwas mwivmed o ss Welsters of planl
blulogy — Il 1s encyciopediac. n 1957 she was eleeted 1o e
Nallonal Academy of Sclences, becoming Lhe sixth woman to
recelve that honour, [0 addilon (o Hhils prestigous awand, she
recedviend he Nallona! Medal al Sciente fRam Prestdent Georae
Hhish In 1989

Whin Kallerie Ess dled n the vear 1957, Peler Ravem,
director of Anatomy and Morphology. Missour! Dolanieal
Cardien. remembered that she shsohniely dominated’ the Beld
of plant biology even al the age of 449,
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CHH.PTER 5

MORPHDLOGY OF FLDW'ERH‘EG PLANTS

The wide range in the structurs of higher plants will never fall o [ascinale
s, Even though the anglosperms show sichi a large diversity in external
struciure or morphology, ihey areall characterised by presence of mots,
stvms, leqves, Nowers and muls,

In chaplers 2 and 3, we talked about classtfication of plants based
on morphologieal and otlier characteristics. For any successiul attempl
al classtication and al understanding any higher plant (or for that
matier any Uving orzanism| we need (0 know standard technical terms
and standard dellmlidrs. We also need 1o Enow aboul the possible
varations tn different parts, found as adaptatons of the plants (o their
cnvironment, eg. . adaptions to varions habitats. for protection,
climbing, storage, éc.

If youpull oul any weeid you will see that all of them have roots, stems
and lemves. They may be bearing lowers and fmlits. The undergrouid
jrart of the flowering plant 1s Lhe ool system whitle the portion above the
ground forms the shoot system (Flmure 5:1).

5.1 T==Roor

In majartly of Lhe dicotyledonous plants, the dineet elongation of the radiche

leads (o the formaton of primary root which grows mnside the soll
It beais Interal rools of several ordess thal are referred Lo as secondary,

tertiary, cic: roots. The primary mots and its hranches constitute the
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tep root system. as seen in the musiard
planl {Flgure 5 2a). In monocolyledonous
plants, the primary mol 15 shart lived and
Is replaced by a large number of rools.
These rpots erginate from the base of the
stem and constiiule Lhe fibrous root
system, #s scen I the whest planl (Figure
5.20). In seme planls, ke grass,
Monsiera and the banyan tree, rools anse
from parts of the plant othwr than the
radicle and are called adventitious roots
(Figure 5.2c). The main functions of the
rool sysletn are absorplion of waler and
minerals from the soll, providinga proper
anchorage to the plant parls, storing
reserve food material and synthests of
plant growth reoulators,

Advenntions rools

=)

Figure 5.2 Dilferent types of mools : (g} Tap (bl Fibrous: (o) Advenititions
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5.1.1 Reaglons of the Root

The root is covered at the apex by a thimble-lke
structure called the root cap (Figure 5.3), [t
protects the tender apex of the rool as it makes
itsway through Lhe sol A few milltmetrss above
the ool cap 1s the reglon of meristematic
activity. The cells of this region are very smiall,
thin-walled and with dense protoplasm. They
divide repeatedly. The cells proxtmial to s
region underge rapid elongation and
enlargement and are responsible for the growih
of the oot tn length. This reglon 15 called the
region of elongation. The cells of the elongation

ik

fi

Fone gradimlly differentiale and mature, Henee,
this zome, proxmal to reglan of elangation, 1s Roi cap
calied the reglon of maturation. From this

v
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reglon some of the epldermal cells form very fine “Flgure 5.3 The reglons of the root-Lp

and delieate, hiread-lke structurss called root
halrs. These root hatrs absorb watler and
milnerals from Ui sodl.

5.2 Tae Stem

Whalt are Lhe [eatures that distinguish a sicm from a rool? Thie stei 1s the
ascending part of the axis bearing branches, leaves) Jowers and fnitls: 1L
develops from the phumule of the embryo of 2 germminating seed. The stem
bears nodes and internodes. The region of the stem where leaves are
biam are called nodes while iInlemodes are the portlons belween two nodes.
Thee siem bears buds, which may be lerminal or axtllary. Stem is generally
green when young and later often become woody and dark brown.

The matn funciion of e stem is spreading onl branches bearing
leaves, lowers and frufls. [l conducts water, minerals and photesynthates,
Some stems perform the (unction of storage of fond. support. protection
and of vegelative propagallorn.

5.3 TaeL=ar

The leal 1s a lateral. generally Hattened structure berme on the stem: It
deselops al the nolde arid bears a bud [ 1is axil. The axillary bud Liler
develops into a branch, Leaves originale from shool apical mertstems and
are arranged in an scropetal order. They are the mos! timportant vegelative
argans for pholosynthests,
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A typical teal consisisof three main parts: leal
base. petlole and Iamnina (Flgure 5.4 5). The leal is
attached {o the stem by Lthe leaf base aned may bear
two lateral small feal ke structures called stipules,
In monocotyledons, the leaf base expands tnio a
shealll covering e siemm pariially or wholly. In some
leguminous plants the leafbase may become
swollen, whitch 15 called the pulvinus. The petiole
help hold the biade to hght. Long thin Nlexible
petloles allow leal blades to futter in wind, therebw
coaling thie leal and bringiog fresh alr io leal surfice.
The lamina or the leaf blade s Lhe groen expanded
part of the leal with veins and veiniets, There 15,
usuaily, g middle prominent vein, which is known
as ihe midrb. Veins provide nigidity Lo the leal blade
and acl as channels of irapsport for waler, minerals
and food materials, The shape. margin, apex. surface
and extent of iInctston of laming vartes tn different
leaves.

B.3.1 Venation

The arrangement of veins and the veinlets (n the
lamima pflenal is (eTmed a5 venatlon. When the
veinleis lormm a nelwork. the venation is termed as
reticulate [Figure 5.4 b). When the velns run
parallel (o each other wilthiin a lamina. the venation
is termed as parallel (Figure 5.4 ¢). Leaves of
dicoiyledoenous planis generally possess reticulaie
vienalion, while parallel venation Is Uie cliaraoleristic
of maost monacotyledons,

5.3.2 Types of Leaves

Aleal 18 sald to be simple; when its lamina 1s entire
ar when!' inci=ed, (he nclalons do nol touch the
midrib. When the incisions of the lamins reach up
to the midrib breaking it inio a number of leaflets,
the leaf ts called compound. A bud 15 present
1 the axtl of petiole i both stmple and compound
lesves. bt nol in the axil of leallets of the compound
leaf.

The compound leaves may be ol lwo types
{Figure 5.5}, In a pinnately compound leaf a
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mumber of leaflets are present on & common
axls, lhe rachils, which represents Lhe midrb
ol the Jealas In neemn.

In paimately compound leaves, (he
leaflels are attached at a common point. Le.,
il Lthe Up ol pettole, as in sl cotion.

-

th) G
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.
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5.3.3 Phyllotaxy {a) China roue

Phylloiaxy is the pattern of armancement of
leaves on the stemeor brarich, Thits 1s usually
of three types — allernale, opposile and
whorled (Flgure 5.6). In alternate type o
phyllotlaxy, a single leafl afses al each node
in aliernale manner. as in china rose,
imusiard and sun [lower planls. [11 opposite
lype, & paltr of leaves arlse al cach node and
lie opposite o each other as in Calttropis snd
guava plants. [f more than two lcaves afse
at & nodde and fonm a whorl. 1L 1s-called
whorled, as in Alstonia

Q

() Adsstomnin

Flgure 5.6 Dilferenl iypes of phifllotiogy
, in} Altemaie (b)) Opposiie
i) Wharlod

5.4 TaeINr.orRESCENCE

A Nowerts g modified shool wheretn (e shool
apleal mertsiem changes to (loral mensiem.
Imlemodes do not elongate and the axis gets
condensed. The apex produces differemd
kinds of (loral appendages laterally at
suceessive nodes instead of leaves, When a
shood tUp transforms milo a Nower, ILis always
solttary, The ammangemend of flowers on the
floral axis is (ermed as inflorescence.
Dependltiz on wlielher Lhe ‘apex pels
developed into a llower or conliinues to grow,
two majar types of tnllorescences sre defined
— moennse and cymose. In racemose ype
of inflorescences the maln axis continues to
gow. e owess are borme alerslly noan
acropelal succession (Flgure 5.7).

In cymose type of inflorescence Lhe matn
axis lerminates o a flower, henee is imited
b1y growtd The Dowers are bormie i a bastpedal Figure 5.7 Racemose inflarescence
oidler [Fumre 5.7).

SOl
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5.5 Tne FrLower

The flower ts the reproductive undl In the
angtosperms, It ismeant for sexus! reproduction.
A typical flower has four different kinds of whorls
arranged successtvely on the swollen end of the
stallf or pedicel. called thalamus or receptacle.
These are calyx, corolla, androecium and
gynoecium. Calvx and corolla are accessory
oprgans, while androecium and gynoecium are

Flgure 5.8 Oyvmose inflorescence reproductive organs. In some flowers like Wy, the

(zml

Figure 5.9

calyx and corolia are nol distinel and aye Llermed
as pertanth, When a flower has both androectum and gynoectom. 1L 1s
bisexual. A flower having elther only stamens or only carpels 1s
unisexual.

In symmelry. the flower may br actinomorphie (radial symmetry) or
zygomorphic [bilateral symmeiry). When a llower can be divided Into
two equal radial halves th-any mdial plane passing through the centre, 1l
ts satd o be actinomorphie, eg. mustard. dattira, chilll. When 1L can be
thwvided mto two stimtlar hatves only tnone paritcular vertical plane, itis
zygomorphie, c.g.. pea, gulmohur, bean, Cassia A flower 1s asymmetric
(irregmular) if 1L eannol be divided inlo two similar halves by any vertical
plane passing through the centre, as in canina,

A llower may be trimerous, tetramerous or pentamerous when
the Noral appendages are tn multiple of 3. 4 or 5, respecitvely. Flowers
with bracis-reducerd leaf fonnd at the base of the pedicel-are called
bracteate and these without bracts: ebracteate:

(o} [e] fd)

Posltien of fMoral parls on thalumas @ (a) Hypogynous (b)) and (e)

Perigyremis  (d) Epigyrous
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Based on the postiton of calyvx. cotolla and androecium in respect of
the ovary on thalamus. the flowers are described as hypogynous,
pertgynious and eplgvnous (Flgure 5.9). In the hypogynous (lower the
mvnoectim occuples the highest pasttion whille the other paris are siiuated
bl 1L, The cwvary in such owers Is sald (o be superior, e g, musiard.
china rose and brinjal, If gynoectum Is sitpated in the centre and other
paris ol the Aower are located on the rim of the thatamus almost @t the
same level, 1t is called perigynous. The ovary here is satd (o he half
Anfertor, c.g.. plum. rose. peach. In epigynous flowers, the margin of
thalamus grows upward enclosing the ovary completelv and setting fused
withil, the oller paris ol Nower ardse above the ovary. Henee, the ovary is
=alil to be Inferior as in flowers of gusva and cucumber, and the ray

floreis of sunflower.

5.5.1 Parts of a Flower

Each flower normally has four floral whorls, viz., calyx, corolla,
androechum and gvnoecinm (Figure 5:10).

55.1.1 Cahpx
The calyx ts the oulermiost whorl of the flower and the members are called
sepals. Generally, sepals are green, leaf ke and protect the Nower tn the
bud stage. The calyx may be gamosepalous (sepals untied) or

polysepalous (sepals free),
5.5.1.2 Corolla

Carolla ts composed of petals, Pelals are usually brightly coloured to
atiract insecis lor poliaation: Like calyx, comlia may also be
gamopetalous [petals untted) or polypetalons (petals free). The shape
find colour of corolla vary greaily in plants, Coinlla may be tubular, bell-

shaped, funnel-shaped or whreel-shaped.

Aestivation: The mode of ammangement of sepals or petals m Nora! butd
with respect to the other members of the same whorl 1s known as
aesttvation. The matn types of acstivallon are valvate. twisted. imbricale

Calyx Corolin
Figure 5.10 Paris of a flower

Anddroecium

Oynoeainm
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Figure .11 Types of acstivation in corolln : {a) Valwate (b) Twisted (o) Imbeicate [d} Vexdilary

and vextliary (Figure 5. 1'1), When sepals oF petals in a whor just touch
one another at the manan, without overlapping. as in Calotrapts, i 1s
satd to be valvate. If one margin of the appendage overlaps that of the
next one and so on as i china rose, lady's finger and colton. 1t 1s called
twisted. I the margins ol sepals or petals overlap one another bul not th
any pariicular direction as in Cassia apd guimohur, the aestivation s
called Imbrieate. Inpea and bean lowers, there are five petals, the largest
(standard) overlaps the two lateral petals (wings) which in turn overlap
the two smallest anlerior peials (keel): Uils Lype ol aesUvaiton 1s known
as vexillary or papilionaceous.,

5.6.1.8 Androecium

Androecium is composed of stamens. Each stamen which represenis the
male reproductive orean conslsis ol a sialk or a Mament and an anlher.
Each anther 15 usudlly bllobed and each lobe has two chambers, the
pollen-sacs. The pollen grains are produced in pollen-sacs. A sterile stanien
is called staminode.

Stamens of lower may be umted with other members such as pelals
ar among (hemsetves, When slamens are atlached o the petals, they are
eplipetalous as in brinlal, or eplphylous when attached to the pertanth
as In the flowers of lly. The stamens in a flower may elther rematn free
(polyandrous) or may be united tn varving degrees. The stamens may be
tiilied Hilo Gie Buncli or one bundle [monoadelphous) as it china rose,
ar two bundles (diadelphous) as in pea, or into maore than two bundles
(polyadelphous) as in citrus, There may be & vanation in the length of
{tlaments within a flower, asin Salvfa and mustard.



6.6.1.4 Gynoecium

Gynoertiam ts the enale reproducttve part of the Dower anid 1s made
up ol one or more carpeds. A carpel consists of Lhree parts namely
sttum, style and ovary, Ovary s the enlarged basal part. on which
Hes the elongated mbe, the style: The siyle connects the ovary to the
stipma. The stigma Is usually al the up of the style and 1s Lhe
receptive surface for pollen grains. Kach ovary bears one or more
oviles attached Lo a flaltened, cushion-like placenta. When more
than one carpel 1s present, they may be free fas in lotus and rosej
and are called apocarpous. They are lermed syncarpous when
carpels are [nsed, as n mustard and (omato. Aller fertilisation, the
ovules develop tnfo seeds and the ovary maliires inlo a fruil

Placentation: The arrangement of ovules within the ovary ts known
as placentation. The placentation are of different (ypes namely,
marginal. axlle, partetal. basal, central and free central (Flgure 5.12).
In marginal placentation the placenta forms a rdge along (he
ventral suture of the ovary and the oviles are borne on this tidge
forming two rows, as n pea. When the placenta 1s axtal and the
ovules are attached (o it tiea multllooular ovary, the placeniaton is
sald Lo be axile, as it ching rose. tomato and lemon. [n parietal
placentation, the ovules develop on (he inner wall of the ovary or
on perfphersl part. Ovary is one-chambered but 1t becomis twi-
chambered due 1o the formation of the false septum, e g.. mustard
and Argemone. When (he ovules are borne on central axis and
septaare absenl. as in Dianthns and Primrose the placentation s
called free central. In basal placentalion, the placenta develops
at the base of ovary and a single ovle 1s attached (o 1L, 3s m
sunf{lower, argolkd

9.6 Tuz Frumr

The frull 1s a charactertsitc feature of the flowering plants, [Hisa
mature or ipened ovary, developed after feritlisation. H a frult 1s
formed without ferttiisation of the ovary. it 1s called a
parthenocarpic [Tl

Cienerally, the frail constsis of a wall ar perlearp and seeds.
The pericarp may be dry or flesshy. When pericarp 15 thick and
ltesi, 1l s differentialed Into the onler eplearp. the middie
mesocarp and the inner endocarp.

In mango and coconul, the frall is knowri s a drape [Flgure
5.13). They develop rom mongcarpellary superion ovaries and are
ont seeded. In mango (he pencarp s well differentiated into an

.
o

Figure 5.12 Types of
plwentation
[a) Murginal
(b} Axile
e} Pametal
[d} Froe central
(=] Basn]
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outer thin eptcarp, a middie fleshy edible mesocarp and an mner stony
hard endocarp, In coconul which is also a drmupe. ihe mesecarp is fibrous.

5.7 Tue Sezn

The ovules alter fertilisation, develop into seeds. A seed ts made up of a
seed enat and an embrye, The embiryo 1s made up of a radicle, an embryonal
axis and one [as in wheat, matzo) or two coivledons {as in gram and pea).

5.7.1 Struecture of a Dicotyledonous Seed

The onlermosl covering of dsecd 1s the seed coal. The seed coat has two
Livers, the outer testa and the inner tegmen. The hilum 15 a sear on the
seed coal through which the developmg seeds were attached o the frntl
Above ie hllum 15 & small pore called tie
micropyle. Within the seed roal 1s the embiyvo,
consisting of an embryonal axis and (wo
colvledons: The cotyledons are often fleshy and
ull &l mserve [bod nialeriaks. Al the two enids of
the embryon:al axis are present the radicle and
the plumuie (Figure 5. 14). In some seeds such
as castar the endosperm [orned as a resull of
double fertilsation, 15 a food stonng (ssue and
called endospermic seeds. In plants such as
Figure 5.14 Structure of dicotyiedonous seed  DCH. grant-and pea. the endosperm 1s not

' present In mature seeds and such seeds are

called non-endospermous.

\ Rasrbicle
Micropvle

5.7.2 Structure of Monocotyledonous Seed

Cenerally, monovotyledonous seeds are endospermic bul some as in
orchids are non-endospermite. In the seeids of cereals such as matze the
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Seed conl & frastt-wal]

Alrurone layer
Seuisthim

- Coleopitle

Phurmaile

Raehich!
Colesorhizn

Figure 5.15 Siructure of a monocobyledonous sceil

seed coal 15 membranous and generally fused with the frutl wall. The
endosperm 1s bulky and stares food. The ouler covering of endospermi
separales the embryo by @ protetnous layer called aleurone layer. The
embrvo Is small and situated in a groove al one ead of the endosperm. It
consisis of one large and shield shaped colyledon known a5 scutellum
and a short axis with a plumule and a radicle, The phomule and radicle
are enclosed i sheaths which are called coleoptile and

coleorhiza respeciively (Figure 5. 15).

5.8 Semi-Tecunicar Descrirrion oF A TyricaL
Frowening Prast

Various morphological features are used to describe a
flowering plant. The description has 1o be brief. in a stmple
and sclenttfic language and presented in 3 proper
sequence. The plant 15 diescribed beginning with its Habil,
vegetative characters— mots, siem and Ipaves and then
floral characters inflorescence and flower parts. After
deseribing various paris of plant, a lloral diagram and a
floral formula are presenled. The foral formula 1s
represented by some symbols. in the loral formuls, Br
stands for bracteate K stands for calyx , C for corolia, P -
for pertanth. A for androectum and G for Gynoecimm, G BQ' K G AL Gy
for supertur avary and § for tnfertor ovary, g for male,
Q [or female, 9?' for hisexual plants. & [or actinomorphic

'I!‘Iguu B.168 Floml dingrom with

Moml formauld



-and 9, for zygomorphic nature of lower. Fuston s tndicated by enclesing:
the figure within brackel and adheston by a line drawn above (he svmbols
ol the floral parts. A lloral diagram provides information about Lhe number
uf parts of a flower. thetr amangemen! and the relatton they have with one

-another (Figure 5. 16). The posttion of the mother axts with respect io the
Niywer 18 represented by a dol on the top ol the floral dagram, Calyx,
corolla, androecium and gynoectum are drawn In successive whorls, calyx
betng the outermost and the gynoectum being in the centre. Floral lormula
alsp shows coheston and adheston within paris of whorls and between
whorls. The floral diagram and oral formula tin Flgure 5,16 represenis
the mustand plant (Family; Brassicacear).

5.9 SovLanaceas

It is @ large famtly, commonly called as the “potato famuly’. 1t 1 widely
distributed tn tropics, subtropics and even temprrate zones (Fligure 501 7).

Vegetative Characters

Plarits miasily herbs, shrubs and rarely small trecs

Stem: herbaceous rarely woody. aenal; frect, evlindnieal, branched, solid
or hollow, hatry or glabrous, underground stem in potato (Solanum
liberosiimy

Leaves: allﬂmllt. stmple, rarely pinnately compound, exstipuliate;
venallon reticulale

fed

Flgure 5.17 Solanwn nigrurm (madlol] plant @ (o) Flowering twig (b)) Flower
le] LSO of Dower (d) Stamens [e] Corpel () Flaral diagrom



.Hl . I -'Tﬂ-f'!ﬁ L "F !

Floral Characters

Inflorescence : Solitary. axiliary or cymose as in Selanum

Flower: Disexual, actinomarphic

Calyx: sepals five. uniled, perststent, valvate aestivation

Corolla; petals live, nnited; valvaie aestvallon

Androeclum: siamens five, epipetalous

Gynoecium: hicarpellary obltoately placed. syncarpous; ovary superior,
Dbilocular. placenia swollenr with many ovales, axile

Frults: berry or capsule

Seads: many. endospermous

7
Floral Formula: &Q K, €. A G,

Ecanomic Importance

Mamny planis belonging to this family are source of food (lomato, hrinjal,
potaio), spioe (chilll); medicine (belladonna, ashiagaredha); fumigatory
(tobaceo); omamentals (pelunia),

SoMMARY

Flowering plants exhifl enormous vanation in shape, size, strmicture,
muode of nuirition, life span, habit and babital. They have well developed
oot and shool systems. Root system s cllher Lap rool or Dbrous. Generally,
dicotylelonous plants have lap moots while monocotyleonous plants have
fibrous roots. The roots in some plants get modified for storage of food.
mechanical support and resptratton. The shoot system ts differentiated
o stem. leaves, Dowers and fruits. The morphological features of stems
ke the presence of nodes and triternndes, nnuiticellnlar harand posiively
phototrapie nature help o differentiate the stems from rools. Leafis a
lsteral outgrowth of stem developed exogeneousty at the node. These are
green i colour to perform the unction of photesynthests. Leaves exhibit
marked varatons i thetr shape. size, margin, apex and extent of iIncisions
of leal hlade (lamina).

The flower 18 a modified shoot, meani lor sexual reproduction. The
Rowers are armnged n different types of iInflorescences. They exhibil
enormous varialton in structure, svmmetry. position of ovary in relation
Lo other paris, arrangement ol pelals, sepals, ovilles ele, Aller lertilisation.
the avary 1s modified 1nte fralls and ovales into seeds. Seeds cither nuay
be monooolyledonous or dicotyledonous. They vary In shape, stze and
period of viability. The floral characteristics form the basis of classification



-and tdentification ufﬂmtagplnnm’ﬂﬂscanbeﬂluahm:d throngh semi-

technical deseriptions of fammlies. Hence, a Dowering plant s described th

5

a definite sequence by using scientilic (erms, The floral features are
represented tn the summarised form as foral diagrams and foral formula

How 1$ & pitmalely compound leal different from a palmalely compatid
Explatn with suttable examples the different types of phyllotasy.

Deftne the ollowing Lerms:

(@) aestivation (b) placentation  (c) actmomerphic

() aypomorphic o) superior ovary (1) perigynous Nower
W epipetalous stamen -

Dulferentiile hetwees |

{a) Rammﬂselﬁ]d f:!ﬂﬂﬂiﬂ' {nflorescence

(b) Apocarpous and Syncarpous ovary

Draw the labelled diagram of the followtng:
[0 gramseed (1) V.S. of maize seed

6. Take one flower of the family Solanaceae and write fis semi-technical

descrtptiot. Also draw [Hetr foral diagram.

Peseribe the various types of placentations found in Nowering plants.

L

10.

‘Br:-prlbe the m:mngf-ﬂmm of floral members fn relallan o thelr
-msemcmnnlhahmus.



