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ANATUMY OF FLOWERING PLANTS

You can very easily see the structiiral stimtlarities and vanations tn the
external morphology of the larger ving organism. both plants and
arimals. Similarly. if we were (o study (he internal struclure, one also
inds several similariies aswell as differences. This chapler introduces
you o the imilemnal stmcture and funcional organisation of ligher plants,
Studdy aof mlerma simciure of plants 1s called angtomy. Planls have cells
as the basie unil, celis are organised into Hssues and M tum the tissues
are oruantsed mto organs. Dillerent organs i a plant show differences in
thetr tnternal structure, Within angtospermis, the monocots and dicols
are also seen (o be analomically different. Internal sbructures also show
adapiations (o diverse envirpimenis:

6.1 Tuae Tissoe SysTEm

We were discussing types of lissues based on Lhe types of cells presenl.
Let us now consider how tHssies vary depending on their locition in the
plant body. Thetr structure and function would also be dependent on
location. On the basis of thetr structure and locattor, there are Lhree types
of Hssue sysiems. These are Lhe epldermal lssiie sysiem, the ground o
fumdamental tssue svstem and the vascular or conducting tssue system.

6.1.1 Epldermal Tissue System

The eptdermal 11ssue system forms the outer-most covering of the whole
plant body and comprises epidermal cells. stomata amd the epidermal
appendages — the trichomes and hatrs. The epidermis (s (he dutermoslt
layer of the primary plant body. 1L 18 made up of elongated, compactly
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arranged cells. which form a continuous layer. Eptdermis s usually strigle-
lavered. Eptdermal cells are parenclivinalous with a small amount of
cvioplasm Hning the cell wall and a large vacuole. The oulside of Lhe
eptdermis is ofien covered with a waxy thick layer called the cuticle which
prevents Lie loss alwaler. Cullcle 1s absent in mols. Stomatn are sinlctures
presenl in the epidermis of leaves. Stomata regulate the process of
transplration and gaseous exchange. Each stoma is composed of two bean-
shaped cells known as guard cells which enclose stomatal pore. In
grasses, the guard cells are dumb-bell shaped. The ouler walls of guard
cells [away rom the stomatal pore) are tun and the tiines walls ((owards
the siomalal pare}are highly thickened. The iiard cells possess ehloroplasis
and regmilate Uy openimy and closing of siomata. Somelmes, a few epidermal
celis, tn the victntty of the suard cells become spectalised i thetr shape and
stze and are known as subsidiary cells. The stomatal aperture, guard
cells and e surrsunding subsidizary colls are Wisther calliad stomatal

apparatus {Flgure 8. 1).

i, Epldormil cells —
Ul subsidin celis
i ChiGroplast '
Gaand cells
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Flgure 6.1 [Dugmanmutie reprosertation: () stomabs with bean-shapod guard oelly
(bl stomata with diumb-bell shaped goiand cell

The cells of epldermis bear 3 number of hairs. The root hairs are
untcellular elongations of the epldermal cells and help absorb water and
miherals rom (he sotl. On (he stem e epldermal hialss are ealled
trichomes. The trichomes 1n the shool system are usually mullicellnlar.
They may be branched or unbranched and soft or stiff. They may even
be secretory. The richomies help in preventing waler loss due Lo

Lranspiration.

6.1.2 The Ground Tissue System

All issues excepl eptdermits and vascular bindles constitude the ground
tissue. lt comsists of stmple t1ssues such as parenchyma. collenchyma
and sclerenchivima. Parenchvinatous cells are usually present In coriex.
pericyele, pith and medullary rays. In the primary stems and rools. In
leaves, Lhe ground Ussue consists of thin-walled chiorplast conlaining
cells and 15 called mesophyll
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6.1.3 The Vascular Tissue System

The vascular system consists of complex tssies,
the phipem and the xylem. The xviem and
phloem' together constitute vascular bundles
(Figure 6.2). In dicolyvledonous slems,
eamblum 15 present between phlvem and
‘Xylem. Such vascular bundles because of the
presenoe of cambium passess Lhe ability (o form
secondary xylem and philoem tssues. and hence
are called open vascular bundles. n the
monocolyledois, he vasenlar bundles hass no
cambium present in them. Henee, since they do
not form secondary t1ssues they are refermed (o
as closed. When xylem and phloem within a
vascular bundle are armanged In an allernate
manner along the different radil. the
arrangemeni is called radial such as in roots.
In conjoint type of vascular bundles, the svlem
and philpem are joinily sitnated along the same
radius of vascular bundles. Such vascular
nindles are common i stems and leaves. The
cojoinl vascular bundies usually have the
phioem located only an the outer stde of xylem.

6.2 Anxatomy oF DicoTyLEDONOUS AND
MoxocoryLEDONOUS PLANTS

For a better understanding of tissue
organisailon of rools. siems and leaves, it Is
convenlent Lo siudy the transyerse seclons of
the mature zanes of these organs,

6.2.1

Look al Flgure 6.3 (a). #t shows the transverse
sa¢llon of the sunllowsr rool, The Inlamal Ussae
arganisation s as follows:

The outermost layer Is epiblema. Many of
the cells of eplblema protrude in the form of
unicellular mot hatrs. The cortex conslsls of
several layers of thin-walled parenchyma cells

Dicotyledonous Root

Cambim

Flgure .2 Vorioos: iypes of vasoidar bondles :
{2} vadial (bl rconjoint closcd
fer) comjaimt dpen
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with tntercellular spaces. The Innennosi
taver of Lhe coriex is called endodermis.
[l comprises a silngle layer of barrel-
shaped cells withoul any inlercellular
spaces. Lhe (angeniial as well as radial
walls of the endodermal cells have a
depostiton of water-impermesble, waxy
material suberin in the form ol casparian
strips. Nexit Lo endodermis lies a few lavers
of thick-walled parenchyomalous cells
referted Lo as perieycle. Inlitaiicn of lalefal
roots and vascular cambtum during Lhe
secondary growih takes place in these
pells, The piih is small or inconspleuaots

The parenchymalous cells which e
betwesn e xylem and the phloem are
called conjuctive tissue. There are
usually two to four xylem and phloem
patches. Laler,-a camblum ring develops
between the xylem and phicem. All tissues
on the innerside ol the endodermis such
as_perieyele. vascular bundles and pith
eonstitute the stele.

6.2.2 Monocotyledonous Root

The anatomy of e monoool rool is similar
to the dicot rool in many respects (Figure
6.3 bl. [ has eprdermis. cortex. endodermils,
pericyele, vasonlar bundles and pith. As
compared o the dicot root which have fewer
gvlem bundles, Lthere are usually more
than six (polyarch) xvlem bundles i the
monocot rool. Pith 1s barpge and well
developed. Monncatyledonous rools do not

undergo any secondary growth.

6.2.3 Dicotyledonous Stem

The wansverse section of a ypteal young
dicotyledonons stem shows that the epldermis
Is the oulermost prolectve layer of the siem
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(FMuure 6.4 &), Coverad with a thin layer of cullele. it may hear trichomes and
afow siomata. The cells amanoed in muliiple lavers between epldenmis and
perteyele consttule the cortese It consists of three sub-zones. The ouley
hypodermis, consl=is of a Bw laves of caollewhvmatous oolls just Bélow Uhe
epldermis, which provide mechanical strength (o the youing stem. Cortienl
layers below hyvpodermis consist of rounderd thin walled parenchymalous
cells with conspienons intercethiiar spaces: The fimermeost layer of the cortex
Is called the endodermis. The cells of he endodermis are ricli i siarch
gralnsg anid thie laver {5 also refermed o as the starch sheath. Pericvele |15
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present on the mner side of the endodermils and above the phloet 1o the
form of semni-lunar patches of selerenichivma. In between (the vasoular bundles
there are a lew lavers of Tadially placed parenchymalous cells, which constitute
medullary rays. A large number of vascular bundles are amanoed ina ning
Lhe ring arrangement of vascular bunidles 1s a characterisiic of dicol stem.
Each vascular bundle Is conjolnl, open. and with endarch protoxylem. A
large number of munded, parenchiymatotis cells with large interoellular
spaces widch ocoupy the cenitral partion of the slem constitule the pith.

6.2.4 Monocotyledonous Stem

The monocol siem has a sclerenchymatous hypodermis, n large number

ol scatlered vascular bundles,
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Figure 6.5 T8, of leaf ; (o) Dlod (15} Monoeaol

cacll surrounded by a solereichiymaious
bundle shieath, and a large. conspicuous
parenchyvmatous ground Ussue (Floure
6.4 b, Vascular bundies are conjeint and
closed. Pertpheral vascular bundles are
gencerally smaller than Lthe cenirally
lncated ones. The phloem parenchyma Is
absenly and wsler—confaining cavities are
present within the vasoular bundles.

65.2.6 Dorsiventral
{Dicotyledonous) Leaf

The vertical section of a dorsiventral leaf
Wrought the laminag shows hiree matn
parls, namely, eptdermits, mesophyll and
vascular system,. The epidermis which
covers hoth the upper surface [adaxial
epldermits) and lower surface [abaxial
cpldermts) of Lhe leal has a conspleuous
cullele. The abaxial epldermis generally
hears more siomata than the adaxal
epldermis. The latter may even lack
slomata. The Ussue between e upper
and he lower epidermis 1s called the
mesophyll. Mesophyll, which possesses
chioroplasts and carry oul
pholosynihesis. 1= made up of
parenchyma. It lias two vpés of cells— the
palisade parenchyma aid (he spongy
parenchyma. The adaxtally placed
palisade parenchyma ts made up of
clongated cells, which are arranged
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verlically and parallel to each other. The oval ar round and loosely armanged
spongy parenchyma Is situated below the palisade cells and extends to
the leseer epldenmls. These are namerolls larpe spaces and air cavilics
belween these cells. Vascular system includes vascular bundles, which
can be seen in the veins and the midnb, The stze of the vascular bunidies
are dependent on the size of the veins. The velns vary in thickoess in the
reticulate venation of the dicot leaves. The vascular bundles are
sinrounded by a layver of (Hck walled bundle sheath cells. Look al
Figure 6.5 (a) and find the posttton of xylem 1n the vascular bundle,

6.2.6 Isobllateral (Monocotyledonous] Leaf

The anatomy of 1sohilateral leaf ts stmitar (o that of the domstveniiral leafin
marny ways. It shows the following chamotenistic differences. In an
lsobllateral leat, the stomdta are presenl on both the surfades of the
epldermis; and the mesophyll1s nol differentialed inlo palisade and spangy
parenchyma (Figore 6.5 1),

In grasses, certain adaxtal epidermal celis alimg the veins modify
Lthemesetves into large, empty, colourless cells. These are called bulliform
eells. When the bulliform cells 1 the leaves have absorbied waler and are
turghd. the leal surface 1s exposed. When they are flacold due to waler
stress. Lhey make the leaves curl tnwards (o minimise water loss.

The parallel venation tn monocol leaves 1s reflected i the near simitlay
sizes of vascular bundies (exeepl 1 imsln velRs) as secn nveriical sectlons
ol the leaves,

SummAaRry

Anatomically, a plant 1s made of different kinds of tissues. The plant [1ssues are
broadly classtfied into medstenatic faplcal, tleral and intercatany) and permanent
{simple and complex). Asstmilation of food and its stomage. transportation of water.
minerls and photosynthates, and mechianical support are the main (unctiions
of Ussues, There are thive vpes of Ussue syslems - epldermial, ground and
vascular. The epidermal (tssue systems are made of eptdermal cells, stomala
and the eptdermal appendages. The ground Ussise system forms the matn bulk
of the plant. it s divided tnilo thiee zones —cortex, perteyole and pith. The vascular
Ussue svster 1s formed by the xylem and philoem. On the basts of presence of
cambitum, location of xvlem and phloem, the vascular bundles are of different
types. The vasoular bundies form the conducting tssne and translocate water,
minerals and food material,

Monoecotyledonous and dicotyledonous plants show marked vartation' in thetr
intemnal structures. They differ in type. number and location ol vascular bundles.
The secondary growth oceurs in most of the dicotyledonons roots and stems,



1. Draw tlustrations (o bring out the anatomieal diferetice Beiween
[a) Monocot toot and Dicot rool
b} Monoeat stem and Dicot stem:
2. Cuta transverse seclion of young stem of a plant from your school garden and

observe 1t under the nucroscope. How would you ascertain whether 1t 1s a
momocot stem or a dicol stem? Give reasons.,

8. The transverse section of & plant material shows (he following sruitamieal
features - fa) the vascular bundies are comjolnt, seallered and surmounded by &
selerenchymatons bunele sheaths. (b) phioem parenchyma is absent, What
Wil you tdontify it as?

4. What s stomaal apparalus? Explam the structare of stomata with a Iﬂbcﬂed

5. Name the three baste ummmﬂmamﬂnnmmxgﬁm{s Citve the tsstie
names uider each system.

6. How i the study of plant anatomy usefol to us?

7. Describe e internal structure 6f 5 dorsiventral leaf With the help of tabelied




